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INTRODUCTION. 

Growth is a fundamental property of living 

matter. It depends upon the reception of an appro- 

priate stimulus by a potentially reactive cell, under 

conditions which permit this to respond. 

In the higher forms of life the elaboration of 

specific growth stimulating substances is a function 

of the endocrine system, increase in size and com- 

plexity of the organism as a whole being regulated 

by the glands of internal secretion, such as the 

thyroid, and the anterior lobe of the pituitary body. 

But no less essential to the process of growth are 

those chemical substances which are derived from 

other sources and are concerned in the general nutrition 

of the organism, as, for example, certain of the 

amino -acid constituents of proteins. 

Such nutritive substances are complementary to 

the specific harmonic growth activators, for they 

provide that particular chemical environment in whit 

a specific stimulus can evoke from the living tissue 

a maximum and sustained response. 

This study is concerned with the nature and 

action of certain non -specific growth promoting 

agencies, which are constituents of the protein 

molecule. 
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H I S T O R I C A L . 
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HISTORICAL. 

(51 
Arginine, first isolated by Schulz and Steiger 

in 1886, and histidine and lysine, which were dis - 
(36) (23) 

covered by Rodin and Drechsel respectively, a 

few years later, occupy a position of importance in 

biology on account of their high concentration in 

the nuclei of animal cells. These three diamino- 

acids, to which the term hexone bases has been 

collectively applied, have been the subject of 

extensive investigation in animal nutrition, but, 

while histidine and lysine are generally recognised 

to be essential for the process of growth, the 

significance of arginine has been much disputed, and 

is not yet fully established. 
(43) 

In 1874 Miescher demonstrated the existence 

in salmon sperm of an acidic, phosphorous -containing 

protein, (nucleic acid), in salt -like combination 

with a basic nitrogenous substcance, to which he 

gave the name "protamine ". These researches were 
(3u) 

extended by Kossel, who, in 1884, identified a 

chemical compound analogous to the protamirtes in the 

red blood corpuscles of birds. This substance was 

not, however, identical with the nitrogenous base 

described by Miescher, but it also formed a salt 

with nucleic acid, and exhibited the properties of a 

base./ 
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base. Kossel applied the term "histone" to the 

substance which he had isolated, in order to distinguish 

it from the typical protamines. The similarity 

between the protamines and histones was further 

demonstrated by the isolation of a base derived from 

the sperm of sturgeon,4`l)which was proved on analysis 

to contain the three diamino- acids, arginin_e, 

histidine, and lysine among the products of hydrolysis. 
(42) 

Further investigations by Lilierf eld and other 

workers showed that a similar histone- nucleic acid 

salt occurred in many other tissues which were rich 

in nuclear material, such as the thymus gland, and 

it was found that in certain fish a histone replaced 

the protamine in the head of the spermatazoon. 

With improvements in technique it became possible 

to analyse the nuclear substance derived from a large 

number of tissues, and ultimately Kossel succeeded 

in establishing the fact that the protamines and 

histones belonged to the protein group of chemical 

compounds, although they represented the most 

elementary members of the series. Whereas the 

typical protamines as a rule contain only the three 

diaminoacids, arginine, histidine, and lysine, in 

some cases combined with monoamino -acids such as 

proline and valine, the proteins are composed of 

18/20 units, representing a very varied assortment 

of monoamino -acids, and with a few exceptions contain 

cyclical/ 
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cyclical compounds such as tryptophane, which are 

seldom present in the protamine molecule. The 

histones have been found to occupy a position inter- 

mediate between the protamines and the typical 

proteins as regards complexity of structure. 

The distinction between the histones and the 

typical proteins is not yet clearly defined, and it 

is therefore difficult to make any exact statement as 

to the distribution of histones in living tissues, 

but is certain that the substances of which it is 

composed are present in relatively high concentration 
(41) 

in the nuclei of animal cells. Kossel, in his 

monograph upon the protamines and histones, states that 

the knowledge of their structure "applies more 

particularly to the processes of growth and the building 

up of tissues" and he describes the changes which 

occur in cell nuclei prior to division, in the course 

of which the protein assumes its basic character, and 

unites with nucleic acid to form a salt. This change 

in chemical structure, involving the formation of 

histone is carried a stage further in the sperm of 

certain fish with the formation of typical protamines. 

The process by which protamine is formed in salmon 

(44) 
sperm was studied in detail by Iviescher, and later 

(61) (32 a,b) 
by Weiss and Greene, It was found that during 

the months preceding the spawning period there is a 

translocation of one of the most important constituents 

of/ 
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of the protamine molecule, arginine, from the muscular 

tissue to the testicles, resulting in considerable 

loss of body weight, as in the salmon's passage up 

river to the spawning ground supplies of food are 

completely cut off. The testicle therefore develops 

at the expense of the body as a whole, and in the 

testicle there accumulates large stores of the diamino- 

acid, arginine, which is utilised in the production 

of spermatozoa. Such pronounced rearrangement of 

nuclear protein appears to occur only in the course 

of spermatgenesis in fish, but it is a phenomenon 

which may be of wider significance in cell physiology, 
(60 ) 

although present in modified form. Welle, referring 

to the observations of lviiescher, says "whether such 

a transformation of protein occurs in mammalian cells 

during cell multiplication cannot be stated, but 

certainly from some source an additional supply of 

nucleoprotein is derived ". 

It appears that arginine is an especially 

important constituent of the protamines; Kossel sta es 

that "the amidine group of arginine is the predominant, 

and in the monoprotamines the only active one. It 

is this group which imprints on the protamines and 
(41) 

histones their basic character ". In the case of 

herring sperm there are two molecules of arginine to 

each molecule of monoamino -acid, and it has been 

suggested that protamines are composed of chemical 

units/ 



6. 

units in which valine, serine, and proline, are each 

combined with two molecules of arginino, about eight 

of these tripeptides being required to form one 
(56) (54) 

molecule of protamine. Siegfried, by prolonged 

gentle hydrolysis of proteins succeeded in isolating 

tripeptides each containing one molecule of arginine, 

histidine, or lysine; Kossel had previously suggested 

that a protamine molecule formed the basis of every 

protein, but this hypothesis has not been substantiated 

by subsequent work. 

The predominance of arginine in the protamines, 

and the fact that it appears to be intimately connected 

with one of the most important biological functions, 

reproduction, may indicate that it plays a significant 

part in vital processes which involve cell prolifer- 

ation for the purpose of growth or in tissue repair. 

(le) 
Cowdry, discussing the chemical constitution of 

chromatin, and its relation to problems of general 

cytology, says "it is of particular interest in this 

connection that arginine appears to be the only 

amino -acid which is never absent from any protein. 

It is found in all, although in very varying amounts. 

Proteins differ enormously in the amount and character 

of the various amino -acids they contain. 

Thus gelatin lacks tyrosine, lysine and trypto- 

phane; alanine or glycocoll may be present or absent; 

histidine, lysine, phenylalanine are lacking in some; 

but 
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but arginine has been found in all. Proline is also 

usually present, but is possibly not so important. 

The fact that the protamine of all the herring tribe 

of fishes, and of the salmonidae, and other forms 

consists to so large a proportion of arginine, and 

the universal presence of this substance in proteins, 

leads to the belief that it must be the raw substance 

from which some very important enzymes are made, or 

else that it is in some way necessary for the synthesis 

of proteins". 

Certain facts concerning the chemistry of rapidly 

developed tissues support the hypothesis that in 

these arginine is of especial importance, as it is 

in the formation of sperm. The placenta contains 

more arginine during the first half of gestation 
(3:3) 

than does any other organ in the body; as pregnancy 

proceeds the arginine content falls, and monoamino- 

(26) 
acids take its place. It has been suggested that 

(34) 
arginine is utilised for purine synthesis in the 

foetal organism, and that the placenta, in the early 

months of pregnancy, acts as a temporary storage 

place for this amino -acid. This may be analogous 

to the process described in the maturation of sperm, 

in which arginine, stored in the muscular tissue 

during the period of abundant nutrition, is later 

transferred to the testicle, to fulfil a special 

purpose in the reproductive function. The placenta 

i s/ 
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is subservient to the needs of the embryo, and is not 

in itself of importance, it may therefore be com- 

parable to the muscular tissue of fish, the more highly 

differentiated species being equipped with an organ 

whose sole function it is to store and manufacture 

those substances which are necessary for the well being 

of the foetal organism, and for the ordered progress 

of gestation. Whether this be so or not it seems 

that the disappearance of arginine from the placenta 

coincides with the stage of rapid foetal growth and 

differentiation, during which the activity of glandular 

organs becomes more pronounced, and enzyme production 

is increased. It is noticeable that arginine is 

found in highest concentration in glandular organs, no 

doubt on account of the high nuclear content of such 

tissue; the thymus gland and the liver, both of 

which are relatively large in proportion to the body 

weight at birth, are especially rich in arginine. 
(sc1 

studies of nitrogen metabolism in pregnancy have 'shown 

that during the latter half of gestation a positive 

nitrogen balance is the rule; it seems probable that 

the most severe strain is thrown upon the maternal 

organism, in this respect, during early pregnancy, 

when the formation of placental tissue is in progress, 

and nutritive materials are being. diverted from the 

mother to meet this new demand. 

An interesting example of this concentration of 

hexone/ 
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hexone bases, (arginine, histidine and lysine), is 

(38) 
furnished by neoplasms. In 1915 Kocher analysed 

the proteins of five human tumours, and found that 

the three diamino -acids arginine, histidine, and 

lysine together accounted for 28.74% of the total 

protein nitrogen of such tissue, arginine alone 

representing no less than 12.4%. 
,(24) 

One year later Drummond repeated this investi- 

gation, and extended it to include normal tissues, 

with the result that, while he was able to confirm 

Kocher's findings with respect to the high diamino- 

acid content of tumours, he was forced to conclude 

that the concentration of hexone bases is directly 

proportional to the nuclear content of any tissue, 

whether normal or neoplastic, and is not necessarily 

to be correlated with a tendency to rapid growth. 

While it is true that there is a direct relation 

between the nuclear content of a tissue, and the 

percentage of diamino -acids in its protein, and that 

both tumours and normal tissues of certain types may 

be richly supplied with hexone bases, the hypothesis 

that the latter may be intimately concerned with 

growth is not invalidated on that account. The 

ability of a cell population to multiply by division 

must be modified to some extent in proportion to the 

amount of material available for nuclear synthesis. 

Therefore, if it is accepted that the diamino -acid 

content 
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content of a tissue is directly proportional to its 

nuclear content it follows that an increase in cell 

number must necessitate the formation of nuclear 

substance, and this in turn will depend upon the 

provision of raw materials suitable for such a 

purpose. The tissues in which a high diamino -acid 

content has been noted are those actively engaged in 

secretion, or in growth, as gauged by proliferation 
(17) 

of cells. Clementi has pointed out that arginine 

appears to be the reserve substance for the synthetic 

regeneration of nuclear material during normal cellular 

metabolism; it is possible that arginine may prove 
(48) 

to be as important as histidine is believed to be 

in nuclear synthesis, and therefore of equal significance 

for tissue repair and growth. 

The study of tissue growth in vitro has provided 

a certain amount of evidence that living tissues 

contain substances, which when added to culture media, 

act as a stimulus to growth, the growth promoting 

activity of such extracts being inversely proportional 

to the age of the animal from which the tissue was 

(11) (12) 
obtained. Carrel was of the opinion that 

similar growth promoting substances were secreted by 

lymphocytes, and other wandering cells, which acted as 

mobile unicellular glands. The evidence that such 

cells possess a true secretory function is inconclusive, 

but it is possible that the products of tissue 

disintegration/ 
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disintegration,especially nuclear derivatives, may be 

effectual in stimulating growth. The work of 

(15) 
Chambers and Scott indicated that the growth 

stimulating principle derived from living tissue was 

a fairly stable chemical substance, and that it was 

associated with nuclear structuras; Calkins 
(9) 

and 

his collaborators also concluded that products of 

nuclear hydrolysis were stimulants of tissue growth. 

It is probable that the extracts used in this connection 

would contain arginine, in view of the chemical 

constitution of cell nuclei, and the solubility of 

arginine in water; it is usually present in tissue 

extracts even when the latter have been rendered 

practically protein free. 

The facts to which reference has been made, and 

which clearly indicate the importance of arginine in 

biology, are difficult to reconcile with certain 

observations made by workers in the field of general 

nutrition. 

The results of Ackroyd and Hopkins,) published 

in 1916, provided evidence that arginine and histidine 

were interconvertible in the body, and that the 

presence of one or the other was essential for the 

purpose of growth. This was a most important 

contribution to the study of arginine and histidine 

in metabolism. The experiments were most carefully 

controlled, care being taken that amino- acids, such 

as/ 
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as tryptophane and cystine, which might have been 

destroyed by the acid hydrolysis employed in the 

preparation of the protein, were present in the 

experimental diet when fed to the rats. It was 

found that the removal of both arginine and histidine 

resulted in loss of body weight, but that weight 

could be maintained when either of these two amino - 

acids was restored to the diet. Discussing the 

methods employed for the removal of arginine and 

histidine from the basal amino -acid mixture, the 

authors state "the silver method seems to remove 

both arginine and histidine with groat completeness. 

if traces are left behind, and it is very difficult 

to disprove this possibility, the fact would not 

affect the bearing of our experiments, which were all 

comparative, and controlled. The presence of traces 

in the diet of the experimental periods would tell 

against, rather than in favour of, our main con- 

clusions". Further evidence that arginine and 

histidine are equivalent in nutrition, and that one 

or the other must be present in a diet, was afforded 

by metabolism studies, based upon the fact that in 

the rat allantoin is the chief end product of purine 

metabolism. It was observed that coincidently 

with loss of weight the elimination of allantoin 

decreased, when both arginine and histidine were 

removed from the diet, the reduction being signi- 

f icant/ 
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significant, and approaching 50%. If either of the 

amino -acids in question were present in the diet the 

excretion of allantoin was not decreased to any 

appreciable extent. 
(31) 

Earlier work by Gelling had shown that arginine 

was necessary for maintenance of weight in adult mice; 

the experiments involved a comparatively small number 

of animals, and do not rank with the classical 

experiments of Ackroyd and Hopkins, but they afford 

confirmation of the results obtained by the latter. 

In 1924 confirmation of the indispensability of 
(49) 

histidine was obtained by Rose and Cox, but they 

reported that arginine, as a dietary constituent, was 

without effect on weight, and in 1925 similar 
(48) 

results were recorded by Rose and Cook. In the same 
(55) 

year Stewart published the results of experiments 

which were in agreement with the findings of Rose 

and Cox, and Rose and Cook, in respect of histidine, 

but in respect of arginine were intermediate between 

those of Ackroyd and Hopkins, and those of Rose and 

Cox. From these later investigations it appeared 

that arginine and histidine were not mutually 

replaceable in metabolism, and that arginine was 

definitely inferior to histidine in its ability to 

maintain weight, or to promote growth. If it may 

be assumed that arginine is of especial importance 

for the nutrition of glandular organs, it is possible 

that 
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that in some cases the effect of a deficiency in this 

amino -acid might be delayed; it is probable that 

the amino -acid requirements of the various tissues 

and organs of the body differ in accordance 

with differences in specific function, and with the 

chemical composition of their structural units, the 

cells of which they are composed. In the case of 

feeding experiments the criterion of the capacity of 

a substance to induce growth is its effect upon the 

animal as a whole. 

In the light of more recent investigations it 

is possible to account for certain discrepancies in 

the results obtained in the earlier work. A most 

important fact which appears to have been overlooked 

in many instances is the high arginine content of 

the yeast extracts used as supplements to synthetic 

diets, for the provision of vitamin B. Crude yeast 

extracts,and even those of relative purity, are 

generally rich in arginine, on account of the fact 

that arginine, like vitamin B, is intensely soluble 

in water. Failure to observe this source of error 

may have been one of the factors which have con- 

tributed to lack of agreement among experimental 

results. This suggestion finds support in a recant 

publication of Scull and Rose,2) who carried out a 

careful investigation in rats over a considerable 

period, with the object of obtaining conclusive 

evidence 
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evidence as to the influence of arginine upon growth. 

At the end of the experiment an analysis of the 

animals showed that their bodies contained more 

arginine than had been ingested in the diet. The 

estimation of ingested arginine took into account not 

only possible contamination of other amino- acids, but 

also the arginine in the Harris yeast extract, which 

the authors comment upon with some surprise, as being 

unexpectedly high. The results of these experiments 

were interpreted as indicating that arginine can be 

actually synthesised in the body of the rat, as the 

amount recovered post mortem was significantly greater 

than that which could hava been taken in the food. 

It seems possible that in the case of arginine 

a synthetic mechanism is provided by a reversal of the 

normal hydrolic action of arginase. The experiments 
(59 ) 

of Borsook and Wasteneys have demonstrated the 

possibility of a reversal of certain proteolytic enzyme 

reactions, although this occurs only under conditions 

which do not normally obtain in the animal body. 
05) (2s) 

Arginase has been isolated from a number of tissues, 

especially placenta, liver, testicle, and other 

glandular organs, and also from neoplasms, its action 

being to split the arginine molecule into ornithine 

and urea. The biological significance of an enzyme 

is obviously increased if synthesis is one of its 

functions. It may be assumed that, owing to the high 

arginase/ 
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arginasa content of tumours such tissues are well 

equipped for the catabolism of arginine; if synthesis 

of arginino is also possible, under certain conditions, 

this may be a factor in providing optimum conditions 

of growth. 

Synthesis is a matter of vital importance in the 
(18) 

animal body. Cowdry aptly remarks that "Growth and 

development depend essentially upon the formation and 

accumulation of protoplasmic structure, through the 

metabolic reactions, (specific syntheses), of the 

living protoplasm ". It follows that those substances 

which the body cannot manufacture must be supplied by 

the food ingested, and that these are therefore 

indispensable constituents of the diet; it does not 

necessarily imply that the substances in question 

are of no significance for growth. The classification 

of amino -acids as indispensable, or otherwise, for 

the growing organism, cannot be interpreted as an 

indication that the functions of the animal body 

proceed in the.normal manner in the absence of 

"dispensable" amino -acids from living tissue. 

Sugar is not an essential constituent of the diet, 

because it can be formed from protein derivatives, 

yet it plays an important part in physiological 

functions. 

It may even be argued that those substances 

which are of peculiar value to the organism are 

those/ 
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those for which a synthetic mechanism exists. With 

reference to the importance of individual amino -acids 

for the nutrition of growing tissues, it is of 
( 29 ) 

interest that according to Fasal tumours do not 

invariably contain tryptophane, and that tyrosine is 

not present in large amounts, yet these two amino- 

acids, especially tryptophane, are considered to be 

indispensable for growth. It has even been claimed 

by Centanni, that tyrosine and tryptophane inhibit 

the development of tumours, although indole, a 

derivative of tryptophane, exerted a stimulating 

effect upon tumour growth. 

In spite of extensive investigation of the 

arginase content of tumours, by Edlbacher and 
herz,J 

and other workers; 
30 

) the significance of arginine in 

tumour growth appears to have received little 

attention. It has been shown that coincidently 

with the development of tumour tissue the arginase 

content of other organs in the body of the host 

decreases;30'1a phenomenon which also occurs in the 

subjects of tubercular disease. In this connection 

it is of interest that analysis of the protein 

remaining after removal of nucleic acid from tubercle 

bacilli shows a very high percentage of arginine 
(1o) 

These observations suggest that in malignant subjects, 

and in tubercular individuals arginine may be 

mobilised, and transferred to the neoplastic tissue, 

or/ 
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or to tubercular foci respectively, becoming con- 

centrated in the tissue which is at the moment 

exhibiting the most rapid rate of growth. The 

cachexia which is so characteristic a feature of 

both conditions, may be directly associated with the 

withdrawal from the tissues of one of the most 

important constituents of tissue protein, arginine, 

and its utilisation by the neoplasm, or tubercular 

focus. An anology may here be drawn to the debility 

induced in the salmon at spawning time, which has 

been conclusively shown to be due to reduction of 

arginine in the muscular tissue, and its transference 

to the testicle. 
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SUMM AR. 

The facts revealed by the study of tissue growth 

in vitro indicate that products of tissue disintegration, 

rather than the secretion of living cells, exert a 

stimulating effect upon growth, and that nuclear 

derivatives, especially the basic radicle of nuclear 

substance, are of especial significance in this 

respect. 

The diamino- acids, arginine, histidine, and lysine, 

are known to be important constituents of the basic 

protein of cell nuclei, and of these histidine and 

lysine are recognised to be essential for growth. 

The high arginase content of rapidly growing tissues, 

and of organs actively engaged in secretion, suggests 

that these are especially well equipped for arginine 

metabolism, but owing to the contradictory results 

obtained in feeding experiments the role of arginine 

in the nutrition of growing animals is still sub 

judice. 
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"It would appear that the solution of the 

question of the dispensability, (or otherwise), of 

arginine, in animal metabolism, would profit greatly 

by the application to it of other methods of 

investigation than those hitherto employee) 

On the basis of knowledge derived from tissue 

culture experiments, and from the analysis of protein 

obtained from tissues of varying type, it is possible 

to formulate the hypothesis that arginine is 

essential for cell proliferation, in virtue of its 

importance for nuclear synthesis, and hence is 

indispensable for growth and tissue repair. 

This hypothesis may be put to the test of 

experiment, the following points being successively 

investigated, and forming part of an organised scheme 

of research. 

1. The influence of arginine upon the growth 
rate of a potentially proliferative tissue, 
such as a tumour. 

2. The effect of depriving such a tissue of 
arginine. 

3. The relation between the growth rate of a 
tumour and the nutritional condition of the 
host. 

4. The effect of arginine upon the health and 
nutrition of the host. 

5. The influence of arginine upon the body 
weight of animals in a normal state of 
nutrition, and in those which had been 
subjected to some debilitating process. 

If/ 
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If it can be shown that arginine increases the 

rate of tumour growth, that deprivation of arginine 

decreases the rate of tumour growth, and that 

arginine affects the body weight of animals under 

conditions equivalent to mildly cachectic states, 

confirmation is obtained for the hypothesis 

advanced above. 



EXPERIldúNTAL. 
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EXPERIIti ENTAL. 

* I. The Effect of Arginine Injections upon the 

Rate of Tumour Growth. 

It appeared that a transplantable tumour, which 

would not metastasise, would be the most suitable 

material for the investigation of the effects of 

amino -acid injections upon the rate of tissue growth. 

The details of the experimental procedure are given 

below. 

I,Material. 

The mice used for the experiments were ordinary, 

healthy, unselected stock, representing a mixed 

population; they were 2 -3 months old at the time of 

implantation, and an approximately equal number of 

males and females were included in each experimental 

group. They were all fed alike on a diet of brown 

bread, flaked maize, and lettuce (when available). 

It may be of interest to note in connection with diet 

that the arginine content of brown bread, as estimat- 

ed by Sakaguchi's reaction, is quite considerable, and 

both treated and control groups were given as much as 

they would eat. 

The tumour was a transplantable mouse carcinoma, 

for/ 

*Biochemical Journal, Vol. :-LIV, No. 3, pp. 539- 
595, 1930. 



23. 

for which I am indebted to Mr. 3. J.M. Shaw, of the 

Department of Surgery, ndinbargh University. This 

tumour (M 63), is palpable about ten days after 

implantation, often earlier, and attains a large size 

in a period of three weeks. It produces no metas- 

tases, and therefore the mice remain perfectly well. 

Method. 

Implantation was performed by means of an im- 

plantation needle, strict aseptic precaations being 

observed. 

The amino- acidsl were administered by hypodermic 

injection at some distance from the site of implanta- 

tion, and the pH of the solution was in every case 

adjusted to approximately 7.4. 

Exp. I. Implantation was carried out as described, 

and after ten days all mice bearing palpable 

tamoars on that date were segregated, divided into 

groups, and treatment was commenced. This consist- 

ed in tae injection of 0.3 cc. of a 10% solution of 

the amino -acid allotted to the group, and treatment 

was repeated every 2 days until the termination of 

the experiment 22 lays after implantation. On 

each day of treatment caliper measurements were 

taken of the tumours, and transferred direct to min. 

squared 

1Supplied by Messrs. British Drag Houses,Ltd. 
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squared paper; in this way it was an easy matter to 

measure the cross -sectional area of tumours of 

irregular shape. At the end of the experiment, 

size, i.e., cross -sectional area, was estimated, 

and from the tabulated results the mean was calcul- 

ated for each group showing the increase during the 

experimental period. The ratio of the mean values 

on the 10th and 22nd days respectively was taken as 

an index of the rate of growth. 

Exp. II. In this experiment the tumours used for 

implantation were known to be of lowered vitality 

(they were derived from tumours which had recurred 

after removal, and when implanted into fresh hosts 

had been found to exhibit a slow rate of growth, 

and a reduction in the usual percentage of "takes"). 

Two amino -acids were tested in this experiment 

for their ability to restore the vitality of this 

debilitated tissue. Treatment was began 2 days 

before implantation, and continued every second 

day as in Exp. I, and caliper measurements were 

taken at the same intervals as before. 

Special precautions were taken to ensure the 

uniformity of the implanted tissue in its distri- 

bution among the various groups, the following 

procedure being adopted; the mice were divided into 

three main groups, two treated, and one control, 

and each of these was subdivided into four small 

groups A, B, C, D. One tumour was used to implant 

all 
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all the "A" groups, another for B, etc. In 

addition to this the mice were implanted in strict 

rotation as follows: mouse 1, Group IA; mouse 1, 

Group IIA; mouse 1, Group IIIA; then mouse 2 in 

each group as in the first round. 

As an extra check upon the usual measurements 

all the tumours were weighed at the close of the 

experiment, the mean weight was calculated, and the 

ratio of each treated group to the control was 

compared with the ratio obtained by measurement of 

cross -section. The results will be found in 

Table III, Exp. II. 

The results of these two experiments made it 

appear almost certain thE:targinine had a definite 

effect upon the rate of tumour growth; the variation 

in the growth potentiality of apparently healthy 

tumours observed in earlier work, however, had made 

it desirable to limit the number of animals used in 

each experiment, in order that the implanted tissue 

should be derived, as far as possible, from the same 

source. Consequently it seemed advisable to apply 

to the results the method described by Fisher for the 

determination of the significance of the difference 

of the means of small samples; the tabulated results 

therefore include the "t" and nprr values used in this 

method. According to Fisher we may "draw a conven- 

tional line at 0.05," i.e., if the value is at, or 

below, 
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below, this figure the difference may be held to be 

significant, and would not have occurred by chance, 

and one may place "a high degree of confidence in the 

results" if P = 0.01. 

The choice of amino -acids was limited in accor- 

dance with the degree of their solubility in water. 

The low solubility of tyrosine prohibited its use for 

hypodermic injection; a considerable mortality attend- 

ed the use of cystine for the same reason, and cyst - 

eine was substituted as a result. It was obviously 

impossible to test the guanidine radical of arginine 
(5) 

separately, bat sodium valerate was included in the 

series. Glutamic acid was given a separate trial in 

view of it being a constituent of glutathione; lysine 

was not tested. 

An example of experimental data front which 
the results were calculated. 

(Treatment. begun II) days after implantation of M 63.) Surface arca of tumours as estimated 
by caliper measurements in mm.= 

Arginino: Days sinee implantation 
Ratio of size, 

10 12 14 16 18 22 day 10 : 22 

1 16 64 106 154 250 527 1:33.0 
2 60 118 193 290 332 614 1:10.2 
3 64 126 166 274 443 714 1:11.1 
4 96 119 205 254 254 419 1: 4.3 
5 96 156 198 212 260 303 1:33.1 
6 10 42 58 173 237 430 1:43.0 
7 23 57 105 175 207 242 1 :10.5 
8 8 24 75 175 260 353 1:44.7 
9 7 28 36 96 143 216 1:30.8 

10 4 6 74 131 176 246 1:61.5 
11 6 6 131 180 210 437 1:72.9 
12 6' 8 137 183 225 257 1:32.1 

Mean 33.0 62.8 123-6 1747 2490 396.0 1:29.7 
After estimation of the probable error the mean values were respectively 33.0 ±6.6, and 

396.0 ±29.5. 
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Controls: Days since implantation 
Ratio of size, 

10 12 14 16 18 22 day 10 : 22 

11 17 32 32 57 80 1 : 7.3 
2 44 66 102 137 196 288 1 : 6.5 
3 56 79 121 180 197 257 1: 4.9 
4 5 15 19 39 40 49 1 : 9.9 
5 33 67 79 102 159 179 1: 5.4 
6 50 66 99 217 372 497 1 : 9.9 
7 13 48 57 82 114 184 1:141 
8 13 16 31 58 74 157 1:12.2 
9 7 21 21 33 84 265 1 : 37.8 

10 47 82 113 113 119 277 1 : 8.0 
11 14 24 31 40 51 84 1 : 6.0 
12 60 143 171 291 291 336 1 : 5.6' 

Mean 29.0 46.2 69.8 100.3 146.1 221.0 1:10.4 

Ater estimation of the probable error the mean 

values were respectively 29.0 + 4.4 and 221.0 + 24.4. 

Difference of mean day 10 
Difference of mean day 22 

= 
=175.0 

4.0 + 0.3. 
+ 3.2 

The value of t on day 10 = 0.3. 
The value of P on day 10 = 0.9. 

The value of t on day 22 = 3.2. 
The value of P on day 22 = 0.01. 

Togeriment I. 

Table I. 

Group 
Arginine 
Untreated 
U 
Untreated trea 

e 
Untreated 
Cystine 
Untreated 
Glutamic acid 
Untreated 
Arginine 
Untreated 
Sodium valerato 
Untreated 

Untreated 

Size on 10th day 
A 

Size on 22nd day 

No. in 
group 

12 
12 
10 
7 

12 
7 

6 
7 

10 
7 

4 
7 

11 
6 

g +23.010.7 

Difference 
of mean t 

+ 4.010.3 0.30 

0.0 0.30 

+12.011.3 1.00 

1 0.0 1.00 

+ 2.010.7 0.60 

+ 5.010.7 0.14 

_ 8.014.1 0.40 

0.90 

P 
0.90 

0.70 

0.30 

0.30 

1.00 

0.90 

0.7Q 

0.40 

Difference 
of mean 

+17513.2 

- 2810.6 

+ 510.09 

- 2510.3 

- 1414.9 

+19214.2 

+ 5410.5 

+12212.1 

t 

3.2 

0.7 

0.1 

1.4 

0.2 

3.4 

0.6 

F6 

P 

0.01 

0.50 

1.00 

0.20 

1.00 

0.01 

0.50 

0.10 
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The comparison of arginine and cystine is of 

value in view of the importance which has been attach- 

ed to glutathione in connection with tumour growth. 

From the results obtained it would appear that neither 

cystine nor glutamic acid, a constituent of glata- 

thione, has any appreciable effect upon the rate of 

tumour growth. 

The results of the second experiment showed that 

histidine could not replace arginine as a stimulant 

of growth. It appeared to exert a certain effect 

upon the percentage of successful implantations, 

when tested on devitalised_ tissue, the number of 

failures being greater in the case of arginine than 

histidine, but less in arginine -treated mice than in 

Table II. Ratio of surface area of tumours ten and 
twenty -two days after implantation. 

Ratio. Difference 
Group Group mean of mean P 

Arginino 
Untreated 
Glycino 
Untreated 
Alnnino 
Untreated 

atino 
Untreated 
Glutamic acid 
Untreated 
Sodium valcrate 
Untreated 
Arginino 
Untreated 
Arginino 
Untreated 

29.7 ±14.3 
10.4± 6.0 
17.9± 68 
20.2± 6.3 
15.1± 7.1 
202± 6.3 

21.4± 4.4 

19.4± 75 
20.2± 6.3 

9.8± 2.2 
11.8± 3.5 
15.0 ± 7'8 
11.8± 3.5 
52.9± 5.7 
20.2± 6.3 

f l9.á ±0S -4 

- 2.3 ±0.17 

- 5.1 ±0.36 

+ 1.2 ±0.63 

+ 0.8 f0.05 

+ 3.0 ±0 11 

+ 8.2 ±0.07 

+32.0±2.60 

0-01 

0.70 

0.40 

0.90 

I.00 

0.15 

0.15 

0.01 

Table III. Comparison <f the i,jject of arginine and cystine, or cystetne, 

the latter being substituted for untreated controls. 

Size on 10th day Size on 22nd day 

No. in Difference - Difference 
Group group of mean t P of moan 1 P 

Arginino 4 ±0.0 0.2 0.80 +21.7 ±3.1 2.50 0.04 
Cyxtino 6 

Arginino 8 +1.0 ±0.16 0.1 0.80 + 49 ±0.8 0.90 0.35 
Cysteino 



29. 

the untreated controls. The exact percentages of 

failures were, arginine 37.5%, histidine 26 %, untreat- 

ed 50%. These figures are very high for implantation 

failures in the tumour M 63. 

Experiment II. 

Table'. 
Size on 10th day 

A. 

Size on 22nd day 
^ -., 

No. in Difference Difference 
Group group of mean t P of mean P 

Arginino 15 +14.0}0.4 0.1 0.40 +134.0±4.3 0.5 0.05 
Untreated 12 

Histidine 17 +18.0±0.1 0.1 0.10 + 38.0 ±0.8 1.7 0.10 
Untreated 12 

Table 1I. 

Group 
Arginine 
Untreated 
Histidine 
Untreated 

No. in 
group 

15 
12 
17 
12 

Ratio. 
Group mean 

10.5 ±7.47 

6.8 ±4.7 

Difference 
of mean 

5.5 ±0.06 

1.8 ±0.06 

P 

0.10 

0.40 

Table III. 
No. in Mean Difference 

Group group wt. of mean t P 
Arginino 
Untreated 

15 
12 

1.6 ±0.27 
0.7 ±0.22 0.9 ±0.21 I.5 0.1 

Histidine 17 0.7 ±0.14 0.0 0.1 0.9 Untreated 12 0.7 ±0.22 

From the tabulated results of Experiments I and 

II it can be seen that among the amino -acids tested 

for their effect upon tumour growth arginine alone 

induced a significant difference from the mean of the 

untreated control group on the 22nd day, as estimated 

by the value of P. 

It/ 
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It is evident that if the size of tumours in a 

treate.i group exceeds that of the corresponding un- 

treated group on the 10th day the former would be 

expected to exceed the latter on the 22nd day as well, 

apart from any treatment which the animals had re- 

ceived. In certain cases it may therefore appear 

that the difference of mean in the arginine- treated 

groups on the 22nd day was not so significant as it 

otherwise would seem. In order to assess the real 

value of the difference two points must be taken into 

consideration, of which one is the value of P. On 

the 10th day the P value indicates in every case that 

the difference in mean could be accounted for as the 

result of random sampling from a homogeneous popula- 

tion. The P value for the 22nd day, on the other 

hand, in three cases out of four of the arginine - 

treated groups is 0.05 or less, while the value for 

the groups treated with other amino -acids, is in no 

ease less than 0.1. The second point to be consider- 

ed is the ratio of the sizes (cross- sectional area), 

on the 10th and 22nd days respectively within one and 

the same group. The mean ratio obtained after cal- 

culating the individual ratios in such a group can 

then be compared with its untreated control. The 

ratio will obviously be greater or less according to 

the mean size on the 10th day of the experiment 

the mean on the 22nd day is proportionately very great 

since in some of the arginine- treated groups the mean¡ 

was/ 
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was higher on the 10th day than it was in the controls 

the ratio might have been thus reduced, but in spite 

of this fact a markedly higher ratio occurs in the 

arginine -treated groups alone. The second experiment 

indicates that arginine and histidine have some slight 

effect in raising the percentage of "takes" in the 

case of debilitated tissue (as previously defined) , 

but that only arginine has any appreciable influence 

upon its subsequent rate of growth. The difference 

in weight in these groups is not significant if 

judged by the value of P, but the mean weight is 

about 50770 greater in the arginine -treated group than 

in the untreated control, which agrees well with the 

difference in ratio where cross -sectional area was 

the criterion of size. 

From this analysis of the data it seems justi- 

fiable to conclude that the influence of arginine 

upon tumour growth is real, and that it is specific in 

so far as a similar effect was not observed in the 

case of any other substance used in this series of 

experiments. 
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*II. The Effect of Deprivation of Arginine by 

means of a Stimulus to General Metabolism. 

The second point to be investigated under the 

proposed scheme of research, namely, the effect of 

a reduction in the amount of arginine available for 

the tumour, presented certain difficulties. Owing 

to the presence of arginine in all proteins all 

natural foods were unsuitable, and it was noted that 

if the arginine content of different proteins was 

compared an approximate correlation existed between 

the percentage of arginine and the amount of vitamin 

B. Thus, even if a synthetic diet were avoided, it 

would be necessary to supplement an arginine defic- 

ient diet with a vitamin B concentrate, and the 

latter, as previously stated, would contain arginine 

in considerable amount. A purified toralin 

concentrate (representin . B1) was of no value for the 

purpose, as other factors of the complex, notably B2, 

are essential for maintenance of appetite in the 

animal, as well as for growth. It was also evident, 

from the experiments of Scull and Rose, that arginine 

might be synthesised in the body if need arose, a 

complication which it seemed impossible to avoid. 

It had been noticed that, in the pregnant 

animal/ 

* Biochemical Journal, Vol. X..IV, No. 4, 

pp. 1181 -1187, 1930. 
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animal, tumour growth was invariably slow, in some 

cases even temporarily arrested, a fact which suggest- 

ed that the foetus an:i placental tissue might absorb 

arginine, among other nutritive substances, which 

would otherwise have been available for tumour growth. 

In pregnancy a slightly augmented metabolism might 

also contribute to the demand for nutritive materials; 

it seemed possible that, if such a condition could be 

simulated, a comparable effect upon tumour growth 

could be produced. Malnutrition of the host is known 

to affect the growth of implanted tumours, but 

pregnancy, in the normal animal, is not a condition i 

which general nutrition is at fault. Assuming 

therefore that a certain level of arginine concentra- 

tion is necessary for the growth of tumour tissue, 

and that other tissue may, ander special circumstances 

demand similar substances, for growth, or tissue 

repair, it was evident that one method of reducing 

the amount of arginine available for the tumour would 

be to divert it by creating such a demand. 

It is known that administration of the active 

principle of the thyroid to healthy subjects causes 

an increased excretion of nitrogen, chiefly in the 
(47) 

form of urea, which is an end product of arginine 

metabolism, and that unless the protein content of 

the diet is high more nitrogen is excreted than 

ingested, indicating that tissue protein is being 
(io) 

destroyed. In view of these facts it seemed reason - 

able/ 
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.reasonable to postulate that an increased catabolism 

of tissue protein would occur, under the influence of 

thyroxine, which might affect the tumour either 

directly, or by stimulating metabolism in general, to 

an extent which brought the whole body into competi- 

tion for such substances as were necessary for growth 

and tissue repair. 

Experiments were therefore undertaken to test the 

effect of non -toxic doses of thyroxine alone and in 

combination with arginine. 

Method. 

The technique and material were similar to those 

used in a previous investigation. The calipers were 

specially made for the purpose of obtaining accurate 

measurements, with a screw adjustment (40 threads to 

the inch) . 

Exp. 1. 30 mice implanted 10 days previously were 

divided into 3 groups. Group I received 0.3 cc. of 

a 1070 colation of arginine every second day. Group 

II were given similar treatment, cut in adli tion were 

injected daily with 0.1 cc. of a 1/1000 solution of 

thyroxine, the arginine being given in the morning 

and the thyroxine at night. Group III were untreated 

controls. Caliper measurements were made on the 

first ani last days of the experiment, 10 and 22 days 

respectively after implantation, and cross -sectional 

surface area was determined in mm.2; the mice were 

also weiLhed on the same dates. 

This/ 
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This preliminary experiment gave the following 

result: 

Group I. Arginine: 

Mean size of tumours, day 10 ... 14.6 mm.2 

It TT tt TT n 22 ... 308.2 mm.2 

Mean weight of mice, TT 10 ... 21.6 g. 

tt lT TT IT TT 22 24.5 g. 

Group II. Arginine + thyroxine: 

Mean size of tumours, day 10 ... 23.5 rTm.2 

IT TT It TT T 22 127.4 mm. 2 

Mean weight of mice, TT 10 ... 20.9 g. 

II IT TI tt TT 22 24.1 g. 

Group III. Untreated controls: 

Mean size of tumours, day 10 ... 13.6 mm.2 

It ti TT T1 TT 22 ... 204.8 mm.2 

Mean weight of mice, Tt 10 ... 22.5 g. 

TT rT IT IT IT 22 ... 25. 5 g. 

The ratio of size on the 10th and 22nd clays 

respectively was: 

Arginine ... ... ... 1 : 21.1 

Arginine + thyroxine ... 1 : 5.3 

Untreated controls ... 1 : 15.0 

Taking the ratios as an index of the rate of growth 

it will be seen that arginine induced a more rapid 

rate of growth than occurred in the untreated control 

group, bat that the latter agáin exceeded that of the 

group receiving thyroxine. In view of the small 

number 



36. 

number of animals used in this initial experiment no 

reliance could be placed upon the results, but they 

were considered sufficiently encouraging to warrant 

further investigation upon a more adequate scale. In 

the succeeding experiments it was found that if 

arginine was given daily in conjunction with thyroxine 

the retarding effect of the latter was less marked 

(e.g.,Exp. 4). The weights of the mice on the last 

day include the tumour, but it will be seen that in 

the arginine -treated group where the tumours were 

largest the increase in weight during the experiment- 

al period was no greater than in the group receiving 

thyroxine. 

Exp. 2. 44 mice implanted 10 days previously 

were divided into two sections A and B, the sections 

being implanted from two different tumours. In 

each section one group was injected with arginine and 

the other with thyroxine but in section B treatment 

was reversed 18 days after implantation. The results 

are shown in Chart I. 

150 

* TREATMENT REVERSED 

CHART I 
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r 
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Days 
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Exp. 3. 46 mice implanted 10 days previously 

were divided into 4 groups, I receiving arginine, II 

thyroxine, III arginine a.m. and thyroxine p.m.; 

group IV were untreated controls. Treatment was 

reversed on the 18th day; the results are shown in 

Chart II. 

300 
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o 
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4-t 
o 

A R G I N I N E 

THYROXINE 
UNTREATED 
ARGININE + 
THYROXINE 

* TREATMENT REVERSED 

I I I 

CHART II 
( Expt 3 ) 

--- * 

I 

F 
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12 li 14 IS 16 17 IH 19 20 21 2'1 

Days 
Exp. 4. 45 mice implanted 10 days previously 

were divided into groups and. treated as follows: 

Group I. Arginine (A) 6 mice. Treatment reversed 
18th day. 

(B) 6 mice. Treatment continu- 
ed 18th day. 

Group II. Thyroxine (A) 6 mice. Treatment reversed 
18th day. 

(B) 6 mice. Treatment continu- 
ed 18th day. 

Group III. (A) arginine injected daily 
(6 mice) . 

(B) arginine injected every 2nd 
day (6mice). 

Groin IV. Untreated controls (9 mice) . 
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The result of this experiment is shown in Charts III, 

IV and V in which the first (i.e. treated) groups are 

shown separately for comparison with group IV (un- 

treated controls). 

A summary of the protocols of Exps. 2, 3 and 4 is 

presented inthe following table: 

Su, m nary of protocols. 

Mean size of tumours Mean weight of mice 

Day lo Day 22 Day 10 Day 22 
I:xp. Treatment received (nuu ?) (nun ?) (g.) (g.) 

II Arginino (A) 14.5 149.5 24.3 28.3 
Thyroxine (A) 17.2 69.5 24.0 25.0 

Arginino (B) 11.5 146.0 2.2.4 25.2 
*Thyroxine (B) 12.0 132.1 22.3 24.8 

III *Arginino 18.5 209.0 21.4 24.3 
Arginino +thyroxine 37.5 295.5 22.0 26.5 

*Thyroxine 26.8 169.8 22.6 25.1 
Untreated :10.7 202.3 20.4 22.8 

IV Arginino (A) 33.8 276.6 22.1 23.6 
Arginino (B) 15.6 215.1 19.6 20.2 

''Thyroxine (A) 1.20 235.0 19.8 22.9 
Thyroxine (B) 12.5 85.5 19.0 20.4 
Arginino + thyroxine (A) 16.3 175.3 21.5 21.7 
Arginino -i-thyroxine (B) 26.8 139.4 20-8 22.0 
Untreated 20.7 193.4 19.7 21.7 

Treatment reversed during the 12-day experimental period. 

In Exps. 2 and 3 reversal of treatment 18 days 

after implantation was followed by a deflection of 

the curve in the corresponding groups. As only one 

reading was possible after reversal it was doubtful 

whether the alteration wouli be maintained; in Exp. 4 

an attempt was made to settle this point and the 

results show that the administration of arginine to a 

group previously receiving thyroxine caused a perman- 

ent increase in growth, and that if thyroxine was 

subsequently/ 
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subsequently given to a group previously injected 

with arginine a temporary arrest of growth occurred 

but it was not maintained. If arginine was given 

daily in conjunction with thyroxine the rate of 

growth hardly differed from that of the controls; if 

given every second day the growth was correspondingly 

less. 

300 

Days 
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The results of these experiments support the 

hypothesis that arginine and thyroxine are mutually 

antagonistic in respect to tumour growth, the former 

being an important nutritional factor which is 

destroyed together with other tissue proteins in the 

augmented catabolism inluced by the action of 

thyroxine. 

The evidence obtained that the dose of arginine 

can be adjusted to balance the inhibitory effect of 

thyroxine is an indication that protein catabolism is 

primarily involved, but another aspect which should 

be considered is the regulation of carbohydrate 

metabolism by the thyroid, hypo -activity having been 
(60) 

shown to cause significant alteration , not only in 

sugar utilisation, but in all oxidative processes 

throughout the body. There is however no evidence 

that a reduction in blood -sugar diminishes the rate 
(6) 

of tumour growth, indeed according to Bouin 

malignant tar tumours grew with great rapidity in 

rabbits receiving two rabbit units of insulin daily 

for six months, and the animals lied 4 weeks after 

treatment was stopped. It may be contended that the 

greater malignancy of such tumours renders them use- 

less for comparison with the tumour M 63, bat there is 

also experimental evidence that insulin has no 

inhibitory effect upon the growth of tumour grafts i. 

(16) 
mice; Cioffari and Piccaluga found that unless 

insulin was given in excessive doses (1/5 of a 

clinical 
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clinical unit daily) it had no effect; in some cases 

death occurred in 15 days and they concluded that 

hypoglycaemia alone does not materially affect the 

rate of tumour growth; the same workers report that a 

carbohydrate -rich diet is without effect in accelerat- 

ing the rate of tumour growth. It is quite passible 

that although a reduction in blood -sugar is without 

effect a loss of balance between the catabolic and 

synthetic phase due to impaired oxidative processes 
(58) 

would retard tumour growth , but it is questionable 

whether it is actually anoxaemia which has been the 

cause of retarded growth in experiments on reduced 

oxygen tension in view of the compensatory mechanism 
6J) 

which comes into play under such circumstances , 

although the extent of acclimatisation depends upon 

many factors and is not rapidly attained. 

Before any general significance can be claimed fex 

these results it is necessary to consider the reactio . 

of the mouse towards thyroxine and the relation 

between this neoplasm (M 63), and its host. Resistance 

of the mouse towards thyroxine has been recorded by 
(2b) 

Abderhalden and Wertheimer , and it may be argued that 

the behaviour of a spontaneous neoplasm towards 

thyroxine would be in no way analogous to that of a 

tumour which was essentially a graft. If mice are 

relatively insusceptible to thyroxine this may explain 

the absence of any loss of weight daring the 

,experimental/ 
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experimental period, and indicate that the same 

degree of hyperthyroidism would not be tolerated by 

other mammals without the appearance of toxic symptoms. 

That thyroxine might cause resorption of a graft and 

therefore reduce the growth of this tumour appears a 

valid argument, but it must be remembered that 

treatment was never instituted until the graft was 

well established, 10 lays after implantation, and 

that actual disappearance of the graft did not occur, 

although the treatment materially affected its 

subsequent rate of growth. Tumours which hal al- 

ready attained a large size, such as those previously 

treated with arginine (e.g. Exp. 4) continued to grow 

under treatment with thyroxine, a temporary cessation 

being followed by a sharp rise in the curve of 

growth. In view of the fact that treatment was 

limited to a period of 12 days the full results which 

might follow the reversal of treatment could not be 

attained, since termination of the experiment is 

necessitated by ulceration of tumours in one of the 

more rapidly growing groups. 

From the results of these experiments it may be 

concluded that the stimulation of metabolism which 

results from injections of thyroxine is accompanied by 

a decrease in the rate of tumour growth without 

appreciable loss of body weight. It cannot be 

stated whether this indicates a direct inhibition of 

tumour growth by thyroxine, or an indirect action 

attained 
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attained through the stimulation of metabolism in the 

host. It is evident, however, that arginine is able 

to compensate to some extent for the effect of treat- 

ment with thyroxine, which supports the hypothesis 

that arginine is of value for the restoration of 

tissue protein. 
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*III. A Comparison of the Action of Arginine and Vita - 

:min B in relation to Tumour Growth. 

The observation that a correlation seemed to 

exist between the arginine content of food stuffs, 

and vitamin B, justified a digression from the scheme 

of research, since it has been suggested that the 
(7,8,13) 

action of vitamin B is conducive to tumour growth. 

According to other workers avitaminosis has no effect 
(57) 

upon the growth of tumours in the mouse, and normal 

liver contains more vitamin B than does malignant 
(37) 

tissue, from which the latter authors concluded that 

the suggested correlation between a high vitamin B 

content of organs ani malignancy could not be 

substantiated. In view of the high arginine con- 

tent of foods known to be rich seemed 

possible that it was in reality this constituent of 

the diet which acted as a growth stimulant, and that, 

if arginine were still present in a diet in which the 

vitamin B content had been reduced by inactivation of 

the latter, this would explain the apparently 

irreconcilable facts that, while a diet rich in 

vitamin B accelerated tumour growth, a diet in which 

vitamin B was deficient did not exert an opposite 

effect. 

A comparison of the arginine content of 

oaseinogen before and after subjection to the standard 

process for the destruction of vitamin B showed that 

no/ 

*Biochemical Journal, Vol. 24, No. 5, pp.1384 -1389, 
1930. 
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no appreciable alteration had been effected by this 

treatment, as estimated by Sakaguchi's reaction for 
(50) (46) 

bound guanidine. In view of the observation, that 

one of the factors, (Reader's third rat factor, 

vitamin B4.), was inactivated if a yeast extract was 

autoclaved in an alkaline medium, crude caseinogen was 

treated by this method, but the arginine content was 

not reduced by this process, although it might have 

been racemised by the high temperature to which it was 

exposed. It therefore seemed possible that vitamin 

B- deficiency was inimical to tumour growth only if it 

affected the general health of the animal, and that 

in the experimental animal, tumour tissue might show 

relatively high powers of survival in virtue of the 

high arginine content of vitamin -deficient diets in 

so far as standard preparations were concerned. 

Experiments were carried out to test the effect 

of such diets upon tumour growth, with and without 

injections of arginine, and to observe any correlation 

between loss of body weight and tumour growth. The 

technique and material were similar to those previous- 

ly employed, and the deficient diets were supplied by 

Messrs. British Drug Houses Ltd. (Exp. 1), and 

Messrs. Joseph Nathan (Exp. 2); the caseinogen, un- 

treated and treated for destruction of the vitamin B 

complex, was supplied by Messrs. Joseph Nathan, also 

the cod -liver oil used in Exp. 2. 

Exp. 
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Exp. 1 (Section A). 68 albino mice, 36 males and. 

32 females, received implants from the same tumour 

and were divided into 6 groups and treated as follows: 

Males Group 1 

36 Supplemented with 
wheat germ (10` ) 
and baker's yeast. 
Cod -liver oil 

Females 
32 Ditto 

Group 2 Group 3 

Arginine injec- No addition 
:tions 0.3 cc. to diet, 
of a 10/ sol u- except cod - 
:tion daily. liver oil 
Cod -liver oil 

Ditto Ditto 

(Section B). 65 mice, mixed coloured stock, 30 

males and 35 females, received implants from two 

tumours and were divided into 6 groups as before, each 

group representing both tumours. 

The result of this experiment is shown in Table I. 

Table I. 

Days since implantation 

10 16 22 
Exp. 1 ,-_._-_, 

Body -weight 
r 

Body- weight Body -weight 
Section A Tumour % loss or Tumour % loss or Tumour %loss or 
Group Sex size gain size gain size gain 

1 M. 18.5 +5.8 81.5 +10.1 163.9 +33.9 
F. 20.0 +2.6 69.1 + 5.3 116.1 +19.2 

2 M. 20.9 -6.1 50.0 -15.4 68.5 - 9.4 
F. 13.5 -5.6 30.0 -11.9 50.1 -21.8 

3 M. 15.8 -3.1 27.7 -11.7 67.2 -22.2 
F. 23.3 -4.0 63.3 - 6.1 84.9 -13.5 

Section B 
1 M. 12.0 +1.9 31.9 + 8.5 84.9 +13.8 

F. 17.8 +5.7 73.0 + 6.4 126.5 +15.9 

2 M. 30.4 -3.3 125.1 + 0.6 203.2 - 8.5 
F. 9.8 -9.1 F11 -13.7 62.1 - 9.9 

3 M. 13.7 -6.9_'57 -11.6 63.2 -10.5 
F. 7.5 ±0.0 14.0 - 5.1 30.0 -10.3 

In section A treatment with arginine was discontinued on day 16. rumour size is expressed 
as cross -sectional surface area, in mm.'-' 
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From this experiment it seemed that a vitamin B- 

deficient diet retarded the growth of tumours in 

proportion to the loss of body weight, if the per- 

centage loss of weight in groups 2 and 3 of both 

sections was compared with the gain in group 1. Ar- 

ginine only increased the rate of tumour growth in 

Section B, in which the tumours grew twice as fast in 

mice injected with arginine as in uninjected mice. 

The reason for this difference between the sections 

was not apparent, unless relative insusceptibility to 

this dietary deficiency is a characteristic of colour- 

ed stock. 

It was difficult to form an opinion as to the 

effect on body weight in the later stages of the ex- 

periment, on account of the varying size of tumours in 

the several groups, especially in Section B. In 

Section A it seemed that the percentage loss in mice 

injected with arginine exceeded that of uninjected 

mice on a similar diet, and that males suffered more 

than females if tumour size were taken into account. 

It also appeared that after injections were stopped 

the weight of the males improved while that of the 

females decreased, but the increase in the males was 

correlated with a high mortality rate; treatment was 

not stopped in time to prevent deaths increasing from 

one to five in the last few days of the experiment. 

It seemed unlikely that this result would always 

accompany/ 
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accompany the injection of arginine, as it had. never 
1 

before had such an effect , but the sex distinction 

was interesting, and it was decided to repeat the 

experiment on animplanted mice, in order that the 

results should not be obscured by variations in tumour 

size. 

From the data obtained in Exp. 1 it seemed poss- 

ible that coloured stock was less susceptible to 

arginine injections than were albinos, and the former 

were therefore used in Exp. 2 to determine whether the 

apparent toxicity of arginine on a vitamin B- deficient 

diet could be confirmed. 

Exp. 2 (Table II). 115 young mice, average 

weight 10 -14 g. were divided into 4 groups, the larg- 

est being placed in group 3, in order that these 

should. have if anything an advantage over the controls. 

The 4 groups were treated as follows: 

Group 1. 17 males 
11 females 

Average weight 11.5 g 
TT TT 10.2 g 

Diet supplemented with wheat germ and yeast as in 
Exp. 1. No injections. 

Group 2. 18 males 
11 females . .. Average weight 11.7 g 

rT TT 10.8 g 

Diet supplemented with wheat germ and yeast as in 
Exp 1. Arginine injections. 

Group 3./ 

1It might be correlated with the observations of 
Hartwell (1928),(59), that edestin requires more 
vitamin B than does caseinogen or egg- albumin for 
normal metabolism. 
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Group 3. 18 males ... 
11 females ... 

Average weight 14.3 g. 
TT n 11. 0 g. 

No additions to diet. Arginine injections. 

Group 4. 18 males ... Average weight 11.9 g. 

11 females ... TT 
1T 10.4 g. 

No addition to diet. No injections. 

The result of this experiment is shown in Table 

Table II. 
Group 1 Group 2 Group 3 Group 4 

Day 

3 

M. F. 

+ 2.6 - 9.1 

M. F. 

-2.6 + 5.5 

r____.......___., . F. 

- 3.5 +10.9 

M. F. 

-5.8 - 6.7 
x x x x 

6 + 7.8 +14.0 +4.2 +12.0 ± 0.0 +100 -8.4 - 7.7 
x x x x x 

7 +13.8 +34-3 +5.1 +14.0 - 2.8 + 6.4 -5.8 - 8.7 
x x x x x 

9 +14.0 +40.0 -1.7 +24.0 - 2.1 + 1.9 -1.7 -19.6 
x x x x x x 

11 +14.8 +47.0 +2.6 +43.5 - 2.1 + 1.9 -1.7 -12.5 
x x x 

13 +14.8 +44.3 ±0.0 +43.5 -11.1 - 8.1 -2.5 -15.4 
x 

15 +16.5 +45.7 ±0.0 +44.4 -14.7 - 9.1 -9.2 -17.3 
17. +20.9 +48.6 +0-3 +47.2 -16.1 - 8.1 -9.2 -19.2 

x x 
19 +20.9 +52.8 +3.4 +47.2 -12.6 - 8.1 -0.7 + 1.9 

The figures with prefix + or - represent change in weight. 
The sign x indicates a death. 

Indicates arginino injections stopped. 

It may be inferred from Exp. 1 that the general 

debility induced by a diet deficient in vitamin B is 

accompanied by a reduction in the rate of tumour 

growth, and that growth is unaffected if the health 

of the host is not impaired. 

The results obtained in Exp. 2 showed that col - 

oured 
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coloured stock was not, as suggested by the results 

of Exp. 1, resistant to a deficient diet, but the 

observation that in Exp. 1 males suffered more than 

females was confirmed in Exp. 2. The percentage loss 

in males was double that of females, the actual 

values corresponding closely to those for the same 

period. in Exp. 1. The males receiving arginine 

injections and also wheat germ and yeast in their 

food only maintained their weight; females on the 

same diet showed the same percentage increase as 

aninjected mice. 

It is evident that the mortality rate is an 

important factor in such an investigation; deaths 

invariably reduce the recorded loss, or increase the 

gain. This may explain the relatively great increase 

in weight among females in both groups receiving 

wheat germ and yeast, as compared with males on a 

similar diet. For the same reason it is probable 

that the males on an unsupplemented diet and not in- 

jected wool i have shown a greater loss of weight if 

the mortality had not exceeded that of the corres- 

ponding injected group, and from this standpoint it 

might be argued that the injections in reality exert- 

ed a beneficial effect upon the males, only one 

death occurring in this group compared with eight in 

uninjected males. Since both percentage increase 

and mortality rate were similar in the two groups of 

females/ 
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females on a diet supplemented with wheat germ and 

yeast it appears that arginine was without effect in 

modifying their weight, but in males injections of 

arginine appeared to prevent an increase in weight, 

and this was not due to a differential mortality as 

an equal number of deaths occurred in both injected 

and uninjected males. It is to be noted that the in- 

clusion of wheat germ and yeast in the diet increases 

the total arginine intake, but that the introduction 

of vitamin B enables females on such a diet to 

metabolise it without any ill effects, although males 

under such conditions can only just maintain their 

weight. 

The sudden acceleration in loss of weight which 

occurred at the end of the second week of the experi- 

ment may have been due to final exhaustion of stores 

of vitamin B in the body of the animal. Before this 

date the injected mice looked decidedly less healthy 

than those which were not injected, and were far less 

active. Termination of the experiment was necessi- 

tated by the development of sores on the backs of the 

males; this did not precede the rapid loss of weight, 

and was undoubtedly due to daily injections in 

emaciated animals; it did not occur in the females of 

either group. 

The comparative good health of the females 

precluded the possibility that the arginine was 

contaminated with some toxic substance, or that the 

injections/ 



53. 

injections introduced an element of sepsis. 

Owing to the variations in mortality in the sev- 

eral groups it was impossible to draw any definite 

conclusion as to the influence of arginine upon the 

body weight of mice on a diet deficient in the vitamin 

B complex. Under ordinary conditions of nutrition 

the administration of arginine in excess of the 

amount already present in the food appears to be with- 

out effect, and the results obtained suggested that 

in conditions of avitaminosis -B arginine is not 

metabolised in the normal manner. It is possible 

that tumour tissue can utilise arginine, and other 

nitrogenous substances, in the absence of vitamin B, 

more successfully than can normal tissue. The re- 

latively small amount of vitamin B in neoplastic 

tissue suggests that it, unlike arginine, is not an 

essential factor in tumour growth. 

The stimulation of neoplastic growth by extracts 

of vitamin B, or by diets which are naturally rich in 

this vitamin, may be attributable to the arginine 

content of such materials, rather than a specific 

effect of the vitamin B complex in relation to 

tumour growth. 
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*IV. The Jffect of Arginine Deprivation on Tumour 

Growth and on the Nutrition of the Host. 

In order to investigate further the effect of 

dietary deficiencies upon tumour growth rate, and the 

relation between the nutrition of tumour and host, it 

was decided to select a diet, on the basis of its 

relative arginine deficiency, supplement it with fat - 

soluble vitamins, (and with water- soluble vitamins, 

in so far as this could be achieved without increas- 

ing the arginine content), and feed it to tumour - 

bearing mice in the same manner as the vitamin 

deficient diet had been used before. 

Making use of Sakaguchi's reaction for combined 

guanidine, a comparison was made of the arginine 

content of various cereals, and it was found that the 

diet which most nearly fulfilled this requirement 

consisted of a proprietary preparation of barley, 

with rice starch, lettuce, and cod -liver oil. The 

probability that this diet lacked amino -acids other 

than arginine, and also vitamin B, made it desirable 

to include in any investigation of its effects upon 

tumour growth, unimplanted as well as tumour- bearing 

mice, in order that the former could be used to 

examine the efficacy of any additions to the diet in 

correcting a deficiency if loss of weight occurred. 

It seemed possible that animals receiving thyroxine 

might compensate for an augmented metabolism by 
consaming/ 

*Biochemical Journal, Vol. 24, No.6, pp. 1659 -1665, 
1930. 
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consuming more food than untreated controls, and that 

its effect upon tumour growth was essentially a 

problem of nutrition. In the previous series of 

experiments all the mice received approximately equal 

rations and it was proposed in the present investi- 

gation to give each group as much as they would. eat, 

and to observe the actual quantity consumed at 

different stages of the experiment. 

The technique ani material were similar to those 

previously employed. The rice starch was supplied 

by Messrs British Drug Houses, Ltd., andngelberg's 

cod -liver oil was used_ in the special diet. 

Exp. 1. 162 mice were implanted from four 

tumours, and distributed into sections so that each 

section included only implants from one tumour; the 

sections were then subdivided into groups for diet- 

etic and other treatment, as follows: 
No. of 

Diet mice 

1. Barley, rice starch, lettuce, 
cod -liver oil ... ... .. ...27 males 

11 females 

2. Ditto + injections of thyroxine, 
0.1 cc. of 0.1% solution daily, 
on and after day 10 ... .. 

3. Brown bread, flaked maize, and 
lettuce 

4. Ditto + injections of thyroxine 
as in group 2 . 

The/ 

...25 males 

...38 males 
14 females 

...37 males 
10 females 
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The mice were not placed on special diet until 

six days after implantation. 

The result of this experiment is shown in Table I 

Table I. 

The ligures denote cross -sectional surface area of tumours in num.= 

(group average). Death of a mouse is indicated by the sign +. 

1 

Days since implantation 

Group % takes 10 13 16 19 22 25 28 

1 76.5 8.6 15.5 30.3 40.7 61.6 74.5 81.4 
++ ++ 

2 80.0 10.6 21.5 35-8 52-3 59.0 68.7 45.1 
+ + ++ + ++ + .+ ++ 

3 79.0 12.3 30-9 65.9 94.9 135.0 1839 240.9 
++ + 

4 85.0 24.4 40.6 62.3 91.6 140.8 175.7 236.9 
+++ + + ++ 

The percentage of takes was not affected, as an 

interval of 6 days elapsed between the date of im- 

plantation and the exhibition of a special diet, but 

on the 10th day the average size of tumours in groups 

1 and 2 was less than that of groups 3 and 4, a 

difference which may be attributed to diet. Before 

the commencement of treatment with thyroxine on the 

10th day the mice in groups 3 and 4 werere- distribut- 

ed in order that those bearing the largest tumours 

on that date shouli be allocated to group 4 which 

was to receive thyroxine. Previous experience had 

indicated/ 
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indicated that very large tumours did not yield to 

treatment and this point required confirmation; it 

also appeared that the inclusion of mice bearing 

large tumours in the control group must give the 

latter an initial advantage. The difference in 

average size of tumours in groups 3 and 4 was not 

therefore due to any treatment. The mice were weigh- 

ed in groups every 3 days when measurements were taken 

of the tumours, and the results are shown in Table II. 

Table TT. 

Special diet; 
no injections 

Special diet + 
thyroxine 

Normal diet; 
no injections 

Normal diet+ 
thyroxine 

No. of mice 

A 

Weight of mice 

A 

Average weight 

A 

% loss 
or gain 

-15.7 

28.8 

+29.4 

+288 

Day 7 

8 
10 

9 
11 

7 
8 

10 

1:S 

9 
16 

14 

17 
20 
10 

Day 28 
7 
6 
6 
9 

2 
:S 

5 

13 
8 

14 

13 

12 
19 

9 

Day 7 

155.0 
165.0 
166.0 
166.0 

1200 
140.0 
182.0 

224.0 
161.5 
213.0 

235.5 

308.0 
396.5 
186-0 

Day 28 

1075 
83.5 1 

100.5 
116-51 

24.0 
415 
60 5 

169.5 
251.5 
276.5 

31501I 
484.0 F 

206.5 

Day 7 

17.2 

17.7 

16.0 

19.5 

Day 28 ` 

14.5 

12.6 

20.7 

25.1 
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It appeared to be of interest to compare these 

figures with the data obtained in previous experiments 

in which thyroxine and arginine were injected separate- 

ly or together, the mice all receiving the same 

quantity and quality of food. The weights of these 

mice are shown in Table III. 

Table III. 

Injections 
Thyroxine daily 
Arginino substituted on Gth day 
Arginino and thyroxine daily 
Thyroxine daily and arginino on 
alternate days 

No injections, similar diet 

No. of 
mice in 
group 

17 

16 

26 

6 

26 

Weight of mice 

Day 10 Day 22 

378.1 397.9 

3909 4392 
559.4 638.8 

125.3 132.5 

557.3 627.4 

Average weight 

Day 10 Day 22 

22.2 23.4 

24.4 27.4 

21.5 24.5 

20.9 22.1 

21.4 24l 

% loss 
or gain 
+ 5.4 

+12.6 
+13.9 
+ 5.8 

+12.6 

The diet which caused such rapid loss of weight 

in groups 1 and 2 of xp. 1 was also given to 40 

unimplanted mice, a further group of 12 mice being 

given for comparison a diet deficient in vitamin B. 

The mice were divided into groups and treated as 

follows: 

Exp. 2./ 
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T!Ixp. 2. 

Group 1. 12 adult males. 
Diet as in exp. 1, groups 1 and 2. 
Arginine injected (0.3 cc. of a 10% solution 
daily) 9th -15th day. 
Gelatin added to diet on day 15. 

Group 2. 12 adult females. 
Diet as in group 1. 
Gelatin added to diet on day 15. 

Group 3. 16 immature males. 
Diet as in group 1. 

Raw wheat germ added to diet on day 15. 

Group 4. 12 adult males. 
Vitamin B- deficient diet (Glaxo). 
Wheat germ added to diet on day 15. 

The wheat germ was the gift of 
Messrs. Daren. 

The result of this experiment is shown in 

Table IV, and. Fig. 2. 

Table IV. 

Group 1 Group 2 

A 

Group 3 "- Group 4 

Av. wt. % loss 
- 

Av. wt. % loss Av. wt. % loss Av. wt. % loss Day 
1 214 - 19.0 - 9.4 - 22.0 - 
3 20.3 - 5.1 17.9 - 5.8 9.8 + 4.2 19.5 -11.4 
5 19.0 - 11.2 16-2 -14.7 8.8 - 6-4 19.9 - 9.5 
7 19.0 -11.2 16.1 -15.2 8.3 -11.7 19.6 -10.9 
9 18-2 -14.9 15.3 -19.5 8.1 -13.8 19.4 -11.8 

11 17.7 -17.3 14.7 -22.6 8.1 -13.8 18.8 -14.5 
13 17.5 -18(1 14-7 -22-6 8.0 -14-9 17.8 -19.1 
15 16.0 -24.0 15.2 -20.0 8.2 -12.8 17.2 -21.8 
17 14.8 -30.6 15.9' -16.6 8.5 - 9.6 17.1 -25.2 
10 14.1" -34.0 17.2" - 9-5 8.4 -10.6 18.8 -14.5 
21 14.5 -32.2 17.3 - 8.9 8.7" - 7.5 20.0 - 9.1 
23 1 -l-0 -:34.5 16.8 -11.6 9.0 - 4.3 - - 

Signifies a leath. 
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It is evident that the experimental diet was not 

deficient in arginine only, since injections of this 

amino -acid increased rather than checked the loss of 

weight (group 1) , and the subsequent addition of 

gelatin to the diet produced no improvement in this 

group and only a temporary weight increase in group 2. 

From this it appeared that the diet lacked some 

important constituent other than an amino -acid, it 
(22) 

having been shown by Downey that gelatin is 

supplementary to pearl barley in this respect. The 

amount of food consumed was at first quite comparable 

with that of controls on normal diet, the appetite of 

the mice only failing when a considerable loss of 

weight had already occurred. After the addition of 

gelatin to the diet the fool consumption again rose 

for a few days, and this may perhaps account for the 

temporary improvement in group 2, in which the 

average weight at this time was further increased by 

the .lath of three of the smallest mice. 

The addition of wheat germ to the diet produced 

more permanent results: it is possible that this 
( ) 

corrected a deficiency in tyrosine or tryptophan 
(45) 

which would not be supplied by gelatin (Mitchell 

Hamilton). The barley used in the experimental diet 

gave a negative result when tested for these amino - 

acids, using the Adamkiewicz, Liebermann, Millon and 

xanthoproteic/ 
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xanthoproteic tests, whereas the wheat germ gave a 

positive reaction to the last of these. It had been 

found in earlier experiments that male mice on a 

standard vitamin B- deficient diet injected with 

arginine lost weight more rapidly than did uninjected 

mice, and it is to be noted that in the present 

experiment also injected males showed a greater loss 

of weight, and subsegnetly failed to respond to diet- 

ary additions which benefited the uninjected mice. 

The diet included lettuce, which would contain water- 

soluble accessory food factors, but it was shown by 
(53) 

Sherman that lettuce is not growth -promoting even in 

large amounts. From these considerations it seems 

probable that the introduction of vitamin B in the 

wheat germ was the deciding factor, rather than the 

correction by the same means of an amino -acid 

deficiency; in this case the suggestion would be 

justified that diets which are naturally deficient in 

arginine are also deficient in vitamin B. The 

inhibition of tumour growth in mice on this diet was 

similar to that induced by avitaminosis, but this 

result is of no significance as it would probably 

accompany a state of severe malnutrition, whatever 

cause might be. The mortality from thyroxine on this 

diet was considerable; in one group it was so high 

that the data on tumour growth could not be utilised 

at all. 

An/ 
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An analysis of the weights of implanted mice 

subsequently injected with thyroxine shows that 

increase in body weight is in general parallel with, 

and probably dependent in part upon, increase in 

tumour size. The effect of thyroxine upon tumour 

growth as shown by body weight could be modified by 

injection of arginine which appeared to compensate 

for the effect of thyroxine partially or completely 

according to the amount administered (Table III) ; 

daily injections of arginine or the substitution of 

the latter for thyroxine halfway through the experi- 

mental period balanced the increased catabolism and 

gave values for weight corresponding with those of 

untreated controls. In the present experiment, the 

results of which are shown in Table II, the per- 

centage increase in weight of mice on normal diet 

hardly differed in mice injected with thyroxine and in 

untreated controls, although arginine was not exhibit- 

ed to counter its effects. The explanation of this 

apparently anomalous result is to be found in the 

larger quantity of food consumed by treated mice, 

which, 2 -5 days after injections of thyroxine were 

commenced, developed an appetite far greater than 

that of the controls. It therefore appears that the 

injection of arginine or the assimilation of a greater 

quantity of food is equally effectual in preventing 

the/ 
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the tissue loss which thyroxine would otherwise in- 

duce. The administration of a diet rich in carbo- 

hydrate is known to counteract the destruction of 
(45) 

tissue protein which woull result from inanition , and 

a diet of brown bread and maize, if eaten in sufficient 

quantities, might be expected to exert a similar eff 

Although the curves of tumour growth shown in 

Fig. 1 appear to approximate in both groups on normal 

diet, the increase in tumour size in mice receiving 

thyroxine was in reality considerably less than in the 

untreated controls. In the group injected with 

thyroxine 6 mice bearing small tumours (i.e., not 

exceeding 120 mm.2) died in the last 6 days of the 

experiment, while only one mouse bearing a large 

tumour died. In the untreated group, on the other 

hand, 3 mice with veryclarge tumours died during the 

same period and none died in which the tumours were 

small. A consideration of these facts will show the 

verage weight and tumour size to have been less in 

ice receiving thyroxine, and greater in untreated 

ice at this stage of the experiment if mortality were 

aken into account, and that the curves from the 22nd 

o the 28th day therefore give an erroneous im- 

pression of the relative rate of growth. 

In previous experiments thyroxine had not injured 

the health of the mice, and no deaths had occurred in 

the/ 
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the animals receiving it. The present experiment 

was continued for 18 days instead of 12 as before, and 

this may account for the higher mortality rate in in- 

jected mice. It is perhaps significant that of the 

7 mice which died as a result of treatment only one 

had a large tumour, and this was originally much 

above average size (153 mm.2 on the 10th day of the 

experiment). It may be inferred that in these a 

smaller dose would have sufficed, inducing in such 

individuals a response equivalent to that obtained 

by the dosage actually adopted in the case of a large 

number of mice, in which tumour growth was checked 

without serious detriment to the host. Similarly 

mice in which the rate of tumour growth was rapid 

might have tolerated a larger dose, as these 

individuals were evidently resistant to its effects. 

It is clearly impossible to disregard individual 

variations and yet produce in every animal just that 

degree of response which will prevent the further 

growth of tumours without serious injury to the host. 

It seems possible that these individuals in which a 

response is obtained with relative ease are those in 

which a greater potential activity of the thyroid 

exists, and that this represents a diathesis which is 

inimical to the development of neoplastic growth. 

From the results of this experiment it appeared 

that/ 
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that the nutrition of the host had been seriously 

affected by dietetic treatment in conjunction with 

injections of thyroxine, and that arginine tended to 

prevent loss of weight in animals receiving thyroxine 

but it seemed probable that the influence of arginine 

in this respect was attributable to the increase in 

tumour mass which it induced. 
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3I V. The effect of Tumour Growth and Augmented 

Metabolism upon the Host and its Modi- 

: fication by Arginine Injections. 

Although the injection of 0.1 milligrams of 

¡thyroxine daily for 12 days lid not induce any toxic 

effect, the results of the last experiment, which was 

extended to 18 days, indicated that the threshold of 

toxicity had then been reached. The records of 

weight showed an average gain which corresponded very 

closely with increase in tumour mass, yet it seemed 

probable that some reduction in body weight had 

really occurred. 
(24) 

The work of Àbderhalden and "Wertheimer, and also 
(47b) 

of Romeis , has shown that in spite of the relative 

insusceptibility of rats and mice towards thyroxine, 

a loss of weight is induced by the repeated administ- 

ration of small amounts. In order to examine further 

the influence of tumour growth, with and without 

¡ arginine injections, upon the condition of the host, 

and to determine whether injections of thyroxine in- 

duced an actual loss of body weight in tumour -bearing 

mice, it was decided to carry out an investigation 

of individual fluctuations in weight. 

A difficulty was encountered in obtaining records 

of body weight during the course of the experiments, 

as the weight of the mouse included that of the tumour, 

which was an unknown quantity, and the following 

method/ 

* The substance of this section formed a paper in 
the Biochemical Journal (in the press). 
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method of assessing alterations in body weight was 

adopted, in order that records could be obtained at 

intervals during the experimental period. It was 

evident that if total weight either remained station- 

ary, or was lost, in a mouse bearing a tumour which 

continued to grow, some reduction in body weight must 

have occurred. Observations were therefore made of 

the number of mice bearing tumours of increasing size, 

in which total weight either remained stationary, or 

was lost. 

Method. 

The mice were implanted with the tumour M63, as 

previously described, and ten days after implantation 

were divided into groups for treatment as follows: - 

.... 0.3 c.c. of a 10 solution 
of arginine daily. 

.... 0.1 c.c. of a 0.1¡o solution 
of thyroxine daily. 

.... 0.1 c.c. of a 0.1% solution 
of thyroxine daily. 

.... 0.3 c.c. of a 10% solution 
of arginine daily. 

.... 0.3 c.c. of a 10% solution 
of arginine in the morning. 
0.1 c.c. of a 0.1% solution 
of thyroxine at night. 

.... 0.3 c.c. of a 100 solution 
of arginine daily. 

.... 0.1 c.c. of a 0.1` solution 
of thyroxine daily. 

.... No treatment. 

Group 1. Days 10 -16 

'f 16-22 

Days 10 -16 Group 2. 

T' 16 -22 

Group 3. Days 10 -22 

Group 4. Days 10 -22 

Groin 5. Days 10 -22 

Group 6. Days 10 -22 

The 
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The mice were weighed individually in every groin 

three times during the experimental period, i.e., on 

the 10th, 16th and 22nd days after implantation, in- 

crease in tumour size being noted on the same 

occasions, and the data is therefore given for 

alterations in weight occurring between 10th -16th, 

and 16th -22nd days after implantation, in every case. 

The following table shows the number of mice in which 

weight was gained, remained stationary, or was lost, 

expressed as a percentage, the actual numbers being 

given in brackets below. 

No.of 
Mice. 

Weight Increased Weight Stationary Weight Decreased 
Day 16 Day 22 Day 16 Day 22 Day 16 Day 22 

27 
Arginine Thyroxine 

89.0 55.6 
(24) (15) 

Arginine Thyroxine 
7.4 22.2 
(2) (6) 

Arginine Thyroxine 
3.7 22.2 
(1) (6) 

27 
Thyroxine Arginine 

55.6 89.0 
(15) (24) 

Thyroxine Arginine 
14.8 7.4 
(4) (2) 

Thyroxine Arginine 
29.6 3.7 
(8) (1) 

16 
Arginine +Thyroxine. 

87.5 94.0 
(14) (15) 

Arginine +Thyroxine. 
- 6.0 

(0) (1) 

Arginine +Thyroxine. 
12.5 - 

(2) (0) 

18 
Arginine Arginine 

89.0 94.5 
(16) (17) 

Arginine Arginine 
- - 

(0) (0) 

Arginine Arginine 
11.0 5.5 
(2) (1) 

13 
Thyroxine Thyroxine 

72.2 83.5 
(13) (15) 

Thyroxine Thyroxine 
- 5.5 

(0) (1) 

Thyroxine Thyroxine 
27.8 11.0 
(5) (2) 

20 
Untreated Untreated 

95.0 75.0 
(19) (15) 

Untreated Untreated 
- 10.0 

(0) (2) 

Untreated Untreated 
5.0 15.0 
(1) (3) 

Owing to the small number of animals involved no 

statistical significance could be claimed for the 

results, 
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results, but from the data obtained certain inference 

be made. In a group of 27 mice injected with 

thyroxine for 6 days 12 lost weight, while of 27 mice 

injected with arginine only 3 lost weight in the same 

number of lays. Among 18 mice 8 lost weight when 

treatment with thyroxine was continued for 12 days and 

again only 3 oat of 18 mice lost weight when injected 

with arginine for a similar period of time. When 

both arginine and thyroxine were injected for 12 days 

3 out of 16 mice lost weight; this compared favourabl 

with a loss of weight in 6 oat of 20 in the group 

receiving no treatment at all. As already pointed 

out, ander normal circumstances, with normal stock, 

the injection of arginine loes not appear to have 

any effect upon the body weight of mice, but it seems 

that if for any reason an undue strain is thrown upon 

the system of the animal the tendency to lose weight 

can be compensated by the injection of this amino - 

acid. Thus the growth of a tumour absorbs certain 

nutritive substances at the expense of the tissues of 

the host; thyroxine increases the demand for similar 

materials by increasing general metabolism, and in 

both cases arginine seems capable of balancing the 

tissue loss. It may be inferred that arginine either 

exerts some protective action against the influence of 

thyroxine, or facilitates the immediate reconstruction 

of tissue protein. 

The/ 
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The substances which are known to modify the 

effects of thyroxine upon metabolism fall into two 
(2) 

groups; the first of these, exemplified by ergotamine, 

may be described as specific in their action; the 

second are non -specific, and are represented by the 
(1) 

carbohydrates. arginine, being an inert substance, 

is clearly not to be included in the first category, 

but it is possible that in the present instance it 

functioned as a precursor of sugar. That this might 

occur is shown by the studies of amino -acid. 

metabolism in diabetes, from the results of which 
(21) 

Dakin concluded that "arginine is the only amino- 

acid having more than five carbon atoms which can 

furnish glucose freely" the intermediate step being 

the formation of ornithine, by the action of the 

enzyme arginase. It is therefore possible that under 

certain circumstances arginine may be glacogenic, and 

it is well known that a diet which is rich in sugar - 

forming materials can counteract the influence of 

thyroxine upon metabolism, while protein accentuates 

its effects. 

Although arginine may therefore serve as a sourc 

of sugar to the organism if need arises this does not 

elucidate its action in accelerating the rate of 

tumour growth. It was shown by Cioffari and 
(16) 

Piccaluga that a diet rich in carbohydrate did not 

have a stimulating effect, and previous experiments 

had/ 
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had shown that the short carbon -chain amino -acids 

such as glycine and alanine were without any influence 

in increasing the rate of tumour growth, although 

these can be converted into glucose very completely 

in the diabetic organism in which the need for sugar 

may be great. 

It seems more probable that in the case of 

tumour tissue arginine is directly utilised for the 

synthesis of nuclear material, of which it forms an 

important part. 



DISCUSSION. 
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DISCUSSION. 

From the results of the different experimental 

studies which have been described, it can be seen 

that arginine, administered by hypodermic injection, 

accelerates the rate of tumour growth, and that it 

appears to be the only amino -acid among those in- 

cluded in the present investigation which possesses 

this stimulating effect. 

It is evident, moreover, that arginine is not of 

high nutritional value in the case of tumour tissue 

alone, as the influence of thyroxine upon the body 

weight of tumour- bearing animals was distinctly 

modified if arginine was administered during the same 

experimental period. This is of particular interest, 

as under normal circumstances the injection of 

arginine does not affect the body weight of mice, and 

it suggests that the wastage of tissue which 

accompanies augmented metabolic activity can be 

compensated by arginine administration, although 

this cannot be claimed to be a specific effect. 

The observation that arginine is present in 

considerable amount in vitamin B concentrates, while 

it is not destroyed by the process employed in the 

inactivation of vitamin B, may afford an explanation 

for the contradictory facts that vitamin B has been 

suggested to be a factor in stimulating tumour 

growth, 
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growth, while diets in which it is deficient do not 

exert an opposite effect. If arginine is indeed the 

active component of vitamin B concentrates in this 

respect it is also possible to reconcile the fact that 

tumour tissue is not rich in vitamin B, although 

extracts containing vitamin B increase the rate of 

tumour growth. 

It is admitted that the methods employed in this 

experimental study necessarily yield, in certain cases, 

only indirect knowledge of the significance or argin- 

ine in growth and tissue repair. The agencies 

affecting tumour growth are in themselves complex, 

and any attempt to influence the growth of such a 

tissue through the medium of the host is liable to 

introduce variables which are, at present, beyond 

experimental control. In spite of this disadvantage, 

however, it is evident that the alternative method of 

study of tissue growth, in vitro, where the medium ea . 

be varied at will, has equally serious limitations, in 

that the lelicate balance of chemical environment, 

controlled in vivo by an infinite number of factors, 

can never be attained. 

The mutual inter -relations of the tissues of the 

body is a matter of profound importance in the 

functioning of the organism as a whole. A neoplasm 

is toxic to the host not because of its own inherent 

chemical/ 
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chemical constitution, but because, owing to its 

lawless, undisciplined proliferation it thrives at 

the expense of the tissues of the host. A neoplasm 

cannot be understood if the neoplasm is examined alone; 

neoplasia is essentially a problem of the relation 

of tumour and host, and the effects of each upon the 

other. The growth of a tumour may be considered to 

differ only in degree from that of rapidly 

proliferating tissue which is still subject to the 

control of the body in which it grows. 

The complexity of the problem, and the present 

insufficiency of our knowledge must render any 

conclusions that may be drawn from this experimental 

study merely tentative, and subject to revision, 

nevertheless, the facts which have emerged may 

perhaps permit the formulation of a general hypothesis 

with respectto the role played by arginine in living 

processes, and its significance in tissue growth. 

If it be assumed that growing tissue requires 

more of all the non -specific nutritive substances 

than does inactive quiescent tissue, and that the 

inevitable result of a rapid metabolism increases the 

avidity of such tissue for all the elements of 

nutrition, then the provision of any nutritive 

material should tend to induce a relative increase in 

rate of growth. But arginine, a non -specific growth 

stimulant, appears to be distinctly more efîectaal in 

accelerating/ 
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accelerating the growth of tumourtissue than do other 

amino -acids, some of which have indeed been reported 

to produce the opposite effect. Therefore, to this 

extent arginine may be said to possess nutritive 

properties which are of peculiar value for growth, 

and for the nourishment of a certain type of tissue, 

and the question arises, can the effect of arginine 

upon the growth of tumours be reconciled with the 

established facts relevant to its distribution in 

living tissue, and with the results of experiments 

in the field of nutrition? 

Reference has been made to the high arginine 

content of placental tissue, of testicle, liver, and 

glandular organs in general. It has long been re- 

cognised that embryonic tissue, like granulation 

tissue, exhibits certain of the attributes of tumours 

in respect to metatolic processes, ani a feature 

common to both types of tissue is the potentiality for 

rapid growth. The testicle may be considered to have 

a functional relation to other proliferative tissues 

in view of the rapid production of spermatazoa. 

Glandular organs alone fail to be accommodated in this 

category, but, again they are essentially active 

tissues, and Cowdry's suggestion that "the universal 

presence of this substance, (arginine), in proteins 

leads to the belief that it must be the raw substance 

from which some very important enzymes are made,or 

that/ 
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that it is in some way necessary for the synthesis 

of proteins ", may be recalled. 

If arginine is necessary for the growth of 

tumours, and other tissues engaged in cell prolifera- 

tion, and also for tissues which are functionally 

active in secretion, it seems possible that in the 

growing animal the withdrawal of arginine might not 

cause any immediate loss of weight, for the reason 

that growth is regulated by the products of glandular 

activity, in association with the consumption of 

materials for the immediate production of energy in 

daily life. Arginine may be utilised ander normal 

circumstances for two purposes, the repair of 

tissues, and the immediate energy demands; for the 

latter purpose it may be catabolised, and utilised as 

sugar, the intermediate step being the formation of 

ornithine. In the adult, tissue repair demands a 

minimum of such substances, and since arginine is 

probably stored in considerable quantities in the 

liver, its deprivation would be scarcely felt. In 

the young animal, the energy demands are greater, but, 

if arginine is indeed utilised in the formation of 

sugar for this particular purpose, the administration 

of a diet rich in carbohydrate would compensatefor 

the immediate lack of arginine in some degree. It 

seems possible that, coincidentally with the deprivation 

of/ 
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of arginine a very gradual, and therefore impercept- 

ible, reduction occurs in the functional efficiency of 

glandular organs, which would be a logical result of 

the loss of one of the most important constituents of 

such tissues. Under these circumstances it appears 

that the organism is able to achieve a synthesis of 

arginine, within certain limits, and that this may 

prove to be a satisfactory emergency measure. 

The actual proof of this hypothesis, that 

arginine is primarily needed for the nutrition of 

glandular organs, and that the body suffers by 

arginine deprivation only as a result of impairment 

in glandular function, would involve very lengthy and 

complicated experimentation. The suggestion is now 

made tentatively, and with due reservation. 

Assuming that arginine does indeed represent one 

of the most biologically active of tissue derivatives, 

it is relevant to consider briefly the relation of 

these substances to growth as manifested under ab- 

normal conditions in the body. This is a matter of 

more than academic interest, for in many morbid 

conditions local changes favour the accumulation of 

the products of autolysis, the result of injury or 

disease. Moreover, these observations provide cer- 

tain confirmatory, although circumstantial evidence, 

that arginine is of significance in relation to tumour 

growth. 

Circumstances/ 
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Circumstances may arise in which the environment 

of potentially reactive cells is altered, the new 

conditions being conducive to the exhibition of a 

maximum response,t. king the form of growth,if an 

appropriate stimulus is applied. It may be contended 

that in innumerable conditions the products of tissue 

disintegration are present, yet no local tendency to 

abnormal growth activity is manifested. This is 

undoubtedly true, but there is one factor which may 

be of paramount importance in determining the 

expression of a latent potentiality to grow. This 

local factor is stasis, which ensures that the product. 

of autolysis are not speedily removed, as they would 

be under normal circumstances, and hence can exert a 

cumulative effect upon the surviving tissues of the 

part. Stasis is reco,znised to be among those environ- 

mental factors which are conducive to neoTaastic 

growth; stasis is not in itself a cause of irritation, 

and there is evidence that it is not irritation alone 

which determines malignant change. 

A consideration of the sequence of events 

associated with chronic irritation leads to the 

conclusion that in such conditions also stasis is 

concerned. Acute inflammation, resulting from the 

application of an irritant, is accompanied by local 

hyperaemia, and if the irritant causes actual 

destruction/ 
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destruction of tissue the augmented blood supply 

effectively removes the products of aatolysis; the 

injury is generally not repeated, and continuity of 

tissue is restored. If irritation continues a condi- 

tion supervenes which differs Quite markedly from that 

of the acute stage already described. Hyperaemia is 

replaced by relative avascularity, and a variable 

amount of fibrosis results from repeated attempts at 

repair. On a mucous surface leucoplakia develops, 

which is essentially a condition of partial atrophy; 

dead cells suffer autolysis, and the living are 

surrounded by the products of cell destruction. An 

alteration in this environment can only be effected by 

slow degrees, owing to the reduction in blood supply, 

and it is an environment which differs widely from the 

normal. Thus the application of an irritant for a 

limited period does not lead to abnormal growth, 

because, owing to an augmented blood supply, no 

concentration of growth stimulating substances is 

attained. Similarly complete necrosis leads to the 

development of an atrophic mass, which is later cast 

off, and the underlying tissue heals in the normal way. 

The essential feature of many precancerous states 

mull appear to be the existence of a certain ratio 

between living and dead cells. The long continued 

application of an irritant, sufficient to cause 

limited destruction, without widespread necrosis of 

tissue 
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tissue, would fulfil these coniitions; the surviving 

cells are brought under the influence of a changed 

environment, which is conducive to aberrant growth. 

From these observations upon the clinical 

features of precancerous conditions, and their cor- 

relation with certain facts which have emerged from 

the study of tissue growth in vitro, and from experi- 

mental studies upon tumour growth in animals, it is 

justifiable to conclude that the products of nuclear 

disintegration are operative in the instigation of 

neoplastic conditions, and that arginine, a derivative 

of nuclear substance, may be a factor in the develop- 

ment of malignant disease. 
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