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The chemistry of alloxan and the history of alloxan diabetes are 

reviewed. A comprehensive review of the literature concerning the 

etiology, pathogenesis, symptomatology, and olinloal course of alloxan 

diabetes is presented. 

The purpose of this study was to ascertain the possIbility of 

uti1izin alloxan diabetes as a means of studying intermediary meta- 

bolism in much the same way that the condition of phiorizin diabetes 

has been used in the past. 

Rats and rabbits were used as experimental animals in this study. 

The rats were rendered diabetic by the administration of varying doses 

of alloxan monohydra-Le by the intravenous or subcutaneous routes. 

Intravenous injection of 40 ing./ICg of alloxan monohydrate to rats re- 

ceiving food ad lib produced the most consistent results. The rabbits 

were rendered diabetic by the intravenous injection of alloxan mono- 

hydrate in doses of 125 mg./xg. 

The first part of this study consisted of daily collections of 

urine from alloxan diabetic rats and the analysis of the urine for 

glucose and nitrogen. The results of the urine studies on alloxan 
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diabetic rats were not found to be too setisfactory. 

The second part of this study consisted of blood-sugar determin- 

ations on fasting alloxan diabetic rats and rabbits following the 

administration of various amino acids by stomach tube. 

Using the letter technique, the carbohydrate-like actions cf 

Glycine, DL-Alanine, Di-Valine, DL-Phenylalanine, L-Tyrosine, L-Cys- 

tine, and DL-Methionine were investigated. It was found that Gly- 

cine, DL-Alanine, DL-Valine, DL-Phenylalanine, L-Tyrosine, and L-Cys- 

tine caused a definite increase in blood sugar when administered to 

alloxan diabetic rats. DL-Methionine, however, did not have a car- 

bohydrate-like action when admitered to alloxan diabetic rats. On 

the contrary, it caused a decrease in blood sugar. 

it is concluded that alloxan diabetes in rats is a good quali- 

tative technique for the study of gluconeogenesis and that rats are 

much better test animals then rabbits when this technique is used 

to study gluooneogenesis. 
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ALLOXAN DIABETES AS A POSSIBLE MEANS OF STUDYING INTMEDIARY METABOLISM 

INTRODUCTION 

CHEMISTRY. Alloxan is a ureide of inesoxalic acid and has the 

formula 

BNÎO 
OC CO 

HN-O 
It has been known for moro than 100 years, since Wöhler and Liebig (i) 

produced it by oxidation of uric acid. It is a white powder melting 

at 256 degrees Centigrade, and it is freely solu1le in water and 

alcohol. When stored in tightly stoppered bottles, it is liable to 

explode, especially in hot weather (2, 3, Li., 5). It decomposes on 

hydrolysis into urea and mesoxalic acid, and it is rapidly changed 

to alloxanic acid by alkalis. Alloxan is an oxidizing agent, having 

a special affinity for suifhydryl groups (6, 7). It reduces to 

dialuric acid with which it acts as an oxidation-reduction system (8), 

and its structure is found as a constituent part of the f lavine 

molecule and hence of the yellow enzime. It might thus 'be expected 

to influence cellular enzme systems, and it has been found to en- 

hanoe the endogenous metabolism of liver suspensions (9), and to be a 

capillary poison (io). It also causes reversible inactivation of 

papain and cathepsin due to conversion of sulfhydry]. groups into 

-SS- groups (li), inactivates succinic dehydrogenase (12), and, in 

suitable concentration, inhibits the formation of Robison and Cori 

esters (13). 



ALLOXAN DIABETES, Alloxan diabetes is a now type of experimental 

diabeies. The way to its production was shown by the great discovery 

of Dunn, Sheehan and MoLetchie (114.) that alloxan has a selective 

neorosing effect on the pancreatic islet cells. Alloxan diabetes is 

a chemical diabetes in contradistinction to the surgical diabetes 

produced by panoreateotomy, whioh was first described by von Mering 

and Minkowski (15), and the endocrine diabetes produced by repeated 

injections of anterior pituitary ox-bract, which was first reported by 

Young in 1937 (16). In the experimental diabetes occurring after 

pancreateotomy or after injections of anterior pituitary extract, 

other tissues than the insulin-producing islands are destroyed or 

affected. But when allozan is injected intravenously, there occurs 

a selective necrosis of the islands of Langerhans of the pancreas, 

while the acinar tissues remain histologically normal, and the other 

endocrine organs are apparently unaffected. 

The history of allozan diabetes begins with the observations of 

Jacobs (17) in 1937. 11e found that the injection of allozan into 

normal fasting rabbits resulted in an initial hyperglycemia whioh 

was soon succeeded by a severe progressive hypoglycemia, lasting up 

to eight hours or longer, and terminating with death of the animals 

unless glucose was administered. Jacobs attributed this effect to an 

insulin-like action of allozan. However, he missed the full effect 

of allozan because he did not follow the blood-sugar in his animals 

beyond 2L hours. He also failed to make any histological studies. 

Six years later, Dunn, Sheehan and MoLetchie (1h, 18) working on the 

effect of ureides on the kidneys, found this fluctuation of blood sugar 
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ill alloxari treated rabbits and reported their pioneer observations of se- 

lective necrosis of pancreatic islet oeils in these animals. They recog- 

nized that the early hypoglycemia represented a true insulin effect, 

and, though their rabbits had all died in a few days, they suggezted that 

a sustained diabetes should be the final result of alloxan poisoning. 

The report of Dunn et al. stimulated work by others, and within a 

short time alloxan diabetes was demonstrated i various animal species -- 

dogs, rabbits, rats, monkeys, pigeons, cats, hamsters and sheep (19-26). 

On the other hand, it has not been found possible to produce alloxan 

diabetes in guinea pigs, ducks, owls and chickens (23, 27, 28). 

In the typical experiment, there is a triphaslo reaction of the 

blood sugar to a diabetogonic dose of alloxan. 
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The three stages are: i) an initial hyperglycemia reachiag a maximum 

in 2 or 3 hours; 2) a transitory hypoglycemia, 1astirg about 214 hours 

often accompanied in rabbits by convulsions arid frequently fatal unless 

relieved by glucose; 3) a final diabetic hyperglycemia accompanied by 

the classical signs and s,mptoms of diabetes, viz., lycosuria, poly- 

dipsia, polyuria, polyphagia and loss of weight. The response of the 

individual animal to a single dose of alloxan varies considerably, 

however, so that the duration and severity of the three phases is not 

a predictable constant, and the diabetic phase may vary from a mild 

transitory type to a progressive fatal condition. The minimal dose 

of alloxan which will produce diabetes in experinental animals varies 

from species to species. The margin between the fatal and the dia- 

betogenic dose is widest in the rabbit, rat and dog, which makes these 

animals the animals of choice. 

The course of alloxan diabetes in a group of injected animals may 

take two entirely different forms. Some animals lose weight rapidly, 

become serious1 emaciated and die within a week. Their blood sugar is 

well over 1400 mg. per cent, and there is a severe glycosuria. Other 

animals respond with similar levels of blood and urine glucose, hut 

after an initial slight weight loss seem to recuperate and regain their 

weight, appearing in excellent health. Such snïmals survive without 

insulin treatment for months, dspite the severe diabetes and are 

apparently capable of compensating for the loss of glucose in the urine 

by increasing their food intake. A few animals may give the impression 

of clinical cure of the diabetic condition, the blood sugar returns to 

normal, the urine is sugar free, but a persistently decreased glucose 
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tolerance test remains to indicate the diabetes. 

In the discussion of the pathogenesis of alloxan diabetes the 

three phases should be considered separately. The initial hypergly- 

oeniïc phase could conceivably be due either to an inhibition of insulin 

action or to a mobilization of extra glucose. The first possibility 

was ruled out when it was shown that alloxan does uot inactivate in- 

suliri in vitro and that if insulin is injected simultaneously with 

alloxan, the initial hyperglycemia will not develop (29). It seems 

likely therefore that this phase of alloxan action is due to a mobili- 

zation of extra glucose. Such glycogenolysis may occur in the liver 

under the influence of epinephrine, in which case the initial hyper- 

glycemia should not occur if the adrenals are removed. This was demon- 

strated by Goidner and Gomori (29), and it is supported by the obser- 

vations of Hard and Carr (30) who found evidence of histological changos 

in the adrenal medulla and recorded typical epinephrine-type blood 

pressure curves immediately following an injection of alloxan. Houssay, 

Orias and Sara (31), however, found that the initial hyperglycemia ap- 

pears after adrenalectomy or adrenal denervation, but not after hepa- 

tectomy or evisceration. Houssay et al, therefore conclude that the 

hyperglycemia is due to a direct action of afloxan on the liver. 

The temporary hypoglycemic phase was at first interpreted as due 

to an insulin-like effect of alloxan itself. This hypothesis was dis- 

carded, how-ever, when it was shown that alloxan does not have a hypo- 

glycomic effect in animals previously treated with alloxan or depan- 

oreatized (29, 32) or eviscerated (33), The presence of a normal 



panoreas seems neces8ary, therefore, for the occurrence of the hypo- 

glycemic phase. If the hypo1yoeniia is due to the effect of allozan 

upon the pancrea8, two meohanisme for its production are possible. 

They are that allozan xy stiniulate an overproduction of insulin or 

that preformed insulin may be suddenly released bj the dostruotion of 

the islet oeils. The first hypothesis was suggested by Dunn et al. 
(114, 18, 2l) the 8eoond hypothesis as suggested by several investi- 

gators (29, 31-i., 35). These latter workers showed that the initial 
hrporglyoemia, which, according to the theory of insulin over-production 

is its physiological stimulus, can be prevented by the injection of 

insulin with allozan without modifring the subsequent hypoglycemic 

reaction, Also, beta cell degeneration precedes the hypoglycemia (33), 

and vthenever the animal survives, it is impossible to separate the 

hypoglycemic effect from the diabetogenic action of allozan, which 

always develops. Banerjee (36) also brought evidence against the 

theory of over-stimulation of the islet cells. Ho removed part of the 

pancreas of rabbits leaving just enough tissue to maintain a normal 

fasting blood sugar. If alloxan stimulates the islet cells to the 

extent of producing stbsequent necrosis due to overwork, the remaining 

pancreatic tissue should secrete enough insulin to produce marked 

hypoglycemia in the partialli dopanoroatizod rabbits. This did not 

occur, and the slight hypoglycemia observed could be better explained 

by the liberation of 8mal? amounts of insulin from the relatively 
few necrosed islet colla still present in the animals. Both of these 

explanations for the hypoglycemic action wore refuted by Houssay, 



Orlas and Sara (31), who demonstrated the secondary hypoglycemia in 

recently panoreateotomized but not in hepatectomized dogs. Accordingly, 

those authors concluded that this hypoglycemic phase must be extrapan- 

creatic in origin, and probably due to a lack of glucose production by 

the liver. 

There seems to be general agreement that the final and permanent 

rise in blood sugar is due to necrosis of the islet cells and there- 

fore to the permanent lack of insulin production. However, the extreme 

hyperglycemia of alloxan diabetes suggests that the drug may also 

affect the liver directly (29, 31). 

The clinical syndrome of alloxan diabetes is associated with a 

pathological picture which is characteristic. The pancreatic changes, 

described first by Dunn, Sheehan and lioLetchie in the rabbit (iLs.) 

consist of acute necrosis of almost all the islet oeils, starting at 

the conter of the islet in proximity to the blood supply (18). Although 

the alpha coils of the islets of Langerhans may suffer from ailoxan, 

the most characteristic lesion is the disappearance of the beta cells, 

following granulation and shrinkage of the entire cell body (37). There 

is no hydropic degeneration which is so prominent in pituitary diabetes, 

although it can be induced by repeated small doses of ailoxan (33). The 

lesions of the beta cells are apparent five minutes after an intravenous 

injection of alloxan (33, 35) without any sign of inf1amatory reaction. 

In dogs the pancreatic ducts usually show a characteristic vacuoliza- 

tion (38). 

By the use of proper doses of alloxan, the pathologic lesions can 
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be limited to the beta cells of the insular tissue, ezcept for a mild 

and temporary degeneration of the tubular epitheliu of the kidney, 

mild fatty metamorphosis of the liver, and some oonge8tion of the 

adrenal glands. If amounts of alloxan greater than the diabetogenic 

dose are given, necrosis of the renal convoluted tubules, severe riso 

in N.PJ. and albuminuria can be observed, as well as fatty degeneration 

and necrosis of the liver, congestion, necrosis, and leucocytio mf il- 

tration of the adrenal cortex and hydropic degeneration and necrosis 

of the anterior pituitary, (iL1., 19, 21, 211., 30, 39). 

Associated with the severs glycosuria occurring in afloxan diabetes, 

there is a loss of glyoogen from the liver and the skeletal muscle, 

but not from the heart, and this fact reveals a fundamental metabolic 

difference between the two types of muscle (L1.o). Hyperlipemia is 

frequently r.rked (20) and is associated with hypercholosterolemia (39) 

and fatty infiltration of the livor (38). Studios with deuterium re 

vealed. that the synthesis of fatty acids from glucose is decreased to 

about 5% of normal in the alloxan diabetic animal; it is probable, there- 

fore, that the excess fat found in the plasma and in the liver is de- 

rived from the fat depots (14). Other metabolic disturbanoe consist 

of a rise of the inorganic phosphate which, in coma, can reach the 

valuo of 26 mg. per cent and is associated with a decrease in the 

organic phosphorus compounds of the liver (L12); and, in pigeons, a 

rise in the blood uric acid level to 100 timos the normal value, 

associated with large deposits of sodium urato crystals on the serons 

membranes and in the kidneys -- a condition which has been known for a 



long time as visceral gout (38). 

It seems likely, therefore, that alloxan has a specific necrotiz- 

ing action on the insulin-producing cells of tho pancreas resulting 

in the liberation of preformed insulin and terminating in a true per- 

manent pancreatic diabetes, A confirmation of this view is found in 

the fact that the alloxan-treated pancreas contains only about one- 

fourth the amount of insulin found in the normal organ (29). 

The reason for the specific necrotic effect of alloxan on the 

cells of the pancreatic islets is unknown. Afloxan does not inactivate 

insulin either in vitro or in vivo; although alloxan is knovn to 

inactivate many enzymes by oxidation of their suifhydryl groups, rather 

high concentrations (about 0.01 M.) are required for this action; and 

since the administration of other oxidizing agents of the same or 

greater power does not produce diabetes, this property of alloxan would 

not seem to be the basis of its action ou the pancreas (31). Brlio1ann 

and Wertheimor (L.3) found that alloxan and some nondiabetogenic corn- 

pounds cause a rapid fall in blood glutathione but fail to affect 

the glutathione content of pancreas, liver and kidney. This work 

is presented as further evidence against the view that alloxan diabetes 

depends on 811 oxidation. Alloxan in low concentration may act as 

hydrogen acceptor for certain dehydrogenases (29, ).4L); it seems likely, 

therefore, that some specific enzyme in the beta cells may have a high 

affinity for alloxan and be inactivated by union with it. 

Some differences have been observed between alloxan diabetic 

animals and depancroatized animals. Houssay, Orlas and Sara (31) 
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noted that the final rise in blood sugar was sometimes higher i 

alloxan diabetic dogs than in depanoreatized dogs. Thorogood and 

Zimmerniarin (ti5) also found that the glycosuria was more severe and 

the insulin requirement higher in alloxan diabetic dogs than in pan- 

createotomized dogs; also, the former were able to live longer without 

insulin treatment and failed to develop ketosis and diabetic coma, 

Removal of the pancreas from alloxan diabetic dogs reduced glycosuria 

and the insulin requirement, but these animals passed quickly into 

coma when insulin was withheld, The finding that the insulin require- 

ment of the alloxan-diabetic dog is much greater than that of the de- 

panoreatizod animal would seem to indicate that the amount of exogenous 

insulin necessary to prevent glycosuria in depancreatized animals does 

not represent the actual output of insulin br the pancreas under normal 

circumstances. Thorogood and Zimmermann proposed the hypothesis that 

there is secreted by the alpha cells of the pancreas a second endocrine 

factor which acts to increase blood sugar but prevent ketosis in insulin 

deficient animals, Pathological evidence would support this theory, 

for in those diabetics who show histological pancreatic changes, there 

is hlinization involving all cells of the islets. This theory could 

explain the different tendencies towards ketosis in different diabetiô 

patients and also the small insulin requirements of completely dopan- 

creatized men. 

Since alloxari is able to induce experimental diabetes in animals, 

it has naturally been surmised that it may be connected th the cause of 
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human diabetes mellitus. In l9L13, the theory was projected by many 

men, including Dunn et al. (18, 21), that an abnormality or derange- 

ment of purine metabolism giving rise to alloxan might conceivably 

cause damage to the pancreatic islets over a long period of time. It 

therefore was of interest to examine the tissues and fluids of normal 

animals for the possible presence of alloxan. Prior to the discovery 

of alloxan's diabetogenic effect, the only such observations, made 

many years ago, appeared to be its detection in 1862 in the gelatinous 

mucus from a patient with intestinal catarrb (L6) and (as inurexide) 

in the urine of a patient suffering from heart disease L.8). 

Tipson and Ruben (L.9) developed techniques intended for the detection 

of alloxan in small amounts, and applied them to the analysis of a 

number of animal tissues and fluids. They reported what they assumed 

to be alloxan or its reduction products in several animal tissues: 

brain, livor, spleen and thymus of beef; liver of fowl, duck, guinea 

pig, lamb, pig, rabbit and rat; liver, ovaries, thyroid and uterine 

muscle of the human being; and liver and pancreas of diabetic persons. 

Of partioular interest is the finding that alloxan or its redue- 

tion products may be present iu the livers of normal animals. It 

was shown many years ago, by Ascoli and Izar (50, 51) and Preti (52), 

that an enzyme system which decomposes uric acid in the presence of 

oxygen, and which synthesizes uric acid from dialuric acid plus urea in 

the absence of oxygen, is present in dog and calf livers. This is of 

significance, because dialurio acid is closely related to alloxan; 

indeed dialuric acid, as well as other compounds closely related to 

alloxan, viz., methylalloxan, alloxantin, dimethylalloxantin and 



12 

methyl dialuric acid have been shown to produce diabetes in animals, 

just as does a11o.n (53). it is further kno that, allowiu 

for variation in individual respouse, alloxan is tolerated br normal 

animals, producing no observable adverse effects when administsred 

below certain critical concentrations, It exerts a rather general 

cy-totoxic effect only when present in amount above this threshold. 

As a tentative hypothesis, it was suggested by Tipson and Ruben (L1.9) 

that overproduction of alloxan or inability to destroy it, may result 

in its reaching the pancreas in sufficient concentration to destroy 

the beta oeils in the islets of Langorhans. 

The views of those who postulate that alloxan plays some signifi- 

cant role ïn the causation of human diabetes were recently echoed by 

Joslin, one of the foremost medical specialists in diabetes. He 

stated his belief that the discovery of the specific action of alloxan 

in destroying the beta cells of the islands of Langerhans has brought 

medloal scientists nearer to the explanation of diabetes than any stop 

made hitherto (5L.). 

Other men, however, do not seem as enthusiastic. DUf f (55) 

offers the objection that the early changos in the islets produced by 

alloxan do not resemble any lesion ooiuonly observed in human diabetes, 

in spite of Dunn's uncovering in the literature of four or five cases 

in which necrosis of the islets was described (]J.). Further, the speed 

with which alioxan is destroyed when injected into the animal body (37, 

56) and the high resistance that human subjects have to the diabetogenie 
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effects of alloxan (57, 58, 59, 60, 61) argue against the possible 

importance of the drug in the etiology of the disease in hunans. 

The purpose of this study was to ascertain the possibility of 

using afloxan diabetes as a means of studying intermediary metabolism 

in much the same way that the condition of phiorhizin diabetes has been 

used in the past. 
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EXPERIMENTAL RART 

The animals used in the experiments described in this thesìs were 

young adult male and female rats and young adult male rabbits. The rats 

were, for the most part, of the Evan-Long-Wistar strain (116 animals) 

with some Sprague-Dawloy strain (11 animals) and a few hooded rats (2 

animals). All rats previous to injections wore maintained on our 

standard stock diet; the composition of which is as follows: 

Per cent 

Ground corn 38.0 

Ground wheat 32.0 

Dried skimmed milk powder 20.0 

Ground alfalfa leaves 6.0 

Cod liver oil 2.0 

Irradiated brewers yeast 1.0 

Sodium chloride 0.5 

Calcium carbonate 0.5 

To render the animals diabetic alloxan monohydrate (Eastman Kodak 

Co.) was administered to the rats by the subcutaneous or intravenous 

routes, Freshly prepared aqueous solutions were used in all injec- 

tions -- a 2% solution of alloxan monohydrate being used for the sub- 

cutaneous injections and a 5% solution for the intravenous injections. 

Twenty-two rats were injected by the subcutaneous route in dosages of 

200 mg./kg. of alloxan monohydrate (or 175 mg./kg. of alloxan after 

correotion for the molecule of water in alloxan monohydrate). Those 
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animals were fasted for L.8 hours prior to injection in accordance with 

the method recommended by Kass and Waisbren (62). All the remaining 

rats were injected by the intraveous route in dosages ranging from 

20 mg.Jg. to L.0 mg./kg. of alloxan monohydrato. Most satisfactory 

results were obtained using L.O mg./kg. of alloxan nionohydrate (or 

35 mg./icg. of alloxan) as previously reported by Lazarow and Palay (63). 

All injections were made into the tail vein; the animals wore not 

starved prior to injection. 

URINE STUDIES ON RATS 

The animals were placed in individual metabolism cages set over 

large glass funnels and were fed a high fat diet free from reducing 

substances. The composition of the high fat diet was as follows: 

Por cent 

Sucrose 33.0 

Vegetable shortening 30.0 

Casein 20.0 

Cellu-Flour 10.0 

Salt mixture 5.0 

Yea st 2.0 

Urine collections were made every 2L. hours. A small crystal of thymol 

was placed in the receiving flask as a preservative. Sugar was quan- 

titatively determined according to the method of Shaffer-Hartmann (6L.), 

and nitrogen by the Kjoldahl procedure. These collections were started 

2t. hours post injections and were continued for about 10 to iLs. days or 



16 

until the animals showed suffioierr urinary sugar to establish beyond 

any question that they were truly diabetic. After this was determined, 

various amino acids were administered to the animals in the form of 

aqueous solutions, or, when dealing with an acid which was sparingly 

soluble, suspensions were made with the amino acids in a concentration 

of 1(Y. Gum tragaoanth was used as a suspending medium. All animals 

were starved for at least 2L. hours before administration of any amino 

acid, 

BLOOD SUGAR STDDIES Oi' RATS 

A second phase of this research was to study the blood-sugar 

response of animals, which were known to be diabetic, when varying 

amounts of amino fed either in aqueous solution or in gum 

tragaoanth suspension. 

The animals were starved a minimum of 2L. hours before administra- 

tion of the amino acids. A control sample of blood was taken to determine 

the fasting level of blood sugar. The amino acid was then administered 

by stomach tube. At intervals, depending upon the condition prevailing 

in the individual experiment, blood sugar determinations were made at 

either one, two, three, four, five, etc. hours. In some oases the 

studies were carrisd out for as long as 12 hours. 

Blood sugar was determined by the Jegbers-Meyers modification of 

the Folin-Mlmros Micro Blood Sugar Method (65) utilizing 25 ou. i. 

of blood. The Klett-Summerson photoelectric oolorimeter with a number 

5h. green filter was used for reading the determinations. 
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EXPERIENTS WITH RABBITS 

The lo rabbits used were male New Zealand whites about twelve 

weeks old. These animals were maintained on adiet of rabbit pellets 

(General Mills) with fresh greens twice a week. Alloxan monohydrate 

was adwinistered intravenously by injection into an ear vein in dosages 

of 125 mg./kg. in 5% solution as recommended by Kendall et al. (39). 

The animals were not starved prior to the injection. 

Various amino acids were administered to the animals by stomach 

tube in the form of aqueous solutions or suspensions made with gum tra- 

gacanth and the resulting blood-sugar levels wore determined. In all 

experiments the animals were starved at least 5 days before the adminis- 

tration of the amino acid. Blood sugar determinations wore obtained by 

puncturing one of the ear veins. The Jeghers-Meyers method (65) was 

used for this determination. The amino acids used throughout this 

thesis were either commercial preparations or wore prepred in our 

laboratory, and on analysis gave the following results: 

AMINO ACID N N 
_____________ ThEORETICAL FOWD DEVIATION 

Glycine 18.67 18.53 0.75 

DL-Alanine 15.83 15.77 o.t. 

DL-Valine 11.96 11.90 0.05 

DL.-Phenylalanine 8.L.9 8.55 0.705 

L-Tyrosine 7.73 7.75 0.25 

L-Cystine 11.66 11Ji5 1.80 

DL-Methionine 9.i.0 9.)-i9 0.935 



RESULTS 

EXPERIMENTS ON RATS 

URINE STUDIES. Sixty-six animals were used in this part of the 

study. In all, LO3 experimental days were recorded. The urine was 

analyzed for sugar and nitrogen. The experiments in Tables II, III 

arid IV show typical results. Other experiments are included in the 

appendix. 

BLOOD STUDIES. The results of those experiments are listed in 

Tables V to XI. The changes from the fasting blood sugar level follow- 

ing administration of varying amounts of amino acids by stomach tube 

are shown in Graphs I to VII. Table I lists the amino acids fed, arid 

the amount and state in which they were given. 

EXPERIMENTS RABBITS 

The results obtained on the blood sugar studies ori allozan dia- 

betic rabbits following the administration of various amino acids 

by stomach tube are listed in Table XII. 
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TABI$ I 

Amino Acid Medium Cone, of Solution Amount Fed 
or Suspension 
gms./100 00. gms./Kilo 

G1rcino Aqueous 1 2.5-5.0 

DL-Alanine Aqueous 1 1.0-2.5-5.0 

DL-Valîzie Aqueous 

DL-Phenylalanine 1.75% gum 
Tragacanth 1 2.5 

L-Trrosino 1.75% gum 
Tragaoanth 10% 2.5 

L-Cystine 1.75% gum 
Tragaoanth 10% 2.5 

DL-Methionine 1.75% gum 
Tragaoanth 10% 2.5-!4..0 

DL-Methionine Aqueous 3% 3.7-14.8-5.2 
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DISCUSSION 

Various techniques Ive been used in the past to study the gluco- 

neogerile or sugar-forming properties of the amino acids. Among those 

methods are: 1) ph].orizin diabetes; 2) liver glycogen deposition; and 

3) the antiketogenic effect. 

Phiorizin is a glucoside which, when given subcutaneously, inter- 

fores with a number of uietabolic processes, one of which is the kidney 

mechanism for retention of blood glucose. Thus, the renal threshold 

for sugar is lowered, and glucose is excreted in the urine. In this way 

the sugar-forming ability of fed or injected amino acids, or similar 

compounds, ny be tested quantitatively by determining the resulting 

extra urinary glucose excreted following the administration of these 

amino acids. This involves certain assumptions which may or may not 

be warranted. 

The administration of some, but not all, of the amino acids to 

fasted animals is followed by an increased deposition of liver glycogen. 

It generally has been assumed that if glycogen formation occurred, 

the amino acid has been converted into a substance, presumably glucose, 

which was incorporated into the newly formed glycogen. 

It has long been known that ketogenesis may be related to carbo- 

hydrate depletion and that when glucose is administered in such cases, 

the ketosis disappears. However, animals, with the exception of the 

primates, do not develop a ke-tosis on starvation or on a carbohydrate 

free diet. In such animals, an experimental ketonuria may be caused 
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in one of two ways, viz., an endogenou$ ketosis may be created by 

placing the animals on a high-fat, low-protein diet for 10 to 12 days 

so that on fasting largo amounts of acetone bodies appear in the urine 

because of enforced fat utilization (66), or an exogenous ketonuria 

may be evoked by feeding a solution of sodium butyrate to fasting ani- 

mais (67). The adniiriistratjon of some amino acids, like the adminis- 

tration of glucose, alleviates the experimental ketonuria in rats. 

Thus the ability of an administered amino acid to reduce the experi- 

mental ketonuria in an animal is taken as indication of the sugar- 

forming tendencies of the amino acid, 

A summary of the results of studies reported in the literature on 

the carbohydrate-like effect of amino acids as ascertained by different 

methods is shown below (68), 



cBOHYDRATE-LIKE EFFECT OF AMINO ACIDS 

Amino Acid Extra urinary glucose 
in phloriziriized 

dog 

Alanthe 

Arginino 

Aspartio acid 

Cys teins 

Cystine 

Glycine 

Glutanio acid 

Hi s tidino 

Isoleucine 

Leuoine 

Lys me 

Methionine 

Norleucine 

Phenylalanine 

Pr o lino 

Serine 

Threonine 

Tryptophane 

Tyrosine 

Vaithe 

+DL 

DL 

+L 

1 

+(?) L 

-DL 

-DL 

-L 

+DL 

*L, D, DL 

-DL 

+DL 

-L 

-L 

+L, D, DL 
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Hopatic glycogen Reduction of 
deposition in experimental 
fasted rat ketonuria 

________________ in_rat 

+L, D, DL +L, DL 

fL 

+L, DL +L, DL 

-L 

-L -L 

+ + 

+L, DL 

.pL 

+(slight) DL -DL 

-DL -DL 

-L, DL 

-DL 

+DL +DL 

+DL +DL 

+DL 

+DL +DL 

-L, D, DL +L, D, DL 

-DL 

+DL .DL 
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Liver perfusion techniques have also been used to study the 

intermediary metabolism of the amino acids, but these are in vitro 

methods and, as far as gluooneogenesis is concerned, are of question- 

able value. 

In our studies, of all the rats rendered diabetic by the subeu- 

taneous injection of 200 mg./kg. of alloxan monohydrate, only 16% 

survived longer than one week. Among the rats in this group which 

succumbed during the first week post injection, the males appeared 

to dio earlier than the females. Of the rats rendered diabetic by 

the intravenous injection of LO mg4g. of alloxan monohydrate, L6% 

survived longer than one week, There did not appear to be any sexual 

difference in susceptibility to alloxan; however, of the rats that died 

during the first week after injection, the males appeared to die 

usually on the third and fourth days post injection, whereas the 

females usually died on the fourth and fifth days post injection. 

The significance of this observation, if any, is unknown. 

The two different courses of alloxan diabetes described earlier 

were observed in the animals used in this study, namely - sorne lost 

weight rapidly, developed a very high blood sugar and a severe gly- 

cosuria and died within a week; others showed similar levels of blood 

and urine glucose, but after an initial slight weight loss, seemed to 

recuperate and regain their weight, A few animals gave the impression 

of a clinical cure of the diabetic condition, the blood sugar returned 

to normal and the urine was sugar free. 

The results of the urine studies on alloxan diabetic rats were 
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riot found to be too satisfaotorr. The glucose excreted in the urine 

varied directly with the food intake. Inasuiuoh as the high-fat diet 

was not very palatable to the rats, their appetites soon fell off, 

and their urinary glucose excretion decreased accordinglr. On fasting, 

the urine became sugar-free due to the decrease in blood sugar to 

normal levels. Thus, sugar formed from the amino acid would have to 

reach a level above the renal threshold, a variable level, and would 

not give a true picture of the total transformation. 

Qualitatively, the results after amino acid feeding followed the 

same pattern established by glycogen studies and the anti-ketogenio 

effect. As Experiment #39 recorded in Table II shows, the removal of 

food on the 15th, post injection day caused the urine sugar to decrease 

from 2290 mg. to !LB mg. During the next three days the fast continued 

and the urine was sugar free. On the 19th. day 1800 mgs. of DL-alaxnine 

were fed b stomach tube, The ensuing b8 hours showed a total of 

675 mg. of glucose excreted, Experiment #14 reported in Table III 

showed essentially the same result except that all sugar was excreted 

within 2h hours. Experiment Ç56 recorded in Table IV shows similar 

although less striking results. 



TABLE II 

TYPICAL EXPERIMENT ON MALE RATa RECEIVING LO MGS. OF ALLOXA.N MONOHDRAT] PER KILOGRAi OF BODY WEIGHT INTRA- 

VENOUSLY. NO PEVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR FIFTEEN DAYS. STARVED FOR NT TBREE DAYS LW 
TTN ADMINISTED 9,0 CC. OF 2 SOLUTION OF DIALNINE BY STOMACH TUBE. FAST CONTINUED TBROUGH TWENTY- 

FIRST DAY. 

DAYS -- ---- --- ----- -- -- -- - 

POST INJECTION i 2 5. i 5 6 7 8 9 10 II 12 13 

URINE 26 26 Lj9 1Ijh 57 38 53 i125 
GLUCOSE (Mas.) - 299 1526 1798 3692 3782 L.91O 3610 3830 L250 L210 Lj000 1895 
TOTAL N (Mas.) - 200 15 163 232 2i.7 286 2Lh. 26L. 271 286 288 190 

FOOD INTAKE (GM.)b _ 8 r. 6fr 11 10 12 10 12* 11- 12 13 11 
BODY WEIGIiP ( GM. ) - - - _ - - _ 

DAYS 
POST INJECTION ].L. 15 16 17 18 19 20 21 

iÑ OUTPUT 
( dO . ) 27 20 16 LØ 2G 30 18 

GLUCOSE (MGS.) 2290 L48 o o o 326 349 0 
TOTAL N (MGs.) 2L 157 iLL. 1L.6 150 35L. 353 - 

FOOD INTAKE (GM.)b 11 d e o f e e 
BODY WEIGHT (GM.) - 225 218 210 200 192 - - 

a - Expt. f39, naie ra weighing 2.4.6 gi. on date of a11oxar injection. 
b - high fat diet. 
o - Received 5 cc. water by stomach tube. 
a - Fast started, 
e - Fasted, 
f - 9.0 cc. of 2c solution of DL-Alanine administered by stomach tube in two doses of 14.5 cc. eioh. 



TABLE III 

TYPICAL EXPERIMENT ON MALE BA RECEIVING LO . OF ALLOXAN MO1'TOHYDRATE PER KILOGRAM OF BODY WEIGHT ThITPA 

VENOUSLY. NO 1EVIOUS FAST. ANIMAL FED TIIGH FAT DIET FOR FIFTEEN DAYS. STARL FOR NEXT TIEE DAYS AID 

THEN ADMINISTERED 9.0 CC. OF 20% SOLUTIOI'T OF DL-.ALAINE BY STOMPCII TUBE. FAST CONTINDED TOUGH TWENTY- 

FIRST DAY. 

DAYS 
POST INJECTION i 2 3 L. 5 6 7 8 9 10 II 12 13 

INE OUTPUT (cc.) - 2L. 23 22 39 L.3 57 29 55 62 58 70 36 
GLUCOSE (MGs.) - 370 1621 1140 278L. 3378 L78O 2380 3830 56tO 553O L.8io 2790 
TOTAL N (MGS.) 190 176 162 236 233 B5 2L.3 278 305 321 3L 270 

FOOD INTAKE ( GM. )b 7 3- 5 61 a- io- L. IL. 11 13 13 6 
BODYWEIGHT(GM.) - - - - - - - - - - - - - 

DAYS 
POST INJECTION iLi. 15 16 17 18 19 20 21 

TJRINE OUPTJT (cc.) 67g 15 6 6° 2O 20 16 

GLUCOSE (MGs.) j900 1002 173 0 0 986 o o 
TOTAL N (MGS.) 335 136 131 914. 110 382 90 - 

FOOD IN&KE (GM.)b 16 d. f e e 

2P WEIGHT (GM.) - 206 2OÖ 192 185 176 - - 

a - Expt. Malo rat weighing 250 gms. 
ID - High fat diet. 
o - Received 5 cc. water by stomach tube. 
d - Fast started. 
e - Fasted. 
f - 9.0 cc. of 20% solution of DL-Alanine 
g - Fuzrnel leaked. 

ori date of alloxau irìjeotiox. 

administered by stomach tube in two doses of ti.5 co. each. 

G' 



TABLE IV 

TYPIUAL PINT ON FALE pATa RECEIVING 1.40 JGS. ALLOXAN MONOHYDRATE PER KILOGRAM OF BODY WEIGHT INTRA.-. 

VENOUSLY. NO PREVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR TEN DAYS. STARVED FOR NEXT TURBE DAYS AND THEN 

ADMINISTERED 9.0 CC. OF 2CY SOLUTION OF DL-ALANINE BY STOMACH TUBE. FAST CONTINUED TEROUGH FIFTEENTH DAY. 

DAYS 

POST INJECTION 1 2 h 6 7 8 9 10 11 12 13 iJ.. 15 

URINE OUTPUT (cc.) - 80 59 66 95 86 78 3 5 33 9 )9C 12° 20 22 
oJ LiVAJQj uuu UJ.0 ¿44J4V UI UV.LU 7ULM4 CJ4U 1'7'1U U U UU 'J 

TOTAL N (MOEs.) - 146 377 3L.3 L2t. t.39 122 253 305 225 126 91 99337113 
FOOD INTAKE (GM.)b -. 17 1O 10 18 18 17 7 15 34 e e o f e 

BODYWEIGHT (GM.) - - - - - - - - 202 198 192 182 17Li. - 

a - Expt. 6, female rat weighixi 210 gma. on date of alloxan injec1ion. 
b - High fat diet. 
o - Received 5 cc. water by stomach tube, 
d - Fast started, 
e - Fasted. 
f - 9.0 cc. of 20% solution of DL-Alanine adrainistered by stomach tube in two doses of L..5 co. each. 

1\) 



Because of the lack of quantitat.ve response, it was felt that 

more significant results might be obtained through observing blood 

sugar changes after feeding the amino acids. The necessity of iicreas- 

ing blood sugar above the renal threshold before a response could be 

obtained would be eliminated, 

The technique adopted was to inject the animals intravenously 

with the standard amount of alloxan (L.o nig./kg. as the mônohydrate). 

Blood sugar levels were determined, starting at 2Lj. hours post injection, 

to insure that the animals were diabetic. At the end of a 2L. hour 

fast a control sample of blood was drawn. The amino acid was then 

administered and blood sugar changes were noted, usually at 2, Li., 6, 

8, and in some cases 10 and 12 hours. In a few experiments samples 

were taken at 1, 3, 5, and 7 hours. 

Using this technique it was found that administration by stomach 

tube of Glycine, DL-Alanine, DL-Valine, DL-.Phenylalanine, L-Tyrosine 

and L-Cystiue resulted in au increase in blood sugar as shown in 

Tables V to XII and as graphically represented in Graphs I to VI. 

These findings, with the exception of ICystine, are in agreement with 

those determined by other methods as suxmnarized above. Most signifi- 

cant is the finding that phenylalanine and tyrosine are sugar-formers 

inasmuch as these amino acids were not considered sugar-formers prior 

to the work of Butts et al. by liver glycogen and anti-ketogenic tech- 

niques (69). Since this is a controversial point, it is important 

that other techniques be used to study this problem. 



TABLE V 

BLOOD SUGAR RESPONSE OF ALLOXANIZED RATS TO VARYING ROIThTTS OF GLYCINE ADMINIST.ED BY STOMACH TUBE. 

GLYCINE FED IN A 10% AQUEOUS SOLUTION. 

AiI -' 

AT FED ON FÔ RESPONSE (S. INO ACID ADINI0N REG. AFT. FASTING 

_____ INJ. FAST FAST AUGIWILO O 12 7 89 10 

Gl1cino 
72 1'. - 160 132 2_3 2.5 307162 269 202 - 292 393 

Glycine 
89 M. 206 ].8 152 5 1 5.0 353 338 581.4. - 385 - - 

Glycine 
91 M. 192 176 l6l. 5 i 5.0 393 92 207 - 88 - - - - - 

G11á[ne 

93 M. 
'2!&._ 5 !: 50 1i.57 330 382 - 337 -.. _ 

Glyàine 
113 F. 190172168 5 1 282 299 - - 

Glyôthe 
1114 F.18O 1614 160 5 1 2.5381 2214 31414 229- --__ 



TABLE VI 

BLOOD SUGAR RESPONSE CF .ALLOXANIZED RATS TO VARYING AiCDNTS OF DL-ALANINE ADMINISTERED BY STOMACH TUBE. 

DL-ALANINE FED IN A 1Z AUEOTJS SOLUTION. 

JJi. JJ.L lj. £WJULI LsJ 
BEG. END AFT FASTG FED ON FOOD RESPONSE (iRS. AFTI AMINO ACID ADMINISTRATION) 

INJ FAST FAST ALLOXLN GRAMS/K ILO 0 1 2 3 LE 6 7 8 lo 12 

69 F. 210 236 196 2T 2 2O9983 199 216 280 102 117 
DL-AIANINE 

72 F.-160 150 50 1 2.5 307 16 328 Lot1. 29L 277 209 
DL-Alanizie 

714. F. 170 12 130 57 1 5.0 580 213 307 299 269 2862514. 
DL-A1enine 

91 M. 192 - 160 16 1 1.0 393 99 15Ç' 128 1314. 

o 



TABLE VII 

BLOOD StTGM RESPONSE OF ALLOXANIZED MALE PATS TO VARYING AOUNTS OF DL-VALINE ADMINISTED BY STOMACE TtJBE. 

DL-VALINE FED IN A 5 AQUEOUS SOLUTION. 

2U L JJi L. 
\ 

1J) i I tLi )J'J'.J.Ì J iiJ 0/0/ 
AT BEG. END FASTING GRAMS/KILO 
INJ. FAST FAST ALLOXAN 0 1 2 3 L 5 6 7 8 

77 M. 160 1146116 15 2 14.3 181 123. 180 1143 1149 

DL-VALINE 

79 M. 190 190 156 15 2 3.2 178 87 220 201 



TLBLE VIII 

BLOOD SUGAR RESPONSE OF ALLOX.A1'IIZED RATS TO 2.5 GRAMS DL-PHENYL&LANINE PER KILOGRAM OF BODY WEIGHT FED BY 

STOMACH TUBE. A 1O SUSPSION OF THE AMflO ACID WAS MADE USING GUM TRAGAOAMTH (i.7) AS T SUSPENDING 

iiEDIUM. 

jÁ.J_ L ò 

# 
iJ4L J'JAJ J. 

AT 
J. S 

BEG. 

'UJ J 
END 

L'fl .1. J 

AFTER FASTING 
LVJ. J. LJ 

s.s/KILO ON FOOD RESPONSJ 
JJ.J'.J'JJJ hi J4 \ JUJJ 
(rRS. A±TiR AMLO ACID 

INJ FAST FAST ALLOXAN O i 2 3 Li. 5 
- - - - 

L-heny1a1iuIz 
113 F. 190 172 156 6 2 328- - 

DL-Pheny1 larithe 
1124 F. 180 i6L. 15o 6 2 2.5 381 iL6 323228 - - 

- 

DL-Phenylalanìne 
121 M. 200 188 180 - 8 1 2.5 tE9 107 1]J. 120 127 - 

L-Ph1a1anne 
121 M. 200 188166 9 2 2.5 L18 95 175 190 iL.6 80 

DL-Phonylalauitie 
122 M. 176170 50 8 1 2.5 L.96 290 299 386 377 - - 

DL-Phenylala2airie 
122 M. 176 170 13)4 9 2 1q96 203 366 390 14.00397 

DL-Plienylalantho 
128 M. - - 166 15 2 2.5 500 96 123 118 120 12)4 

DL-Phenvlalanìne 
129 M. - - 15o 15 2 2.5 52 ,6 96 80 76 80 

r') 



TABLE IX 

BLOOD SUGAR RESPONSE OF ALLOXANIZED RATS TO 2.5 GIW!IS L-TROSINE FER KILOGRAM OF BODY WEIGNT FED BY STOMACH 

TUBE. A 1Q SUSPENSION OF T1 AMINO ACID YAS ME USING GUM TRAGACANTE (1.75%) AS TI SUSPENDING MEDIUM. 

J:1.AL. UjJi VlL. XZLJ J_I.JJjJ UUt 
¡T BEG. FASTING GRAME/KILO N FOOD RES.NS7HRS. AFTER 1NOADMINIS'N) 
INJ FAST FAST ALLOXAN O 1 2 3 1 - 8 

i-Tyros me 
123 4i.O 19 1 320 152 177 2lLj. 23L. 262 

L-Tyrosio 
127 202 7 1 2.5 Li31 321 3Li9 376 35 32j 

L-Tyrosìne 
128 M. 190 180 7 1 2.5 500 81 107 99 106 96 

L-Tyrosine 
128 M. -190168 8 2 2.5 50087 133135 150132 

ÌTyrosine 
128 M. - - 17h 2.5 500 89 132 122 125 133 - 

L-Tyrosino 

j?9 M. - 200 188 7 1 2.5 L.52 236 271 303 303 2LiD - 
L-Tyroi[i - ------- 

129 M.-200 176 8 2 2.5 L52 8I. 175 167 i7L. 188 
LTrrosine -- 

M.- - 170 iL1. 1 2. i 

i-iyroine 
133 M. 15Í - 12L4. 10 2.5 622 123 iL.7 137 1or 

'J4 



TABLE X 

BLOOD SUGAR RESPONSE OF ALLOXANIZED RATS TO 2.5 GRAMS L-CYSTThE PER KILOGRA1 OF BODY WEIGHT FED BY STOMACH 

TUBE. A 10% SUSPENSION OF TRE AMINO ACID WAS MADE USING GUM TRAGACANTE (1.75%) AS THE SUSPENDING MEDIUM. 

//L Ls LJ.ij riiJJ .L)JJJJL1 Utfl LX.7øf 
AT BEG. END AFTER FASTING GRAMS/KILO FOOD RESPONSE (ERS. AFTER AMINO ACID ADMINISThN) 
INJ.FASTFASTALLOXAN O 1 2 3 Li. 6 7 8 

113 F. 190 172 1L4 7 3 25 6L.8 287 3L.8 325 - - 

L-Cvstine 
'2.5 113 F. 190 - 12L. 1L. 1 6L.8 !L8 

L-Cystine 
381 109 . - - 

L-Cys tine 
11I. F..18O-13)4iL. i 2.5 381 95 97 102 186290 

L-Cystine 
121 M. 200188 158 10 3 2.5 L8 iaL1. 197 177225 1L19 

L-Cys tine 
122 M. 176 170 120 10 3 2.5 b96 205 2L 263 

ICrs tine 
123 M.196 196 1614. 10 3 2.5 320 12) i 1314. 179183 
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TABLE XI 

BLOOD SUGAR RESPONSE OF AILOXANIZED PATS TO VARYING AMOUNTS OF 

DI,.METHIONINE DMINISTERED BY STOMACH TUBE. DLMETHIONINE FED 

EITH IN A 3% AQUEOUS SOLUTION OR IN A 10% SUSPENSION, WHICH 

WAS MADE USING GUM TRAGACANTH (1.75%) AS TEE SUSPENDING MEDIUM. 



TABLE XI 

AT BEG. END TSTI cs/iiie 
INJ. FAST FAST ALLOXAN 

72 F. - 160 128 53 Ii. L..6 307 97 92 72 79 
DL-M&chiorìine 

__7_7___ _ M.16o 1142 6 i L.2 181. l3Lj. 109 86 
DL.-Methionthe 

11016 3 Li.O 181 ]2L. 55 6 91 
DL-Methiouine 

_ZP___M. 186 16L. 16L. 6 1 3.7 610 12). 108 9L. 88 
DL-Methionino 

78 M. 186 i6L. 138 8 3 L.3 610 186 281 212 2L.7 

DIi-N9thjOflÌflO 

- 
78 M. 1816)12 9 1L 162 12L. _ 

DL-Methi onthe 

79 M. 190 18L16Li. i. 3 .7 178 107 100 9 88 
DL-Methjonmne 

79 M. 190190 156 16 3 L.O 178 3.26 138 101 99 - 

DL-Mì-iionìne ________ 
80 M. 13)4 1214. 6 1 1.8 800 290 19 181 321 

DL-Me bhion i 
81 M. 178 1t8 i14. 6 1 L..2 573 292 1L.7 17)4 172 

DL-ìothionine 
81 178 1)48 116 8 3 5.2 573208 227 158 169 

DL-Mathionio 
89 M.206 - 1L 8 1 

Tethionine 
91 M. 192-16L. 8 1 2.5 393 _ 

96 8i. nO 
DL-Methionine 

99 F. 17L1. ]J4L. 120 7 2 2.5 L27 193 77 51 
DL-Methionixie 

100 F. 162 130 lot1. 7 2 370 2t18 20h 
DL-Lethionixie 

102 F. 150 128 110 7 2 2. 596 100 118 108 
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TABLE XII 

BLOOD SUGAR RESPONSE OF ALLOXANIZEi) RABBITS TO VARYThG AMOUNTS OF 

GLYCINE, DL-ALARINE, DL-PHEMI4ININE, A1D L-CYSTINE FED BY STOMACH 

TTj:BE. THESE AMINO ACIDS WERE FED EITHER IN A 10% AQUEOUS SOLUTION 

OR IN A 10% SUSPENSION, WHICH WAS MADE USING GUN ThAGACATH (1.75%) 

AS TEE SUSPEI1DING MEDIUM. 



TABLE XII 

jJJj./j. j. \..'_JJ 1J4LIJ j.J 
AT BiG. EiD AFTER FASTING Gi s/icmo FOOD RESPONSE (SsT miNO £ABMINIS'N) 
ILl. FAST FAST ALLOXAN O 1 2 T 6 

DL-Alanine 

_ 6 1.0 520 121 132 11 
Glycine 

105 M. 2.16 2.27 1.76 15 7 2.5 520 121 155 153 116 
DL-Alanine 

105 17 9 2O122 16]. 

DL-Phenyl- 
105 M.2.16 2.27 1.56 18 lOalanine-2.552O 12Li. 180 189 

L-Cystixie 
lO5 M.2.16 2.27i5i 19 11 2.5 520 111k. 138 lLj.3 

DL4IIanine 
107 M. 2.61 2.61 2.36 13 5 2.0 7 113 16L1. 172 

DL-.Phenyl- 
107 M. 2.61 2.61 2.27 1L. 6 slanine-2.5 537 132 169 171 

I-Cystine 
107 M. 2.61 2.61 2.10 15 7 2.5 537 138 173 163 

M. 2.78 2.6L. 2.27 1 2. 282 

_9 M. 2.78 2.6L. 2.13 l 6 a1aaizie-2,5 634 180 210 235 226 
Glycine 

111 L2.J4 1.93 1.59 13 2,5 68L. 12 j53 167 137 
DL-Phenyl- 

111 M. 2.)4 1.93 1.36 itt. __ 6 alanthe-2.5 68L. 105 l] 128 117 
Glycine 

112 M. 1.99 1.961.7013 5 2.5 663 210 2Li2 2L.9 20h 

112 M. 1.99 1.96 1.59 'h 6 a1a42. 663 169 187 2O2 
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The finding in this study Ithat L-Cystine is a sugar-former is 

the first direot experimental evidencsfO this action of L-Cystine. 

For many years cystine has been considered to be a sugar-formthg 

amino acid, but this idea was merely a deduction from Dakiri's expon- 

mental work (70), in which he reported an excretion of extra urinary 

glucose in a phionizinized dog after the administration of cysteine 

to the extent which should come from a 100% conversion of this compound 

to form glucose, The fact that cysteine is a normal breakdown product 

of cystine was well established. Thus, the results obtained in this 

study with L-Cystine in alloxan diabetlo rats serve as experimental 

evidence supporting this assumption, 

The results obtained when DL-Mothionine was administered to 

alloxan diabetic rats, as listed in Table XI and graphically depicted 

in Graph VII, show that, in general, DL-Methionine does not give rise 

to sugar, This finding is in agreement with that determined by liver 

glycogen deposit studies in normal fasted rats (71), (72), (73). In 

the past many have hold the view that methionine is a sugar-former. 

This idea was based on the experimental work of Vars (7h) who found 

extra urinary glucose in a phiorizinized dog injected subcutaneously 

with DL-Methionjne and also on the theory that methionine can be conver- 

ted in the body to cystine, which is a sugar-former. This latter theory 

was recently refuted by duVigneaud et al. (75) who, by feeding to rats 

methionine labeled with S3 and with C'3 in the beta and gamma positions 

and subsequently isolating the cystine from the hair, found from iso- 

topic analysis of the cystine that the sulfur but nono of the carbon had 

been derived from the methionine. Thus it has been established 
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14.7 

incontrovertibly that the carbon chain of methionine is not utilized 

in the in vivo conversion of methionine to cystine. 

The results obtained on the blood sugar studies on alloxan dia- 

betic rabbits following the administration of various amino acids were 

not very satisfactory. Although these animals responded to the injec- 

tion of amino acids by stomach tube as shown in Table XII, the responsos 

wore not as sensitive or consistent as those obtained with rats. The 

reason for this discrepancy between the rabbits and the rats can 

possibly be explained by the following observations: 1) On the seventh 

day of fasting, food was still found to be present in the stomach of 

the rabbits; 2) The observed apathy and marked decrease in bodily se- 

tivity of the rabbits during prolonged fasting no doubt is accompanied 

by a similar decrease in absorption from the intestinal tract; 3) The 

correct dosage of the administered amino acids, using DL-Alariine as a 

yardstick, was not determined satisfactorily. 

The wide individual variations in the response of animals to 

alloxan injections precludes its use as a quantitative method for the 

study of intermediary metabolism; however, alloxan diabetes is apparently 

suitable as a qualitative method for intermediary metabolism studios. 



STJMARY 

1. Glycine, DL-Llanine, DL-Valine, DL-Phenylalanine, L-Tyrosirxe, 

and L-Cystine have carbohydrate-like actions when administered to 

alloxan diabetic rats. 

2. DL-Methiorijne does not have a carbohydrate-like action when 

administered to alloxan diabetic rats. On the contrary, it caused a 

decrease in blood sugar. 

3. Alloxan diabetes in rats is a good qualitativo technique 

for the study of gluooneogenesis. 

Li., Intravenous injection of LtD mg./kg. of alloxan monohydrate 

to rats receiving food ad lib produces the most consistent results. 

5. Rats are much botter test animals than rabbits when this 

technique is used to study gluoeoneogenesis. 
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TABLE XIII 

TYPICAL EXPERIMENT ON MALE RA1 RECEIVING )4O MGS. ALLOXAN MONOHYDRATE PER KILOGRAM OF 

BODY WEIGHT INTRAVENOUSLY. NO PREVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR EIGHT DAYS. 

ON NINTH DAY ANIMAL KILLED ACCIDENTALLY WHILE BEING FED BY STOMACH TUBE. 

DAYS 
POST INJECTION 1 2 3 5 6 7 8 9 

a - Expt. #1)4, male rat, 59 days old. and weighing 112 gms. on date of alloxan 
injection. 

b - High fat diet ad lib. 
o - Animal died accidentally, 

J1 



TABLE XIV 

TYPICAL EXPERThIENT ON MALE RATa RECEIVING 200 MGS. ALLOXAN MONOHYDRATE PER KILOGRAM OF 

BODY WEIGHT SUBCUTANEOUSLY. PRE-INJECTION FAST OF L8 HOURS. ANIMAL FED HIGH FAT DIET 

FOR SEVEN DAYS. ON EIGHTH DAY ANIMAL KILLED ACCIDENTALLY YfflILE BEING FED BY STOMACH 

TUBE, 

DAYS 
POST INJECTION 1 2 3 L. 5 6 7 8 

wiNE OUTPUT (cc.) - 22 35 )45 o 50 50 o 
GLUCOSE (MOS.) - 2090 2632 3372 3506 3171 3L17L1. o 
TOTAL N (MGS.) - 136 129 ]48 203 188 213 o 

FOOD INTAKE (GM.)D - 6 L. 7 11 10 10 o 

a - Expt. #16, male rat, 59 dars old and weighiig 100 gras. on date of alloxan injection. 
b - High fat diet ad lib, 
o - Animal died accidentally. 

. 



TABLE XV 

TYPICAL EXPERIMENT ON MALE RAT. RECEIVING 200 MSS. ALLOXAN MONOHYDRATE PER KILOGRAM OF BODY WEIGHT SUBCUTA- 

NEOUSLY. PRE-INJECTION FAST OF L8 HOTJRS. ANIMAL FED HIGH FAT DIET FOR SEVENTEEN DAYS AND REMOVED FROM EX- 

PERIMENT ON EIGHTEENTH DAY. 

DAYS 
POST INJEOTION 1 2 3 L. 5 6 7 8 9 10 11 12 

DAYS 
POST INJECTION 13 11f. 15 16 17 18 

a - Expt. #19, male rat, 59 days old and weighing lOO gms. on date of alloxan injection. 
b - High fat diet ad lib, 
o - Animal removed front experiment. 

J1 



TABLE XVI 

TYPICAL EXPERIMENT ON MALE RATE RECEIVING 200 MOES ALLOXAN MONOHYDRATE PER KILOGRAM OF BODY 1EIGHT SUBCUTA- 

NEOUSLY. PRE-INJECTION FAST OF L.8 HOURS. ANIMAL FED HIGH FAT DIET FOR TEN DAYS AND REMOVED FROM EXPERIME 

ON ELEVENTH DAY. 

DAYS 
POST INJECTION 1 2 3 L. 5 6 7 8 9 10 11 

URINE OUTPUT (cc.) - 20 12 8 26 19 8 7 8 8 o 
GLUCOSE (MGS.) 

- 
- L.9O 579 318 1069 71 57 70 O O o 

TOTAL N (MGS.) - 103 9L. 79 208 ]45 90 96 à o 
FOODINTAKEÇ.)b - 2 3 2 10 3 6 0 o 

a - Expt. #2)4, male rat, 66 days old and weighing lOO gms. on date of alloxan injection. 
b - High fat diet ad lib. 
o - Animal removed from experiment. 

J1 

o' 



TABLE XVII 

TYPICAL EXPERIMENT ON FEMALE RATa RECEIVING LO MGS OF ALLOXAN MONOHYDRATE PER KILOGRAM OF BODY WEIGHT INTRA» 

VENOUSLY. NO PREVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR NINE DAYS FOLLOWED BY ELEVEN DAYS ON STOCK DIET 

AND TITEN FED HIGH FAT DIET AGAIN FOR TIRLEE DAYS ANIMAL REMOVED FROM EXPERIMENT ON TWENTY-FOURTH DAY. 

DAYS 
POST INJECTION i 2 3 Lj. 5 6 7 8 9 10-20 21 22 23 2Li. 

URINE OUTPUT ( CC.) - 16 22 18 18 10 6 9 5 d 7073 60 o 
GLUCOSE (MGS.) - 3O1.. 526 237 155 14 O d 6380 5910 2990 o 
TOTAL N (MGS.) - 76 15 153 186 T31 108 71 5L. d 380 370 isi o PD INTAKE (GM.)b - O O O 6' O O d 16 ]4 8 o 

BODY WEIGHT (GM.) - - - - - - - 15 d 136 13h. fiL O 

a - Expt. #31, female rat weighing 182 gms. on date of alloxan injoo-tion. 
b - High fat diet ad lib. 
o - Animal removed from experiment. 
d - Animal fed stook diet ad lib. 

-4 



TABLE XVIII 

TYPICAL EXPLIMENT ON FENALE RATa RECEIVING Li.O MGS ALLOXAN MONORYDRATE PER KIlOGRAM OF BODY WEIGHT INTRA- 

VENOUSLY. NO PREVIOUS FAST. ABIMAL FED HIGH FAT DIET FOR TEN DAYS. STARVED FOR NEXT TWO DAYS AND THEN 

RIOVED FROM EXPERI1NT ON THIRTEENTH DAY. 

DAYS 
POST INJECTION 1 2 3 L. 5 6 7 8 9 lO 11 12 13 

a - Expt. Li9, female rat weighing 1L1.O gins, on date of alloxan injection. 
b - High fat diet ad lib. 
o - Received 10 oc. water by stomach tube. 
d - Fast started. 
e - Animal removed from experiment. 
f - Fasted. 



TAB 1$ XIX 

TYPICAL EXPERIMENT ON FEMALE RATE RECEIVING LO MGS. ALLOXAN MONOHYDRATE PER KILOCRA OF BODY WEIGHT INTRA- 

VENOUSLY. NO PREVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR NINE DAYS. REMOVED FROM EXPERIMENT ON TENTH DAY. 

- DAYS 
POST INJECTION 3. 2 3 6 7 8 9 10 

URINE OUTPUT (Cc.) - 25 30 20 18 18 13 34 34 o - 
GLÏCOSE (MCTS) J 23 2026 665 295 O O O o 

TOTAL N (MUS.) - 312 353 2L.9 2L.Ö - - - - o 

FOOD INTAKE TGM. )b I 1O- TF1T Th. 7 11 o 

a - Expt. female rat weighing 168 gins. ozi date of alloxan injeotioa. 

b - High fat diet ad lib. 
o - Animal removed from experiment. 

'Ji 
'o 



TYPICAL PIMT ON FAI2 RATa RECEIVflG L.O MGS. ALLOXAN MONOHYDR&TE P KILOGRAM OF BODY WEIGHT INTRA- 

VENOUSLY. NO EVIOUS FAST. ANIMAL FED HIGH FAT DIET FOR TEN DAYS. STARVED FOR NEXT ThREE DAYS. ANIMA.L 

FOUND DEAD ON FOURTEENTH DAY. 

DAYS 
POST INJECTION i 2 3 ¿4. 5 6 7 8 9 10 11 12 13 iLs. 

URINE OUTPUT (cc.) - n i 12 32 53 53 29 71 290 12 II e 
LUCOSE ( MGS .J - 104 652 114 1&69 L2O L6Lj.O 3900 59b0 1628 0 0 0 e 

TOTAL N (MGS.) - 190 198 177 181 279 313 237 327 207 125 119 110 o 
FOOD INTAKJJb .. IO O O 7 12 11 7 16 1d f f f e 
BiP 'VEIGHT ( GM. ) - - - - - - - - 178 170 160 L2 e 

a - Expt. 6o, female rat weighing 2lL. gins. on date of alloxan injection. 
b - High fat diet ad lib. 
e - Received 5 cc. water by stomach tube. 
d - Fast started, 
e - Animal found dead. 
f - Fasted. 

. 



TABLE XXI 

TYPICAL EXPERfl2NT ON FEMtLE RATa RECEIVING Li.O MGS. ALLOXAN MONOHYDRATE PER KILOGRAM OF BODY WEIGHT INTh.A- 

VENOUSLY. NO PREVIOUS FAST Ai 1MAL FED HIGH FAT DIET FOR TEN DAYS STARVED FOR NEXT TWO DAYS L 1MAL 

REMOVED FROM EXPERBÌNT ON THIRTEENTH DAY. 

DAYS 
POST INJECTION 1 2 3 t. 5 6 7 8 9 10 11 12 13 

URINE OUTPUT (cc.) - Lo - L1.5 26 13 8 10 10 13 13e e - 
GLUCOSE (MGsJ - 3L.08 2295 28L.O 2035 217 0 0 0 0 0 0 e 

TOTAL N (MOES.) - 352 202 28L. 33L1. 266 22 160 166 - - - o 

FOOD INTAKE (GMJb - 13 7 11 15 11 11 5 8 la - f o 

BODY WEI(UTT (GM.) - - - - - - - - - 1Li. lLth 138 e 

a -- Expt. j6i, female rat weighing 156 gms. on date of alloxan injection. 
1D -- High fat diet. 
C -- Received 10 cc. water by stomach tube, 
d -- Fast started. 
e -- Animal removed from experiment, 
f -- Fasted, 

o' 
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