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Up to the present time no in±ormation is available as 
to the role of di-valine in metabolism except that it is an 
ind.ispensllJle amino acid. and must be su.pplied in the diet of' 

the animal if' growth and. life is to contlnu.e. 

Experimental techniques that lately have been applied. 
to the stu.ay of other amino acids might yield sorne inform- 
ation in this problem and assign to di-valine a definite 
role as a glycogenic or as a ketone-prod.u.cing compound. 

The ketolytic properties of di-valine have beem dem- 
onstrated by the decrease in level of acetonuria of' fasting 
rats fed di-valine when the ketonaria arises from endogen- 
oua stores. These ketolrt1c results have been further 
substantiated when fasting rats were fed. sodium butyrate to 
heighten the already existing acetonu.ria. 

This ketolytic effect should derive its origin from 
the formation of' liver glycogen. Liver glycogen studies 
were carried. out to test this hypothesis. Small but sign- 
ificant amounts of glycogen were founa after feeding dl- 
valine. Thus, affording further proof' that di-valine may 
be considered a weakly glycogenic amino acid. No glycogen 
was found after feeding di-isovaline. 

Absorption studies were made and the rates of absorp- 
tion of di-valine and di-isovaline were found to confirm 
to the values previously reported by Chase and Lewis. 
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NETABOLISM OF di-VALINE AND di-ISOVALINE 

IN THE NORMAL AT 

INTRODUCTION. The purpose o±' this study was to inves- 

tigate the fate of di-valine and j.-isova1ine in the normal 

animal. Valine, an amino acid constituent of many proteins, 

has been found y Rose (21) to be essential for the main- 

tainance and life of the animal organism. With the excep- 

tion of this work by Rose, previous investigators carrying 

out exoeriments have obtained no ositive results as to the 

role of this indispensible amino acid in metabolism. The 

more refined techniques of today me this question of in- 
termediary metabolism a possible problem. Isovaline, a 

synthetic compound not occurring in nature, was included 

in the glycogen studies. The glycogenic or sugar-forming 

properties of these amino acids reported in this thesis 

were studied by measuring the level of liver glycogen after 

feeding these compounds to rats previously starved 48 hours. 

The ketogenic or ketolytic capacity of valine was ascer- 

tained by measuring the effect on the daily excretion of 

acetone bodies from rats. The urinary nitrogen excretion 

was followed by means of the Kjeldahl determination. Ab- 

sor-)tion studies established that the amino acids viere 

being absorbed from the gastrointestinal tract. 
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HISTORICAL. Embden, Salornon an Schrnit (14) utIl- 

ized the liver perfusion technique in a study of asnino acid 

metabolism. In this method the liver was removed from a 

dog under anaesthesia (the blood was previously drained from 

the animal by cannulae placed in the jugular vein for the 

venous circulation and in the carotid artery for the arter- 

ial content). A glass tube was fastened to the portal vein 

for entry of the perfusai fluid into the isolated liver and 

another tube attached to the thoracic vena cava for drain- 

age. Valine was added to the defibrinated blood and after 

diffusion through the liver by means of a pump, the produc- 

tion of acetone bodies was quantitatively determined. These 

investigators found no increase in the level of ketone 

bodies in the perfusai fluids. 

Liver perfusion studies are, of course, an in vitro 

method and how closely they resemble what actually takes 

place in the intact, normal organism is questionable. For 

instance, these same authors report using this in vitro 

technique that either henylalanine or tyrosine cause an in- 

crease in the acetone body content of the nerfusing liquid. 

This would seem to indicate that these amino acids should be 

regarded as precursors of the acetone bodies. However this 

is not the case in the intact animal as Butts, Blunden and 

Dunn (4) and Butts, Sinnhuber and Dunn (9) have shown that 

both dl-henylalanine and 1-tyrosine when fed to rats cause 



an increase in liver glycogen as Tell as a decrease in a 

ketonuria exierimentally developed. Thus it would seem 

that this in vitro technicue is ooen to question. 

Essentially negative results were given when the phlo- 

rhizin technique was used by Dakin (12). This exierirnental 

procedure consists of injecting phlorhizin, a comlex gluco- 

side, subcutaneously, either susQended in sterile oil or 

dissolved in sodium bicarbonate. The suspension is usually 

considered to give better results because the phiorhizin is 
more slowly absorbed, thus the effect lasts longer. However 

it is necessary to inject the material every 24 hours. The 

experiments are usually carried out over a five or six day 

period. The glucose to nitrogen ratio is followed, snd 

when this aiproaches 3.65 the animal is ready to receive the 

foodstuff under investigation. An increase in "extra sugar'1 

after feeding the material under examination is considered 

as coming from the ingested compound. Again this technique 

is open to question when the metabolism of protein is stud- 

ied because the nitrogen in the material fed is assumed to 

be promptly excreted, an assumption never proved. Secondly, 

the animal is under a very unphysiological condition anó. 

there is no reason to believe that the resonse would be 

the same as in a normal animal. Very different results have 

been found when a comparison of' the metabolism of cystine in 

a phlorhizinized dog (12) and in a normal rat (8) is made. 
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It seems improbable that species difference could account 

for the different response. 

In the experiments of Dakiri (12) mentioned above he did 

find a lowering of the acetone body excretion of his rhlo- 

rhizinized dog when the animal was fed di-valine, although 

there was no appreciable excretion of ttextra sugar." Thus 

one is forced to the conclusion that the glycogenic or keto- 

lytic properties of di-vailne are obscure. 

Chase and Lewis (lo) in their comparative absorption 

studies of di-veline and di-isovaline, fed by stomach tube 

to normal rats fasted 24 hours the free amino acids and 

their sodium salts. The animals were sacrificed and the 

gastrointestinal tracts were removed and the unabsorbed 

amino acid washed out and determined by the Van Slyke amino 

nitrogen technique (25). These authors reported that for 3 

hour periods the absorption coefficients of the sodium salts 

calculated as milliequivlents per 100 grems per hour are 

as follows: valine 0.40; isovaline 0.14; the free acid of 

isovaline gave a value of 0.46. Liver glycogen determina- 

tions were carried out and no increase was found after the 

3 hour period. Chase and LewIs were primarily concerned not 

with the glycogen formation of these two acids but with 

their absorption rates. In the present study some absorp- 

tion exoeriments were made and they are in close agreement 

with those previously published by these workers. 
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The inöiseneibi1ity o± v11ne in the L1et of the rat 

has been demonstrated by W. C. Rose (21). Rats feö a diet 

devoid of protein, but containing mixtures oÍ highly puri- 

fled smino acids, vitamins, fats, sugar and salts but free 

of valine prove that despite the relative simplicity of 

structure, veline cannot be synthesized by the ret. Ani- 

mais deprived of it ex-nerience a profound nutritive falure 

with rapid decline in weight, loss of aonetite and eventual 

death. On addition of 4% di-valine to the basal ration, 

growth promptly ensued and 24 days later ail the character- 

istic symptoms of this deficiency had disappeared and the 

animals were normel. 

Thus, when the literature is surveyed, one is impressed 

with the fect that there is little known concerning the met- 

abolisrn of veline except that it is an indispensible amino 

acid. Although a few experiments have been designed to ans- 

wer this question of the role of' veline in carbohydrate for- 

mation, one is forced to conclude th8.t evidence is lacking. 

For this reason this study was undertaken and an attempt, 

using the more refined techniques available today, was made 

to determine the role of di-veline and dl-isovaline as pre- 

cursors of liver glycogen and the ketolytic properties of 

dl-valine. 

THE ROLE OF CARBOHYDRATES AND SUGAR PRODUCING AMINO 

ACIDS IN FAT METABOLISM. It was Hirschfield (17) in 1895 



who first made the observation that men during starvation or 

on a carbohydrate free diet elirninted in the ur±ne a mixture 

of beta-hydroxy butyric acid, acetoacetic acid, and acetone. 

It is now a well established fect that these compounds, ace- 

tone bodies, are the end products of fat metabolism snd. some 

of the amino acids when there is a lack of sugar oxidation. 

Animals, with the exception of the orimates, do not de- 

velop a ketosis on starvation or on a carbohydrate free diet. 

For this reason in order to use lower animals in ketosis 

studies a method of producing this condition must be employ- 

ed. An endogenous ketosis may be created by placing the 

animals on a high-fat, low-protein diet for two weeks so 

that immense fat stores may be laid down in the depots. 

Then when the animals are fested, large amounts of acetone 

bodies appear in the urine because of enforced. fat utiliza- 

tion. 

Butts, Blunden and Dunn (3) have reported a method of 

procucing an exogenous ketonuria evoked. by feeding a solu- 

tion of sodium butyrate to fasting rats. This method has 

been developed and used as a tool by the workers in DeueUs 

laboratory. Feeding beta-hydroxy butyric acid or aceto- 

acetic acid may also be used, but there is great difficulty 

in the preparation of these comounds Drevious to feeding. 

Also ii' either of these compounds are accidently silled 

during feeding into the urine collection, the determination 
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of that particular s8p1e wou1 be worthless. Consequently 

sodium butyrate was uset. Butts (1) has worked out the dose 

of sodium acetoacetate or sodium butyrate which is suffic- 

ient to cause a satisfactory ketosis, yet which can be toi- 

erated by the animals without too great a number of fatal- 

ities. The dose found to be most satisfactorT was 15 grams 

of sodIum butyrate (calculated as acetone) per square meter 

of body surface per day. Lee1s method for the calculation 

of body surface was used (18). It has been repeatedly dem- 

onstrated that surface area and not weight is a more correct 

measure o± the protoDlasmic activity of animals. Rubner's 

law states that the heat value of metabolism is proportional 

to the body surface. Lee's formula is: Surface Area 

K x W°6°. K, the constant for rats, is 12.54, and W is 

the weight in grams. Surface area is given in square centi- 

meters, when these units are used. 
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DESCRIPTION OF APPARATUS. Wire cages, 140 mm in height 

ana. 175 mm in diameter equipped with three flanges which fit 

over a 200 mm diameter glass funnel were used. Attached to 

the bottom of the funnel for collection of the daily urine 

sample was a searatory funnel. A layer of light mineral 

Fig. I. Method of Urine Collection. 



oil in the searatory funnel kept down evaporation. A wire 

cone in the large funnel served., to separate the fecal mat- 

erial from the urine. The animals were fed. in the morning 

and. evening. In the morning after feeding, the cage was 

transferred. to a cleen funnel and the preceeding day's 

urine transferred to a 100 cc volumetric flask. By washing 

down the funnel the saole was made up to the mark. The 

urine was filtered through cotton to remove extaneous mater- 

ial. All calculations were based on this 100 cc volume. 

Fig. II. Method of Feeding. 
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DIET-STOCK AND SUPPLEMENTARY. The anirn.ls used. in 

this study were adult male and female rats ol' the Evans- 

WistEr strain of from four to six months of age from our 

stock colony. The approximate weight was 140 - 220 grams 

and litter mates were chosen as far as possible for the var- 

bus experiments. These animals had been maintained on a 

stnd.ard stock diet, the composition of which is as fol- 

lows (1): 
Per cent 

Whole yellow corn 38.0 

Whole wheat flour 32.0 

Dried. skimmed. milk powder 20.0 

Ground alfalfa leaves 6.0 

Sodium chloride 0.5 

Calcium carbonate 0.5 

Irradiated brewerts yeast 1.0 

Cod. liver oil 2.0 

The source of yeast appeared to be lacking in the vi- 

tamin B complex, so as a prophylactic measure the animals 

were fed approximately 5 grams of fresh liver each week. 

Although it is well recognized. that the albino rat does not 

develop an apreciable ketonuria on fasting (24) it was 

found that animals from our stock colony were excreting 

many times the level of acetone bodies that one might ex- 

pect. The development of this endogenous acetonuria might 

be attributed to the incorìoration of the liver in the diet. 
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Similar results have been reoorted by Butts, Cutler, Hall- 

man, and Deuel (5). These workers found. that the addition 

of desiccated liver caused a great increase in the keto- 

nuria in fasting rats. More lately McHenry (20) has re- 

ported. that a fraction prepared from fresh liver caused. the 

deposition of large amounts of liver fat. Although the ace- 

tone body excretion was not studied, it is reasonable to 

assume that such an increase in liver fat would cause a 

ketonuria, were the animals subjected to fasting. Deuel 

et al. (13) have reported such a correlation when the liver 

fat content is compared with the level of acetone body ex- 

cretiori. 

The increase in ketonuria from endogenous stores was 

cuite unexpected and although it is not proved that the 

liver feeding was the cause of the increase, it seemed a 

logical procedure to utilize this endogenous acetonuria as 

a tool to study the ketolytic effect of the amino acid. 

An attempt was made by eliminating the liver from the 

diet, to cause the rats to return to the original low level 

of acetone body excretion. It was necessary to resort to a 

complete new diet and. entirely eliminate the liver from the 

feeding before the animals returned to the previous low 

level. Apparently the high fat storage is not easily de- 

creased., as several months were required for this transi- 

tion. 
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At present the diet em1oyed for our stock animals is 
that used by Dr. J. R. Haag of the Oregon Stete Agricul- 

turai Experiment Station, and has the following composition: 

Per cent 
Jhoie yellow corn meal 71.0 100 lbs. 

Linseed oil meal 15.0 20.9 

Powdered skimmed milk 10.0 13.9 

Ground a1f1fa leaves 2.0 2.8 

Sodium chloride 0.5 0.7 

Calcium carbonate 0.5 0.7 

Irradiated yeast 1.0 1.4 

This diet must be frecuently sulemented with fresh greens. 

Fresh liver is strongly recorumenaed for the breeding stock 

and nursing mothers, but is not added to the diet of our 

stock animals. 
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E)ERIMENTAL. MEASURE OF KETCLYTIC EFFECT OF cil- 

VALINE CN AN ENDOGENCUS KETCNURIA. As stated er1ier in 

this report, our stock anim1s spontaneously developed. a 

ketonuria on fasting. This acetonuris resrone to sugar 

feeding in the usual mariner, therefore it was ieemeö.. advi- 

sable to use this procedure to measure the response of the 

di-valine in its caacity either as a ketolytic or keto- 

genic agent. Also the use of this endogenous ketonuria re- 

moved. the criticism that when only two doses of sodium bu- 

tyrate were fed over a 24 hour period, there might occur 

intervals when the level of blood acetone bodies was very 

high and periods when the level was very low. With the pro- 

duction of these acids from an endogenous source one might 

ex)ect a reasonably constsnt level present at all times in 

the tissue and blood. Analysis of the urine would furnish 

a composite picture of the levels during the reeeeding 24 

hour period, since acetone bodies are thought to be very 

low threshold substences (23). Actually this method is 

similar to that reported by Deuel . (13). 

The female rats used in this study, utilizing the endog- 

enous ketonuria, renged in weight from 150 to 200 grams. 

They were subjected to a 24 hour fast preceeding the begin- 

fling of the urine collection periods. During the next 24 

hours all rats received only 7.5% sodium chloride solution. 

This was to ensure a diuresis and facilitate a complete 
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urine collection. At the end of this period, and each sub- 

seauent 24 hour period, urine collections were made as de- 

scribed earlier. All urine volumes were made up to 100 cc. 

At the end of the second 24 hour eriod the animals 

were divided into two grouDs of eight,, one group receiving 

the di-valine in a 7% aqueous solution, while the second 

group of eight rats, continued to receive the 7.5% sodium 

chloride solution. The animals were divided in such a man- 

ner that each of the two groups were excreting, on an aver- 

age, almost exactly the same amount of acetone bodies. 

Thus any change during the period of amino acid feeding 

would more clearly reflect a true change in the ketonuria. 

The di-veline, a Hoffmann-LeRoche product, was fed in 

an amount equal to 12.50 grains per square meter of body sur- 

face in two divided doses. The sodium chloride solution 

was fed one cc twice each day. Since dl-isovaline was 

found to serIously interfere with the quantitative deter- 

mination of acetone bodies, this amino acId. was not used in 

this study. Although di-valine also interferes, this was 

found not to be serious, from a quantitative standpoint. 

For the acetone body determinations the Van Slyke pro- 

cedure (26) was followed. An aliquot of the daily urine 

sam-ole was introduced into a 250 cc volumetric flask, 20% 

copper sulphate solution was added and the solution made 

basic with 10% calcium hydroxide. The contents of the 
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flask were then made up to the mark with water. After a 

half hour of standing, the cupric hydroxide was filtered off 

through a fluted filter aper. 

An aliquot of the filtrate was pipetted into a 500 cc 

Erlenmeyer flask, 50 cc of Denigs reagent added and the 

volume made up to 170 cc. The flask was heated to boiling 

and 5 cc of 5% potassium dichromate solution added. The 

solution was refluxed for l hours. It was then filtered 

hot through a weighed G-ooch crucible, washed with 200 cc 

cold water, dried at 100° C. for one hour and weighed. 

The factor for calculating the total acetone body 

outout depends upon the aliquot of urine taken for analysis, 

as well as the aliquot after the cooper lime precipitation. 

Table I shows the factors used. 



Table I 

Factors Used to Calculate Total Acetone Body Content 

when Urine is iade Up to loo cc. This Assumes a ?5 Con- 

version of Beta-Hydroxy Butyric Acid to Acetoacetic Acid. 

Mgs Precipitate x Factor = Total Acetone Body Content 

Original Aliquot 
Aliquot of the After Copper Factor 
100 cc Samrle Lime Treatment (250 cc) 

25 25 2.48 

25 50 1.24 

50 50 0.62 

75 50 0.413 

75 100 0.206 

100 100 0.155 

100 50 0.310 
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The total nitrogen procedure was carried out using the 

Kjeldaìil technique on a 5 cc sample of urine. Concentrated 

sulphuric acid, 10 cc, and a pinch of potassium sulphate- 

copper sulphate mixture served as the digestion mixture. 

The material was digested one-half hour, cooled, about a 

gram of pumice and talc mixture added along with 200 cc of 

water, made distinctly alkaline with 50 sodium hydroxide 

and the ammonia distilled over into 10 cc of standard acid. 

The excess acid was titrated with standard base, using 

methyl red as the indicator. 

The results of these studies are shown in detail in 

Tables II and III, with Table IV showing a summary of the 

re suits. 



Table II 

Daily Total Acetone Body Excretion from Female Rats 

Receiving 12.50 grams, per Square Meter of Body Surface 

per Day, of di-Valine in 7% Aqueous Solution. The Keto- 

nuria Developed from Endogenous Stores. The First Two 

Days Only Sodium Chloride Solution Fed in 7.5% Solution. 

Results Expressed in Grams per Square Meter Der Day. Con- 

trol Rats Receiving only Sodium Chloride for the Five Day 

Period 

Surface Acetone Body Excretion 
Exper. Weight Area grains per Square Meter 
Number grams q. cm. 1 2 3 4 5 

- V al in e 
408 182 285 0.12 1.20 0.57 0.30 0.17 
412 167 270 0.21 O.3 0.15 0.10 0.32 
413 184 287 0.09 0.70 0.21 0.44 0.24 
415 187 289 0.04 0.11 0.11 0.07 0.16 
418 175 278 0.08 0.21 0.28 0.17 0.19 
419 194 296 0.04 0.50 0.34 0.85 0.07 
421 178 281 0.11 1.71 0.70 0.53 0.26 
422 190 292 0.07 0.12 0.14 0.17 0.17 

Control 
409 178 281 0.12 1.30 2.17 3.05 3.69 
410 175 278 0.08 0.79 1.18 1.73 2.41 
411 180 283 0.04 0.23 0.18 1.80 3.30 
414 180 283 0.08 1.18 2.3? 3.78 2.69 
416 173 276 0.14 0.61 1.13 2.03 2.79 
41? 147 250 0.12 0.33 0.75 0.71 0.60 
420 172 275 0.20 0.38 1.42 1.64 2.49 
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Table III 

Nitrogen Excretion from Female Rats After Seventy- 

Two Hours of Starvation. The First Eight Rats Receiving 

12.50 Grams dl-Valine in 7% Aqueous Solution per Square 

Meter of Body Surface per Day. The Last Group of Eight 

Receiving Only a 7.5 Sodium Chloride Solution 

Surface Nitrogen Excretion - grams 
Exoer. Weight Area per Square Meter 
Number grams sg. cm. 3 4 5 

dl-valine 
408 182 285 3.49 3.68 3.64 
412 16? 270 3.34 3.02 2.65 
413 184 287 3.94 3.58 3.00 
415 187 289 3.86 3.64 3.50 
418 175 279 3.77 3.59 3.27 
419 194 296 3.10 3.15 3.00 
421 178 281 4.03 3.39 3.12 
422 190 292 3.84 3.31 3.14 

Control 
409 178 281 3.14 2.38 2.26 
410 175 278 2.56 1.59 2.20 
411 180 283 3.02 2.52 2.92 
414 180 283 2.50 2.28 2.14 
416 173 276 3.27 2.68 2.23 
417 147 250 2.62 2.72 3.30 
420 172 275 2.75 3.71 2.81 
423 190 292 3.10 2.85 1.46 
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Table IV 

Summary Table Showing the Effect of Feeding 12.50 

Grams of d1-Valine per Square Meter of Body Surface on 

the Nitrogen Excretion and. on a Ketonuria Developed from 

Endogenous Stores in the Female Rat. For the First Two 

Days Only, 7.5% Sodium Chloride Solution was Fed to Each 

Group. Eight Animeis in Each C-roup for All Days. dl- 

Valine Fed in 7% Aqueous Solution 

Total Daily Acetone Total Daily 
Material Body Excretion - grains Nitrogen Excretion 

Fed per Square Meter grams per Square Meter 
1 2 3 4 5 3 4 5 

di-valine 0.09 0.66 0.31 0.53 0.20 3.67 3.42 3.16 

Control 0.10 0.70 1.24 1.89 2.29 2.87 2.59 2.42 

The third, fourth, and fifth days highly significant 

statistically by the 't" test of Fisher (15) when compared 

to the controls. Only the acetone body determinations 

ststistically analyzed.. 
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ASURE OF ICETOLYTIC EFFECT OF dl-VALINE ON AN EXOG- 

ENOUS KETOSIS. In order to be sure that the full measure 

of the ketolytic effect of dl-valine had been realized, sod- 

iuin butyrate feeding was resorted to in fasting rats. Since 

the ketonuria from endogenous source is at a comparatively 

low level in fasting animals, sodium butyrate feeding super- 

imposes a high exogenous ketosis on the already existing 

level of acetonuria, thus making it possible to obtain a 

more quantitative picture of the ketolytic effect of dl- 

valine. 

The question arises as to whether this procedure of 

feeding sodium butyrate is a physiological way of studying 

a ketosis. Butts and Deuel (7), and Butts (1) have exten- 

sively investigated and used sodium butyrate as well as 

acetoacetic acid. for invoking an exogenous ketosis. These 

authors have concluded that the exogenous acetone bodies 

are influenced by the same factors that affect the metab- 

olism of the endogenous ketone bodies. These workers ob- 

served similar sex difference in the exogenous type of 

ketonuria in rats and guinea pigs during fastir to those 

in human subjects during starvation. The effects of sugars 

and amino acids on this type of ketonuria has been thor- 

oughly investigated by Butts et al. (2) (4), and. they have 

proved that the egenous acetonuria can be lowered if keto- 

lytic material is fed. Butts, Cutler and Deuel (6) have 



also found. that the exogenous and. endogenous ketonuria are 

altered in a like manner after the administration of ex- 

tracts containing the ketogenic principle of the anterior 

pituitary gland, thus affording additional proof that this 

method. of producing a ketosis is a satisfactory one for mak- 

ing comparisons of ketolytic activity. The methods of de- 

termination oÍ' acetone bodies and. total nitrogen as well as 

the dose of sodium butyrate have been previously described.. 

The results of these studies are shown in detail in 

Tables V and VI, with Table VII showing a summary of the 

results. 
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Table V 

The Ketonuria in Female Rats Fed 15 Grams of Sodium 

Butyrate (calculated. as acetone) Ter Square Meter of Body 

Surface per Day. One Group Receiving in Addition 12.50 

Grams dl-Valine er Unit Area per Day, Fed. in ?5 Aoueous 

Solution. Control Group Receiving Sodium Chloride Solu- 

tion. Animals Fasted Preceeding 48 Hours. Five Animals in 

Each Group for Each Day. 

Surface Acetone Body Excretion 
Exoer. Weight Area grams per Square Meter 
Number grams sa. cm. 2 3 4 

dil-valine 
170 187 289 5.41 6.13 5.48 
171 205 306 8.92 12.82 10.53 
172 216 316 6.54 8.70 7.39 
173 203 304 2.95 4.57 6.74 
185 196 298 10.80 9.67 8.32 

Control 
180 224 322 11.54 12.79 15.20 
181 182 285 8.71 11.51 10.20 
182 186 288 10.38 11.42 11.71 
183 149 253 17.20 16.85 14.71 
184 190 292 9.41 9.85 10.85 
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Table VI 

The Nitrogen Excretion in Female Rats Fed 15 Grams 

of Sodium Butyrate (calculated as acetone) per Square Meter 

of Body Surface per Day. One GrouD Receiving in Addition 

12.50 Grams di-Valine Der Unit Area per Day, Fed in ? 

Aqueous Solution. Control Grou? Receiving Sodium Chloride 

Solution. Animals Fasted Preceeding 48 Hours. Five Ani- 

mais in Each Group For Each Day. First Day Reported All 

Animals Fed 7.5 Sodium Chloride Solution 

Surface Nitrogen Excretion - grams 
ExDer. Weight Area per Square Meter 
Number grams sc. m. 2 3 4 

di-valine 
170 187 289 4.42 4.75 4.54 
171 205 306 4.07 4.20 3.81 
172 216 316 3.79 4.10 3.63 
17$ 203 304 4.10 3.97 4.34 
185 196 298 3.87 3.35 3.76 

Control 
180 224 322 3.99 3.05 4.14 
181 182 2°5 3.19 3.55 3.43 
182 186 288 4.56 3.01 3.52 
183 149 253 3.31 3.05 3.33 
184 190 292 4.02 4.08 3.97 
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Table VII 

Summary Table Showing the Ketonuria and Nitrogen 

Excretion from Female Rats Fed 15 Grams of Sodium Buty- 

rate (calculated as acetone) per Square Meter of Body Sur- 

face per Day. One OErou Receiving in Addition 12.50 Grams 

dl-Valine per Unit er Day, Fed in 7% Aqueous Solution. 

Control Group Receiving Sodium Chloride Solution. Animals 

Fasted Preceeding 48 Hours. Five Animals in Each Group 

For Each Day. First Day Reported All Animals Fed 7.5% 

Sodium Chloride Solution. 

Total Daily Acetone Total Daily 
Material Body Excretion - grams Nitrogen Excretion 

Fed per Square Meter grams per Square Meter 
2 3 4 2 3 4 

di-valine 6.90 8.38 7.69 4.05 4.07 4.01 

Control 14.48 12.84 13.73 3.81 3.35 3.66 

Acetone body determinations highly significant by the 

UII test of Fisher (15), when compared to the controls. 
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GLYCOGEN EXPERIMENTS. The glycogen determinations 
were made according to the procedure oÍ' Good, Krener, and. 

Somogyi (16). Rats ranging in size from 140 to 200 grains 

were used. They were subected. to a 48 hour fast during 

which time they had access to filter paper (3). Following 

this fast the animals were placed. in individual cages and. 

fed by stomach tube hourly an amount of the amino acid 

(72 solution) greater than could be absorbed during this 
time interval. The controls were fed. ?.5 sodium chloride 
solution in place of valine solution. At the end of 3, 6, 

9, and 12 hours the various groups were anesthetized. with 

sodium aznytal, (90 mg/Kilo of body weight), the livers re- 
moved, immediately frozen with ether-dry ice mixture, 

weighed, and put in a 50 cc centrifuge tube. Forty per 

cent potassium hydroxide was added, cc equal to the liver 
weiht in grains, and digested. in a boiling water bath till 
clear. Then 95 ethyl alcohol was adc:ed to bring the con- 

centration o1 alcohol to 66. The alcohol-water-potassium 
hydroxide mixture was brought to a boil, cooled and centri- 
fugeci. The supernatant liquid. was poured. off and. 25 cc of 

O.6N hydrochloric acid. added. and the glycogen hydrolyzed 

for 2 hours in a boiling water bath. The hydrolysate was 

then quantitatively transferred to a loo cc volumetric flask 
and, the solution brought to the phenoohthalein endpoint with 

2.0 N sodium hydroxide. It was then made up to the mark 

and filtered. Reducing sugars were determined by the 
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Shaf f er-Hartmann method (22). 

To ascertain that an excess of the amino acid was pres- 

ent, as well as to determine the relative rates of absorp- 

tion of di-valine and dl-isoveJ.ine, the method of Cori (11) 

was used. The technique has been well summarized by Cori: 

The principle is briefly as follows: A known amount of 

substance under investigation is fed by stomach tube. After 

a given time, the rats are killed and the amount of sub- 

stance remaining in the stomach and intestine is determined 

quantitatively. The difference between the amount fed and 

the amount recovered from the whole intestinal tract is then 

the amount of substance absorbed» 

The animals used for the glycogen studies were also 

used for the absortion exoeriments. The gastro-intestinal 

tract was removed and a 50 cc syringe fitted and held with 

a hemostat to the esophageal entrance to the stomach. The 

entire stomach and intestinal contents were washed out 

wi.th warm water and finally the water was blown out by a 

syringe full of air. Trichioroacetic acid was added to 

the washings to precipitate the protein. The coagulated 

material was filtered off and made up to 100 cc in a VOIU- 

metric flask. Aliquots of this solution were taken for 

analysis by Van Slyke gasometric amino nitrogen procedure 

(25). Chase and Lewis's observation was confirmed that 

for the comlete reaction of the alpha-amino group of iso- 

valine, with nitrous acid in the Van Slyke gasometric 



method, 15 minutes, at least, were necessary rather than 

the usual 5 minute period for the reaction of the airha- 

amino groups. 

The results of the glycogen and absorption studies are 

given in the Tables VIII and IX. 
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Table VIII 

The Glycogen Content of Livers of Female Rats Fed. 

Either dil-Valine or dl-Isovaline in 7% Aqueous Solution. 

Maximum Absorption Occurring at All Times. Rates of Ab- 

sorption Are Also Included in This Table. 

Exper. 
Number 

Weight 
grains 

Mg 
Fed Glycog'en 

Absorption rate 
mg/lOO gin rat/hr. 

3 hr. Experiment 
di-valine 

215 197 350 0.06 40.6 
216 158 0.07 47.3 
217 133 0.09 
218 162 0.07 47.6 

dl-i sovaline 
219 150 350 0.00 45.3 
220 141 0.09 45.4 
221 141 0.07 
222 143 0.18 41.3 

Control (Fed. 10% NaC1) 
171 197 500 0.06 
224 154 tI 0.07 
225 158 0.07 
226 156 0.07 

6 . Exoeriment 
di-valine 

227 176 700 0.00 40.0 
228 187 0.07 47.0 
229 148 0.07 54.5 
230 163 0.07 53.0 

di-isovaline 
231 186 700 0.08 54.7 
232 165 " 0.10 53.8 
233 130 . 0.08 54.1 
234 136 " 0.08 

Control (Fed 10% NaC1) 
279 176 500 0.00 
280 194 0.06 
281 178 0.06 
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Table VIII (cont.) 

Exper. Weight Mg Absorption rate 
Number grams Fed Glycogen mg/lOO gru rat/hr. 

9 hr. Experiment 
dl-val me 

251 18? 840 0.15 
252 175 0.20 
253 135 0.33 
254 18? u 0.3? 
292 170 500 0.40 
293 152 u 0.31 
294 196 0,25 
295 218 0.54 
296 163 0.37 
29? 200 0.64 
298 142 0.26 
299 194 0.76 
52? 182 786 0.36 
528 186 " 0.53 
529 163 0.28 
530 151 0.2? 
531 170 0.14 
532 165 0.12 

dl-lsovaline 
255 176 840 0.00 
256 139 0.00 
257 134 0.07 
258 169 0.05 

Control (Fed 10% NaC1) 
259 163 500 0.00 
260 149 0.00 
261 151 0.00 
289 183 0.06 
290 200 0.30 
291 233 0.07 
533 170 0.04 
534 175 0.04 
535 185 0.03 
536 198 0.03 



Table VIII (cont.) 

Exrer. Weight Mg Absorotion rate 
Number grams Fed 0-lycogen mg/loo gm rat/hr. 

12 hr. Exoerment 
dl-val me 

239 
240 
241 
242 
537 
538 
539 
540 
541 
542 

di-isovaline 

188 1050 
152 
135 
165 
170 917 
166 
166 
140 
179 u 

163 

243 196 1050 
244 173 u 

245 148 
246 142 

Control 
247 
249 
250 
543 
544 
545 
546 

(Fed 10% NaC1) 
138 500 
152 
147 
250 
201 
220 
208 u 

0.26 
0.25 
0.8$ 
0.50 
0.17 
0.32 

0.42 
0.2$ 
0.16 

0.00 
0.06 
0.00 
0.12 

0.00 
0.00 
0.07 
0.06 
0.03 
0.03 
0.05 

32.9 
41.7 
54.4 
43.3 

31 
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Table IX 

Summary Table of the Glycogen Content of Livers of 

Femie Rats Fed Either dl-Valine or dl-Isovaline in ? 

Aqueous Solution. Maximum Absorrtion Occurring at All 

Times. The Figures in Parentheses Refer to the Average 

Rates of Absorption (rngs per 100 gm of rat per hour) 

Percent Glycogen Content After Various Time Intervals 

Material Fed 3 hour 6 hour 9 hour 12 hour 

St. Dey. % St. Dcv. 
of Mean of Mean 

* * 
di-Vailne 0.07 0.05 0.35 .04 0.39 .08 

(44) (49) (43) 

Control 0.06 0.07 0.05 .03 0.03 '.01 

di-Isovaline 0.08 0.09 0.03 .02 0.04 .03 

- (43) (54) 

The 9 hour group includes an exeriment in which 10 

males were fed dl-valine and six were used as controls. 

Statistically there was no difference in the levels of 

liver glycogen of the two grou:s. In all other exoeriments 

female rats were used. 

*Statistically significant by the t' test of Fisher 

(15) when compared to the controls. 
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DISCUSSION. Although the values for liver glycogen 

after feed.ing di-valine are not great, they are significant. 

If one consid.ers the increase over the controls, the values 

are of about the saine order as for glycine (3), which is 

usually consid.ere. as a sugar forming amino acid. MacKay 

. (19) have lately reported that glycine, after a 

latent period, is quite good as a glycoenic agent. After 

feeding a single dose of this amino acid, some fourteen 

hours later the liver glycogen rose to a rather high level. 

Similar ex:oeriments in which 3 cc of a 7% dl-valine sol- 

ution were fed. over a short time interval indicate that 

this amino acid does not have a latent period as MacKay 

reiorts for glycine. The 16 hour period compares favor- 

ably with the 12 hour (as retorted in Summery Table IX) 

and perhas indicates that the maximum of glycogen formation 

does not occur at 12 hours. However there is no reason to 

believe that dl-valine behaves as MacKay reports for 

glycine. These results are reported in Table X: 
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Table X 

Glycogen Content of the Livers from Female Rats Fed 

210 mg di-Valine Over a Period of One Hour. Animals 

Sacrificed at 16, 20, and 24 Hours After Feeding the Amino 

Acid. Four Animals in Each Group 

Percent Liver 0-lycogen 
16 hours 20 hours 24 hours 

di-Valine 0.50 0.22 0.10 

Control 0.06 0.04 0.0? 

The response to dl-valine feeding is in sharp contrast 

to that found after feeding di-isovaline. In these exer- 

iments no glycogen was found in any of the groups. 

The absorption coefficients s'now a close agreement 

with the short period retorted by Chase and Lewis for both 

cil-valine and dil-isovaline. Furthermore, these studies 

prove that the amino acids are being absorbed and one is 

justified in assuming that the amino acids are taken up by 

the portal system (possibly the lymphatic also) and can 

undergo metabolism. In this thesis the study ci' the rate 

of absor?tion is carried through the twelve hour period for 

di-valine and through the six hour period for dl-isovaline. 

The effect of feeding di-valine to animals suffering 

from a ketosis is what one would predict from the glycogen 

studies; namely, a lowering of the excretion of acetone 
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bodies. This is shown both by the exoerirnents in which a 

high ketonuria was produced by the feeding o± sodium butyr- 

ate anci in those in whIch an acetonur±. resu1te. from endog- 

enous sources. In the latter study it is believed that 

this condition is traceable to the inclusion o± fresh liver 

in the diet of our stock animals. McHenry (20) has reported 

that a fraction prepared from fresh liver can cause a depos- 

itiori of large amounts of fat in the liver. This is possi- 

bly the cause of the rather high level of acetone body ex- 

cretion. In the exDeriments in which the sodium butyrate 

was superirnosed on the already existing ketosis, a very 

high ketonuria resulted. In fact, we were recovering in 

the urine of the control animals almost as much material 

as we were feeding. The animals were receiving 15 grams of 

sodium butyrate (calculated as acetone) snd excreting from 

12.84 to 14.48 grams total acetone bodies per square meter 

of surface areas per day. However, regardless of the 

height of the ketonuria, feeding of valine did cause a dis- 

tinct lowering of the acetone body excretion. 

In order to insure that we were dealing with comparable 

groups of animals in the exDeriments reported in Table II 

in which the ketonuris was developed from endogenous stores, 

the first two days of the exoeriment only a solution of 

sodium chloride was fed. This was given to insure a large 

urine volume. The animalE were arranged so that the level 
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of ketonuria was as nearly comparable between the two groups 

as rossible. Again a distinct lowering of the acetonuria 

followed the feeding of the vEline on the last three days 

of the exoeriment. 

In all of the various techniques used each demonstrates 

that valine may be classified as a sugar forming amino acid, 

although this property is not great. We have no information 

as to whether only one isomer has the ability to give rise 

to glycogen or whether both forms may be active. One must 

await the resolution of the racemic mixture to answer this 

que stion. 
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SUiIíARY. 

1. di-Valine, when 

give rise to a small but 

gly cogen. 

2. ä.l-IEovaline is 
ties. 

3. When dl-valirie 

fed to rats, has been shown to 

significant amount of liver 

devoid of any glycogenic oroer- 

te fed to a rat suffering from a 

ketosis, the excretion of acetone bodies is markedly de- 

creased. This is true in both a ketonuri arising from 

endogenous stores, and when the feeding of sodium butyrate 

increases the already existing acidosis. 

4. The average absoriDtion rates of di-valine as de- 

termined by Corits method were 44, 49, an 43 mg er 100 gin 

of rat per hour for the 3, 6, and 12 hour periods resec- 
tively. The rates for di-isovailne for the 3 and 6 hour 

periods were 43 and 54 mg. 

The author is indebted to Dr. W. J. Kirkham of the 

1.Iathernatics Detartment for his generous assistance in the 

statistical analysis of tue data reported in this thesis. 

Published with the approval of the Monograhs Publi- 
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