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THE METABOLISM OF l(-.)-HIST1DII'TE 
IN THE MORML R.T 

INTRODUCTION 

There can be no doubt that n the aniiial body the pr5ary 

function of the amino acids is to serve as building units for the 

body proteins. However, the average diet contains more amino acids 

then are used in this anabolic process. The excess is available for 

other purposes. Additional anthio acAs arise from the breakdown of 

proteins already in the an5nal body. The question arises: What is 

the fate of these comoounds? 

It is well recognized that only small amounts of the amino acids 

are eJt'ninated unchanged. Instead they are broken down, the final' 

being such sinple compounds as urea, and 

vater. The intermediate steps involved in this degradation are be- 

llevad to vary considerably vdth the amino acid. According to Butts 

nd coworkers, a number of amino acids are converted to sugar or gly- 

cogen in the mniinal body. Among these are' glycine and d-alanine (7), 

d-lutamic acid and 1-aspartic acid (3), dI-norleucine (4), di-phenyl-- 

alanine (s), dl-serine (5), di-valine (9) arid 1(4)-arginine (lo). Cer- 

tain others, such as di-leucine (4), have been found to give rise to 

acetone bodies. The metabolism of a number of the amino acids Is still 
quite obscure. 

It has long been known that an interference with normal arbo- 

hydrate metabolism (such as starvation, a carbohydrate-free d et, or 

diabetes) causes certain species of animals to excrete in the urine 

(-hyt1roxybutyric acid, acetoacetic acid and acetone. These s bstances, 
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called acetone bodies, are believed to be the abnornial end-products of 

l'at rietabo1isu when an insufficient amount of carbohydrates is being 

oxidized. The exact reason for this condition is not knom, but it 

has been repeatedly denionstrated that an acetonuria in a starving ani- 
mal can be decreased or removed by feeding sugar or a sugar-forming 

compound. This fact has been used as the basis for one of the 

criteria by 'which Butts et al . (3-10 ) have obtained information on 

amino acid metabolism. In other words, if the kotonuria of a starving 

animal can be decreased by feeding a given aiino acid, then there is 

reason to believe that the compound gives rise to a carbohydrate. 

Should feeding an amino acid raise the level of ketonuria, it is sup- 

posed that the acid is converted either to fat or directly to acetone 

bodies As mentioned previously, Butts et al. have supplied more di.- 

rect evidence by demonstrating that, when fed to a starving aninal, most 

of the ketolTtic amino acids actually give rise to an increased amount 

of liver glycogen, The ketogenic amino acids almost invariably do not 

increase liver glycogen. 

The purpose of this study vas to investigate the metabolism of 

l(-)-histidirie in normal animals The amino acid occurs extensively 

in natural proteins, notable examples being insulin and hemoglobin. 

The work of Rose and Cox (33 & 34) has shown beyond a doubt that histi- 
dine is an essential conqonent of a diet which is to maintain life. 

Although considerable work has been done on particular phases of the 

metabolism of histidine, no conclusive proof has previously appeared 

to show the results of a complete degradation in the animal body. 
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These facts made the intermediary metabolism of l(-)-histidine an 

attractive problem for investigation. The glycogen-±'orming powers of 

this amino acid were determined by measuring the level of liver gly- 

cogen after histid5.ne was fed to previously fasted rats. Its ability 

to produce or destroy acetone bodies was studied by determining the 

daily excretion of acetone bodies by rats receiving only l(-)-histi- 

dine. Prelininary absorption studies demonstrated that the amino acid 

is absorbed by the gastrointestinal tract. Total urinary nitrogen was 

studied by the KjeldahJ. procedures the excretion of nidazoles, by a 

colorinetric determination involving a Diazo reaction. 
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HISTORICAL 

Discovery, Structure and Indispensability 

Discovered almost sinultaneously by Kossel (23) and Hedin (21), 

the andno acid, histidine, has since been the subject of a variety of 

studies. Its structure s finally proven when Knoop and 1indaus (22) 

showed that it can be converted to the knovn ß-imidazolepropionic acid 

by treatment with nitrous acid and. subsequent reduction. The snthe-. 

sis of histidine by Pnan (30 & 31) finally confirmed its structure to 

be 4 (or 5) --irnidazole-o-antinopropionic acid. 

As previously mentioned, it was Rose and Cox (33 & 34) who 

dietary significance Groups of 

rats were fed diets in which the protein fraction was supplied re- 

spectively by (1) case5n, (2) coirqiletely hyüroled casein, and (3) 

yolyed casein from thich arginine and histidine had been removed 

by double precipitation with silver sulphate and barium hydroxide. 

The animals which were fed completely hydrolyzed casein grew to 

maturity but at a slower rate than those fed unhydrolyzed casein. The 

rats on an arginine-histidine-free ration promptly and continuously 

lost weight. Addition of as little as 0.5 gram of histidine hyüro- 

chloride per 100 grams of food to the diet of the latter rats brought 

about a practically normal rate of grovrbh. Since this work has been 

confirmed by other workers (37), there can be no doubt that histidine 

is an essential amino acid. 
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Function as a Purine Precursor 

A number of workers (1 & 32) have shown that histidine serres to 

some extent as a purine precursor. Rats which were Led a diet de- 

ficient in histidine exhibited a decrease in the excretion of aflanth- 

in. Addition of l(-)-histidine to this diet promptly raised the 

allcntoin excretion to a normal value. The excretion of uric acid was 

increased only slighì1ly. Although the results of these workers is fair- 

ly well supported, it should be pointed out that the differences are 

quite small. Of the nitrogen fed as added histidine, less than ten 

percent appeared in the urine as allantoin nitrogen over that excreted 

by rats on a histidine deficient diet. It seems probable, therefore, 

that though l(-)-histidine may have some part in purine synthesis, the 

quantitative significance of this, so far as general metabolism is con- 

cerned, must be quite small. 

Role as a Precursor of Histamine 

Histidine is also cited as a precursor of histamine in the ami- 

nial body. In fact erle and coworkers (41 & 42) have described the 

detection of an enz'nie which catalyzes the decarbolation of histi- 

dine to forni histamine. The enzyme apparently occurs in various 

tissues such as the liver, kidney, and pancreas. Because of the close 

sùnilarity of structure, and since decarboxylating enzymes aro known 

to occur in the aninal body, this conversion of l(-)-histidine to 

histamine seems very reasonable. However, even if histamine is an 
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important intermediate, it certainly is not an end-product of histi- 

dine metabolism. In the first place, it has been repeatedly shawn 

that when histidine is fed to aninals there occurs a marked increase 

in total urinary nitrogen (24), but imidazoles hardly appear at 

all (26). Obviously histidine is broken dawn into süiler compounds 

than histamine. According to Best and McHenry (2) there occurs in 

practically every organ of the body an enzjme which destroys histamine. 

Using the kidney perfusion technique, these authors found that as 

histamine is destroyed, there occurs a corresponding drop in total 

imidazoles. This strongly suggests that hïstaminase acts by dis- 

rupting the imidazole ring. Therefore, one is forced to conclude 

either that in the animal body only a small percentage of histidine 
is converted to histamine, or that histamine is only an intermediate 

stage in a niore complete breaicdovn of histidine. 

Relation to Carbohjdrate Metabolism 

(ily a few articles have been published concerning the role of 

l(-)-histidine in carbohitìrate metabolism. The liver perfusion 

method, as used by Dakin and '.Iakeman (14), is of interest from a 

historical standpoint. Their techaicue (40) was briefly as follows: 

The animal was first anesthetized with ether. Both the portal vein 

and vena cava were cut at points quite near the liver. The animal 

was then completely bled from a cannula previously placed in the 

carotid or femoral artery. The blood was whipped to prevent clotting 
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and added to a !nix±ure of defribinated buUock' blood and a solution 

of the substance under investigation, This mixture, the diffusion 

fluid, veas then pumped into the liver by means of the portal vein and 

collected from the vena cava. The perfusion was generally started 

within five minutes after the death ol' the aninal, and ordinarily it 

lasted for one hour. The animal and the blood were kept warm during 

the eqeriment. Finally, acetone bodies were determined on the per-. 

fused blood, In studying l(-)-histidine, Dakin and Takenian (14) used 

this procedure on a number of dogs . Histidine was added to the per- 

fusion fluid ci' some ol' the livers, whereas the control eerinents 

were run without histidine addition. The results show that after 

addition of two to three grains of l(-)-histidine, average acetone 

bodies increased from fifty-four to eighty-six milligrams. The authors 

concluded that here is some evidence that l(-)-histidine is a keto- 

genic substance. 

However, there are great criticisms to be made of the liver per- 

fusion technique. The animals can hardly be called normal when half 

torn apart as described above. Actually this method is an in vitro 

one, and it is q.uestionable if the metabolic processes will go on as in 

the normal animal. The use of ether anesthesia is also a dangerous 

step. Dakin hinsell' has pointed out (13) that it probably inter- 

feres with ordinary carbohydrate metabolism. Finally, when one con- 

siders that only a very slight increase in acetone bodies was ob- 

served, it seems doubtful if the liver perfusion method has thrown 
much light on the metabolism of l(-)-histidine, 



Dakiri (13) also used the phiorhizin technique in studying the 

metabolism of l(-)-histidine. Phiorhizin is a glucoside which then 

injected into an anthial renders it temporarily but completely dia- 

betic Jny sugar fed to, or synthesized by, the anal appears al- 

most quantitatively in the urine. Dakin's procedure was briefly as 

follows: A grani of phiorhizin was dissolved in olive oil and in- 

jected under the skin of a dog which was then starved for 4 hours, 

At the end of this tine a second grani of phiorhizin was given, and a 

determination was made of the ratio of glucose to nitrogen in the 

urine. A third gran 01' phiorhizin was injected on the fo11oLng day 

and the glucose to nitrogen ratio again determined. If the ratios on 

the two successive days were the same (usually a constant ratio of 

3.65 is attained at this stage), then the animal was considered 

ready to receive the substance being investigated. 

In this case a solution of 11.60 grams of l(_)*_histidine 

(neutralized by acetic acid-) was slowly injected subcutaneously. 

Urine was collected in twelve-hour periods, and the glucose and total 

nitrogen were determined. The nitrogen from endogenous sources was 

found by deducting the nitrogen content of the l(-)-histidine from the 

total urinary nitrogen. The sugar from endogenous sources was found 

by multiplying the endogenous nitrogen by the dominant glucose-to- 

nitrogen ratio. Subtracting this from the total urinary sugar gave 

the extra amount arising froni the histidine fed. Dakin found that 

only a slight amount of extra glucose was excreted. He concluded, 



final decision, as to whether or not histidine really yields glucose 

j_n the diabetic animal, does not seeri possible at present.' 
Probably Etfibacher nd caworkers have done more than any other 

group tovard clarffyg the metabolism of l(-)-histidine. In a series 
of papers starb.ng in 1926 (le), these workers have described the ex- 
traction of liver vth glycerol or toluene to obtain the enzyme, histi- 
dase. In a more recent article (19) it has been shovn that this 
enzyme converts l(-)-histidine to W-formylglutandne and one molecule of 

ainionia. The evidence for this is that after twenty-two hours of 

enzyme activity, addition of sodium carbonate liberates aimnonia a. 
proxinately equivalent to the splitting of one nitrogen atom fron each 
his tidine molecule Addition of sodium h1roxide liberates twice as 
much anmonia The natural isomer of glutamic acid is obtained by treat- 
ing l(-)-histidine with the liver extract, followed by a digestion with 
concentrated hîdrochloric acid. The glutamic acid was identified both 
as the hjdrochloride and by enznuatic conversion to tX-ketoglutaric 
acid, the latter being characterized through the 2,4-dinitrophenyl- 
hdrazone, The scheme of these reactions was presented by Edibacher 
et al. as follo: 
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Considering that a nl2raber of prote olytic enzymes are f oraed in 

the body, it appears quite reasonable to assume that the W-f ormyl- 

glutamine would be broken dawn in vivo to forni glutamic acid. If 

this were true, one would expect the metabolism of 1(-)-histidine to 

be closely associated with that of glutamic acid. Since it has been 

shown by Butts, Blunden and Dunn (3) that dextro-glutandc acid is 

definitely a glycogen fornier, it seems probable that l(-)-histidine 

might also be a glycogen-forrning minino acid. However, this has never 

been successfufly demonstrated, in spite of the attempts of Dakin and 

others. The metabolism of l(-)-b!stidine must therefore be con- 

sidered obscure. 



The Rate of Absorption of l(-)-Histidine 

That 1(-)-histidine is absorbed by the gastrointestinal tract has 

been demonstrated by Doty and Eaton (17). Thite rats were fasted 24 

hours, then fed a kno amount of 1(-)-histidine using a stomach tube. 

One or two hours after receiving the amino acid, the rats were killed 

by a blow on the head. The gastrointestinal tracts were removed 

immediately, slit open from end to end and washed thoroughly with dis- 

distilled water. After clarification with trichioroacetic acid and 

norit, the total amino nitrogen values were determined by the mano- 

metric procedure of Van Slyke. Control values were al' course ob- 

tained from the gut washings of rats receiving no amino acid. The 

average absorption rate for l(-)-histidine (calculated in terme of the 

nionohydrochioride) was found to be 97.4 milligrams per loo gm. ol' rat 

per hour for the one hour period and 71 milligrams for the two hour 

period. These figures seem quite reasonable on the basis of known 

absorption rates for other amino acids. 

Since Doty and Eaton were concerned only with absorption rates, 

their paper throws no further light on the metabolism of l(-)-histi- 

dine. As one surveys the literature, he is impressed by the fact that 

the fate of l(-)histidine in the animal body is not at all a settled 

question. It is for this reason that the present study was under- 

taken. 
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iethods of Producing a Ketonuria in Lower Anthials 

Although humans give rise to ari appreciable ketonuria upon 

starvation, this condition is hard to obtain vdth rats. Therefore, 

il' ketosis studies are to be made using rats, the ketonuria must be 

produced artificially. Two principle methods of doing this are now 

in use. 

Butts and coworkers have developed the method of feeding 

acetoacetic acid (6) or sodium butyrate (3). One of these compounds 

is fed to otherwise fasting rats and time (usually 24. hours) is 

allowed for the development of an appreciable ketonuria. Then more 

of the ketogenic substance is fed along with the substance under 

investigation. The ability of' the canpound to form ketone bodies 

or sugar is then demonstrated by its effect on the ketonuria. 

Â method of producing a more natural ketosis was developed by 

Deuel, Hailman, and Murray (16) . Rats were maintained for 9-34 days 

on a dïet high in fat and carbohydrate and low in protein. At the 

end of this time they were found to have accumulated a much higher 

percentage of liver fats than is found in normal rats. )hen such 

rats are allowed to fast, they develop a much higher ketonuria than 

do rats previously fed a normal diet. This latter method of' produc- 

ing a ketonuria was used in the present study. 
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SPECIAL APPARATUS D METHOD OF FEEDflG 

The apparatus used in these eqerinents for collecting urine 

samples was identical with that of Sinnhuber (36). The rats were 

placed in circular wire cages 330 mu. in height and 175 nxu. in 

diameter. Each rat was supplied with water by means of a large in- 

verted test tube with glass tubing leading into the cage. Three 

flanges on the bottom of each cage permitted its being placed over a 

large glass funnel (200 mm. in diameter). A separatory funnel was 

attached at the bottom of the large funnel, thus enabling the 

collection of daily urine samples. By- placing a wire cone in the 

large funnel, the fecal material was retained separate from the urine. 

The urine sanples were collected each morning, after which the 

cages were transferred to clean funnels for the next collection. A 

small amount of mineral oil was placed in each separatory funnel in 

order to reduce evaporation of, and bacterial action on, the urine. 

In collecting a urine sample, the funnel was always washed down with 

water until a total volume of exactly 100 cc. was obtained. This was 

mixed and filtered through cotton. AU analyses and calculations were 
then made on the basis of this volume. 

The animals were fed once each morning and evening. All feedings 

were made by a stomach tube. This was accomplished by attaching a 

small rubber tube (2 mm. outside diameter and 100 mm. in length) to 

a glass syringe. hile one person held the animal, another forced 

the tube through the esophagu.s into the stomach. This enabled the 

introduction of the amino acid solution directly into the rat's stoni- 
ach. 
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EERILNTAL ANIMALS AND STOCK DIET 

The rats used in this study were of the Evana-Vlister strain and 

from four to six months in age. Only females were used in accordance 

with the finding of Deuel & Gullick (15) that upon starvation f emale 

aninals give rise to a higher ketosis than do males. The range of 

weight was from 95 to 195 grams. 

Our animals are normally maintained on a stock diet of the 

follovdng composition: 

Per cent 

hole yellow corn meal 21,0 

Linseed oil meal 15.0 

Povdered skimmed milk 10.0 

Cround alfalfa leaves 2.0 

Irradiated yeast 1.0 

Calcium carbonate 0.5 

Sodium chloride 0.5 

Fresh greens are supplied every other day. The nursing mothers and 

breeders receive fresh liver twice each week. However, liver was 

not given to the animals used in these experiments. 
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EXPERIWNTAL 

Measurement of the Ketolytic Effect of 
1(-)-Histidine on an Eidogenous Ketonuria 

The method of )euel et al. (16) was used for developing a more 

nornal ketosis. Twenty female rats, ranging in weight from 100 to 

190 grams and from four to six months in age, -vere placed in in- 

dividual cages. For nine days these rats were fed a fattening diet 

composed of the following constituents t 

Vitamin-free casein 
Cere].ose (commercial glucose) 
Butter fat 40% 
Dried Fleischman's yeast 2% 
Osborne-Mendel Salt Mixture (29) 5% 

The vitamin-free casein was a product of General Biochenilcals, Inc., 

Cleveland, Ohio. The butter fat was obtained by melting a commercial 

grade of butter, filtering, and separating the fatty layer from the 

water by means of a separatory funnel. The daily food consumption of 

each of the rats was accounted for, with the purpose of discarding 

animals which failed to eat a reasonable amount. In this case only 

one rat needed to be discarded, leaving nineteen for the experiment. 

At the end of the nine-day period the animals were fasted for 

twenty-four hours, no urine collection being taken. The rats were 

then weighed, and their sur.L'ace areas calculated on the basis of Lee's 

formula (25). They were next placed over funnels in three groups such 

that the average body surface area for the rats in each group was 
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approthnate1y the seme. The f irt feedings of 1(-)-histidine and 

sodium cbloride w'ere made a short t later. Urine collections viere 

taken every 24 hours, and analyses were made for acetone bodies, total 

nitrogen, and total iiriidazoles. 

The formula of Lee, mentioned above, states that surface area = K 

X 
o.6 

The constant, K, is 12.54 for rats: T equals the weight in 

grams. The surface area ïs given in square centineters. Since it 

bas been demonstrated that metabolic activity is more nearly propor- 

tional to body surface area than to weight, the feedings of the amino 

acid were made on the basis of the former. Group I, composed of six 

animals, received 0.45 millinoles of 1(-)-bistidine per 100 square 

centineters per day fed in two doses. The six aninals in Group II 

were fed tce this amount. Each rat in Groups I and II also re- 

ceived 1.5 cc. of 7.5 per cent sodium chloride solution each day, 

In Group III, each of the seven aninals was fed 4 cc. of 7.5 per cent 

sodium. chloride solution, but no amino acid. The purpose of the salt 

solution was to insure diuresis and quantitative urine collections. 

The two feedings made each day were tined about 12 hours apart. 

The l(-)-histidine monohjdroch1oride used in all these ex- 

porinents was a commercial product of high purity and obtained from 

Max Dunn and Company of Los Angeles, California. The amino acid was 

dissolved in water and the pH brought to 6.5. The final concentration 

was adjusted so that 42.9 millimoles of 1(-)-histidine were contained 

in 100 cc. of solution, 
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Each 01' the urine samples taken every 24 hours was diluted to 100 

cc. The analyses were all made ori the basis of this dilution. The 

procedure ci' Van S1&e (3e) used l'or the acetone body deterniina- 

tions, Aliquots of the diluted urines were placed in 250 cc. 

vo1inietric flasks. Fifty cc. each of a 20% copper sulphate solution 

and a 102 ca1cii.n hidroxide suspension s then added successively 

to each flask. After making to volume, the samples vere shaken, 

allowed to stand for 20 minutes, then filtered. Aliquots of the clear 

filtrates were placed in 500 cc. Erlenmeyer flasks along dth 50 cc. 

of Denige's reagent and enough water to make each volume 170 cc. The 

samples were then brought to a boil and 5 cc. of 5% potassiuni di- 

chromate solution was added to each. After a 1 hour digestion, the 

sanip].es wore filtered through weighed Gooch crucibles and washed with 

cold water. The crucibles were dried for tvo hours at 1000C. and 

weighed. 

The calculation of daily ketonu.ria involves a factor for convert- 

ing from niifligrains of precipitate to total acetone bodies. This 

factor will of course vary with the aliquots taken at various stages 

of the procedure. Table I lists the values of the factor. 



TABLE : 

TOTAL ACETONE BODY FACTORS 

These are used when the urine is diluted to loo cc. MiUigrais 
of precipitate x factor rilhi'azns of acetone bodies. 

Aliquot from AJJ.quot After 
100 cc. sample Copper-Lime Treatment Factor 

(250 cc.) 

loo 100 0.155 

100 50 0.310 

100 0.206 

75 50 0.413 

50 50 0.62 

25 50 1.24 

25 25 2.4S 
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The total urinary nitrogen deteniiinations were made by the 

Kjeldahl method. Five cc, samples were digested for 30 minutes 1th 

10 cc. of concentrated sulphuric acid and a small amoimt o copper 

sulphate-potassium sulphate micture. After cooling, the digestion 

ithcbres were diluted with 200 cc. of distilled water. A bit of 

puiliïce was added, along with excess sodiuni hydroxide solution, and 

the ammonia vins distilled into 10 cc. of standard sulphuric acid 

solution. The excess of acid was th titrated with a standard 

sodium hydroxide solution, methyl red servig as indicator. 
The procedure of Cavett (U) was used to deterrrine total urinary 

imidazoles. Nine-tenths of a gram of sulfaniic acid are dissolved 

in 9 cc. of 37 per cent hydrochloric acid, and the mixture is diluted 
to 100 cc. One and one-half cc. of this solution are mixed in an 

ice bath with 1.5 cc. of 5 per cent sodium nitrite solution. Five 

minutes later, 6 cc. more of the nitrite solution are added. This 

p-diazobenzene suif' onic acid solution is diluted to 50 cc. and is 
ready for use in 20 minutes. 

Seven and one-half cc. of a 1.1 per cent sodium carbonate 

solution are diluted with 0.5 cc. of water, Three cc. of the p- 
diazobenzene sulfonic acid solution are added, the tübe shaken, and 

in exactly 1 minute 1 cc. of the unknown solution is added and 

thoroughly mixed. After 6 minutes the percentage transmission of 
light through the solution is measured in a IcLett-Summerson photo- 
electric colorimeter equipped with a #540 filter. The procedure was 
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previously standardized by obtaining colorimeter readings on samples 

in which Imown amounts of histidine were added to normal rat urine. 

The analyses were timed as exactly as possible (in terms of seconds) 

since it was found that the color varied continually with the tizne 

after the sample had been added to the diazotizing solution. 

The detailed results of these analyses are shown in Table II, 

III, and V. Tables IV and VI show a surrnnary of the results. 
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Table II 

DAILY TOTAL ACETONE BODY EXCRETION 
FROM FEMALE RATS AFTER NDE DAYS 

ON A HIGH FAT DIET* 

*Afl aniinals were fasted 24 hours. Starting with the 2nd day, 
Group I received 0.45 miI. of l(-)-histidine per 100 sq. cm. of 
body surface per day, in addition to 1.5 cc. of 7.5% MaCi solution. 
Group Il received twice as much i()-histidine and the sanie amount 
of NaG1. Group III received 4 cc. of' 7.5% MaCi solution, but no 
amino acid. 

Exper. Weight Surface Acetone Body Excretion 
area (Mns. per 100 sq. cni.) 

Number (grams) (sq. cm.) Day 2 Day 3 Day 4 

Group I - 0.45 mM. Histidine Dose 

666 155 259 8.6 
667 15g 262 19.7 
668 115 216 30.4 
669 110 210 40.5 
670 105 205 34.7 
671 100 199 38.2 

Group II - 0.90 raM. Histidine Dose 

672 159 263 
673 132 235 
674 123 225 
675 101 200 
676 110 210 
677 115 216 

Group III - MaCi Fed Controls 
678 114 215 
679 130 233 
680 180 283 
6gi 109 209 
682 120 222 
683 114 215 
684 95 193 

17.8 
23 . 

19.7 

25.1 

9.6 
2.5 

4.5 6.4 2,9 
52.4 29,2 4.1 
17.8 8.5 1.5 
41.7 - - 
65.2 - - 
9.1 6.2 - 

13.1 48.1 30.2 
4.5 13.2 16.0 
17.4 50.6 45.4 
32,9 45.7 29.7 

2.5 39.5 30.9 
32.3 43.9 50.6 

Blank spaces occur where animals had died or severe hematuria made 
the results of questionable value. 



22 

Table III 

DAILY TOTAL NITROGJI EXCRETION 

For a detailed explanation ol' the groups, see Table II. 

Exper. 

Nuntber 

Weight 

(grams) 

Surface 
area 

Nitrogen Excretion 
(Mgnis. per 100 sq. 

___ Da 
cnt.) 

Group I - 0.45 miv!. Histidine Dose 

666 155 259 3E.l %.4. 36.7 
667 158 262 37.3 37.9 33.6 
66 115 216 46.4 58.4 43.6 
669 110 210 45.4 - - 
670 los 205 44.2 - - 
671 100 199 40.7 - - 

Group II - 0.90 nM. Histidine Dose 

672 159 263 51.7 62.2 53.4 
673 132 235 56.9 71.9 59.2 
674 J23 225 59.4 72.3 66,2 
675 10]. 200 56.0 - - 
676 110 210 61.3 - - 
677 115 216 48.6 40.8 - 

Group III - NaCÌ-Fed Controls 

678 114 215 29.9 30.9 31.2 
679 130 233 45.2 31.8 32.7 
680 180 283 25.7 24.0 22.5 
681 109 209 34.6 34.3 36.6 
682 120 222 - - - 
683 114 215 21.5 26.2 28.1 
684 95 193 30.9 29.2 31.0 

Blank spaces occur where anùnals had died or severe hematuria made the 
results o± questionable value. 
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Table IV 

SUARY TABLE SHOWING EFFECT OF 
l(_)HIsTIDThTE FEEDING ON THE 

NITROGEN AN]) ACETONE BODY EXCRE- 
TION OF FASTING FALE RATS 

The aniraals were fed a high fat diet for 9 days, then starved 24 

hours. Starting with the 2nd day, 'oup I received 0.45 mM. of 

l(-)-histidine per loo sq. era, per day plus 1.5 cc. of 7.5% NaO]. 

sölution. Group II received twice as much 1(-)-histidine and the 

sane anount of NaC1. Group III received 4 cc. of 7.5% NaO]. solu- 

tion, but no amino acid. 

Groups Total Acetone Body and Nitrogen Excretion 
jgrns. per 100 Sqj 

2nd Day 3rd Day 4th Day 

lAcetone f Nitrogen JiAcetone fNitrogen lAcetone f 
Nitrogen 

Group I 2E.7(6) 

Group II 3l.(6) 

Group III 17.1(6) 

42.0(6) 20.4(3) 44.9(3) 12.L(3) 

55.6(6) 12.6(4) 61.9(4) 2.S(3) 

31.3(6) II 40.1(6) j 
29.4(6) 

¡ 
33.(6) 

f 

37.9(3) 

59.6(3) 

30.3(6) 

Numbers in parentheses indicate the number of experinents in ch 

group. 
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Table V 

DAILY TOTAL IMIDAZOLE EXCRETION 
BY FEMALE RATS iILE RECEIVING 

ONLY l(-)-HISTIDINE ND SODITJM CHLORIDE 

All animals were maintained on the high fat diet for 9 days, then 
starved 24 hours. Starting with the next day, l(-)-histidine was 
administered daily, in the amounts indicated. In addition each 
rat received 1.5 cc. of 7.5 NaC1 solution per day. 

Experinent i (-)-Histidine Da,1y Urinary Imidaz oies 
Fed Each Day I.reported as gnis. 

Number (Mgms. of free acid) of free histidine) 
Day2 Day3 Day4 ___________ 

Group I - 0.45 mL Histidine Dose 
666 178,3 6.0 9.0 7.5 
667 180.8 4.8 6.3 11,0 
668 149.0 4,8 4.8 4.8 
669 143.7 2.2 - - 
670 141,0 3.0 - - 
67]. 137.0 4.0 - - 

Group II - 0.90 mL Histidine Dose 
672 362.0 21,4 12.0 25,5 
673 323.0 ,g 9,2 21,4 
674 308.7 17.8 11.0 22.6 
675 275.5 14.2 - - 
676 288,6 7.2 - - 
677 296.6 18,4 7.2 - 

Groì III received only I'iaCl solution. A corositè was made of these 
urines and used as a blank for determining the imidazoles in the urines 
of Groups I and II. 

Blank spaces occur where the aninais had died or severe hematuria made 
the results of questionable value. 
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Table VI 

STJIMWtY TABLE SHO'UNG THE EXCRETION 
OF TOTAL IMIDAZOLES BY FEMALE RATS 

AFTER l(-)-HIsTIDINE FEEDING 

For a detailed explanation of the groups, see Table V. 

Groups Urinary Imidazoles (calculated as histidine) 
]cpressed as Percentage of Histidine Fed 

2nd Day 3rd Day 4th Day 

¡G ¿O ¿O 

I 2.7 (6) 4.0 (3) 4.6 (3) 

II 4.9 (6) 3.0 (4) 7.0 (3) 

III 0.0 (6) 0.0 (6) 0.0 (6) 

The numbers in parentheses indicate the number of anials in 
each group. 
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A Second Group of Eqerinents for Ieasuring the Ketolytic Effect 
of l(-)-Histidine on an Endogenous Ketonuria. 

As shown in Table II, III, and V, a number of aithuals were lost in 

the first eqerinents on the ketolytic effects of l(-)-histidine. 

Death was almost invariably accompanied by a severe hematuria. This 

condition occurred only in groups fed 1(-)-histidine, and the smaller 

an.mals were always affected first. We have no definite information 

regarding the cause of this hematuria, but it s eenis likely that it 

might be due to the production of small, but toxic, araounts of hista- 

mine (42). 

The ketosis experiments viere therefore re-run using larger animals 

and with slight alterations in experimental procedure. Twenty f ein].e 

rats were maintained for nine days on the high fat diet described on 

page i Two rats which failed to eat a reasonable amount of the food 

were discarded, leaving 18 for the experiment. At the end of the nine 

days, the rats viere starved 48 hours. On the second fast day, ail 

rats received 4 cc, of 7.5 per cent sodium chloride solution in two 

doses. Urine samples were taken as previously described. Only ace- 

tone body determinations were run on these samples, and the results 

are shon in the tables under day 2. 

On the 3rd day after the beginning of the fasting, the rats were 

divided into three groups so that the average surface area was ap 

proximately the sane in each group. The feedings of l(-)-histidine 
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and sodium chloride were then begun and continued through the 4th and 

5th days. As in the first group of experinents, Group I received 0.45 

nM. of l(-)-hïstidine per loo sq. cm. per day in two doses. Group II 

received twice this amount per unit ol' surface area Each animal in 

Group III received 4 cc. of 7.5% sodium chloride solutïon in two doses. 

Using the procedures previously described, both acetone body 

and total nitrogen determinations were run on the urine samples frcn 

days 3, 4, and 5. The results are sho'an in Tables VII arid VIII, while 

Table IX presents a summary. The determinations of total urinary 

inidazoles were omitted in these experiments, since it had already 

been established (Table VI) that only negligible amounts are excreted. 
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Table VII 

DAILY TOTAL ACETONE BODY EXCRETION 

FROM FEMALE Rt&TS AFTER NTE 
DAYS ON A HII FAT DIET 

All of the aninals were fasted 4S hours before receiving l(-).-bistì- 

dine. the 2nd fast day all rats were fed 4 cc. of 7.5% NaC1 
solution in two doses and a urine collection was nade. Starting 

with the 3rd day, Group I received 0.45 nM. of l(-)-histidine per 

100 sq. cm. per day. Group II received twice as much amino acid. 
Group III received 4 co. of 7.5% NaC1 solution per day, but no 
amino acid. 

Exper. 

Nunber 

Weight 

( grains ) 

Surface 
area 

( sg. cui. ) 

Acetone 
(Mgns. 

Day 2 

Body 
per 
Da7 

]oeretion 
100 sq. cnt.) 

3 Da7 4 Day 5 

Group I - 0.45 mM. Histidine Dose 

65 173 276 12.6 31.6 4.2 1.3 
686 160 264 48.4 37.7 9.8 15.2 

687 157 261 0.2 13.2 8.2 4.0 
688 156 260 1.3 4.5 1.4 1.3 

639 155 259 1.8 12.6 1.9 1.7 
690 150 254 25.2 39.5 1.2 0.5 
691 146 249 26.2 33.5 4.9 1.2 
692 135 238 1.5 1.6 1.2 0.6 

Group II - 0.9 mM. Histidine Dose 

693 169 273 1,2 13.9 3.4 2,7 
694 168 271 1.3 39.3 - - 
695 158 262 9.0 20.0 1.6 25 
696 143 246 o. - - - 
697 140 243 36.6 29.3 1.7 - 
698 13 241 12..9 14.0 4.0 3,2 

Grot III - NaC1-Fed Controls 

699 160 264 10.2 35,3 27.9 20.0 
700 160 264 7.0 34.5 34.8 23.0 
701 158 262 10.1 49.0 40.8 43.9 
702 138 241 2.9 26.5 27.8 4.2 

The blank spaces occur where the animals had died or severe hematuria 
ina4e the results of questionable value. 
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Table VIII 

DAILY TOTAL NITROGEN EXCRETION FROM 
FEMALE PATS AFTER NDE DA!S ON A HIGH 

FAT DIET 

For.a detailed explanation of the groups, see Table VII. 

Exper. Weight Surface Nitrogen Excretion by Days 
area (mens. per 100 sq. cm.) 

Number (grams) (sq. cui.) 3 4 5 

Group I - 0.45 mM. Histidine Dose 

685 173 276 42,7 39.]. 39.2 
686 160 264 44.7 42.3 40.8 
687 157 261 47,9 43.8 38.0 
688 156 260 41.8 46.5 46.8 
689 155 259 44.2 47,1 49.6 
690 150 254 46.2 43.8 46.4 
691 146 249 55.4 54.4 58.3 
692 135 238 55.7 69.3 97.7 

Group II - 0.90 mM. Histidine Dose 

693 169 273 60.0 62.2 56.9 
694 168 272. 61.3 - - 
695 158 262 57.6 66.7 55.5 
690 143 246 - - - 
697 140 243 58.8 67.0 - 
698 138 241 67,2 70.9 70.3 

Group III NaC1-Fed Control 

699 160 264 28.4 26.1 31.2 
700 160 264 31.3 28.4 27.9 
701 158 22 25.3 18,8 21,2 
702 138 241 24.9 28.2 24.8 

The blank spaces occur where the anùna].s had died or severe hematuria 
made the results of questionable value. 



Table IX 

SUTMARY TABLE SHOWfl'IG EFFECT OF l(-)-HISTIDINE 
FEEDING ON THE NITROGEN AND ACETONE BODY 

EXCRETION OF FASTING FEMALE RATS 

The anthìals were niaîntainèd on thè high fat diet l'or 9 days, then fasted 4 hours before receiving 
l(-)-histicline, On the 2nd fasting day ali rats were fed 4 cc. of 7.5% NaC1 solution in two doses, 
and a urine collection was made. Starting with the 3rd &iy, Group I received 0.45 m5. of l(-)- 
histidine per 100 sq. cm. per day. Group II received tvdce as tuch andno acid. Group III received 
4 cc. of 7.5% NaC3. solution per day, but no amino acid. 

Groups 

. 

Total Acetone Body and Nitrogen Excretion -Ms. per 100 Sq. Gm. 

- 

2nd Day 3rd Day 4th Day 5th Day - 
Acetone Nitrogen Acetone Nitrogen Acetone Nitroger Acetone Nitrogen 

Group I :L4.7(3) - - 2l,(E) 47.3(8) 4.l() 4.3() I 3.2(3) 52.1(c3) 

'I 10.3(6) - - 23.3(5) 61.0(5) 2.7(4) 66.7(4) 2.3(3) 60.9(3) 

It 7.5(4) - - 36.3(4) 27.5(4) 32.(4) 25.4(4) 22.(4) 26.3(4) 

The numbers in parentheses indicate the number of experiments in each group. 

o 
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Measurement of the Effect of 1(-)-Histidine Feeding 
on the Liver Glyco gen of Fasting Animals 

Female rats, ranging in weight frci 105 to 225 grams, were re- 

moved from the stock diet (page 14) and fasted for 4 hours. At the 

end of this tine, they were placed in individual cages and fed 

l(-)-histidine. All feedings were made by the stomach tube and using 

a solution containing 42.9 mM. ol' l(-)-histidine per 100 cc. An 

attempt was first made to determine liver glycogen after allowing 

maximum absorption as has been done on other amino acids (3 & 9). 

However, it was found that when more than 1.70 millinoles of histidine 

per 100 sq. cm. were fed, toxic 3ymptoms resulted. The animals 

appeared to be quite ill. Therefore, in the experinents reported 

each rat as l'ed a total of O, miflimoles of l(-)-histidine per 

100 sq. cm. Since the animals averaged 160 ans. in weight (or 264 

sq. cm. of body surface), the average dose was 2.5e mM. This amount 

of the amino acid was fed in three portions . The first portion was 
given at the end of the 4 hour fast period; the second, l hours 

later; the third, 3 hours from the first feeding. The control ani-. 

mais were fed a corresponding volume of water. At invervals of 4, 

, 
12, 16, and 20 hours after the first feeding, groups of rats 

were anesthetized by intraperitoneal injection of sodium amytal 

(9 mg. per 100 gms. of rat). The livers were removed and placed in 

a freezing mixture of dry ice and ether. 
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Liver glycogen determinations were made according to the method 

of' Good, Kramer and Soniogyl (20). Thile stili frozen, the livers 

were quickly weighed and transferred to 50 ece centrifuge tubes. Pn 

amount oi hot, 50 per cent potassium hydroxide solution was added such 

that the cc. of alkali equaled the weight of the liver in The 

mixture was then digested in a boiling water bath until clear. Ethyl 

alcohol (95) was added to bring the concentration of alcohol up to 

66%. This mixture was brought to a boil in the water bath, cooled, 

and centrifuged. The supernatant liquid was then poured off leaving 

the residue of glycogen. This was digested for 2- hours with 25 cc. 

of 0.6 N. hydrochlor1c acid. The solution was transferred to a 100 

cc. volumetric flask and neutralized to phenolphthalein using 2.0 N. 

sodium hyrlroxide. The neutral solution was diluted to exactly 100 

cc., mixed and filtered. Reducing sugars were then determined by the 

method of Shaff er and Hartmann (35), 

To make sure that the amino acid was being absorbed, a few ab- 

sorption studies were made. The method was essentiafly that of Cori 

(12). After feeding 1(-)-histidine as in the glycogen studies, the 

gastro-intestina1 tract was removed along vdth the liver. A s'ringe 

was then attached to the esophagus. The entire contents of the 

stomach arid intestines were washed into a flask, a total of 50 cc. 

of hot water being used. After adding trichioroacetic acid to pre- 

cipitate the proteins, the washings were made up to a volume of 100 

cc. and filtered, Aliquots of the filtrate were then taken for the 



33 

determination of total amino nitrogen by the manometric method of 

Van Slyke (39). Since it vas found that l(-)-histidine could not be 

fed in amounts sufficient to niaintain a maximum rate of absorption, 

these determinations were soon dropped. 

The results of the glycogen and absorption studies are shown in 

Table X, while Table XI shows a suzrunary of the glycogen values. 
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Table X 

LIVER GLYCOGEN FORMATION AFTER FEEDflTG 
l(-)-HIsTIDnE TO FASTflG FEMALE RATS 

The ardinals were fasted 48 hours, then fed 0.98 mM. 01' l(-)-histi- 
dine per loo sq. cm. of body surface during the first three hours 
of the experinent. Control rats received the same anount of 
water. The aninals were sacrificed at varying intervals after the 
±'irst feeding. 

Ecper. Weight Percent Absorption Rate 
(Mgnis histidine-HC1 

Number (grans) Glycogeri per 100 gm. rat per hour) 

1 Hour erinent 
1 -1-histidine 

7)3 170 0.27 50.1 
734 151 0.20 47.3 
715 18]. - 54.9 
716 123 0.11 63.7 
717 175. 0.11 50.5 
718 187 0.69 429 
727 184 0.07 - 

Controls 

719 133 0.10 
720 115 0.31 - 
721 146 0.10 - 
722 154 0.23 - 



35 

Table X (continued) 

Exper. Weight Percent Absorption Rate 
(Mgnis. histidine-HC]. 

Nuiaber (graxus) Glycogen per 100 gm. rat per hi-) 

S Hour Fxerùnent 
1(-)-bistidine 

723* 161 0.28 40.53 724* 185 0.10 39.0 
728 150 0.24 - 
729 160 0.14 - 
730 150 0.26 
731 149 0.05 - 
732 159 0.12 - 
733 166 0.07 

Control 

725 136 0.05 - 
726 181 0,12 - 
734 222 0.28 - 
735 140 0.31 - 
736 143 0.06 - 
737 185 0.01 - 

12 Hour Exoerirnent 

738 173 0.60 - 
739 164 0.19 - 
744 157 0.15 - 
745 160 0.46 - 
746 175 0.4]. - 
747 156 0.65 - 

Control 
740 170 0.09 - 
7453 157 0.17 - 
749 165 0.08 - 
750 156 0.41 - 

*These aniiiials received 1.63 inH. of l(-)-bi.stidine per 100 sq. cm. of body surface. 
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Table X (continued) 

Exper. 1Ieight Percent Absorption Rate 
(Mgnis. his tidine-HC1 

Nuniber (RraznI - Glyco gen per 100 pn. rat per b) 
16 Hour Erinent 
i (-)-histidine 

768 152 1.42 - 
769 151 1.03 - 
770 159 0.92 - 
771 148 0.96 - 
772 139 1,01 - 
773 126 1.16 - 

Control 

743 130 0.26 - 
755 132 0.15 - 
756 136 0.17 - 
757 112 0.22 - 
774 123 0.32 - 
775 105 0.29 - 

20 Hournt 
1(-)-histidjne 

758 154 0.36 - 
759 142 0.85 - 
760 180 0.30 - 
761 140 0.57 
762 191 0.13 - 
763 155 0,15 - 

Control 

764 180 0.18 - 
765 192 0.12 - 
766 133 0.17 - 
767 146 0.18 - 



Table XI 

aUMMARY TABLE SHOWING LIVER GLYCO GEN 
FORMATION AFTER FEEDING 1(-)-HIsTIDnrE 

TO FASTING FEMALE R&T3 

The animals were fasted 48 hours, then fed O.9 mM. of l(-)-histidine per 100 sq. ein. of body 
surface during the first three hour5 of the experinent. Control rats received the srue 
ainount of ater. The anthnals were sacrificed at varying intervals after the first feeding. 

- 4 Hour 
I Hour 12 Hour 16 Hour 20 Hour 

Glyco- St. Dey. Glyco- St, Dcv, Glyco.- St. Dey. Glyco- St. Dey. Glyce- St. Dey ____ean en Mean en Mean Iean Mean 

% g % % 

l(-)-Histi- 
dine 0.24(6) 0.09 0.16(8) 0.03 0,41(6) O.Oa l.o3(6) o.oa 0.39(6) O.0 

rontrol 

0.13(4) 0.03 0,14(6) 0.05 0.19(4) 0.08 0.24(6) 0.03 0,16(4) 0.01 

Numbers in parentheses refer to the number of annals in each group. 
*Two animals in this group were fed 1.63 mI. of l(-)-histidine per 100 sq. ciu 



DISCUSSION 

As Table XI shows, more than eight hours must elapse after 

feeding l(-)-histidine before there is any indication that glivo- 

gen formation is occurring. However, deposition of liver glycogen 

does appear by the 12th hour, and a maximum occurs at sixteen hours. 

By twenty hours the level had begun to decrease. In this respect 

l(-)-.histidine may be similar to glycine as MacKay et al. (28) have 

reported that no appreciable glycogen deposition f oflows the feeding 
of this amino acid until more than eight hours have elapsed. 

One might be tempted to attribute this unusual behavior to very 

slow absorption. However, Doty and Eaton (17) have reported that 

1(-)-histidirie is absorbed quite rapidly. On the basis of mg. per 

loo gn. rat per hour they report that the rate of absorption of 

histidine h1rochlorjde is 97.4 for the first hour and 71.0 for the 

second hour. In the few experiments which we ran (see table X) we 

f ound 51,4 mg. per 100 gui. rat per hour for the four hour period 

(6 animals) and 39. mg. for two experiments in the eight hour group. 

These results would indicate that absorption is not a con- 

trolling factor, since the amount of histidine fed was on an average 

2.58 m1, This amount would have been aJ.nost completely absorbed in 
six to eight hours, with by far the greatest amount absorbed during 

the first three to four hours. 
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A more reasonable elanation of the delay in glycogen f ormation 

must be sought in the intermediate processes involved. l(-)-JTistidine 

is probably converted to glycogen only through a series of reactions. 

Just one of these reactions would need to be slow in order to delay 

the final production of liver glycogen. 

As to the actual amount of glycogen formed, l(-)-histidine might 

be said to compare favorably vdth dextro-glutaniic acid (3). However, 

a longer time must elapse from the feeding of l(-)-histidi-ne until 

a maximum glycogen deposition occurs Histidine is definitely 

superior to l(+)-arginine as a glycogen former (io), but inferior to 

1(4.)aiamine (7). 

It is of interest that the experiments in which i(-)-histidine 

vas fed to rats with a ketonuria support the conclusion that a per- 

iod of several hours must pass before there is noticeable carbohydrate 

formation. As shoi in Tables Iv and IX, there is little effect on 

the acetonuria on the first day that l(-)-histidine is fed. On the 

succeeding days, however, the amino acid causes a significant lower- 

ing of the acetone body output. 

The argument is often advanced that glyco gen formation after 

feeding an amino acid is a secondary effect and is not caused 

directly by the amino acid. The question arises: Can histidine actu- 

ally hc precursor of a carbohydrate? In this regard it is of 

interest that mechanisms for this conversion have been proposed. For 

instance, Lemis and Garner (27) have suggested the following series 

of reactions: 



HG-NH COOH 

LI 
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CH3 

Athitted1y, such a series of reactions is largely speculation. 

We present it only so that the reader will appreciate the possibility 

of histidine being converted to a carbohydrate by reactions slmilar 

to those known to occur in the body. iThether this be the mechanism 

or not, we do believe that some evidence has been presented that 

1(-)-histid5.ne is actually converted to glycogen, Our absorption 

studies and those of Doty and Eaton (17) have established the fact that 

histidine is absorbed by the gastrointestinal tract. During the next 

24 hours there occurs a marked increase in urinary nitrogen (see 

Tables IV and Ix) which is roughly proportional to the nitrogen of the 

histidine fed. Yet only negligible amounts of ixuidazoles appear in 

the urine (Tables V and VI). It would be difficult to explain these 

facts without assuming that 1(-)-histidine is broken down into frac- 
tions not containing an inidazole ring. 
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Also £ol1ong l(-)-histidine feeding, there occurs an appreci- 

able rise in live' glycogen (Table XI). At about the s ame tine that 

the glycogen level reaches its maxintun, the level of acetonuria 

begins to drop steadily and finally reaches a very low value (Tables 

IV and IX). 

Now this liver glycogen nuist have its origin either in corn- 

pounds already in the body or from the breakdon of histidine. 

Since the rise in liver glycogen is paralleled by a rise in urinary 

nitrogen, the conclusion seems higÌJ.y rea3onable that the precursor 

of the glycogen is either the histidine or amino acids foined by the 

breakdov of body proteins. However, these amino acids are there 

in the proportions required by the structures of the body proteins. 

It is very improbable that they would be preferentially metabolized 

while the body retained an amount of histidine entirely out of pro- 

portion with the other amino acids. It must be admitted that we 

have not proven that l(-)--bistidine is the actual precursor of the 

liver glycogen. However, we do feel that this is by far the most 

reasonable conclusion. 
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SUARY 

1. Liver glycogen formation foflows the feeding 0±' l(-)-histi- 
dine, with a inaxinum deposition occurring at sixteen hours. More 

then eight hours elapse before there is evidence of glycogen forma- 

tion following the feeding of the amino acid. 

2. A ketonuria produced by a high fat diet is decreased by feed- 

ing l(-)-histidine. 

3. The azthnals fed 1(-)-histidine showed an increased excretion 

of total urinary nitrogen in proportion to the inino acid received. 

üy negligible amounts of irimidaz oies were excreted. 

4. In some cases a severe hematuria follows the feeding of 

i (- )-histidine. 
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