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INTRODUCTION

A continuous process of protein or nitrogen turnover
consisting of catabolism and anabolism takes place in the
animal organism throughout its 1ife span. The function
of dletary protein, therefore, is to supply the amino acids
in proper amounts and kinds to meet the demands for the
vital metabolic activities and to provide the basic build-
ing materials for the growth snd repalr of body tilissues,

A deficlt of food proteins afflicts a large portion of
the world popula tion todgy, particularly in those under=-
developed areas where people receive significantly too little
or too poor a quality of proteln for the support of adequate
nutrivion., As evidence is the wide prevalence of kwashiorkor
and other syndromes of human protein malnutrition - a situae
tion complicated today by rapid increases in the world
populatione.

It was pointed out at a conference sponsored by the Food
and Agriculture Organization of the United Nations, the World
Health Organization, and the Josiah Macy Jr., Foundation in
June of 1955 that in attempting to establish protein require=-
ments a consideration  world problems was nscessary
(Zlvehjem, 1956). Even though the basic relation of nutrition
to amino acid inbtake was emphasized at the conference, it was

apparent that workers in practical nutritlion were not yet



L

ready to shift from a comsideratlion of protein requirements
to a consideration of amino acild requirements;

Porhaps this is well et the present stage of nutritional
history because it iz only of late that the complexity of
the many factors underlying the utilization »f amino acids
has begun to be &ppreciated. Recent studles (Elvehjem, 15E6)
describing the results of imbsalance between the components
of an amino acld mlxture illustrate this point. The data
also ralse the guestion as to what the composition of the
most physiologically efficient mixture of amino acids may be,

That natural proteins even though they have a high
bioicgicel v&lus may nod contain amino acids in the best
proportions for the maintenance of nitrogen equilibrium in
the adult orgsnism has been suggested by the work of Clark
{(1950)¢ She hypotheslzed that the smino aclds present in
one of the moest nutritionally efficient proteins krown,
i.¢e, lactalbumin, could be made more efficiant by alterations
of certain of its amino acids,

The presemt study wes planned %0 explore thls hypothesis,
Three basic mixtures of amino acids wers prepared, one of
which represented the combination of amino scids present in
the lactalbumin preparation tested by Claerik. These mixtures
were so formulsted that they contained different proportions
of the smino acids, methionine, phenylalaanlne, cystine, &and

tyrosine as well as of the non-essential acidse. Factors
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that influence the utilization of emino acid mixtures used as
the sole source of dietary nitrogen were studled also, i.e.,
the total nitrogen content of the ration, omission of non=-
essential nitrogen, single vs. mixturss of non-essential
amino aclds, variation in the optical form of certaln amino
acids, variation in the non-nitrogenous portion of the
ration, snd variation in caloric value of the diet.

It was hoped that the study wo uld cmnitribute basic
knowledge leading to a bgtter understanding of the interrelsa-
tions of amino aclids in establishing and interpreting protein

requirementse.



REVIEW OF LITERATURE

The Reference Protein

In the experliment hersin reported, lactalbumin was
chosen as "the reference protein™, the originai amino scid
mixture fed belng compounded to resemble the aminc acid
composition of this protein as closely as possible.

That lactalbumip has nutritional propertlies that make
it an excellent reference protein has been demonstrated by
various workers in the field over the years,

Ability of a protein to promote growth is an excellent
Yool for measuring the nutritional properties of a protein.
In 1919, Osborne, Mendel, and Ferry studled the nubritive
value of lactalbumin in terms of its abllity to support
growth in young rats. The superiority of lactzlbumin over
casein for the maintenance of growth was demonstrated during
an lleweek feeding pericd. Rats gained approximately 2 gm.
of body weight per gram of lactalbumin consumed as compared
witkh 1.7 gm. for each gram of caseln eaten.

Researchers studylng the nutritional value of proteins
also may use either "biological value" (Mitchell, 1524) or
"nitrogen balance index"™ (Nasset and Ely, 1953), or "biologi-
cal sfficiency® (Marshall, 1943, and Brush, Willman and
Swanson, 1947) as indices of the ability of a speecific



protein to msintaln body tissue. The last index takes into
account, which blological value does not, the marked depres-
sicns in the excretion of urinsary nitrogen that may occur
when proteins of exceptionally high quality are fed following
an interval on a protein-free diet,

In a feeding test in 1924, Mitchell fed a diet contain-
ing 3 per cent of lactalbumine Ie noted that rats fed the
lactalbumin-containing diet execreted 5 mge. less nitrogen per
day in the urine than was excreted in the preceding period
of low-nitrogen feeding. He did not attempt to explain the
decreased excretion of urinary nitrogen induced by the
incorporation of lactalbumln into the diet or to calculate
the biologleal valus., However, his data permit the calcula-
tion of biological efficienecy, and when they were so treated
by Metz (1947), lactalbumin received a value of 110. Xetg
also made an intensive study of the blologlical efflelency
of lactalbumin when fed to adult rats, and the value she
recorded was 106,

Metz also showed that lactalbumin excelled casein when
evaluated in terms of blolegical efficiencys It also was
equivalent in nutritive value to the mixed proteins present
in dried whole egg and superior to those in csrtain other
foods (rice, lyophilized milk, and yeast).

Tests based on the estimation of blological value also

show that lactalbumin rates higher nutritionally than certain



other proteins, When protein was incorporated into test

rations at thse 8 per cent lovel, Xik (1938) found that
lasctalbumin had a blologlesl value of 8l; casein, 69, With
only & per cent of lactalbumin in the ration, Chick et al.
(1835) siowed that lactaldumin had s biological value of 92;
cassin, 68,

Melnick snd Cowgill in 1937 reported the results of a
study in which they evaluated lactaldbumin, serum protein,
caseln, and gllsdinp with respect to the minimal amount of
eacii that was essential for the dog in attaining nitrogen
equlilibrium. Respective blological values were 100, 80, 73,
and 33.

I% 1s interesting that although the superiority of
lactalbumin over casein has been demonstrated consistently
in studles in which the rat has been used as the sxpsrimental
animal, a report by Mueller and Cox {(1947) comparing the
relative effectivensss of thess proteins for the maintenance
of nitrogen equilibrium in man, falled to show this distince
tion. This paper is pertinent in that it suggests that there
is still much %o be learned about the utilization proteins
by 4ifferent specles,

Thus, on the basis of most evidence, it seemed suitable
to consider tha use of lactalbumin as a reference protein
when the investigations current in t..e Nutrition Laboratory

of the Home tconomics Research Department on protein needs



and protein utllization were extended to quantitative
studies of the amino acid requirements of the adult male

rat for body maintenance,

Amino Acid Replacement of Dietary Protein

After threonlne was 1solated and idemtifiad as an

essential amino aecid by the group working in Rese's laboratory

(McCoy et al., 1935-1936}, it became feasible for the first
time %o induce a favorable state of nutrition in animals by
the feeding of dlets containing mixtures of highly purified
amino aclds instead of intact proteins, Rose an@ his co-
workers were able to induce satisfactory growth in young
animals by feeding diets contalning avout 12 per cent of
physiologically active amino acids as the source of nitrogen
(Rose, Oesterling, and Womack, 1948)., Clark (1950) obtained
nitrogen equilibrium in adult rats when the ration furnished
dally 74 mge of nitrogen derived soclely from amino acids.
This amount was essentially the same as thaf provided by a
4 per cent lactalbumin diet which supported nitrogen
equilibrium successfully. Womack and co-workers in 1853
demonstrated that the adult male rats fed, ad libitum, a
diet contalning a mixture of 19 amino acids in a gquantity
equivalent to 3.8 per cent of the dlet maintained nitrogen
equilibrium.



Certain studies employing the rat as the test animal
will be reviewed to illustrate the nature of some of the
problems involved when amino acids represent the sole

source of dietary nitrogen.

Role of non-essential acids

The nutritive roles of the various essential amino
aclds were established by the removal, one by one, from the
dlet of each amino acid (Rose, 1938). It now is accepted,
generally, that only nine aminc acids, namely, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan, and valine must exist preformed in
the diet if growth is to be sustained. The tenth acid,
arginine, can be synthesized by the rat but not at the rate
commensurate with the needs of the organism for the attain-
ment of maximum growth (Scull and Rose, 1930; and Borman, et
al.,, 1946). Therefore, Rose in 1938 classified arginine as
an essentlal amino acid for the rat. He stated in an early
paper without the submission of evidence that rats grew
equally well when fed a diet containing nitrogen provided
either by a mixture of the 10 essentlal amino aclds only or
by one containing all the components of an intact protein
(1938) «

Later (1943), Albanese and Irby reported that young rats
lost weight steadily when they were fed a diet containing
the essential amino acids as the sole source of dietary nitro-



gen in the approximate proportions that they arse found in
cagsein and in a quantity equivalent to a :4 per cent casein
diet.

Subsequent studles at Rose's laboratory (Rose, Oesterling,
and Womack, 1948) did not support his earlier premise that
the 10 essential amino acids 2re adsequate for the support
of growth in the young rat., The divergence in results
apparently was due to defects 1ln the basal dlets employed
in the inltial studises. Upon improvement of the basal ration,
younz rats gained only 7¢ gm. when they were fed a dlet
contalining 10 essential amino acids as the sonle source of
dietary nitrogen during a 28-day periods. The feeding of a
diet containing 19 amino acids supported a mean gain in
body weight of 108 gm. The quantities of nitrogen furnished
by physlologically active amino acids in each diet were
identical., Hence, the authors concluded that a mixture
containing 10 essential amino aclds was considerably less
offective than a mixture containing 10 essential and ¢ non-
essentlal acids as the scle scurce of dietary nitrogen.

The authors further suggested that the task of synthesizing
9 non=essential amino ascids simultaneously "appears to
present too great a burden upon the chemlcal resources of
the cells to permit the latifer to keep pace with the needs
of the organism for optimum growth™ (p. 758).

The utilizatlon of amino acids by adult albino rats has been
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studied in Cannon!s laboratory at the University of Chiecszo.
Thelr investigsetions are interesting inasmuch as they take
into sccount the iInfluence of previcus nubtritionsl state on
the utilization of the dietary supply of nitrogen. Frazier
et al. (1947) showed that proteine-depleted rats zalned
weight rapidly when they were fed a dilet containing a mixture
containing both sssential and non~essential amino acids
simulating the aclds present in a reference diet providing
10 per cent of casein, Rate of gain was equivalent to that
produced by the feeding of the intact protein diet. They
observed also that food consumption was reduced immediately
when any one of the 5 amino acids essential for rat growth
{arginine not included) was omitted even though its nitrogen
equivalent was replaced by glutamic acide The omission of
arginine from the ration did not affect weight gain or
appetite., They obtalned the same results when the essentlal
acids only were provided.

Workers from the same laboratory later demonstrated
that the well nourished adult rat when fed amino acids
equivalent to a 10 per cent casein dlet required only & of
the 10 essential aclds for the maintenance of appetite,
welght, and nitrogen equilibrium (Wissler, e% al., 1948).
Removal of arginine from the essential acid mixture produced
variable depressions in appetite and state of nitrogen balance.

These workers came t¢ the conclusion that the "non=essential®™
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amino acids may be considered dispensabls. Whether they are
Justified in the view may be cuestioned. Their rations
furnished about 1500 mge of nitrogen per day, an amocunt
probably three times the requirement for the maintenance of
nitrogen equilibrium in the adult rat. Sufficlent essential
nitrogen was furnished to permit in vivo the synthesis of
the non-essentlal acids. Thus, these data do not prove that
the essential aminec acids =lone, combined as they were in
this experiment, are capable of maintaining nitrogen equi-
1librium when the quantity of total nitrogen provided is
approximately the minimum amount needed for nitrogen equi-
librium,

In Swanson's laboratory, Kuehl (194%9) and Clark (1950)
showed that following the feeding of a diet containing a
mixture of 18 amino acids patterned qualitatively and
gquantitatively after those present in ons day's feed of the
reference diet, 1.0., 2 4 per cent lactalbumin diet, the
nutriture of the animals approximated that of rats administered
the reference dist. Animals fed a diet containing a mixture
of essentlal amino acids equivalent to these provided by the
protein in one day's quota of a 4 per cent lactalbumin
passed into severe negative balance. It should be noted,
however, that the nitrogen administered was quantitatively
equivalent to only a 2 per cent protein diet., Therefore,

the data of these authors are not conclusivs eithsr.



Irn 1983, Litwack, Williasms, and Elvebjem observed thut
the formetion of xanthine oxidase in the liver of rats was
increased markedly when non-essential acids were added to a
ration containing onrly esserntial anino acids. These observa=
tions are in accord with an earller statement (Williams and
Elvehjem, 1950) that liver xanthine oxldase activity is very
sensitive to amino acid changes in the diet.

In general, evidence to date seems to be in favor of
the premisze that some source of non-essential nitrogen needs
to be present 1f maximum nutritional benefit is to be derlivsd
from dlets contalning amino aclds as the sole source of nitroe-

gen,

Source of non-essential nitrogen in dlets

Sincle amino acids. Ramasarma et al. in 1849 studied

the adequacy of a pure amino acid mixture for the support of
growth in rats that was patterned after a mixture formulated
by Womack and Kade (1944). Rate of growth was very poor
wnen essential aminc acids only were used as the scle source
of dletary nitrogen. Addition of glutsmic scld produced an
immediate improvement. A linear relationship was observed
between rate of growth and the quantity of glutamic acid
provided. Rose, JOesteriing, and Womack (1948) also showed
that glutamic acid was growth-stimula tory when it was added
to a ration containing only the 10 essential amino acids.

However, its omission from a ration containing 19 amino acids
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did not reduce the zrowth rate significantly.

Whether or not glutamle acld is as effective nutrition-
ally in supplementing the essential amino acid as is a mixture
of non-essential amino acids has been debated. Ramasarma gt
ale (1949) observed that the single amino acid enhanced
growth to lesser extent than did a mixture of non-essential
acids, Frost (1942), however, concluded that glutamic acid
could replace all of the other non-essentlal acids in the
diet of the repleting rat.

G%ycine, according to stuiles made at Illinois, 1ndicates
that this amino scid can serve as the sole source of non-
essential nitrogen also (Rose, 1549).

Inorganic nitrogen. Inorganle sources of nitrogen may

also serve 1n supplementary cspacity to the essential nitrow
gen acidse. This fact was demonstrated in 1944 by Hegsted.
He found that a mixture of amino acids considered essential
for the growth of = specific strain of microorganisms was
not sufficient for its culture unless supplemented with some
source of inorganic nitrogen.

1t has been shown that the nitrozen required for the
synthesis of non-essential aminc acids in growth vrocesses of
the rat also may be derived from several sources (Rose, Smith,
Womack, and Shane, 1%49). Ammonium salts and urea are efe-
fective. Urea seoems less efficacious than diammonium citrate,

(Rose et al., 1949; Lardy and Feldott, 1550). It is sig-
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nificant, in this cornection; that nitrogen fed as ammonium
citrate or urea exerted the same effect as 2 mixture of non-
esaential acids upon the formation ol xanthine oxldase in

the liver (Williams and Elvehjem, 1950).

Quantity of non-essential nitrogen in diets

Ross concluded his studies of the amino acld requirege
ments of man by determining the approximate amount of nitro=-
gen winich 1s required for the synthesis of the noneessentisl
amino aclds when the dist furnishes the 8 essentials each at
its safe level of intake (Rose and Wixom, 19855), It aipeared
that equilibrium could be acileved with rations in which the
essential amino acids provided 1,9 gm. of nitrogen daily and

the non-essential 2,0 gm. of nitrogen, i.e., approximately

& 1l:1 proportion.
Factors Related to Utilization of Amino Acids

Utilization of dietary amino acids is influenced by a
nunber of factors., Some of these have been recognized, the
influence of others is not understood clearly at the present
time. The requirement for any individual smino acld may be
determined by the level of intake of certain other acids,

It seemé, also, that distary components other than nitrogen
play an important role in determining degree of amino acid

utilization. Before the amino acids required by the adult



15

male albino rat {or body maintenance can be established, some
of the factors that may influence the utilization ol nitro-

gen nesd to bs clarified., Certain of these factors will be

discussed below.

Imbelance of amino acids

It more or less has been conceded that mixtures of good
quality proteins contain balanced supplies of amino acids.
Elvehjem has written (1956) that rats experience no kidney
damage even when the ration contains as much as 90 per cent
of a high quelity proteln., However, when the dietary protein
is incomplete, serious results may follow the fesding of
diets in such proteins. He belleves that as the quantity of
an inadequate protein in the diet is Incressed, the require-
ment for certain amino acids increases and the effect may be
mqre’&eleterious than 1f this protein of poor biologic value
were used at lower levels,

It was from observations like these that appreciation
of the significance of amino 2c¢id imbalance developed. The
idea grew out of early studies on the reletionship of trypto-
phan and niacin in maintaining normal growth and preventing
pellagra (Krehl, =t al., 1946, and 1946a). Then came the
suggestion of fat in the liver may serve as index of amino
acid imbalance (Harper, et al., 19563)., Ths rcles played by
various amino acids in controlliing deposition of fat in the

liver is being studied in many laborstories presently. This
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review will confine itself to a discussion of the effscts of
alterations in the methionine, phenylalanine, and threonine
contents of a dle¥ on utilizztion cof nitrogen.

Methionine. 1In 1947, Brush, Willman, and Swanson showed

that methionine 18 the most powerful of the essential amino
acids in sparing opody nitrogen in adult rats partially
depleted of body stores of the element. Andlyses of the
whole carcass of the experimental animals indiecated that
tissnes were degraded to secure thils amino acid for the
synthesis of functional proteins and metabolites needed for
the suprort of 1life.

Anderson and Combs (1952) studled the effee¢t of methio=-
nine and glucose rstios on growth of chicks. It was observed
that the consumptlon of feed was greatly reduced when ad-
ditional DL-methionine (3%) was added to the adequate bassl
diet. ¥hen chicks were force~fed a glucose-methionine
mixture, they lost significzntly less weight than did the
chicks force=fed an equal amount of glucose solution, It was
suggested, therefore, that the slow rate of growth of the
chicks fed an excess of DL-methionine mlzht be due to, in
part, the selferestriction of the feed intake.

The addition %o the diet of excess DL-methionine, howe
ever, appears to alffect adversely the growth rate of several
species. Russell et ale. (1952) reported that a normal rate
of growth occuwrred in white rats when they were fed a diet

containing the mixture of essential amino acids formulated
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by Rose and Womack (1946). The feeding of extra Dl-methio~
nine, however, induced a retardation of growthe.

EXcessive quantitiss of mothionine in the diet also has
an unfavorable effect upon nitrogen balance in dogs (Roth
and Allison, 1£498), Thls disturbance was counteracted by
glyecine or arginine.

Wyzan, Kade, and Shepherd (1280} found thet the reten-
tion of nitrogen in dogs was enhanced by supplementing casein
hydrolysates with methionine up to 40 mg. of nitrogen per
killogram as methionine., The addition of more than 50 per
cent of the total amino acids as methlonine resulted in
serious physical deterioration apparently creating an lm-
balance and seriocusly impairing utilization of nitrogen. The
authors did not attribute the effects of the imbalance
directly to the lablle methyl group or sulfur atom since
excess choline chloride, cystine, and cysteine were fed
without adverse eifect.

Tucker and Eckstein (1937) end Channon et al. (1938)
showed that the deposition of lipids in the livers of rats
fed protelin rations dsficient in choline was influenced
adversely by the addition of cystine to the diet. On the
other hand, methionine exerted a favorable action,

Consldersable controversy had centered around the
question of whether the lipotropic activity of a protein can
be ascribed to its content of cystine and methlionins. It is

clear that methionine is the only aminc acld that can reduce
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the concentration of fat in livers of animals fed dlets
deficient in choline (Eckstein, 1952),.

iore recent studies dealing with the role of methionine
when fed in conjunction with low protein riets have dis-
closed some interesting information. Studies from Elvehjem!'s
laboratory (Harper, et al., 1954) demonstrated that as little
as 0,1 per cent DL-methionine exerted a lipogenic eoffect on
rats fed a threonine-low 9 per cent casein diet that was
supplemented with choline but not with cystine. The accumula-
tion of fat in the liver, however, was appreciably reduced
by supplementation of the ration with threonine. The authors
indl cated that thelr reference dlet contalning 9 per cent of
casein was primarily deficient in sulfur amino acids. FWhen
methionine was added, the secondary deflclency of threonine
became esvident. It was suggested that the proportions as
well as the actual quantities of amino aclds are of consider-
able importance in respect to the accumulation of fat in the
liver, This effect is especially interesting since methio-
nine long has been recognized as a lipotrople factor. The
effect must be separate and distinct from the effect of
choline and the sparing effect of msthionine on choline.
These results are not limited to weanling rats, since a
similar accumulation of liver fat 1s obtained with adult
animals when the lsvel of casein is reduced tc £ per cent
(Harper ot al., 1954a),

Phenylalanine., In 1940, Moss and Schoenheimer, by




i

feeding labelled amino acids showed that the cmmversion of
phenylalanine to tyrosine proceeded even when high levels of
tyrosine were fed elong with phenylalanine. They alsc found
that mice fed a phenylalanine~low but otherwise adeguate
diet (tyrosine amd other amine acids being supplied in
adequate amounits) converted a smaller proportion of the
absorbed phenylalanine to hepatic tyrosine than did animals
fed the diet contalning sdequate phenylalanine,

Eler et al. (1944) reported that the supplementation of
Dl~phenylalanine at the 5 per cent level exerted an inhibiltory
effect on growth in young rats. On the other hand, large
amounts of phenylalanine added to & caseln diet were me-
tabolized by dogs without any i1l effects (Wyzan, et al.,
1980).

Investigstors in Elvehjem's laboratory (Benton, et al.,
1956a) demonstrated that a ration contalning 3 per cent Di~
phenylalanine caused a depression of growth in young rats
when 1t was fed in}conjunction with a basal diet containing
O per cent cassin supplemented with tryptophan and methionine,
The growth depressing effect was completely overcoms by the
addition of threonine, At a higher level of phenylalanine
intske, threonine, however, was not completely effeective in
restoring the growth rate., It should be noted alse that
under thelr experimental conditions the feeding of phenylalanine
caused a reduction in the concentration of fat in the liivers

whether or not threonine was added to the dist.
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Threonins, It has been found that threonine is another
anino acid that is particularly active in determining
balance eor Imbslance between amino acids as Judged by rate
of growth of rats and deposition of fat in the liver,

Threonine when added to a basal diet containing 9 per
cent of casein, 0,2 per cent of c¢ystine, and 0.2 per cent
choline exerted a depressing effect on growth (Singal, et
ale, 1953 and Eblsuzaki, et ai., 1952). Hepatic fat was
normal. When tryptophan was supplied, growth improved but
livers contained 14 per cent of fat., P#hen both amino acids
were added simultansously the animals grew and hepatic fat
was maintained at a normal c:ncentration. A comparasle
situgtion prevaeiled when & mixture of amlno acids provided
the dletary nltrogen (Sinzal, et al., 19532)

These workers belleve that hydroxyl groups per se do
not acecoumt for the lipotroplc action of threonine. It is
interesting that activity occurs only when choline is present
in the dlet., Ebisuzakl et gl. (1852) have advanced the
theory thaet excess dietary threonine causes an imbalance by
decressing the availability of imino acids in whole casein,
prebably by the inhibition of digestive processes.

The concentration of fat in the livers of rats fed low
proteln dlets containing pork, beef or egz albumin is depen~-
dent on the level of dietary protein when the rations are
supplemented appropriately with choline, tryptophan, asnd
methionine (Winje, Harper, Benton, Boldt, and Elvehjem, 1954),
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The addition of threonins, however, always reduced hepatic
fat. On the' other hand, excessive deposition of liver fat
was not observed when fibrin was the dletary protein (6%,

7.5% or 9%). It was suggested that maintenance of hepatic

fat at normal concentrations in rats fed low protein diets
containing choline "depend upon the presence of a specifiec

ratio of amino acids"™,

The phenomenon of fat deposition in livers also wss
observed in adult rats by Harper, et al. (1954a). When they
fed a basal diet containing 5 per cent of casein, well=-
nourished adult rats maintained body weight during a 3-week
period even though the concentration of fat in the dry liver
increased to 26 per cent., When the basal diet was supple=-
mented with O.4 per cent DL~threonine, these mature rats
were able to maintain & normal concentration of fat in the
liver, l.e., 14 per cent on the dry basis, and gained 22 gm.
in body weight during the experimental period (3 weeks)e.

Threonine also plays a role in repletion dlets. Young
adult male albino rats were rendered hypoproteinemic and
mederately anemic by the feeding of a low pfotein but other-
wise adequate dlet for a period from two to three months
(Steffee, et al., 1950). A repletion diet deficient in
threonine induced a rather high concentration of fat in the

livers.

Optical forms of amino ac¢cids

The work of several groups of investigators has shown
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that the D-isomers of certain amino acids are not utilized
by the animal organism to the same degree as the L~forms.
The early studies of du Vigneaud, et al. (1932), and Berg
(1934) showed that D-tryptophan could be utilized as ef-
fectively as the naturally occurring IL-tryptophan for the
support of growth in rats. Howsver, Nasset and Ely in 1953
showed that under rigldly controlled conditions, adult rats
required twice as much D= as Le-tryptophan to achieve nltro-
gen equilibrium.

Rose (1949) reported that D-tryptophan could not be
utilized by the adult human male for the maintenance of
nitrogen equilibrium.

The reviews by Berg (1942, 1953, and 1955), by Albanese
{1947), and by Neuberger (1948) indicate that the rat is un-
able to utilize the D-forms of isoleucine, leucine, lysine,
and threonilne., Valine is partially available and histidine
more readily so. D-methionine and D~-phenylalanine can be
fully inverted apparently. Data from Nasset and Anderson
(1951) suggest that the D-component of DL-methionine is fully
utilized at or near nitrogen equilibrium but may not be
utilized at 2ll when nitrogen balance is decidely negative,

The comparative nutritional values of a mixture of
essential amino aclds coxtalning a mixture composed entirely
of the I-forms of the aclds and of one composed of DL=-forms
was determined by Pilsum and Berg in 1930. Both mixtures
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provided the sane quantities of biological active amino aclds
and suppllied twice the minimal amount of essential amino
acids recommended by hose {1937} for inducing growth in the
rate Rats fed elther the mlxture of L~ or DL~ essential
amino acids grew approximately the same. Growth was retarded,
however, when the rats were fed a diet contalning a mixture
of DL-essentlial acids which provided twice the quantity of
sach acld present in the Le=acid mixture. Later studles from
the same laboretory (Phillips and Berg, 1954) suggested that
animal organism might be limited in its capacity to retain
the Deamino acids or to effect thelr inversion.

The author has had occasion 1o study the reclative ef=-
ficienecy of D= and I~threonine during the course of the
present investigation. The studles of Singal, Hazan,
Sydensticker, and Littlejohn (19583) are, therefore, of special
interest. These workers found that 1In supplementinzg a low
protein diet with threonine, both growth and lipotropic
properties were charact:ristic only of the L~Torm of threo-
nine, The unnatural isomer was entirely without efTect. The
D-form, however, did not Interfere with the utilization for
growth of any of the L~form present.

Therefore, the physiologlcal availability of the optical
isomers of the natural amino acids appeared to be an important
factor Iin the evaluation of the adequacy of amino acld amixbtures

for the support of protein nutrition.
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Berg (1955, p. 581) summarizes as follows:

It is probably fair to say that the D=amino
ecids are somewhat less well utilized meta-
bolically because they must first be
inverted. ...they are much more readily
excreted than are the Leamino acids.
{therefore) No clear-cut nutritional inhibi-
tion has been attributed to the D-amino aclds
in the mammal, as is the case with many
microorganlsms,

Varlation in non-nitrogenous components of the dist

The protein-sparing effect of carbohydrate is well
known and was reviewed by Hunro in 1851. The additlon of
extra energy in the form of cerbohydrate to sub-maintenance
dists that contained adequate amounts of protein caused
proportional improvement ir nitrogen balance (Munro and
Naismith, 1853)s The maximum sparing effect is manifested
when the protein and carbohydrate are fed at the same time
(celger et al., 1950).

It has been obgerved by several investigators that the
chick can not utilize various carbohydrates to the same
extent, Johansson et al. in 1947 showed that the number of
coliforms in the intestinal flora of hens fed a dextrin dlet
was 10 times that of a hen given a sucross dlet.e The authors
sugcested that when dextrin was incorporated in the dists a
more favorable medium for the bacterial synthesis of vitamins
was established than was the case when sucrose provided the
cerbohydrate. Anderson et al. (1950) found that the D=-trypto-

phan was utilized by the chick to a greater extent when corn
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was lncorporated into the diet than when glucose was used.
The difference seemed tc be the result of a change in the
bacterial flora in the digestive tract because the nutritive
vaiue of D-tryptophan was decreased upon the addition of
sulfasuxidine to the diet. Monson, et al. in 1950 demon-
strated that the dextrin ration passed through the gastro-
intestinal tract of the chick more slowly than did onse con=-
taining sucrose, and allowed time for the intestinal synthesis
of some unknown factor or factors for the growth of chicks.

Becker, et al. in 1954 tested the ablility of baby pigs to
utilize various sources of carbohydrates when fed in con-
nection with an adequate diet. All pigs failed to gain any
weight when they were on a sucrose or fructose regimen. When
glucose was fed as the dietary carbohydrate, performance was
very satisfactory in terms of survival and rate of growth.
Later studies from the same laboratory (Becker and Terrill,
1954) showed that the feeding of diets contalning carbo-
hydrates from different sources, namely, glucose, sucrose,
dextrin, and cornstarch to the 9-week old pigs produced
equally satisfactory growth. The response, however, was very
poor upon the feeding of lactose as the diletary carbohydrate.
A moderate dia;rhea was occasionally observed. The severity
of the adverse effect of the lactose contalning diet was
retarded markedly by the presence of an antiblotic in the
dlet.
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It has been shown also that rats respond differently
when fed dlets containing csarbohydrate from different sources,
Early studies at itlvehjem's laboratory {Sarms, et al,, 1946
end rlvehjem, 1948) have presented definite evidence that
increased synthesis of niacin, pyridoxine, biotin, and folle
acid in young rats occurred when dextrin was used ss the
dietary carbohydrate instead of sucrose., Later studies from
the same laboratory (Lyman and ElvehJem, 1250) indicated that
the slower passage of dextrin ration through the digestive
tract permitted a slower digestion and more economical
utilization of the other dletary components. The relative
nutritional efficiency of sucrose and glucose in growing
rats was investigated by Lamb in 19850, It was found that
differences were slight tut quite constantly in favor of
Sucrosee.

Harper and Katayama in 1853 showed the influence of
various carbohydrates on The utilization of low proteln
retions by the young rat. The rate of growth of rats was
much slower when fed a diet containing 9 per cent of caseln
and sucrose as the dletary carbohydrate than when civepn the
same casein diet containing dextrin., It is very interesting
to note that the rats fed the suecrose dlet contalning 9 per
cent casein and supplemented with lysine, valine, threonine,
tryptophan and histldine grew almost at the szme rate as
those receiving the 9 per cent casein diet containing corne-

starches Dextrin supported growth equivalent to that obtained
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with cornstarch,

Evidence has been obtalned concerning the protein-
sparing effect of various carbohydrates in adult rats. VWomack,
Marshall, and Parks in 19583 showed that adult rats fed low
levels of amino acids were in negative nitrogen balance when
the dietary carbohydrate was sucrose, whereas nitrogen
equilibrium was attained when the carbochydrate was corn
dextrin or when the essential amino acid intake was increased.
These authors also showed that the fat content of the livers
of the animals indicated that rats receiving sucrose and
emino acids had more fat in the liver than those fed the
corresponding diet with corn dextrin. Later studies from
the same laboratory (Marshall and Womack, 1953) found that
when the quantitles of essential amino acids were doubled
differences in nitrogen balances were elliminated for both
well-nourished and protein-~depleted animals fed diets con-
taining either dextrin or sucrose. The supplementaticn of
glutamic acid increased the nitrogen balance of the animals
fed sucross but had no effect on the group receiving dextrin,
Both well-nourished animals and protein-~depleted animals
responded the same, It is Interesting to note that upon
the feeding of an amino acid diet containing sucrose, the
well nourished animals contained signiflcantly more protein
in the liyers than thosse rats on the curresponding diet con-

taining corn dextrin. These authors further suggested that
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dextrin present in the diet may aid the transformstion of
protein or amino aclds into liver protein. This then uaight
reduce nitrogen excretion and erhaps prevent the accumula-

tion of fat in the livers, also.

Variation in the energy value of the dist

The important bearing of ths energy content of s ration
upon the utilization of proteln has been demonstrated by
several laboratories, I available calories fail to meet
the demand for energy, proteins are diverted from their
normal roles in the maintenance and synthesis of tissus and
functional proteins to provide fuel (Beattie, Herbert, and
Bell, 1948),

The experiments of Willman, Brush, Clark, and Swanson
(1947) and Swanson (1951) indicated that fats have a greater
nitrogen-spering effect than carbohydrates in proteine
deflicient rats fed a low caloric diet. These authors found
that when the diets of partially protein~depleted rats were
restricted to or below 50 per cent of the normal caloric
value, catabolism of tissues was accelerated to a greater
degree in rats recelving low~fat diets than in those fed fat.
In the growing rast apd mouse, the eritical level of caloric
value is 80 and 95 per cent, respectively (Bosshardt, et al.,
1948) .

The effect of the energy valus of the ration on nitrogen

balanee in the dog has been studied in Allison's laboratory.
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Rosenthal and Allison in 1951 reported that when dogs were
fed diets of loww~energy valus, their first response was an
increase in the exceretion of urinary nitrogen without sny
change in the nitrogen balaence lndex of the dietary protein.
The second response was a decrease in the nitrogen balance
index reflecting a shift in the mechanisms of nitrogen
metabollsm., Resistance to caloric restriction was correlated,
in part, with the magnitude of the protein stores of the
body. Later work from the same laboratory (Rosenthal, 1952)
showed that nitrogen utilization might be reduced, when
large amounts of fat were fed in conjunction with diets
restricted in calories and protein, thereby confirming the
work described above,

Leverton and co-workers in 1961 studied the efieet of
the energy veal ue of the diet on niirogen utilization in
young women., They found there was a highly significant re-
duection in nitrogen excretion when the daily ecaloric value
of the ratlon was increased from 1800 to 2400, The nlitrogen
sparing action of the extra calorles was greatest at the
lowest protein intske,

Calloway and Spector in 1954 reported that young men,
normal in weight and nutritional status, lost 12 grams of
nitrogen daily during fasting and that this protein deficit
was reduced by supplying 700 protein-free calories. Ko

further advantage in the sparing of body proteln was achieved
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when the energy valus of the diet was inereased to 2800
calorles daily. The nitrogen balance remained negative
throughout {aprrozimately 7 grams), Data also showed that
the nitrogen balaonce was not improved substantially when
protein was fed with food cof low energy value. Apparently,
the protein fed under these conditions was burned largely

as a source of energy. On a fixed end adequate protein in-
take, energy level was the deciding factor in nitrogen
balances With a fixzed sand adequate energy velue of the diet,
rrotein level was the deteminant,

Garcia (1955) raised the gusestion as to when the need
for calories takes precedence over that for protein at
minimal intakes of both food energy and protein. It was
found in the adult Temale albino rats that nitrogen reten-
tion was increased with increments in dietary protein intaks
when food consumptlon was unrestricted. After caloric
restriction was imposed, nitrogen losses occurred regardless
of the intake of dietary protein. However, nitrogen
equilibrium was re-attained within 30 to 3% dsys of restricted
feeding.

Rose et ale in 1954 reported that three human subjects
were able to maintain positive nitrogen when fed diets
yielding 34 calories per kilogram of body weight daily if
casein was the sole source of the dlebtary nitrogen. The

1sonitrogenous replacemert of whole caseln by a mixture of
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amino aclids rscognized as components of casein induced
negative nitrogen balance. Increasing the energy value of
the diet from 38 to 45 calories psr kilogram of body weight
led promptly to positive nitrogen balance. It seems, there=~
fore, that diets fed to human subjects must have a relatively
high erergy value if amino acids provide the sole source of
dletary nitrogen. This observation was unexpected and dis-
concerting to these investigators. They are unable to offer
any satlsfactory explanation to account for the phenomena,
They suggest that the rapid absorption of the amino acid

dist may lead to spillage in the urine or to an sccezlerated
catabolism. These workers also advance the idea that perhaps
"liveration of amino acids from proteins during alimantary
digestion proceeds in the order and at the rate best adapted
for their economical use in snabolic reactions™ (p. 341).

Is more energy consumed when amino sacids enter the cireculation

more or less simultaneously?
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EXPERIMENTAL PROCEDURE

Plan of the Experiment

The present investigation was directed toward an elucida-
tion of some of the factors that may influence the nitrogsen
requirement of the adult male alblno rat when purified amlno
acids provided the scle source of distary nitrogen. It
secmed that feeding an assortment of amlno acids simulating
those present in a "pure"™ protein whose biological efficiency
was well established offered an interesting and sound
approach to the study.

Lactalbumin was chosen as the reference protein. Clark
{(1950) already had shown that response of rats to the
incorporation either of lactalbumin at the 4.27% level in an
adequate ration or of a mixture of amino acids equal in kird
and quantity to those in the lactalbumin diet was similar
when measured in terms of nitrogen bslance. The mixture she
formulated and varlations thereof were used in the present
experiment .

Clark's basal mixture ccnsisted of two parts; ons cone
talning the essential amino acids only, the other the non=-
essential amino acids. The acids present in the essential
amino acid nlxzture were equivalent to those in one day's

feed of the lactalbumin dlet and assortment was designated as
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EAfel. Simllarly, the acids in mixture of the non-essential
amino aclids known as NEiA-I, simulated those in the ration
containing 4.27% of the referencs vrotein., It was not
possible to obtain all ths non-essential amino acids found in
lactalbumin, The mixture used contained 7 non-essential
amino acids., The EAA-I mixture provided 34 mg. of nitrogen
per day; the NEAA-I, 40 mge. of nitrogen. Thus, the total
amount of nltrogen furnished per day was 74 umg., the
squivalent of that provided by one days feed of the 4,27%
lactalbumin diest,

However, before Clarkt's work could be extended, it
became necessary to re-examine the total over-all adsquacy of
the ration. At the time she conducted her research, rice
bran polish served as ths source of the unidentified B
vitamins; foliec acid and vitamin By, were not yet available
for genceral experimental purposss, However, very shorily
after the present experiment was initiated, production of
rice bran polish ceased, and it became necessary to determine
whether rats resporded in the same way to the feedlng of diets
containing folic acid and vltamin Big &8 they had tc rations
in which rice bran polish was usede. This study of the
influence of vitamin Byo and foliec acid on the utilization of
nitrogen consiituted Series I of the present investigation.

Series 1II was concerned with a study of the influence

of varistions in the nitrogencus components of the ration,
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was directed to methlonine-cystine-phenylalanine-tyrosine
relations.s This investigation was deslignated as Study A.
This exploration was based on & experiments, In the first
experiment, the influence of feeding graded doses of the
mixture of non-essential amino acids (NEAA-I) with the
mixture of esserntial amino aclds (EaA-I) was evaluated in
terms of the increments of cystine and tyrosine thus provided.

In the second experiment, the effect of the omission of
cystine arnd tyrosine from NEAA-I was detemmined., In the
third experiment of this study, the cystine and tyrosine
supplied by NEiA-I were replaced isonitrogenously by methio=
nine and phenylalanine and nitrogen utilization determined.
This modlfication of the essential amino acid mixture was
designated as Ei/A=II, The total nitrogen of the daily diet
was kept vithin the nltrogen content of the 4.27% lact-
albumin ration (74 mg. N¥). In the fourth experiment,
utilization of nitrogen was ocbserved when graded doses of a
mixture of non-~essential amino acids lacking in cystine and
tyrosine (NEAL-II) was fed in conjunction with EilA-II. In
the last experiment of this study, the influence of further
increases in the methionine and phenylalanine content of the
essentlial amine acid mixture was evaluated. The new mixture
thus produced was called EAA~III,

In Study B of Series II, the effect of substituting a
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single non-essential amino acid for the mixtwure of 7 non-
essential amino aclds was tested when dirferent mixtures of
essential amino acids were employed. Clutamic acid was
used as the substitute aminec acid.

In Study C of Series II, the ability of mixtures com-
posed of the essential amino acids only to support protein
nutrition was investigated.

In Study D, the effect of varying the optical form of
one amino acid on the relative efficiencies of two essential
amino acid mixtures was determined, threonine being chosen
for this determination.

Serles III was designed to study the influence on
protein nutrition of varliatioms in the non=-nitrogenous com=
ponents of rations ccntaining amino acids as the sole source
of dietary nitrogen. In this serles, the role played by the
carbohydrate molety of the ration was studied, the effect of
the substitution of cornstarch, dextrose, and sucrosse for the
dextrin in the control diet on nitrogen utilization being
determined in Study A4 of this series. In Study B, the effect
of varying the caloric value of the experimental diet on
nitrogen utillization was evaluated, the respective rations
studled providing approximately 65, 50, and 35 calorises per
rat per dey.

Several criteria were chosen to evaluate the afficacy of

nitrogen utilization under the experimental corditions de=~
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scribed above. Ability of the rats fed the various experi-
mental diets t establish nitrogen balance was determlned
first. Bases of reference were the rations containing the
intact reference protein, lactelbumin, and the diet contain-
ing the mixture of aminc acids simulating those present in
lactalbumin,

However, as indicated in the "REVIEW OF LITERATURE®,
nitrogen equilibrium may not represent an adequate measure of
the state of proteln nutritlion in the adult rat. Hepatic
nitrogen, hepatic fat, and hepatic molsture also are sensitive
indicators. The composition of the liver mey digress from
normel even though nitrogen equilibrium occurs. Therefore,
it was considered mecessary to evaluate the relative prctein
nutrition of the various experimental groups simultenecusly
in terms of body weight, nitrogen balmmce, and concentrations

of nitrogen, fat, and moisture in the liver.

Experimental Groups

Thirteen experimental groups were used in the three
series of experiments described above, Each, when necessary,
contained an appropriate control group. The number of rats
in each experimentel group varled from four to ten. In ths
main, most of the groups contained six animals,

The groups of experimental anlimsls employed and ths
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diets fed to them are summarized in Table 1, the symbol (C)

after any diet designating a control ration.

Table le Experimental plan
SBRIES I. EVALUATION ¢F BiSIC DIET

Diet 1l: 4.27% lactalbumin dilet (C)

Diet 2: Amino aclid diet, EAA-I plus NEAA~I,
supplemented with 100 mge. of rice
bran polish daily (C)

Diet 3: amlno acid diet, Ha4-I plus NEAR-I,
supplemented with 8 meg. of folice
acid daily

Diet 4: Amino acld diet, EAA~I plus NEAA-I,
supplemented with 8 mege of folic
acid and 0,75 mege ©f vitamin 512
deaily

Diet B: sStock ration customarily used in the
Wutrition Laboratory (C)

SERIES II. INFLUENCE OF VARIATIONS IR THZ NITROGINOUS COM=
PONENTS OF TdE DIET

STUDY A: Influence of methionine=cystine-phenylalanine=
tyrosine relations

Experiment One: Eifect of feeding graded doses of non-
essential amino acid nitrogen (NEAA~I) in conjunction
with 34 nge of nitrogen from essential amino acids
(EAA=I) per day

Diet 6: Plus 10 ng. of N from NEAA-I
Diet 6A: Plus 20 mg. of ¥ from NEAA-I
Diet 6B: Plus 30 mge. of ¥ from NEsA~I
Diet 4: Plus 40 mg. of N from NEsA=I (C)
Diet 6C: Plus 50 mg. of N from NeAA-I
Diet €D: Plus 60 mgs of N froxz NEAA-]



Table l. Continued

Experiment Two: ZEffect of omlission of either cystine
or tyrosine from the non-essential amino acid mixture
when fed in conjunction with 34 mg. of nitrogen pro-
vided by essential amino acids (EAL-I) per dsy?

Diet 4: Plus KEAA-I 74 mg. N daily (C)

Diet 7: Plus KEAA~]I minus cystine 74 mge N
daily

Diet 8: Plus NEAA-] minus tyrosine 74 mge N
daily

Experiment Three: Influence of isoniirogsnously re-
rlacing cystine and tyrosine with methionine and
phenylalanine, respectively, and feeding in conjunce
tlon with essential amino acids, total nitrogsn per
day being held st 74 mg.

Diet 4: 34 mge essential N(SAA-I) and 40 mgz.
non-essential N(NEAA-I) (C)

Dist 9: 36 mz. essential N(EA&-I) plus 2 mg.
methionine N) and 38 mg. non-es-
sential N(NEAA~I) minus 2 mg. cystine
K)

8%hen either cystine or tyrosine or both were omitted from
the non=essential amino acid mixture, the remaining non-
essential amino acids were lncreased proportionately to
keep the day's supply of non-essentiel amino acid nitrogen
at 40 mgs, In all cases, the BAA~] mixbture provided 34 mg.
of nitrogsn per day.

bCystine and tyrosine provided by NEAA-I were replaced iso-
nitrogenously by methlonine and phenylelanine, singly or as
& pair., The latter substitution gave a mixture of essential
aclds, hereafter known as EAA-II and providing 38 mg. of
nitrogen daily. The mixture of non-essential amino acids
remaining after the removal of both cystine and tyrosine
was called NEAA=II, It provided 36 mge of nitrogen daily
instead of 40 mg.
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Table l. Continued

Dist 10: 36 mg. essential KN(EAA~I plus 2 mge
phenylalanine N) and 38 ms. none-
essential N(NEiA~I minus 2 mg.
tyrosine X)

Diet 1l: 38 mz. essential N{EAA-II) and 36 mg,
nonwessential N(NEAA~I minus 2 mg.
cystine N, minus 2 mg. tyrosine N)

Experiment Four: Effect of feeding graded doses of
NpAA-1 containing no cystine and tyrosine in conjunc-
tion with 38 mgs of nitrogen provided by & modified
mixture of sssential amino acids (EAA-II®)

Diet 12:; Plus 10 mg. of ¥ from NEAA-II

Diet 12A: Plus 20 mg, of from NEAA-II

Diet 12B: Plus D mge of K from NEAA-II

N
N

Diet 12C: Plus 40 mg. of N from NEAA-II (C)
N

Diet 12D: Plus 80 mge. of N from NEAA-II

Diet 12B: Plus 60 mge of W from NEAA-IT

Experiment Five: Effect of further increasing the
methionine and phenylalanine contents of the essential
emino acid mixture (BAA-IIIP), and feeding 39.5 mg, of
nitrogen per dg in conjunction with non-essential
amino acids nitrogen provided by graded doses of
KEAA=-TT

Diet 13: Plus 10 mg, of N from NEAA-II
Diet 13A: Plus 34.5 mzg. of N from NEAA-II (C)
Diet 13B: Plus 45 mg. of N from NEAA-II

8fhe cystine and tyrosine supplied by NEAA-I were replaced
isonitrogenously by methionine and phenylalanine, respectively.
The modification of the essential amino acid mixture was
deslgnated as EAA-IT

bExtra nltrogen, 0.5 and 1.0 mg. provided by methionine and

phenylalanine, respectively, was added to EAA-II., The new

mixture was called EAA-1II. It provided 39.5 mge. of nitrogen
per day.
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Table 1le Continued

Diet 13C: Plus 60 mge of N from NEAA-II

STUDY B: Bffect of substituting a single non-essential
amino acid for mixture of seven non-essential
amino aclds and effect of feeding with two dif-
ferent mixtures of essential amino aclds, total
nitrogen per day being held at 74 mge.

Diet 4: EAA-I(34 mg. N) plus Bzss-I (40 mg.

¥) (C)
Diet 14: EAL-I {34 mge F) plus glutamic acid
(40 MnZe I‘I)

Diet 15: EAA-II(38 mg. N) plus glutazic acid
(36 mgze N)

Diet 18C: E?AZI§(38 mge N) plus NEAA-II (40 mg,
bt C

STUDY C: Efficacy of mixtures containing essential amino
acids only for the support of protein nutrition

Experiment One: Comparison of three mixtures containe
ing varieble amcunts of methionine and phenylalanine
at two levels of feeding

Dist 16; EAA-I providing 34 mg. of K per day

Diet 16A: EAA-I providing 74 mg. of K per
day (C) |

Diet 17: BAA-II providing 38 mg. of N per day
Met 17A: EAA-II providing 74 mge Of N per day

Diet 18: EAA-III providing 35.5 mge. of N per
day

Diet 18C: EAA-III providing 74 mg., of N per day

Experiment Two: Effect of feedinz EAA-IITI in quantities
providing graded doses of nitrogen

Diet 18: 39,5 mg. of N per day
Diet 18A: 50 wmg. of N per day
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Table 1. Continued
Diet 18B: 60 mg. of K per day
Diet 18C: 74 mg., of N per day (C)
Diet 18D: 80 mg. of N per 4day

STUDY D: Effect of variation in the optical form of one
samino acid in the esszential amino acid mixture

Bxperiment One: Effect when essential amino acid
nitrogen only as present in EAA-I and EAA-II, is fed

Diet 17: EAA-II containing 0.2% Le-threonine
(38 age N per day)

Diet 19: EAs=II containing 0.4% DL=-threonine
(38 mge ¥ per day) (G)

Diet 20: EAA=-III containing 0.,2% L~threonine
(32.5 mg., N per day)

Diet 18: EAs=-III containing 0.4% DL-threonine
{3%.5 mg. N per day) (C)

Experiment Two: Effect when dietary nitrogen is pro-
vided by both sssential and non-essential amino acid
nitrogen, EAL-III (39,5 mg. N) and NEAA-IT(34.5 mg. N)

Diet 21: BAA~III containing 0.2% L-threonine
Diet 22: EAA«III containing 0.4% L-threonine

Diet 13A: EAA-III containing 0.4% DL-threo=
nine (C)

SERIES IIX: INFLUENCE OF VARIATION IN THE NON-NITROGENCUS
COMPORENTS OF THE DIXT

STUDY A: Effect of using different sources of ecarbohydrate
in the diet contalning BAA-III (39.5 mg. ¥ per
day) and NEAA~II (34.5 mge. N per day)

Diet 13A: With 67.5% dextrin (C)
Diet 23: With 67.5% cornstarch

Diet 24: With 67.5% dextrose
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Table ls Continued
Diet 25: With 67.5% sucrose
STUDY B: Effect of feeding the amino acid diet containing
EAA-III (3%.5 mg. K per day) and NEAA=II (34.5
mge N per day), but at different levels of
caloric intake

Diet 13A: ?hen 65 calories per day are offered
C)

Dliet 26: When £ calorlies per day are oifered

Diet 27: When 35 calories per day ars cffered

Experimentel Animals

Adult m2le alblno rats approximately six months old
(24 2 2 weeks) were used. They were Wistar stock, strain A,
and had been inbred for more than 100 generaticns by brother
and sister mating., From ths time the rats were weaned at 28
deys of age until the beginning of the experiment, twe
animals were housed together in pairs in a round wire-meshed
cages They were maintained on a stock dlet which contained
approximately 23% protein. They were weighed weekly. Only
those animals free from respiratory infections and exhibiting
normal physical characteristics were used. The animals chosen
for any experiment were distributed in such a manner that the
average welghts of the animals in the groups meking up the

expsriment conformed as closely as possible.s In general,
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only animels weighing 340 - 370 gm. were chosen., Prlor to
the initiation of the experiment, the experimental animals
were transferred into individual cages for several days in

order that they might adjust to separate housing.
Experimental Diets

The basic diets

The compositlion of the protein~free diets used as the
bases for the formulation of the various rations fed in the
present expsriment 1s shown in Table 2, The nitrogenous
component of any ration always was lmntroduced at the expense
of the dletary carbohydrate in formulae given, Two diets
were fed at reduced levels of Inteke In Study B of Series IiI,
and the composition of trese basic diets, therefore, was
modifled in order that one day's feed might provide the same
quantitises of Osborne and Mendel salts, ruifex and sodium
chloride as the diets fed the other experimental groups.

The butterfat was prepared by melting several pounds of
butter purchased from the loecal market, When the butter was
thoroughly melted, the milk solids which floated on the top
were carefully rexoved by skimming. The clear liquid was
filtered through a clean cheese cloth placed in a hot water
funnel and then stored in 2 deep freeze until ready for use.

?he ﬁasic diet was supplemented with & mizture of

vitamins belleved to be adequate for the maintenance of the
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Tavle 2. Composition of the nitrogen-iree basal diets used
in Serles I, II, and III of the expsriment, nitro-
gen~containing components being added at the
expense ol carbohydrate.

Cletary Series Series 111
component I and
II:
Ulets l- Study A Study B
22 in=-
clusived
Dlet Diet Diet Diet Diet
23 24 25 258 27
gle frad Ehe e ghe Tile

DextrinP 73 — - -=  71.8 69.8

Cornstarch® - 73 - - - -

Dextrosed - - 73 - - -

Sueroged - - - 73 -— -

Butterfat® 10 10 10 10 248 3.9

Swiftnting® 10 10 10 10 9.6 8.9

Ou & #, saltsl 4 4 4 4 5,1 7.1

Ruffex? 2 2 2 2 2.6 3.8

¥aCls 1 1 1 1 1.3 1.8

Tobtal 160 100 100 100 100.0 100,0

Total calories 472 472 472 472 460 432

8Ezxcept for Diet 5, which was stock ration customerily used
in the Futrition Laboratory

Opysher Sclentific Coe

CPenick & Ford, Inc.

dpranstiehl Chemical Coe.

SF¥rom butter purchased on the local market

fswift & Coe

ERaker Chemical Co.

1Gsborne, T« B. and M¥endel, L. B. {(1919), J. Blol. Chenm,

37, 557-601
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adult rat, the compesitlon of which i8 given in Table 3.

The mixture was prepared as described by Clark (1950, p. 7).
The daily dose was 500 mge A preparation known as rice bran
polish factor II was first used as a source of unidentified
B vitamins. It was replaced, however, after the completion
of Series I, by vitamin By, and folle acide The vitemin By,
was not a part of the vitamin mixture; it was adminlstered

intraperitonesally.

The reference diet

A preparation of lasctalbumin of high quality secured
from Harris Leboratories, Divislon of Bristol-Myers of New
York was used as the reference protein in the present experi-
ment, The specific concentrations of 15 of the amino acids
present in the preparation was determined by means of micro-
biological assay (see Table 4). At the time these assays
were made, methods were not available for the analyses of
threonine, alanine, and serine., The respective concentrations
of these acids in the reference lactalbumin were estimated
from data provided by Schmidt (1944).

It was found that tkls preparation of lactalbumin cone
tained 12,725 per cent nitrogen, 1.04 per cent ash, and 8,18
per cent moisture (Kuehl, 1949). Therefore, the nitrogen
content on the ash-free molsture~free basis was 14.01 per
cent, This gives 7,14 as the factor for the conversion of

the nitrogen value to protein.



Table 3¢ Vitamin supplements added to basgal diets.

Comwponients Allowance psr rat psr day
Diets Diet Diet
laz2 3 48

Dry mixture

Biotin, crystailine 1 mcge 1 mcge i mcge
Thiamine® 40 mcg. 40 meg. 40 meg.
ryridoxine® 40 mcge 40 mege 40 meze
Ribnllavin® 60 mecee 60 mege €0 mege
Ca pangcthenateb 100 moge 100 mege 100 mege
Fiacin 500 mecZe 500 mege S00 mege
Ascorble acid® 1 mg. 1 mg. 1 mg.
Choline chloride® 5 mg, 5 mge 5 mZe
Inositol® 10 mge 10 mge 10 mg.
Para-amino benzolc acid® 10 mge 10 mg. 10 mg.
Elce bran polish, Factor 11f100 e —— -
Folic acid® - 8 ncge 8 mcge
Dextrin® ©o total weight of 500 mg. 500 mge 500 mge
Cod liver oilk SO mge 0 mg. 80 mge
Alpha-tocopherol solutxog? & mge S0 mge 50 mge
Vitamin B,,, erystallined -— - 0,75 mege

84Tter the completion of Sefles, this mixture was used
taroughout the courses of the present experiment
bGeneral Blochemiecsls Inc.
°Nutr1tional Blochemical Corp.
dyyeth Inc.
Ciierck & Co.
fRorden GCos.
g+#isher Scilentifle Coa
bE, R. Squibb & Sons
irive gm. of alpha-tocopherol (Nutritional Biochemical Corp.)
was added to 328 gm. of Wesson oil. The daily doss of 50 ug.
of thls solution contained 0,75 mg. of alpha=tocopherol
Jg11 Lilly & Co.
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Table 4, Amino acids present in lactalbumin as determined
by microbiological assay?

Amino acid Per cent amino acid Mg. amino acids
in lactaibumin in 4.27 gn.
lactalbumin
Arginine 2.56 109.1
Histidine 1.65 7063
Isoleucine 5,00 213.0
Leucine 9.71 413.6
Lysine 757 52245
liethionine 1.86 79.2
Phenylalanine 5.29 140.2
Tryptophan 1.66 T0.7
Valine 5.13 218.5
Aspartic acid 8.50 562.1
Cystine 1.82 77¢5
Glutamic acid 14,60 622.0
Glyeine 1.63 69.4
Proline 4435 185.3
Tyrosine 5.08 131.2

aAnalyzed through the courtesy of Dr. M. S. Dunn, University
of California, at Los Angeles
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Early studies (Swanson, et al., 1948) had demonstrated
that a synthetic diet contalning 3.5 = 4,0 per cent lacte
albumin protein supported nitrogen equilibrium in the adult
rate. Clark (1950) had demonstrated that about 4.27 per cent
of the preparation of lactalbumlin used in the present
experiment supported nitrogen equilibrium. This amount of
lactalbumin preparstion, therefore, was used agsain in the
reference ration and supplied 3.88 per cent protein.

Weighed amounts of ths dry ingredients of the reference
diet wers tabled carefully on a large sheet of cellophane,
They were then transferred into a Hobart mixer, the melted
fat added, and all mixed at a medium speed for 30 minutes,
Any fat adhering to the paddle or bowl was scraped into the
mixture at intervels.

Analysis showed that the reference diset contained 583 mg,
ef nitrogen per 100 gm., the basic portion furnishing 40 mg.
of this amount. The reference diet thus contained 543 mg,.
of nitrogen per 100 gm., which was equivalent to 3.88 gm. of
protein, the quantity initial calculations indicated would be
present, One day's feed (13 gm.), therefore, contained ap-
proximately 74 mg. of nitrogen provided by lactalbumin
protein. The selection of I gm. as the quota of ration to
be fed daily, however, was based on the gquantity which the

rat consumed when the reference diet was olfered ad 1liblftum.
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The amino acide=contalning diets

At the tims the present experiment was initlated,
natural isomers of several amino aclds wsre not readily
obtainable, Therefore, DL-forms of several amino acids, i.e.,
isoleucine, methlionine, phenylalanine, threconine, valine
alanine, and aspartic acid were used., It has been shown,
however, that the rat does not utillize both optleal isomers
of certaln of these acids equally well. For this reason,
twlce the required emounts of isoleucine, threonine, an
valine were included in the essential amino acid mixture,

No correction was made for DI~forms of msthionine, phenyl=-
slanine, alanine, and aspartic acld since the rat appears to
use both optical isomers of these amino acids efficiently.

The water present in L-hlstidine was taken into account in
the preparation of the mixturs, The hydrochloric acid prssent
in L~histidine and L-lysine was neutralized by the incorpora=-
tion of arpropriate amounts of sodium carbonate (see Clark,

Pe 102).

A report in the literature indicated Dieserine, the
only form available for general experimental pwpypose which
exsrted a nephrotexic effect (Fishman and Artom, 1944),
Therefore, it was omitted from the mixture and replaced iso=-
nitrogenously by glycine, since serine and glycine appear
to be ﬁnterconvertible (Goldsworthy, et al., 1949},

Tﬁirty-saven different mixtures of amino acids were used



in the present experiment. The amino acids fed daily, in
general, conalsted of two parts, one corntaining the essential
eminc acids (EAA) only, the other, the non-essential amino
acids (NEAA)e In the basic reference mixture, each part was
formulated so that its amino acids would be equal in kind

and quantity to those present in one day's feed (13 gme.) of
the reference dist containing 4.27 per csnt lactalbumin
preparation, The composition of this reference mixture is
shown in Table 5, (Diet 4, made up by EAL~I plus NEAA-I).

The amino acid mixtures used in making two other basic diets,
ile0e, Diot 11 containing EAL~-II plus NELA-II and Diet 13A
containlng BEiA-III plus NEAR-II are shown therain also, The
total nitrogen provided daily by these three different mix-
tures, was kept within the nitrogen content of one day's feed
(13 gme) of the diet contalning 4.27 per cent of the lacte
albumin preparation {74 mg. N). The quantity of each individusal
amino acid to be incorporated in an amino acid mixture was
calculated as described by Clark (pe. 107, Table 8), The
formulae in less detalled form for the remaining amino acid
mixtuwres studies appear in Table 6.

Before the experiment was initiated, the amino acids
employed were ansalyzed for thelr nitrogen concentration. The
values all were within a satisfactory range.

The desired amountsof amino acids were welghed on an

analytical balance when humidity was relatively low, then
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Composition of three basal mixtures of amino acids used in experimemtal diet:

Amino acid fed Optical Mg. amino acid/100 gm. diet Mge utilizable aminc
form as formlated 100 gm. dist
ubilized
by rat

EAA-I  EAA-IT  EAA-IIT EAA-I  EAA=IT ¥
and and and and and
NEAA-I NBAA-IT NEAA-III NEAA-I NEAA-II &
(Diet L) (Diet 1I) (Diet 13a) (Diet L) (Diet 11) {
%
Mge nge nge ng. g

Learginine.HC1® . L 132 132 132 109 109

I--histidine.HCl.Hzoo DL 95 95 95 70 70

DL-isoleucine® L 126 L26 126 213 213

L-leucine® L AN h§h hi Mk Ihil

L-lysine.BC1? L 105 los 105 322 322

DL-methionine® DL 79 232 286 79 232

DL-phenylalanine® DL 10 330 ko7 110 330

DL-threonine® L 395 395 395 198 198

L-tryptophan® DL y£8 i T n 7

DL-valine® L 437 437 437 218 218

Total 2594 2937 3068 183h 2177

DL-alanine® DL 164 16l 157 164 16k

DL-aspartic acid® DL 580 580 555 580 580

L-cystineP b L 12k - e 124 ——

L-glutamiec acid L 996 996 955 996 996

GlycineP - 320 320 307 320 320

Leproline? - 297 297 28l 297 297

L-tyrosine® , DL 210 ——— - 210 -

Tobal 2691 2357 2258 2691 2357
Grand total 5285 5294 5326 1525 L53k

8\utritional Biochemicals Coxp.

Drerek & Coo

®Eastman Kodak Co.






rimental diets.

ilizable amine acid/ Mg. utilizable amino acid/ ¥g. utilizable amino acid nitrogen/
. diet 1 day's fead (13 gn.) 1 dayts feed (13 gm.)
EAA-IT  BAA=IIT EAd=]  BAd-IT  EAA-III EfA=I  EAA=II  EAA-III
and and and and and and and and

NEAA-II NEAA-III  NEAA-I NEAA-IT NEAA-III NEAA=-I NEAA-II NHEAA-IIT
L) (Diet 11) (Diet 13A) (Diet k) (Diet 11) (Diet 13a) (Diet L) (Diet 11) (Diet 13A)

e mge Nige g ge mnge ng. nge
109 109 1k 1k 1k lieb o6 L6
70 70 9 9 9 2.5 2.5 2.5
213" 213 28 28 28 3.0 360 3.0
lah lah Sk Sk 5L 5.8 5.8 5.8
322 322 L2 L2 L2 8,0 8.0 8.0
232 286 10 30 37 0.9 2.9 3¢5
330 107 18 I3 53 1.5 3. o5
198 198 26 26 26 340 3.0 3.0
a8 71 9 9 9 1.3 1.3 1.3
218 218 28 28 28 3.k 3. 3.k
2177 2308 238 263 300 3.0  38.0  39.5
16k 157 21 21 20 3e3 33 3.2
580 SSS ’ 75 75 72 70 7-9 706
— — 16 - - 1.9 — —
320 307 y2 b2 Lo 7.7 7.7 Tek
297 28hL 39 39 37 goz b7 kS
- e ’ 27 - -— Py - -

3L lSe6 588 S0 59k o Tho  Theo
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Table 6. Composition of 33 modifications of the three basal mixtures of amino acids,

Amino acid fed Diet Diet Diet Diet Diet Diet Diet Diet
6 6A éB 6C 6D 7 8 G

NZe nZe Mo 118248 Mo N3e 117209 Nge

L-arginine HCl Le6 e Le6 Le6 Leb L6 he6 Lieb
L~histidine.HCL.Hy0 2,5 245 2.5 2.5 2.5 2.5 2.5 2.5
DLe-isoleucine 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
L.leucme 5.8 5.8 5.8 508 508 508 508 508
IPlySineoHCI 8.0 800 840 800 B0 8.0 8.0 8.0
DL-methionins 009 009 009 009 009 009 009 209
DL-phenylalanine 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
DLethreonins 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Iptryp‘hophan 1.3 1e3 1.3 1.3 1.3 1.3 1.3 1.3
DL=valine 30)4 30,-1 3. )4 3011- 3-11 3. h 3011 30’4
Total 3hs0  3h4e0 340  3Le0 3L  3LhO  3k0 36,0
DL-alarine 0.8 1.7 ° 2.5 L2 5.0 3.5 3.5 3e
DIﬁaSpartic acid 2.0 h.O 600 909 11.9 803 803 709
L-cystine 045 0.9 1L 2.3 2.8 wm= 2.0 ——-
L-glutamic acid 301 601 902 150)4 18‘5 1209 13.0 03
GlyCine 109 309 5.8 907 11.6 8.1 8.2 707
L-prOIine 102 20’-1 305 509 700 500 500 h‘ 7
L-tyl‘osi.n& 0.5 100 1-6 2.6 3 2 2 2 - 201

Total 10.0 20.0 30.0 50.0 60.0 0.0 0.0 38.0
Grand total khs0  She0  6L0 840  9h0  ThO  ThO  Th.O







: of amino acids.

Diet Diet Diet Diet Diet Diet Diet Diet Diet Dist Dist Diet
8 g 10 12 124 12B 12¢ 12p 12E 13 3B 13C

nEs MEe Mo MEe mZe MEe MEe NEe Ze mSe Nige e

hos ho6 )406— hoé hoé hoé ,40 6 ’ h06 hoé )-lo 6 }406 ho6
2.5 295 2.5 2.5 205 2.5 205 205 . 2.5 2.5 205 205
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
548 5.8 568 58 5.8 5¢8 5.8 5.8 S5e8 5.8 5¢8 548
8.0 840 840 840 840 840 8.0 840 8.0 840 8.0 840
0.9 209 0.9 2.9 2.9 249 2.9 2.9 2»9 305 305 30?
1.5 1.5 3.6 3.6 3.6 366 3.6 3.6 3.6 lie5 L5 lie5
3.0 3.0 3.0 EN 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
103 103 103 103 103 103 103 103 103 103 103 103
3.h 3.k 3ol 3okt 30k 3els 3.k 3ol 3.4 3k 34 3ok
340 3640 36,0 38.0 38,0 38,0 38.0 38.0 38,0 39,5 395 395

3.5 3. 303 0.9 1.8 2 8 3 7 h.é SOS 009 h.l 505
8.3 Te9 Te9 2,2 Loy 6.6 8.6 1.0 13,2 2.2 9.9 1342
2 o0 B od 2 0 bt -— - ——— - - et - ———
13.0 123 123 3 6.8 1043 13.7 17.1  20.5 el 1543 20.5
842 77 Te7 2,2 b3 beli 8.6 10.8  12.9 2.2 9.9 12.9
540 b7 b7 1.3 2.6 369 5.2 6.6 19 1.3 5.8 1.9

- 2 .1 - avan R ddend N9 S - -evan o

0.0 38,0 36.0 10,0 20.0 30,0 0.0 50.0 60,0 10.0 5.0 60,0
7h.0 7h.0 740 8.0 58,0 68.0 78,0 88.0 98.0 9.5 8k.5 9945
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Amino acid fed Diet Dist Diet Diet Diet ©Dpiet Diet Diet Diet
1 15 16 164 17 174 18 184  18B

Hce NEe Nge HNEe Mge Mo mZe B e MEe

L-arginine JHCl heb Leb lé 10.0 L6 9.0 he6 5.8 7.0
L"histidineoECloﬁzo 2.5 2.5 2.5 Sch 205 )Ja 9 2.5 3.2 30 8
IL=-isoleucine 3.0 3.0 3.0 6.5 300 508 3.0 308 ).106
I=leucine 508 508 508 12.6 5.8 1103 508 7.3 8.8
L-lysine,HCl 8.0 8.0 8.0 17.k 80 15,6 8.0 10,1 12,2
DL-methionine 0.9 2.9 0.9 2,0 2.9 56 3.5  hl 5.3
DL-phenylalanine 1.5 36 1-5 3.3 306 7.0 1145 5.7 6.8
DL-threonine 3.0 3.0 300 6.5 - - 3.0 3.8 h. 6
L~threonine : — — —— ——— 3.0 5.8 — — —e
L-tryptophan 1.3 1.3 13 2.8 1.3 2.5 1.3 16 2.0
DL-valine 30)4 3.k 3ok 70}4 3.4 6.6 3 he3 52
Total 3L4.0 38,0 3L0 7h0 38.0 T7heD 39,5 50.0 0.0

Di~alanins —— —  — ——— —— —— S
Dl=asgpartic acid -——- ——— — — —— - R N
Leglutamic acid 400 3640 — -—— — —— —— —— ——
Glycine - — ——  —— e -— - ——
L-proline -—eman oo - - - - e - -
Total 100 36.0 00,0 00,0 00,0 00,0 00.0 00,0 00,0

Grand total T7h.0 7Lhe0 340 T7LhO 38,0  ThO 39.5 N0 8.0

P, ]







Piet Diet Diet Diet Diet ©Diet Diet Diet Diet Diet
174 18 84 188 18 18 19 20 al 22
MZe me nge ne MEe mge MEe MEe MEge MEe
9.0 ko6 5.8 7.0 8.6 9.3 o6 Leé he6 Le6
Le9 2.5 3.2 3.8 b7 5.1 2.5 2.5 2.5 2.5
5.8 300 308 )-106 506 601 3.0 300 3.0 300

113 5.8 7.3 8.8 109 11.7 5.8 5.8 5.8 5.8

15.6 8.0 10,1 12,2 15,0 16.2 840 8.0 8.0 8.0
56 3e5 o ly 5.3 606 7.1 2.9 3¢5 3¢5 3.5
740 ko5 5.7 6.8 8.1y 9.1 36 45 4e5 he5
- 300 308 h- 6 5.6 601 300 -oe - -asce
508 e - bataand hataded —— —aman 300 3-0 6.0
2.5 1.3 16 2.0 2.4 2.6 13 1.3 1.3 1.3
6.6 3. b3 5.2 6. 6.9 3.4 3.k 3.4 304

The0 39,5 50.0 .0 7hs0 80,0 38.0 39 39, k2.5
— - ——— - — — —e Cwe- 3.2 342
e I -
~ee eme ewe mes wes ——— e —— 11.6 11.8
cme mme wmm mmm mee mee em= == TJi o Tels
P N X

00.0 00.0 00.0 00,0 00,0 .0 00,0 00.0 3b.5  3h.5
7The0 39,5 0.0 60.0 T7hO 80,0 38.0 39.5 7hO  T7.0
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transferred to a mortar and ground %o a fine powder., They
were tabled carefully together and the mixture analyzed for
the concentration of nitrogen immediately. The values all
were within a satisfactory range.

As with the reference dlet, the amino acids replaced
an equal welght of carbohydrate in the basic nitrogen-low
diet (see Table 7). Other diets were formulated similarly,
Every precautlon was taken to insure quantitative transfer
and thorough blending of amino acid mixtures with other
ingredisnts. For example, the amino acid mixture and the
appropriate quantity of sodlum carbonate were transferred to
a large sheet of cellophane and tabled; the Osborne and
Mendel salts were placed in the beaker that had contained the
anino acids to remove the snall frgction of ground amino
acids that adhered to the beaker despite careful brushing;
the salts were tabled with the amino acids; then, sodium
chloride and Ruffex were carefully added. When these
ingredients wers thoroughly mlxed carbohydrate was introduced
portion by portion and the mixtwe tabled carefully before it
was placed in the Hobart mixer and blended with the melted
fat,

Administration of experimental diets

1t has been observed that rats eazting ad libltum rations
that were deficient in amino acids immediately showed a loss

of sppetite (Frazier, ot al., 1948, Caedo, 1956). The re-
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Taeble 7. Compositicn of the reference and basal diets as
fed exclusive of vitamin supplements. (For
asount of utilizable nitrogen provided see

Table 5.)
Dietary Reference Diet 4 Diet 11 Diet 13A
component diet
gme gm. gma ghe

Lectalbumin 4.27
EAA-I and a

NEAA-T .46
EAA-IT and

NEAA-II 5.47%
BEAA-III and a

NEAL~ITX £.50
Dextrin 68,73 67.54 6753 67.50
Butterfat 10,00 10,00 16.00 10.00
Swiftn'ing 10.00 10,00 10.00 16,00
O, & M. salts 4,00 4,00 4,00 4,00
Ruffex ' 2.00 2.00 2.00 2.00
NaCl 1.00 1.00 1.00 1.06
Total 100.00 100,00 100.00 100.00

aIncluding several racemic acids
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duced caloric intake, then; further affects the nitrogen
utilization (Calloway and Spector, 1954).

In the early studiles, Clark (1950) showed that the
average daily food intakes of 11 adult rats were 12.3, 12.6,
12,9, and 13,0 gm. 1n four successive periods of four days.
sach when they were fed ad libltum a ration containing 14
per cent protein from lactalbumin. These rats had been
transferred directly from the stock colony and welghed ap-
proximately 325 gm. In order to control the daily intake of
nitrogen and to keep the energy value constant, the daily
quota of 13 gm. of the solid diet providing approximately 60
calories was made into homogenate which could be introduced
into the stomach of the experimental animal by means of a
catheter.

The experimental diets were homogenized for force-feed-
ing as described by Clark (1950, p. 119). Generally, 15
doses of feed were made up at one time. In this case, 250
gne of experimental diet,vg.s of dry vitamin mixture, 0,96
gme of cod liver oil, 0,96 sm. of an alpha-tocopherol solu-
tion, and sppropriate volume of distilled water to make the
final homogenate to & volume of 465 ml. were used. The
resulting homogenate was placed in two half-pint Jars and
refrigerated immediately ard continually except at feeding
intervals. Twenty~four ml., of this homogenate contained one
day's feed (equivalent to 13 gm. of solid diet) and one day's

allowance of the dry vitamin mixture, 50 mg. of cod liver
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olil, and & mge. of alpha~-tocopherol solution. The quantity
was force-fed in three esqual portions daily. A 20 ml.
veterinary syringe fitted with blunt needle carrying a No. 8
French catheter was used (Kuehl, 1949, Clark, 1850). Early
studies (Clark, 1950) showed that the adult rats were force=
fed three times a day and that they utilized nitrogen as
efficiently as the animals that were fed ad libitum.

The force=-feeding technique offers a simples solution to
the problem of ensuring a definite intake of specific
nutrient but it may not provide the most effective condition
Tor evaluating nitrogen utilization. It is clear that the
capaclty of the stomach may have been exceeded, especially
during the first few days after the practice of the force-
feeding of the experiment rations. The techniqus developed
in the present experiment, however, appeared to be satise
Tactory in the preliminary studies, Ko difflculty was
expsrienced in administering the food homogenate throughout
the experiment. All the animzls were free Trom diarrhea and
distension even on the first day when force-feeding was
initiated. They rested comfortably in normal position after
they were fed each time and were alert and active between
the feeding intervals.

Two diets were fed at reduced levels of intake in Study
B of Series I1III. Therefore, the quantities of the amino acid-

contalining diet required in the homogenate were different.
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The respective amounts needed for Diets 26 and 27 were 197

and 142 gm. One day's feed of Diet 26 contained 10.2 gm., of

dry diet, of Diet 27, 7.3 gm.

Evaluation of Nitrogen Utilization

Determination of nitrogen balance

Manner of conductling balance test. The nitrogen

metabolism study was divided into two periods, i1.8., (1) a
preliminary pericd in which the animals became adjusted to
the force-feeding technique and to the diets administered,
and (2) the balance period. The respective intervals for
these two periods were 12 and 7 days.

The rats were force-fed thrice daily at aspproximately
6-hour intervals. Precautlons were taken to avoid any dis-
turbance which might result from over-loading the gastro-
intestinal tract. The rats were glven only 1 ml. of homo-
gonate per feeding the first day, 2 ml. the second day, 4 ml.
the third dgr, 8 ml. the fourth day and thereafter. On the
day preceding the initiation of the balance period, the
quantity of homogenate was reduced from 24 ml. to 20 ml. and
the last feeding given at 4 P.M. The experimental animals
were transferred to the wlde-meshed metabolism cages at 8
A.M. on the first day of the balance period. On the last
day of the test, the feeding schedule was similar to that on



59

the day preceding the balance period. A% the conclusion of
the balance period, animals were removed from the metabolism
cages at the same hour that they had been placed on the test.

Collection of urine. Urine was collected on

circles of high quality filter paper contalning only a slight
trace of nitrogen. DBefore use these papers were sosked over
night in a 96 per cent ethyl alcohol sclution containing 10
per cent glacial acetic acid and asir-dried, Nine treatad
filter pspers were placed on a Pyrex plats under the
metabolism cage prilor to the initlation of the balance period,
One filter paper was removed every wmorning and thersafter and.
placed in a 1000 ml, wide-mouthed Erlenmeyer flask containing
200 ml, of 20 per cent hydrochloric scide The flask was
covered with a bezker to avoid evaporation. On the last day
of the metabolism period, the three remaining papers were
rerxoved and transferred to the same f{lask. Then the cage and
plate were washed quantitatlively with hot distilled water
applied under pressure. The rinsings were transferred to the
flask containing the filter papers. The contents were stirred
to break up the papers and then filtered quantitatively through
a Buchner funnel fitted into a 2000 ml. suction flask,
Residues in the funnel were rinsed several times with hot
distilled water to wash out all the urlne. The extracted

urine then was transferred quantitatively to & 2000 ml.

volumetric flask. When the solution had eooled t2 room teme



perature, it was made to volume. A sample of the well-
mixed urine was stored in a 12-ounce pharmacy bottle until
time of anal ysis.

The ability of the author to recover nitroggn quantie-
tatively after the dispersion of a standard solution of
(KE4) 5S04 over the bottom of the metabolism cage fitted with
treated filter paspers has been demonstrated (Table I Ap=
. pendix). Aliquots of the (NH,) 580, solution were trickled
from a pipette twice a day over the wire mesh for the 7 days
involved 1n the balance test, The top filter paper was re-
moved each dey just as it was during the progress of the
bslance test.

Collection of feces. Feces were removed daily

from the filter papers. They were brushed free of hair and
placed in 125 ml., Erlemmeyer flasks containing 50 ml. of 20
per cent hydrochloric acid and covered with a beaker. TFerrie
oxide was uséd to mark the beginning and termination of the
balance intervals. On the flrst day of the balance period
food colored with ferric oxide was fed. It may be recalled
that no food was offered to the rats for 16 hours prior to
the initiation of the balance test. Therefore, any red feces
thet appeared later wers aseribed to the test food, any brown
to the previous feeding, The brown feces were discarded,

The ferric oxide-colored food was edministered sgain on the

day following the tsrmination of the balance test and feces
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were collected up tco the time when red feces appeared,

At the termination of the metabolism period, the flask
containing feces was autoclaved under 18 pounds of pressure
per square inch for two hours. The digest then was rubbed
through a fine sleve into a 250 ml. volumetric flask and
diluted to volume with distilled water at room tempsrature,
After the sample was well mixed, 1t was transferred into an
8-ounce pharmacy bottle and stored for analysis.

Analysis of nitrogen. The nitrogen content of the food

consumed and the urine and feces excreted during the balance

~

period were determined. Since the food homogenate was mixed,

an allquot of 8 ml, of each diet tested was transferred each
day during the 7 days involved in the balance period into a

125 ml, Erlenmeyer flask containing 50 ml. of 20 per cent
hydrochloric acld, At the termination of the metabolism perioed,
the flask containing food was treated as the one containing

the feces. From this, a 10 ml. aliquot was taken for analysis
o nitrogen. The respective aliquots of urine and feces,
however, were 50 and 25 nl,

The Kjeldahl-=Gunning procedure for nitrogen analysis was
followed. Urine allquot was digested in Xjeldahl flask with
20 ml, of concentrated sulfuric acid, 10 gm, of potassium
sulfate, and 0.7 gu. of mercuric oxide for an hour and 15
minutes. The aliquot from food digest or feces, however, was

digested with 20 ml. of sulfuric acid, 15 gm. of potassium
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sulfate, and 0.7 gm. of mercuric oxide for about one and one=-

hal{ hours.

Determination of hepatic comstituents

Preparation of orgzan for analysis. The experimental

animel was anesthetized by the intraperitoneal injection of
0.5 ml. of nembutal solution which contained 15 mg. of penteoe
barbltal sodium at the termination of the nitrogen metabolism
period., The liver was removed from the snesthetized animal
a8 soon as an incision was made. The organ was blotted on
filter papers to remove excess blood., 4 cross-section of

the largest lobe and the tip of the 1onge§t lobe of liver
wers placed in a tared glass weighing bottle for the de=-
termination of woisture and fsts The remaining portion of
the liver for the determination of hepatic nitrogen was
placed in a 125 ml. previously weighed Erlenmeyer flask and
weighed immediately. It was then covered with 50 ml, of 20%
bhydrochloric acid and autoclaved under for two hours, The
digest was pressed through a fine sieve into a 250 ml. volu=-
metric flask and dlluted with distilled water to volume at
room temperature., Finally, the aliquot was transferred into

an 8eounce pharmacy bottle and ready for analysis.

Analysis of hepatic nitrogen. Ten ml. aliquot of the
liver acid digest was used for the analysis of nltrogen in a

manner similar to fecal sample as described prevlously.

:Ang;ysis of hepatic molsture. Small tared glass weighe
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ing bottles were at harmd; tissues were sampled as qulckly as
possible and placed directly into the weighing bottles,

They were covered promptly énd weighed immediately in order
to minimi;e moisture losses. The bottles containing tissue
samples were dried at a temperature of 85°C. in an electric
oven for 72 hours and then dried to constant welght (f0.2 gg.)
in a vacuum oven held at 80°¢C.

Analysis of hepatic fat. The determination of fat was

patterned after the method of Bloor (1929) which gives an
estimation of the quantity of fat present in terms of total
alcohol-ether soluble substances, |

The moisture-free sample was finely ground in a mortar
with one-half teaspoon of acid-washed sandgand transferred
quantitatively into & 125 ml. Erlenmeyer flask, The weighing
bottle, mortar, and pestle were rinsed with three portions of
a 3 to 1 mixture of absolute alcohol anhydrous ethyl ether
mixture. Approximately 25 ml. of this alcoholeether mixture
was added and the sample then heated on a steam bath with
shaking for five minutes,

The sample was cooled to room temperature and filtered
through a fat-free filter paper into a 200 ml. volumetric
flask. The filter paper containing the ground sample was
washed several times with small portions of thefalcoholfether
mixture. When the ground sample appeared dry, 1€ was

extracted with anhydrous ethyl ether for eight hours in a
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Goldfleh exbtractor., This sther extrsct plus rinsings from

the extraction cup was added into the 200 ml., volumetric

fiask contalning the aleohol filtrate and the solution was

made to volume with anhydrous ethyl ether. After mixing,

& nl. aliquot was measﬁred from a plpette into a large glass

weighlng bottle. It was evaporated to dryness on a steam bath

and brought to constant weight (:0.2 mge) in an alr oven held

at 80°C. ‘These steps wers followed exactly in all anslyses,
The ability of the author to recover the hepatic fat

from a standard preparation is dnown.in Table II (Appendix).

Determination of carcass constltuents

Preparation of carcass for analysis. The carcass

constituents of the rats used in Study B of Series III were
enalyzed., The whole carcass, which incliuded thie fur, skin,
skeleton, viscera (liver removed) and blood was ground into
& homogenous sample by putting through a Hobart grinder
squipped with a 3 mm. mesh sleve. The carcass was chilled
first and the resulting product was thoroughly mixed and
sampled,

One hundred grams of carcass from each animal;was placed
in an Erlemnmeyer flask and covered with 300 ml. of 20 per
cent hydrochloric acld for analysis of nltrcgen. The flask
then was autoclaved under pressure for two hours., The con-
tents of each flask were rubbed quantitatively through a fine
sleve intc a 1000 ml., volumetric flask and diluted to volume
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with distilled water at room temperature., These mixtures
were thoroughly mixed and a sample was transferred into &
pharmacy bottle and then stored until time for analysis.

Analysis of carecass nitrogen. Total carcass nitrogen

again was detsrmined by the Kjeldahl-Gunning procedure. 7Ten
ml. aliquot of the carcass digest was used and the analysis
was proceeded with in a manner similer to the fecal sample
as described previously.

Analysils of carcass moisture, Triplicated samples of

2 gm. each from any rat were placed in tared glass weighing
bottles for analysis of body moisture. They were analyzed
in a manner similar to liver samples as described previously.

Analysis of carcass fat. The moisture-free samples

were analyzed for body fat by the method of Bloor (1528) as

described previocusly (see Analysis of hepatic fat).
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RESULTS AND DISCUSSIORN
Series I. Evaluation of the Basic Diet

In 19850, Clark reported that équilibrium was characterig=-
tic of the nitrogen metabolism of the rats fed either a
synthetic dlet contalning 4 per cent of a lactalbumin prepa-
ration or one providing a mixture of emino acids equal in
kind and quantity to those present in one day's feed, i.e0.,

13 gm. of the reference diet containing lactalbumin., In
Clark's experimental dlets, rice bran polish served as the
source of unldentified B vitamins. ‘hen her experiments were
initiated, neither folic acid nor vitamin Byo was availlable
for general experimental purposes. However, very shortly
after the 1nitiation of the present experiment, the produc~
tion of rice bran polish ceased. Hence, re-examination of
the over-all adequacy of the ration for maintenance of protein
nutrition when folic acid and vitamin Byp replaced the rice
bran polish seemed sasdvisable before Clark's investigation
was exbended,

Nitrogen utilization in the present experiment was
measured in terms of nitrogen balance, weight of liver, and
concentration of moisture, nitrogen, and fat in the liver.
Five dlets were fed. Diets 1 and 2 represented the control

rations. Dlet 1 contalned the lactalbumln preparation at the
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4,27 per cent level; Dlet 2, the mixture of amino acids squal
in kind and quantity to those present in the lactalbumin
dlets In these two dlets, rice bran polish was used, Dilets
3 and 4 contained the sames amino aclids present in Diet 2 and
differed only by the virtue of the vitamin composition.

Follec acid (8 meg./day) replaced the ries bran polish in

Diet 3; vitamin Byg (0.75 meg./day) and folic acid (8 mcg./
day) were substituted for i1t in Diet 4. The last diet (Number
5) containing approximately 23 per cent protein, was the
stoek ration customerily used in the Nutrition Laboratory of
the Bome Economices Research Department of the Iowa Agrie
culture Exporiment Station. Rats maintained on it were used
to sscure data about composition of liver of normal rats,

The animals representing all experimental groups
appeared physically normal in every respect. Their fur was
clearn and sleek, their muscles firm, They were nelther
nervous nor irriteble., On the average, rats fed all test
diets maintained body weight (%2 gm.) throughout the experi-
mental period (Table III, Appendix).

Data pertaining to the nitrogen metabolism of the five
groups are presented In Table 8. The metabolism test indi-
cated that the lactalbumin control diet (Diet 1) administered
in the present series was not entirsly adequate for the supe

port of nitrogen equilibrium. The average nltrogen balance

in the 7-day poriod was =33 mg., IZarly studlies by XKashl {1949),
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Table 8. Average nitrogen retention and average composition of livers in rats fed diet
one day's feed of a 4,27% lactalbumin ration.

Series
Diet Source of Supplement to Kitrogen No. Body Nitrogen meta=-
No. dietary menbers of force~fed of weight bolism per 7 days
nitrogen vitamin per day rats .
B=complex
present in Nitrogen Nitrogemn Pex
ration” fed balance  Ha
HNZe £ile m8e mEe
1  Lacte Rice bran Th ) 357 536 -33 €
albumin polish
2  EAA-T plus Rice bran h 6 353 sl =34 6
NEAA-I polish v
3  EAA-I plus Folic acid Th 6 3h7 576 -37 €
NEAA-I
L  EAA-T plus Folic acid 7h kL 336 576 -30 4
NEAA-T plus
vitamin BJ.Z
5  Mixed -—- 602 55 350 1212° k27° 6
' nat,
fooggal

2pice bran polish, 100 gm./day; folic acid, 8 meg./day; vitamin B, 0.75 mcg./day
Doffered ad Libitum

Cpased on 9 rats: average weight 329 gm.






in rats fed diets containing nitrogen provided by amino acid mixtures simulating

Series 1
zen metae Hepatic fat
er 7 days Liver Hepatic nitrogen (aleohol-ether extract)
» Nitrogem Per cemt Fresh pry Total Per cent Per cent Total Pper Per Rat
balance Hp0 woeight fat-free fresh dry fate cent cert fat,
weight weight free fresh d&ry nit
waight weight weight gen
e £ gl nge Tge
-33 68,2 8.84 2.1k 266 3.0 12,5 675 7.5 2k.0 2.5
-3k 677 8,67 2.03 261 3.0 12.8 769 8.9 274 2.9
37 6L63 8.97 1,97 256 2.9 13.0 1254 13,7 373 Lo
«30 5643 8652 2.06 252 3.0 12.h 831 97 28.8 3.3
k27° 6942 9.01  2.30 39 3.9 15.2 KT 53 17.2 1.k

15 mege/day






liets containing nitrogen provided by amino acid mixtures simmlating

jles I
Bepatic fat
Liver Hepatic nitrogen (aleohocl-ether extract)
Per cent Fresh [ty Total Per cent Per cent Total Pper Per Ratio
Hs0 woeight fatefree fresh dry fate cent cert fat s
weight weight free fresh dry nitro-
weight weight weight gen
£e Eile mEe nge
68.2 8.8h  2.1h4 266 3.0 12.5 675 7.5 2L.0 2.5
6707 8.67 2.03 261 300 1208 ) 769 809 2702‘ 209
643 8.97 1.97 256 2.9 13.0 125 13.7 373  Ue§
56.3 8.52 2.06 252 3.0 2.4 831 97 28.8 3.3
6942 9.01 2,30 349 3.9 15.2 k77 5e3 17.2 1.4
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however, indlcated that the rats fed a diet containing the
lactalbumin preparation at the 4.4 per cent level may maine
tein positive nitrogen balance. On the eaverage, her rats
stored about 42 mg. of nitrogen in the test period (7 days).

It is interesting tec find that the average nitrogen
balances of the rats which received Dlets 2, 3, and 4 were
essentially the same and also very similar to those of the
rats administered the lactalbumin control diet. Their nitro-
gen balances durlng the 7-day period were =34, =37, and =30
mg., respectively. The rats fed, ad libitum, the stock
ration containing approximately 23 per cent proteln were in
positive nitrogen balance. They stored an average of 427 mg.
of nitrogen during the 7-dgy test period, balances ranging
from 15 to 733 mg. (Table III, Appendix).

The data perteining to the characteristics of the livers
of the rats in Series I ars shown in Table 8., Values of
individual rats are presented in Table IV (Appendix). The
average weights of the llvers of the rats in the groups fed
the synthetic dlets (Diets 1l-4) did not aeppesr to differ
either on the fresh or on the dry, fat-free basis. Moisture
contents of the organs ranged from 64,3 to 68.2 per cent in
these groups. On the fresh and on the dry, fat-free basis,
the percentages of nitrogen were approximately the same,
Total hepatic "fat"® varied from 675 to 1254 mg. in Groups 1=
4; the percentage of hepatic fat on the dry basis from 24.0 to

8rat throughout this thesis represents alcohol-ether soluble
materials.
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28.8 per csnt. Differences in percentages of hepsatic fat
were signiiicamt at the 5 per cent level (F3,18= 4.39),
When tested by analysis of wvariance, data from the group fed
Diet 3 contributed the significant variation,

An inverss rslationshlp bstween per cent of water and
per cent of fat was observed. The displacement of water by
fat was most marked in the livers of rats of the group fed
Diet 3.

As one might expect from the difference between the
nitrogen content of the stock retion and the four experi-
mental diets, the livers of the rats fed the stock ratlion
were not only larger but also contalned more nitrogen than
did the organs of the rats administered the experimental
diets, However, the livers of rats given Diest 5 were cone
siderably less fatty than those of other zroups.

However, whan only the groups fed Diets 2 and 4 were
compared, tne data demonstrated clsarly that the substitubtion
of folic acid and vitamin Byo {Dlet 4) for the rice bran
polish (Diet 2) produced no change in the response of the
rats when evaluated in terms of change im body weight, nltroe-
gen retention, and concentration of ritrogen and fat in the
liverss. These vitamins were used, therefore, in all future
experiments as a replagement for rice bran polish.

It should be noted, however, that all four experimentel

diets were lipogenic. Later experiments will offer explana=
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tion for the phenomenon. Thls study suggests the lipotropic
activity of vitamin Byo when added to a ration supplemented
with follec acid. Its pressnce in the diet caused a decrease
in total hepatic fat from an average value of 1254 mg. to

831 mge. Thus, the protective action of the vitamin against
depositlion of liver fat is demonstrable in adult as well as
in young rats fed a low protein diet (9% casein) supplemented
with 0,02 per cent choline chloride (Hawk and Elvehjem, 19853),
The lipogenic activity of the ration suggested that an
experimental framework had been found for 8 study of amino
acld imbalance. The nutritional adequacy of the nitrogenous
molety of the diet, therefore, was examined in Series II in
terms of its ability to support nitrogen equilibrium and

maintain & normal concentration of hepatic fat,

Series I1I. Influence of Variation in the

Nltrogenous Components of the Diet

Study A. Methionine-cystine-phenylalanine-tyrosine relations

Results of the experiment reported in the previous
series showed that rats fed elther the reference diet contain=-
ing lactalbumin or the dlets providing a mixture of amino
acids quantitatively equivalent to those in the intact protein
were in slight negative nlitrogen balance and that their

livers were fatty. The mixture of non-essential amino acids
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contained cystine and tyrosine which are related, chemically
and physiologlcally, to methionine and phenylalanine,
respeciively. In view of this fact, the observations
immediately ralsed three questions. Did the mixture of
amino acids contain adequate smounts of methionins and
phenylalanine? What role d4id cystine and tyrosine play in
meeting the respective requirements for methionine and
phenylalanine? Were cystine and tyrosine instruments in the
development of the fatty livers observed?

Experiment one. It was thought that the part played by

cystine and tyrosine in meeting the requirement for methio=-
nine and phenylalanine for body malntenance could be
demonstrated by the feeding of graded doses of non-essential
amino aclds in comblration wlth the mixture conteining
essential amine aclds only. The amount of fat accumulated in
the livers of each experimental group also could be taken as
indicative of the lipogenic property of cystine in this
experimental situation.

Thérefore, in Dlets 6, 6A, 6B, 4, 6C, and 6D, the basal
essential amino ecid mixture (EAA-I) was supplemented,
respsctively, with 10, 20, 50, 40, 50, and 60 mg. of nitrogen
per day from the non~essentlial amino acids (NEAA-I).

Results are presented in Table 9., The average nitrogen
balance of the rats fed the essential amino acid diet sup-

pPlemented with 10 mg. of non-essential nitrogen was =187 mg,.
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Table 9. Average nitrogen retention and average composition of livers of rats fed die

of nitroger from NEAA-T.

Series .
Study |
Experiment

Diet Distribution of nitrogen in daily dose Xo. Body Nitrogen meta-

No. of amino acid mixture fed of weight bolism per 7 days

rats
Essential nitro- Non-essemtial nitro- Nitrogen Nitrogemn Pe:
gen provided by gen provided by fed balance Hat
Eaf-T NEAA-T
Total Cystine N
mge 2. g gl mge nZe

6 3L 10 0. k7 6 3bh 08 -187 ¢
6A 3k 20 0.94 6 350 L6 -108 ¢
68 3h 30 140 6 353 si1 -3
L 34 Lo 1.87 10 358 618 8 ¢
6c 34 50 2.34 5 375 697 100 ¢
6D 3k 60 2.81 5 3717 762 88 ¢







f rats fed dieds containing nitrogen provided by EAA-Y supplemented with graded doses

Series II
Study A
Experiment One

n metae Hepatic fat
r 7 days Liver Hepatic nitrogen (sl cohol-ether extract)
Nitrogern Per cent Fresh Dry Total Per cent Per cent Total Per Per Ratio
balance Hzo weight fat-fres fresh dry fate cent cent fats
weight weight free fresh dry nitro-
weight weight weight gen
rige £he ENle nge nge
-187 6940 8.3L 1.93 26 3.0 12.8 é5h 7.9 5.4 2.7
<108 68,5 8452 2,04 263 361 12.9 645 7.6 240 2.5
- 34 67.7 8,67 2.03 261 3.0 12.8 769 8.9 27.4 2.9
100 670 8.93 2.12 262 2.9 12.h 827 9.3 2.0 3.2
88 - 6545 9.05 2,07 260 2.9 12.5 1019 1.2 33.0 3.9
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for the 7-day period. ‘fhe negative balances became
progressively less as the smounts of non~essential amino acid
nitrogen were increased. Approximate nitrogen equilibrium
was obtained when the diet provided 40 mg. of non-essential
nitrogen. It is interesting to note in this and in later
experiments that this dlet containing a mixture of amine
acids quantitatlively equivalent to those present in one day's
feed of the reference diet supported equilibrium,

When the non-essential nitrogen of the ration was
increassd to 50 mg., the rats passed into positive nitrogen
balance storing, on the average, 100 mge of nitrogen in the
7=day period. An increase in the non-essential nitrogen
molety from 50 to 60 mg. per day, however, did not improve
the nitrogen retentions. The nitrogen balances and nitrogen
intakes are highly correlated, i.e., * = 0,973, The regres-
sion of nitrogen balance on amount of non-essential nitrogen
fed per 300 gm. of body weight per 7 days is represented by
the equation ¥ » 4,96 x -193,

Average body weight of the animals in each group re-
flected the nitrogen balances. Thls was especially true of
the two extremes. The rats whose dlets were supplemented with
10 mg. of non-sssential nitrogen lost an average of 8 gme. in
the balance period (Taeble V, Appendix). Losses were averted
by the feeding of 20, 30, and 40 mg. of nitrogen from the

non-essential amino acid mixture (REAA-I). Furthermore, the
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rats gained an average of 5 gm, when 50 or 80 ng. of none
essentlial nitrogen were provided.

Tahus, it appears that under this set of dletary con-
ditions, non-essential amino acids play an important part
in establishing the protein nutrition of rats maintained on
diets whnose nitrogen is derived srtirely from pure amino
acids. Whether or not the best possible state of nutrition
developed was studied by examining data pertaining to the
livera (Table 8) is not declded.

The data show that the average weights of the dry, fate
free livers of rats representing the various groups were not
different (s2e indiviGual data also in ippendix, Table VI).
However, the total amount of fat in the liver was assgociated
with the amount of cystine provided by the diet. For exzample,
when expressed on the dry basis, 25.4 per cent of the liver
was fat when the diet contained 4.0 mge. of cystine (10 mge.
non-assential nitrogen) and 33.0 per cent when 24,2 mg. wsre
present (60 mg. of noneesssntial nitrogen).

It is also interesting that the proportion of fat to
nitrogen in the livers increased step-wise as the quantity of
distary cystine increased, Thus dietary manipulation has
induced an imbslance between liver components,

However, the concentration of tyrosine alsoc has been
systematically increased in the rations. Has it played a

role? The problem was studlied in the next experiment.
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Experiment two. In thls experiment, the relative

importance of cystine and tyrosine in determining the
nutritive value of a mixture of amino acids simulating in
kind and quantity the acids present in one dayt's feed of a
4,27 per cent lactalbumin ration was studied further by the
dietary elimlnation first of cystine and then of tyrosine.
In response to the removal of cystine, nitrogen balance drop-
ped from 8 mg. (control group fed Diet 4) to =184 mg./7 days
(Table 10)s In the original mixture, therefore, cystine
appears to serve simultaneously as en important source of
organic sulfur and as a sparer of methionine, These results
indicate that lactalbumin does not contain enough methio-
nine to meet the requirement for both of the sulfur-contain-
ing amino acids (cystine and methionine).

The omission of tyrosine also was reflected in a drop
in nitrogen balance but the change was not nearly as severe
as when cystine was eliminated,

The average welghts of the livers of the rats fed the
three experimental diets are shown in Table 10, together with
the average nitrogen contents of the orgasns, It is verj
interesting to note that the rats administered the control
diet {(Diet 4) not only maintained nitrogen equilibrium but
also had heavier livers of greater nitrogen content than the
aninals in the groups fed Diets 7 and 8, Thus, the importancs

of cystinse and tyrosine in determining the nutritive value of
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Average nitrogen retention and average composition of livers of rats fed die

either cystine or tyrosine has been omitted.

Seriss
Study
Experimen

Diet Distribution of nitrogen in daily dose No. Body Nitrogen metae-
No. of amino acid mixturs fed of weight bolism per 7 days
rats
Essential nitro- Noneessential nitroe Nitrogen Nitrogen  Per
gen provided by gen provided by fed balance 320
BAA-T NEAA-T
Total Modification
nge nge 40 Tge nge
L 3k ko ——— 10 358 618 8 )
7 34 40  No cystine B 5 352 624 -18h 6
8 3k l0 No tyrosine ¥ L 357 622 - 8 &







f rats fed diets containing nitrogen provided by EAA-I plus NEAA-I from which

Series 11
Study &
Experiment Two

! metae Hepatic fat
+ 7 days Liver Hepatic nitrogen (aleohol-ether extract)
Nitrogen Per cent Fresh Dry Total Per cent Per cent Total per Per Ratio
balance H20 woight fat-free fresh dry fat- cent cent fats
waeight weight free fresh dry nitro-
weight woight weight gen
nge (2440 £ile ge BE e
8 67.7 S.19 2.11 27k 3.0 13.0 8L9 9¢3 28.6 3.1
~18h 630l 7.81 1.83 228 2.9 12.5 560 7.2 233 2.5
- 8 8649 8430 1.90 250 3.0 13.2 845 10.2 30.8 3k
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an intact protein has been demonstrated from another angle.

The respective concenbtrations of fat in the livers of
the three groups indicate that the assortment of amino acids
found in lactalbumin mey not represent balanced mixtures of
auino acids. Livers of the control group fed amino aclds
simulating lacvalbumin contained 28,6 per cent of fat on the
dry basls - about 12 per cent more than is found in the
hepatic tissues of stock rats described in Series I. In
response to the elimination of cystine, the conecentration of
hepatic fat dropped to 25,3 per cent. When tyrosine was
removed from the noneessential amino acld mixture, the con-
centration of fat in the liver was about 2 per cent more
than in the control group (30.8% vs. 28.6%). Possibly tyro-
sine has some depressing influence on the lipogenic effect of
eystine,

Omission of cystine from the diet reduced the ratio of
fat to nitrogen in the liver alsc. When tyrosine was omltted,
the ratio remained highe. The respective ratios for rats fed
the amino acid mixture slmulating lactalbumln, the mixture
devoid of cystine, and the mixture devoild of tyrosine were
Sel, 2.5, and 3.4, respsctively.

Expsriment three, In this experiment, the proovlem of

methionine~cystine-phenylalanins=tyrosine relations and dietary

requirements thereof was apprroached from another angle. It

was designed to determine the effect on the nutritive value
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of the amino acld mixture approximating the amino acids in
lactalbumin, of the lsonitrogenous replacement of the non=
essential amino acids, cystine and tyrosine with the related
essentlal amino aclds, methionine and phenylalanine,
respectively. Again, response was evaluated in terms of
nitrogen balance and characteristics of livers.

Thres experimental diets were formulated and the results
of their administration to rats co :pared with those obtained
when animals were fed the control dist (Diet 4) in which
the composition of the amino acid mixture fed approximated
the emino acld composition of lactalbumin. In Dist S, the
quantity of nitrogen provided by methlonine was equivalent
to ths total contributed by the methionine and cystine in the
conirol dlet (Dist 4):. Tyrosine was replaced isonitro-
genously by phenylalanine in Diet 10. Finslly, in Diet 11,
both methionine and phenylalanine were increassed at the
expense of cystine and tyrosine, respectively,

Rats fed the control diet did not gain welght during
the balance test (Table V, Appendix). Also, on the average,
the body welights of the rats receiving the diet in which
cystine or tyrosine was replaced isonitrogenously by either
methionine or phenylalanine remained constant during the 7=
day nitrogen metabolism period (Table IX, Appendix)., It was
interesting, however, to find that the rats administered

Dilet 11, in which both cystine and tyrosine were replaced



isonitrogsnously by the aprropriate essential amino acids,
galned an average of 5 gm. during the balance period,.

Results pertalning to the nitrogen metabolism of the
control rats and the three experimental groups fed Diets 9,
10, and 11 are presented in Table 1ll. Analysis of variance
snowed that the diffserences in nitrogen balance among the
three experimertal groups were highly significant (F2’14:
8432). When cystine was replaced with methionine, reten~
tion of nltrogen was maintzined at the same plane as 1t was
in the eontrol rats, i.6., S mg. and 8 mg./7 days, respective-
ly. Tyrosine could not be replaced by phenylalanine as
effectively &5 systine was by methionine, however. The
averags nitrogen retention dropped to -19 mg./7 dayse. When
both c¢ystine and tyrosine were replaced isonitrogencusly by
methionine and phenylalsnine, respectively, the average
nitrogen balance improved distinctly, the sverage balance
being 70 mg. per rat during the 7~day period., This reten=-
tion is assoclated, it may be recalled, with 2 gain in body
welght,

These results offer an sexample ol the importance of the
propertionallty of amino acids in establishing the nutritive
value of a mixture of smino acids, in this case, phenyle
alanine ¥s, methlonine, or tyrosine vs, cystine. Relatioms
ars show in Table 12,

An increase 1n the methionine content of the ratio to
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Table 1l. Average nitrogen retention and average composition of livers of rats fed diet
tyrosine being replaced isonitrogsncusly by methionine and phsnylalanine, res
Saries
Study .
Experinent
Diet Distribution of nitrogen in daily dose Noe Body Nitrogen metaw=
No. of amino acid mixture fed of weight Dbolisn per 7 days
rats
Bssential nitro- HNog-easeniial nitro- Nitrogen Nitrogen Per «
gen provided by gen provided by fed balance 5,0
NEAA-T
EAA-~I Cther Total Modification
sources
nNga Hge nge gMe mg. e
I 3L - 1o —— 10 358 618 8 67.
9 3, 2 mg, 36 Mo cystine 6 369 605 5 684
mathio-
nine N
10 34 2 mg. 38 No tyrosine 6 3713 619 =19 67
phenyl=
alanine N
n 3k 2 mg. 36 No cystine 5 379 622 70 69,
methio- No tyrosine
nine ¥
2 "ge
phenyl-

alanine N







f-»

-~ 4
nylalanine, respectively.

Ssries II
Study A
Experinent Thrse

rats fed dists conlaining niitrogen provided by BAA=-I plus NEAL-I, cystine and

metae
7 days

Liver

Hepatic nitrogen

Hepatic fat
(alcoholesther extract)

Nitrogen Per cent Fresh Dry Total Per cent Per cemt Total Per Per Ratio

balance Hy0 weight fat-free fresh dry fate cent cent fats
weight weight froe fresh dry nitro=-
weight weight weight gen
nge gm. e nZe nge

8 _ 677 9.19 2.11 27h 3.0 13.0 8lk9 93 28.6 3.1
5 6845 9457 2.24 302 3.2 13.5 it 8.1 25.7 2.6
«19 678 10.08 2,28 304 3.0 3.4 971 946 29.8 342
70 69.1 9429 2.2, 282 3.0 12.6 618 6.7 21,6 2,2
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Table 12, Changes in proportions of sulfur and benzene ring-
containing amino acids, nitrogen balance, and
concentrations of hepatic fat,

Diet Descrip~ Nitrogen from four amino Pa/ Nitro- Hepatic

No. tion of acids/rat/day® Me gen fat
diet? ra- bal=-
v tio ance/
Me Cys PA Ty To- rat/ 7
tal days
mg. mge. mge mge MZs mg. mge. %
4 AA-TA

(control) 0.9 1.9 1.5 2.1 6.5 1.6 8 B49 28.6

9 Cys N re-
placed by
Me N 209 - 1.5 2.1 6.5 004 5 774 25.7

10 Ty K re-
placed by
PA N 0e® 1.9 346 == 6,5 4,0 =19 971 29.8

11 Cys and
Ty N re-
placed by
Me and Pa
N 2.9 - 5.6 - 605 1.2 70 618 2106

%Wmﬁ%mmamasmnwm

Me: methionine

Cys: cystine

PA: phenylalanins

: tyrosene

¢ amino acids

¢ lactalbumin
nitrogen
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the point where the methlonine rnitrogen to phenylalanine
nitrogen ratio shifted from 1.6 $o0 0.4 was not manifested in
any adverse results when balance was the irdex of evaluation
of nutritive value; neither were any veneficial results
observed. However, increasing dletary phenylalanine so that
the ratlo changed from l.6 to 4.0 was assoclated with
negative balance., Workers at Elvehjem's laboratory nave
observed that increasing the quantity of phenylalanine in
the ration results in an inhibition of growth in young rats
(Benton, et al., 195€sa).

The total sulfur content of Diets 4, 9, and 10 was the
same. Extra phenylalanine introduced an imbalance. How-
ever, when the total sulfur of the ration was provided in
the form of methionine only as in Diet 11 (phenylalanine
nitrogen to methionine nitrogen ratio: l.2), the same amount
of phenylalanine was no longer santagonistic. Thus, it seems
that in these low nitrogen ratlons equlvalent to 4 per cent
of protein that the imbalance induced by excess phenyle
alanine is related to the presence of cystine. Also, a
comparison of the balances, 8 mg. V8. 70 mge. per 7 days is
an irdex of the degree to which cystine and tyrosine may
reduce the nutritive efficlency of the amino acid mixture,
It seems, thereiore, that the nutritive value of lactalbumin
is limited by its methlonine and phenylalanine contents. The

related nonwessential acids in the intact protein; however,
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have some prectective action, seemingly sparing the essential
amino acids for metsbolic purroses other than for their own
synthesis,

The imbalancesas judged by nitrogen retertion are
mirrored in concentrations of hepatic fat also {Tables 11
end 12). The average velues of the total bepatiec fat in the
three experlimental groups veried from £18 mg. to S71 ng;
the percentages from 21.6 per cent to 29,8 per cent on the
dry basis. Differences in percentages of hepatic fat were
kighly significant (?2,14: 82.50),

The substitution of cystine nitrogen by methionine
nitrogen (Diet 9} reduced the total fat in the liver from
849 to 774 mge. On the percentage basis exmressed in terns
of dry welght, the concentration droppred from 28,8 per cent
to 25.7 per cents Dietary phenylalanine sdded at the expenss
of tyrosine in the presence of cystine {Piet 10) maintained
liver fat at a somewhat higher concentration than that
characteristic of the livers of the control ratvs, spparently
inereasing the lipogenic influence of cystine. But when
both non-essentials were replaced by the reiated essential
aclids, (Dist 11) the mixture was lipogsnic no longer, %total
fat dropping to 518 mg. and percentage~wlse on the dry basls
to 21,6 per cents Thus in respect to hepatic fat also,
excess phenylalanine in the presence of cystine crestes an

imbalance but is beneficial when cystine is replaced by
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methlonine.

The roles of the two non-essential acids in conirolling
hepatic fat might be evaluated as follows: Cystine is
lipogenic. Removal of tyrosine with or without 1ts iso-
nitrogenous replacement with phenylalanine results in
increased fat, So, 1t arpears that tyrosine exerts a lipo=
troplc action of mild degree when the dlet contalins cystine
combined with small amounts of methionire.

The nitrogen present in the livers of the animals in
the three experimentsl groups was about the same. However,
the hepatic fat to hepatic nitrogen rations, 2.6, 3.2, and
2.2, indicated a definite improvement in the integrity of
the tissue was induced by increasing the methionine and
phenylalanine values of the ration at the expense of cystine
and tyrosine.

On the basis of the present observations, methionine
appears to play the major role and phenylalanine the second=
ary in stimulating nitrogen retention and controlling liver
fat, Both methionine and phenylalanine are necessary for
maximum effects, however. This is a clear example of the
Importance of evaluating the need for one amino acid in re-
lation to other aminc aclds present,

Experiment four., Ths experiment just recorded dsmone

strates that the nutritive efficiency of the amino acid

mixture simulating the amino aclds present in one day's
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feed of a diet containing the reference protein, lactalbumin,
can te improved by alterations in its methionine, cystine,
phenylalianine, and tyrosine contents within the total nitro-
gen framework of the original ration (74 mg. per day).

Womack, st al. (1953) has noted that the total intake
of nitrogen is important in relation to the utilization of
eamino acld mixture, It seemed of interest, thsrefore, to
determine the minimal amount of non-essential nitrogen re-
quired to establish nitrogen equilibrium when the apparently
more efficient mixture of essential amino acids (EAA-II)
developed in Experiment three was fed instead of the mixture
EAA~I resembling lactalbumin, It may be recslled that 38 mge
of nitrogen from the new mixture of essential amino acids
(EAA-TI) wher fed in conjunction with 36 mg. of non-es-
sential nitrogen induced storage of nitrogen (70 mg.).

in this experiment, Diets 12, 124, 128, 12¢, 12D, and
12E were fed, ths essential amino acid mixture (EAA-IIL)
being supplemented, respesctively, with 10, 20, 30, 40, &0,
and 60 mg. of nitrogen per day as provided by a mixture of
non-ossential amino acids containing no cystine and tyrosine
(NEAA-II). Measurements, again, were made in terms of nitroe
gen balance and liver composition.

Data depicting ths composi tion of the livers of rats
fed these various rations will be considered first. They

are presented in Table 13, The plctwre is very different
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Table 13. Average nitrogen retention and average composition of livers of rats fed di:

of nitrogen from KEAA-IT,

4

Series
Study
Experimen

Diet Distribution of nitrogen in daily dose Ko. Body Nitrogen meta-

No, of amino acid mixture fed of weight Tbolism per 7 days
rabs —
Bssential nitro- Non-essential nitro- Nitrogen Nitrogen Pe
gen provided by gen provided by fed balance Hy!

EAA-TI NEAA-II
mgo mg. gm. mg‘ Ing.

12 38 10 6 350 k25 -3k ¢
124 38 20 6 345 b1 =30 T
12B 38 30 ) 355 529 0 €
12¢ 38 40 6 351 584 é ¢
12D 38 50 6 355 617 -18 €
12E 38 & 6 351 65k -20 ¢







f rats fed diets containing nitrogen provided by EAA-II supplemented with graded doses

¥
A

Seriss II
Study 4
Experiment Four

- meta- Hepatic fat
7 days Liver Hepatic nitrogen (alcohol-ather extract)
Nitrogen ©Per cent Fresh Dry Total Per cent Per cont Total Per Per Ratio
balance Hzo weight fat-free fresh dry fate cent cent fats:
weight weight free fresh dry nitro=-
weight weight weight gen
mge EMe gne NEe nge
-3k 69.9 8434 2,12 26 3.2 12.6 395  L.8 15.8 1.5
=30 7042 8.18 2,0k 270 3.3 13.3 397 L8 16,3 1.5
0 69.1s 8.2k 2.08 278 3.k 13.h 31 5.2 17.1 1.6
6  6%9.7 7.73 1,92 265  3eh 13.8 k20 5.4 17.8 1.6
<18 6945 7.82 1.96 265 3.4 1345 27 5.5 17.9 1.6
260 3 13.6 k70 6.1 19.7 1.8

=20 69.1 1.70 1.91
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than the one obtained when EAA-I served as the source of
the essentlial emino acids.

Feadling of the various raticns in which the cystine-
tyrosine free mixture of nonwessential amino acids was used
in conjunction with the methionine-phenylalanine enriched
mixture of essential amino acids, in general, resulted in
livers of normal water and fat content, no matter at what
level the mixture of non=essential amino acids were fed,.
The data from sny group in this test series comparsd very
favorably with those obtained in a study of £0 stock rats
whose livers, on the average, contained 69,3 per cent of
moisture and 17.2 pser cent of fat on the dry basis.

These data are in contrast to those obtained when the
amino acid mizxture contsined graded doses of cystine and
tyrosine, In this experiment (Table 9), therse was 8 lower
than normal water content and a higher than normal concentra-
tion of fat in the liver with each increment in the amount
of non-ssssntial amino acid nitrogen fed. Data describing
the livers of rats in each of the two groups when the none
essential mixbture cof amino acids provided 40 mg. of nitrogen
will illustrate the difference., At this lsvel of f{seding,
rats receiving no cystine and tyrosine had livers with 65,7
per cent moisture, 420 mg. of total fat, and 17.8 per cent
of fat on the dry basis; those recelving thess aclds had
livers with the following values: 67.3 por cent, 849 mg.,



89

and 28,6 per cent, respectively. It is interssting that at
this level of feeding Diets 12C and 4 containsd the same
amounts of the sulfur-containing acids and of the acids
carrying the benzene ring. These data lend weight to the
observations on the Interactions between methionine, phenyle
alanine, cystine, and tyrosine on the productlion of fat in
the liver,

There is another item of interest in Table 13. The
fesding of the largest amount of nitrogen from non-essential
amino aclds, i.8.,, S0 mg. per day, tended to produce an
increase in liver fat, incressing it from about 430 mg. to
470 mg. Does this mean that an excess of non-essential
amino acld nltrogen may be lipogenic even when no cystine and
tyrosine are present?

The average quantitles and average percentage of nitroe
gen in the livers were essentially the same, no matter at
what level the mixture of non-essential amino acids werse fed.
No differences among the average ratios of fat to nitrogen in
the livers of groups 12-12D, 1.68., 1l.5-1.6 occurred. The
respective ratio for the rats fed Diet 12E (60 mg. of nitro-
gen from non-essential amino acids) where hepatic fat was
highest was relatively large (1.8).

The nltrogen balances secured in the present experiment
with the feeding of graded doses of non-essential amino acig

nitrogen free of cystine and tyrosine also were very dif-
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fersnt from those obtained in Experiment one. Average values
for nitrogen retentions of both groups are plotted against
the quantities of non-essential nitrogen provided in Figure
ls In the case of the rats fed EAA-] simulating the ese
sential amino aclds in one dayfs quota of the 4,27 per cent
lactalbumin diet, a 1linear relationship existed between
nitrogen balances per 300 gm. rat and the amounts of nitroe-
gen provided by the non-essential amino acid mixture, the
regression being Y = 4,96 X «193. The correlation coef-
ficient is 0.975. Maximum retention was reached when 50 to
60 mge ©f non-essential amino acid nivrogen was administered,
In contrast, note the curve when the modifled essential amino
acid mixture (EAA-II) was supplemented with graded doses of
nltrogen provided by a mixture of non~-essential amino acids
lacking cystine and tyrosine (NEAA-II). It shows that
retention improved with each increment of non-essential
nitrogen until 40 mg, was provided dally. Up vo this point,
retention in every lnstance exceeded that ocecurring when

the essential amino acids were furnished in ths form of the
mixture resembling lactalbumin, Beyond this point, however,
no further increases in retention occurred as the non-es-
sential nitrogen was increaseds It should be noted that
when 40 mg. of non-essential nitrogen were provided by either

mixture of non-essentlal amino acids, i.8., NEAA-I or NEAA-II,
the nitrogen arising from methionine and phenylalanine in



Flgure 1, Nitrogen balances at graded dose of non-
essential nitrogen fed in conjunction with
two dlfferent mixtures of essentisl amino
aclds,
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mlxture BEAA-IT was exactly the same, 6.5 mg., as that
origineting from methionine, vhenylalenins, cystine, and
tyrosine in the original mixture of EAA-I plus KEAA-I. When
mixture EAi-I plus NEAA~I provided more than 40 mg. of
nitrogen daily, the smount of cystine and tyrosine increased
correspondingly. This did not occur whern mixture EAA-IT
plus NEAA-IT was Ted, its contribution cf sulfur-containing
amino acids and phenylalanine having been established at =
constant value iIn the nltrogenous portion of the essential
amino acid mixture. It seems, therefore, that the
supseriority of the first amino acld mixture at the higher
levels of the non-essential amino acid feeding might be
explained by the action of the increased quantities of
eystine and tyrosins provided.

To study this possibility, the influence of a further
increase in the methionine and phenylalanine contents of the
essential amino mixture eas evaluated in the following
experiment,

Experiment five. A new essential amino acid mixture

was formulated containing additional methionine and phenyle
alanine snd was designated as EAA-III, It provided a total
of 8 mg, of nitrogen from methionine and phenylalanine,
which was the amount of nitrogen provided by the four amino
aclds, methionine, cystlne, phenylalanine, and tyrosine

when maximum retemtion of nitrogen was observed, i.e., when
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5% mge. of non-essential nitrozen provided by EAL-I was fed
in conjunction with 34 mg. of mitrogen from BAA-I (Plgure 1),
Pour dists were fed in the present experiment. In
Diets 13, 134, 13B, and 130, 39.5 mg. of essential amino acid
nitrogen provided by mixture EAA-III was supplemented with
10, 34.5, 45, and 60 mg. of non-essential nitrogen from a
mixture of non-essential amino aclds containing no cystine

or tyrosine (BAA~ITI).

Results of feeding these rations are shown in Table 14
and Figure 2, The curves in Figure 2 depict the respective
responses of rats, measured in terms of nitrogen balance,
when the three differert mixtures of essential aminc aclds
under study were fed with graded doses of the non-sssentlal
anino acids. The upper curve refers to results obtained by
feeding the mixbure EAA-III contzining increased quantities
of methionine and phenylalanine in conjunction with graded
doses of non-essential nitrogen (NEAA-II). Agaln, 2s was
the case following the feeding of the mixture EAA-I as
indicated by the lower curve, nitrogen balance gppeared to
be related in a linear fashion to the amount of non-essential
amino acid administered. The equation for the regression of
nitrogen balance per 300 gm., of body weight per 7 days on
mg. of non-essentiasl nitrogen inteke is ¥ = 3,183 - 72. The
correlation coefficient is 0,988,

The new mixture of essential amino acids (III) was

definitely superior to elther of the other two mixtures
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Table 1l Average nitrogen retention and average composition of livers of rats fed di

doses of nitrogen from NEAA-IT.

Serie
Stud
Experim
Diet Distribution of nitrogen in daily dose Ko. Body Nitrogen msta-
No. of amino acid mixture fed of weight bolism per 7 days
) rats —
Essential amino MNoneassential nitro- Nitrogen Nitrogen Pe:
acid nitrogen gen provided by fed balance Hy
provided by NEAA-IT ty
EAA-IIX '
nge | W Z£m, e BEe
| |
13 39:5 10 6 336 a5 -kg ¢
1348 39.5 3h.5 12 3h2 c86 5é (
138 3945 L5 6 36 650 71 ¢
13c 39.5 . L5 5 3 810 135 ¢







f rats fed diets containing nitrogen provided by EAA-III supplemented with graded

Seriss I
Study A
Experiment Five

. motd- Hepatic fat
* 7 days Liver . Hepatic nitrogen (alecoholesther extract)
Nitrogemn Per cemt Fresh Dry Total Por cent Per cent Total Per Per Ratio
balance Hy0 weight fat-free fresh dry fate cent cent fat:
weight weight fres fresh dry nitro=-
welght weight weight gen
e £Me g€ha e e
-k9 698 8400 1.82 259 3.2 1h.3 T 590 Teh 26 2.3
56 69.6 8.17 1.9% 27¢C 3.3 1k.0 550 6.7 22,1 2.0
71 _ 69.0 8.03 1.89 263 33 13,9 596 Tok 23.9 2.3

135 6845 777 1.83 261 3,h 1k.3 620 8.0 25.3 2.k







Flgure 2. Nitrogen balances at graded doses of none
essentlal nitrogen fed in conjunction with
three different mixtures of essentlal amino
aclds,
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formulated, With E2A-III, equilibrium was achieved when
suprlemented with 22,5 mg. of nitrogen from non-essential
acids; with BAA-II, equilibrium was attained with I mg. of
non-essential nitrogen, with EAA-I, with 40 mgs In other
words, the total amounts of nltrogzen required per day for
the establishment of equilibrium were 62 mg., 68 mg., and
74 mge., respectively. At this point, mixtures of essential
and non-essentlal acids, I, II, and III provided 8 mge., 6.5
mge, and 645., respectively, of nitrogen from acids carrying
sulfur or the banzené ring. That the nutritive efficiency
of an amino acid mixture can be enriched by increasing the
quota of these acids to 8 mg./aay in the form of methionine
and phenylalanine is 1llustrated in the upper and lower
curves, These curves susgest that the greatest retention
can be supported by increasing ni trogen from these sources
to 8 mg. within a total framework of 95 to 100 mg. of nitro-
gen dally,

Some very interesting data were accumulated concerning
the deposition of the hepatic fat when the three different
amino acid mixtures were fed (mee Table 15).

Mixture Number 3 had lipotropic properties when com=
pared to mixture Number 1 but was not as effective in this
respect as mixture Number 2, These differsnces are highly
significant (F2’19= 21,12 in terms of actual quantities and
F2,19= 25,01 on a relative dry basis).
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The effect may be attributed to the l.& mg. of nitrogen
derived from the addition of extra methionine and phenyle-
alanine, since non-essential amino acid nitrogen fed dally

at the level of 45 mg. with EAA~II (Table 14) &id not

Teble 15, Varlations in lipotropic properties of threse
mixtures of amino acidse.

Mikture Aminc acid mixture fed  Total Hepatic fat
Foe. . N
Essential Ton- Total Relative
acids essential dry basis
aclds
mege mge %
1 EAi-T NEAA~Y 74 831 28.8
(34 e N) (40 mZe E)
2 , EAS-IT REAA-IX 78 420 17.8
(38 mg., N) (40 mz. N)
3 EAA-TIIT REAA-II 74 850 22.1

(39.5 mZe N) (5405 nZe N)

stimulate the deposition of hepatic fat. TFurthermors,
hepatic fat was malntained at approximately the sams concen-
tration at any level of non-essentlial aminc acid nitrogen

feeding with BAA-III (Table 14). Why mixture EAA-III takes
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on some lipogenic properties needs further investigation.

Study B. Single vs., a mixture of none-essentlial acids

In Study B, the respective cupacitles of cystine and
tyrosine to spare methionine and phenylslanine was demone
strated from another angle. The experiment was planned
irnitially to determine whether or not a single non-essential
eminc acid could be substituted for a mixture of acids
without influencing the retention of ni trogen.

In the first phase of the test, 40 mg. of nitrogen
from glutamic acld was fed in conjunction with 34 mg. of
nitrogen from EAA~1 (Diet 14) and results compared with
those obtained by feeding the original mixture (Diet 4).

The inabllity of glutamie acid to replace the other non-
essential amino acids occurring in lactalbumin as a source
of dletary non-essential nitrogen in the supplementation of
the essential aminoc acids simulating those present in the
reference protein (E&A«I) was determined., All the animals
receiving Diet 14 lost weight, losses ranging from 9 to 2¢
mg. during the experimental period (Table XV, Appendix).
These losses were reflected in the nitrogen retentions.

In contrast %o the average balance of 8 mg./7 days for
the group receiving the control ration (Diet 4), the average
nltrogen balance for the glutamic acide~fed rats was =283 mg.
per 7 days with a range in values from =306 to -194 ng.
(Table 16)e The values for the individual rats are presented
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Average nitrogen retention and composition of livers of rats fed diets cont:

from a mixture of noneessential amino acids or from glutamic acid alons.

Serie:
Study

Diet Distribution of nitrogen in daily doses No. Body Nitrogen meta-
No, of amino acid mixture fed of weight Dbolism per 7 days
rats —
Essential nitro- Non-essential nitro- Nitrogen HNitrogern Pe:
gen gen fed balance th
Quantity Source Quantity Source
BZe Bge gn. nge g
H] 3k EAA=I ko NEAA-I 10 358 618 8 é
1N 3% EAAT Lo Glutamde 6 333 578 =253 ¢
acid
15 38 EAA-II 36 Glutamiec 6 345 576 - 5 &
' acid
12¢ 38 BAA-TI Lo KEAA-II 6 351 58k 5 6







fed diets containing nitrogen provided by EAA-I or EAA-IT supplemented with nitrogen

acid alons.
Series II
Study B
2 mota=- Hepatic fat
> 7 days Liver Hepatic nitrogen (alcohol-ether extract
Hitrogen Per cent Fresh Dry Total Per cent Per cent Total Per Per Ratio
balance 320 weight fat-free fresh dry fate cent cent fat:
weight weight free fresh dry nitro~
weight woight weight gen
nge £ g, nZe mge
8 67.7 9.19 2.11 27 3.0 13.0 8L9 S¢3 28.6 3.1
-253 69el 7497 2.0k 2l 3.0 12,0 Lh3h 5.4 177 1.8
- 5 6940 8.71 2,30 265 3.0 11.6 407 Leb 15.0 1.5
5 69.7 773 1.92 265 3.k 13.8 k20 Sebt 17.8 1.6
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in Table XV, Lppendix., The average nitrogsen balance of the
enimals recelving the diet contalning EAA-I and 40 mge. of
nitrogen from glutaﬁic acid was even more negative than the
one induced by administering the diet providing ERA-I and
only 10 mg. of non~essential nitrogen from a mixture of
several non-essential aminc acids; the average nitrogen
balence of this group (Diet 6 in the previous study) was
-187 mg./7 days.

The immediate reaction to these results was one of
surprise, but tien it was recalled that a prior experiment
(as reported herein) had demonstrated that cystine and
tyrosine played a very important role in establishing the
nutritive value of a mixture of amino acids simulating the
amino acids found in lactalbumin. Therefore, it was
decided to determine whether or not glutamlec acid would
behave differently when it was fed as a sole source of non=
essential nitrogen in combination with EAA-II which carried
additional methionine and phenylalanine in amounts iso-
nitrogenously equivalent to the cystine and tyrosine present
in one day!s feed of the 4,27 per cent lactalbumin dlet.

The rats responded very well to the feeding of Diet 18,
On the average, body weight was mailntsined (fé gme) in the
experimentd perlod (see Table XV, Appendix). The average
nitregen was =5 mge. per 7 days, values ranging {rom =47 to
21 mg. (Table 16 and Table XV, Appendix). The control group
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recelving the mlxbture of several non-essential amino acids
(Diet 12C) responded nearly the same (5 vs. =5 mg.).

Thus, it seems that the unfavorable outcome of the feed-
ing of Diet 14 might be explained on the relatively low
amounts of methionine, c¢ystine, phenylalanine, and tyrosine
present in the test milxture, Furthermore, it is also evi-
dent that the glutamic acid can replace 2ll other non-
essential amino aclds except cystine and tyrosine. These
result s also lemd support to the idea that the original
mixture of essential amino acids was inadequate in respect
to methionine and phenylalanine and that cystine and tyro=-
sine had been acting in sparing capaclities.

The data pertaining to the characteristics of the livers
of ths rats in the present study are shown in Table 15, On
the fresh basis, the average weights of the organs of rats
in Groups 4, 12C, 14, and 15 varied from 7.75 to S9.13 gm.;
on the dry, fat-free basis, from 1l.92 to 2,30 gm, The
total quantity of hepatic nltrogen of the rats ingesting
Diet 14, however, was less than that in other groups, an
observation supporting those pertaining to losses in nitrogen
from body tlissue.

The concentrations of fat in the livers again show the
lipogenic property of cystine. In response to the removal
¢l cystine, total and relative quantities of fat in the
livers decreased significantly (Diets 12C, 14, and 1S5).
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It may be roteworthy that in this experiment a severe
negetive nitrogen reient lon was associated with what could

be considered & normal amount of hnepatic fst.

Study C. Efficacy of essential amino aclids only

Data obtained in the studies described in the previous
sections demonstrated that the role played by non-essential
nitrogen in the determination of the nutritive value of
mixtures of amino acids depended upon the composition of
the mixture of essential acids with which ths non-essential
nitrogen was feds This was true regardless of whether a
mixture or a single amine acid provided the non=essential
nitrogen. In view of the commonly accepted idea that
mixtures of essentlal amino acids must be fortified with some
sources of non~essential nitrogen for the highest biological
efficiency (Rose, et al., 1948}, it was decided, in the
words of Clark (1980), to test the Pessentiality of the non-
essential amino acids™ with various mixtures of the essential
members, In other words, in this experiment the efficacy of
seversl mixtures contalning only essentisl amino acids for
the support of protein nutrition was determined, HMixtures
already described that represented three degrses of nutrie
tional efficliency were used.

Experiment one. Six experimental diets econtaining

three different mixtures of essential amino acids were fed.

Thess mixtures varied in their nutritional efficiency, this
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being determined as shown in previous sections by their
methionine-cystine-phenylalanine~tyrosine cornt ents. Diet 16
was so formulated that it contained a mixture of 10 essential
amino acids (34 mg. of nitrogen) simulating those present in
one day's feed of the reference diet (EAA-I). This was the
least efficient mixtuwre., In Diet 16A, the amino acids
present in EAA-I were increased proportionally to provide 74
mge. 0Of essential nitrogen in one day'!s feed. In Diets 17

and 17A, respectively, 38 and 74 mg. of essential nitrogen
from EAA-II were provided. In Diets 18 and 18A, respectively,
39.5 and 74 mg. of essential nitrogen were furnished from
EAA-III, the mixture believed to be the most efficient of

the three for the support of nitrogen retention. Measure=
ments were made in terms of nitrogen balance and liver
composition,

Average nitrogen balances for the six experimental
groups are shown in Table 17, and data pertaining to the
Individual rats are presented in Table XVii, in the Appendix.

The data show that the rats given only the 10 essent ial
amino acids in a mixture modeled after the essential acids
provided by lactalbumin in a 4 per cent protein ration (Diet
16) dropped into a severe negative nitrogen balence. On the
average, they lost 252 mg., of tissue nitrogen in the 7-day
periocd. This is in harmony with weight losses observed (see
Table XVII, Appendix), l.e., an average of 5 gm. of body
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Table 17. Average nitrogen retention and average composition of livers of rats fed

of varying mutritive value being fed,

Ser
Sy
Exper
Diet Source and quantity of essential No. Body Nitrogen mstae
nitrogen in daily dose of amino acid of weight Tbolism per 7 days
mixture fed rats -
Nitrogen Nitrogem P
Source Quantity fed balance H
e g, REe Mge
16 EAA-I only 34 6 3lk 3k9 -252
16A ETAi-I only 7k 5 369 651 - 87
17 BAA-II only 38 6 3 319 =151
174 EAA-TI only 7% 6 349 602 22
18 EAA-III omly 39.5 6 350 359 -158
18A EAA-III only Th 5 365 609 42







i of rats fed diets containing essential amino acid nitrogen only, three mixtures

series 1I
Study C
Experiment One
| meta= Hepatic fat
' 7 days Liver Hepatic nitrogen (alcohol-sther extract)
Nitrogen Per cent Fresh Dry Total Per cent Per cent Total Per Per Ratio
balancse H20 weight f{at-free fresh dry fate cent cent fatb:
waight weight free fresh dry nitro-
waight weight weight gen
MEe ghe gMe TEe nge
-252 68.6 8.29 1.93 25 3.0 12,7 678 8.2 26,0 2.8
- 87 59,0 8,80 2,12 281 32 13.2 603 6.9 22.2 2.1
-151 63,6 8.1 1.51 267 343 lg.g.O 639 Te9 25.2 2.4
22 67.2  8.01  1.97 °TL 3.k 13.7 651 8.1 248 2.
-158 69.6 817 1.97 267 3.3 13.6 517 643 20.8 1.9
42 6943 8435 1.97 283 3.k 145 598 7.2 23,4 2.1
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weight during the nitrogen metaebolism period. Thus, un-
supplemented with non-essential acids, essential aclds
providing 34 mg. of total nitrogen are inadequate for the
support of protein nutrition. There is not enough nitrogen
present to meet the needs for these specific acids nor to
allow for their transformation into the non-essential acids
metzbolically required for functioning of the bodye.

It is interesting to note that incressing the guantity
of EAA=I to provide 74 mg. of essential nitrogen equivalent
to the total nitrogen present in one day's feed of the
reference diet decreased but did nct avert the tissue cata-
bolism. The average nltrogen balance of the group fed Diet
164 shifted to -87 mg. All of the animals in this group
maintained their body weight (22 gm.) during the nitrogen
metabolism periocd, However, the animals did not utilize the
dietary supply of nitrogen from the essential amino acids
(74 mg./day) as effectively as they did when the ration con-
talned 74 mg. of nitrogen arising from both essential and
non-essential amino acids. It may be recalled that the
feeding of 34 mge. of essential nitrogen from EAA-I is in
conjunction with 40 mge. of non-essential nitrogen fronm
NEAA~I supported nitrogen equilibrium successfully (Diet 4,
balance being 8 wg./7 days).

When the rats were fed Dliets 17 and 18 containing S8 mg.
of essential nitrogen from EAA-I] and 39,5 mge from EAA-III,
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respectlvsely, the average nitrogen balances were ~151 and
-158. These values were markedly less than the figurs
repreosenting the catabolism when 34 mg. of nitrogen from
EAA-I was fed. It should be noted that EAA-II and EAA-III
are consgiderably richer in methlonine and phenylalanine
than BEAA=I.

The retabolism test indicated that rats were in positive
balance when fed diets containing 74 mg. of essential nitro-
gen either from EAA-II (Diet 17A) or from EAA-III (Diet
184). Vhen EAA-I was offered in this quantity (74 mg. daily),
the balance remained negative. On the average, group 174
stored about 22 mg. of nitrogen and group 184 42 mg. during
the 7-dgy metabolism perlod,.

Thus, essential amino acids fed without supplementation
with non-essential nitrogen may support nitrogen retention
when fed at a level providing the same amount of nitrogen
per day as may be derived from a 4,27 per cent lactalbumin
diet, only when the quantities and proportions of certain
essential amino acids contained therein are adequats.
Methionine and phenylalanine appear to be the controlling
acids (Table 18)., Also, this sxperiment emphasizes agaln
the Important role that cystine and tyrosine play in de-
termining the nutritive value of the intact lactalbumin
protein.

The data pertaining to the characteristics of livers
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of the rats are shown in Table 17.

Values obtainsed from

individual animsls are presented in Table XVIII, Appendixe.

The average weights of tie livers of the rats in the six

experimental groups did not appear to differ either on the

Table 18. Role of methionine and phenylalanine in relation
of nitrogen retention when different mixtures of
essential amino aclids providing 74 mg. of nitro-

gen are Iled.

Sources Diet 4: Diet 18A: Diet 17A: Diet 184:
of Control diet EaA~I EAA-TIT EAA-IZIT
nitrogen EAA-I plus

NEAA~T .

74 mg.N 74 mg.N 74 mg.N 74 mE.N

mg. mgb mg. mg.

N from acids 2.8 2.0 S.6 e b
contalning
sulfur
K from acids 3.7 Se& 7.0 Se4
containing
benzene ring
Total ¥ from €5 5.3 12,6 15.0
both source
N balance/ 7 =70 19 35
300 gma rat/
7 days

of the rats are shown in Table 17.

Values obtained from

individual animals are presented 1n Table XVIII, Appendix,
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The average welghts of the livers of the rats in the six
experimental groups did not a:pear to differ either on the
fresh or on the dry, fat-free basis. The organ in only one
group showed & moisture content of less than 69%. The average
quantitles of nitrogen in the livers were essentially the
same except in the case of the livers obtalned from rats fed
Diet 16, The average value for this group was 245 mg. as
against 267 to 283 mg. for the other groups. Less nitrogen
was present also on the relative basis, This is the group
that was in the most acute negative balance and it seems that
only when catabolism is of severe order that any significant
decrement occurs in concentration of hepatic nitrogen.
Increasing the gquantlty of EAA-I from 34 mg. of
essential nitrogen (Diet 16) to 74 mg. (Diet 18a) dally
caused an lmmediats drop in the concentration of fat in the
livers. The respective values were 26,0 per cent and 22,2
per cent on the dry basis. This drop may reflect the increased
amounts of methionine and phemylalanine provided by ration 1léa,
The fesding of mixture EAA-«ITI, again resulted in some
increase in concentratiom of fat in livers. For example,
increasing the quantity of essential nitrogen from 39.5 mg.
(Diet 18) to 74 mg. dally (Diet 18a) enhanced the accumula=-
tion of fat; the respective percemtages of fat were 20.8 and
23.4 on the dry basis, Total fat contents varied from 517

to €78 mg, Analysis of variance for groups 16, 16a, 18, and
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18a indicated that the difference in values relating to
Diet 16 and Diet 18 was significantly different at the 1 per
cent level (t « 21,.88),

Yossibly ths detrimental effect of too much methionine
ard phenylalanine may be illustrated in the group fed Dilet
18a containing 74 mg. of nitrogen. The hepatic Tat in this
group is higher thar that of group 18, but the difference is
significant only at the 5 per cent level,

It should be roted that Dliets 17 and 178 containsd 0.2
per cent L-threonine as in all other disets. Therefore,
discussion of the concentration of fat present ln the livers
of rats fed these two dlets (Dlet 17 and 17a) will be de-

ferred to a later sectione.

Experiment two. Data described in the previous section

demonstrated that the abllity of the essential amino acids to
support a favorable nitrogen balaence when fed at a level
providing the same smount of total nitrogen per day as msay

be derived from one day's food quota of the intact protein
diet depended on the composition of the mixture in respect to
methionine end phenylalanine., The present experiment was
planned to determine the specific quantity of a2 mixture con=-
taining the essential scids only needed for the maintenance
of nitrogen equilibrium., Essential amino acld mixture III
(BAA-ITII) was chosen for thls test becsuse it had been

demonstrated that retention of considerable degree occurred
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when 1t was fed at 8 lsvel approximately the total nitrogen
provided per day by a 4.27 per cent lactalbumin dilet. It
seemed to owe 1ts superiority to its relatively high content
of methionine and phenylalanine,

The mixture was fed in quantities providing graded
doses of essentlial nitrogen. Diets 18, 184, 18B, 18C, and
18D provided 38,5, 50, 60, 74, and 80 mg. of essential
nitrogen, respectively. HNitrogen retention and liver com=
poslition waere used as the crlteria for the evaluation of
the resulise.

It is interesting to note that the average body weight
of the animals in each experimental group reflected the
nitrogen intake. The average change in body weight of the
rats in the five experimental groups, 18, 18A, 18B, 18C, end
18D were -4, =2, 0, 8, and 8 gm., respectively, during the
experiment.

Data pertaining to the nitrogen metabolism of the five
groups are presented in Table 19 and Figure 3. A linear
relat lonship exlisted between nitrogen balance ard quantity
of essentlal nitrogen fed., The equation for the regression of
nitrogen balance per 300 zme of body welght per 7 dsys on
intake of essential nitrogen 18 Y « 5.08 -340, The correla=-
tion coefficient is 0.981. KNitrogen equilibrium was obtained
when the diet provided approximately €67 mg. of essential
nitrogen (also equal to the daily total dietary nitrogen).
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Tasle 19. Average nitrozen retention and average composition of livers of rats fed dic
amino acids (EAA-III).

Seriag
Study
Experimen

et (marmtity of nitrogen in daily doss of HNo. Body Nitrogsn meta=

No. EfA-TIT of waight  bolism per 7 days
rats -
Kitrogen Nitrogen Per
fed balance HoC

nge E&lle nge mZe

13 39.5 6 350 359 -158 6
184 50 6 352 455 -9 €
183 60 6 354 530 -7 6
18¢ 7h 5 365 609 42 6
18 80 5 361 680 75 6







of rats fed dists containirg graded doses of nitrogen provided by essential

Seriss II1
Study C
Experiment Two

n msta- Hepatic fat
i 7 days Liver Hepatic nitrogen (alcohol-gther extract)
Mitrogen Per cent Frezsh Dry Total Per cent Per cent Total per Per Ratio
balance Hzo weight fat-fres fresh dry fat- cent cent fat:
weight weight free fresh dry nitro-
weight weight weight gen
nge ERe EMe go Mo
"158 69.6 8017 1097 267 303 13.6 517 603 2008 109
- 95 69.6 7.9% 1.82 246 3.L 1k.7 582 Tols 243 2,2
-7 6942 8.20 ‘;‘1.911 270 3.3 1k 595 Te2 23.6 2.2
k2 693 8.35 1.97 283 3.k ko5 598 Te2 23.4 24
75 6340 8.92 2.17 290 3.2 13.k 597 6.9 22,3 2.1







Figure 3. Regression of nitrogen balance on milligrams of
nitrogen per day administered in the form of
ossential amino aclds,
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It is interesting to compare this value with the data secured
in Experiment five of Study A (Figure 2) in which the total
nitrogen content of tThe diet was 62 mg. per day. Only 39.5
mge 0f essentlal nitrogen from EAA-III wes needed for the
support of nitrogen eguilibrium in this case when the ese
sential acids were supplemented with 22.% mg. of non-es-
sential nitrogen,

With essential amino aclds only present, a total of 67
mge. of nitrogen was meeded; with the mixture of essential and
non-essential aclds, 62 mg. It appears, therefore, that
there is some physiological cost in the metabolic conversion
of essential acids to the equally important "non-essential®
amino acids required in metsbolism,

Thus, the present sxperiment has demonstrated that
nitrogen balance may be achleved when the only source of
distary nitrogen 1ls from essentlial amino acids, providing
the mixture ccntalns adequate amounts of certain amino acids,
1.8., methionine and phenylalanine in balanced proportions.
This can occur when the smount of nltrogen present is
equivalent to the minimal quantity of nitrogen from a2 high
quality protein needed for nitrogen equilibrium. Insofar as
the author knows, nltrogen equilibrium with essentiasl amino
acids only has bsen demonstrated heretofore st this level of
nitrogen lntake.

The average water contents of the livers of rats in the
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five experimental groups were essentially the same. Only in
one group (18D) did the organ seem to be unduly large. This
is the group that received the largest amount of essential
amino acids in the ration and that also exhibited the highest
retention of nitrogen. Ths total amount of nitrogen in the
livers appears to be asscclated with the cuantity ol the
essential nltrogen provided by the diet. Values were
essentlally the same until the dietary nitrogen zyproachsd
the value for total nitrogen needed for equilibrium, there=-
after they increased in a limssr fashion with each increment
of essential acld fed {(Flcure 4), It is interesting to
speculate that these increments in hepatic nitrogen indicate
that the essential amino acids are being stock-pilsd in the
liver for converslon into non-sssential amino acids,

The data in Table 19 also show that the average weight
of fat in the organs representing the various groups were not
different except in the cese of the group fed Diet 18, Its
average value (517 mg.) was b ss than the figures obtained
from other groups (582-598 mg.)e.

Agaln, the results raise the question in regard to
what effect the lncreassed quantities of methionine and phenyle
alanine used in this specific mixture may be exerting on
hepatlic fat,

Study Ds Optical form of smino acid

In the course of the investigation reported herein, a



Figure 4.

Nitrogen balance in relation to the quantity
of nitrogen present in livers of rats fed
graded doses of essentlal amino acids onlye.
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preparation of Le-threonine beceme avallable., It seemed of
interest to determine whether or not varying the optical

form of threonine used in the experimental rations had any
influence on the relatlive efficlencies of two different amino

acid mixtures,.

Experiment one. Four diets were formulated. Diets 17

and 19 contained mixtures of only the essential amlno aclds
(BAA=II) in smounts providing 38 mg. of nitrogen per day.
These dlets contained 0.2 per cent Lethreonine and G.4 per
cent DL-threonine, respectively., Diets 20 and 18 contalned
39,5 mge of essential nitrogen from ELA-III, providing 0.2

per cent Le~threonine or 0.4 per cent IL-threonine, respective=-
1y,

The results are presented in Table 20, Irndividual
values are shown in Tables XXI and XXII, Appendix.

The metabolism test Indlcated that the substitution of
0.2 per cent L-threonine for 0.4 per cent DL-threonine in
the diets containing elther mixture of essential aeids only,
i.e., BAA«II or EAA-III, elsvated the tissue catabolism
(Diets 17 and 20).

It is very interesting that the substitution of 0,2 per
cent L-threonine for 0.4 per cent DL-threonine present in
EAA«II (Diets 19 and 17) produced a significant increase in
the concentration of fat in the liver (13.6% vs. 25.2%, on
ths dry basis). The increase 1s statistically significant



Table 20,

i

Average nitrogen retention and average composition cof livers of rats fed die

threonine is present in sither the L- or Di- form.

Seriss

Study
Experime

Diet Nitrogen in daily Quantity and opti-~ Ho. Body Nitrogen meta-
No. dose provided by . cal fornm of threo~ of weight Dbolism per 7 days
nine in ration rats
Nitrogen HNitrogen Per
fed balancs H20
ERe ngs g
17  EAA-IT only 0e28L= 6 3la A9 -151 6
19  EAA-IT only O« LEDL- 8 350 351 ~122 7
20  BAA-III only 0.2%L= ) 340 309 -3 6
18 EAA-ITI only OoLi#DL~ 6 321 347 - T







f rats fed diets containing nitrogen provided by EiddeIl or EAleIII in which the

Series II

Study A
Experimant (me

| meta- Hepatic fat
» 7 days Liver Hepatic nitrogen (alcohol-ether extract)
Nitrogen Per cent Fresh Dry Total Per cant Por cent Total Per Per Ratio
balance szo weight fat-fras fresh dry fate cent cent fat:
weight weight free fresh dry nitro-
weight woight weight gen
g EDle Ee MEe Mg
-131 68.8 8.11 1.9 267 33 14.0 639 7.9 25.2 2.b
-122 70.3 8.21 2,10 262 3.2 12.L 332 L0 13.6 1.3
-1 68.0 8.31 2.02 257 3.1 12.8 6ld Te7 2L.2 2.5
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(t = 14.5). In 1953, Elvehjem's group (Harper, et al.)
demenstrated thst Di-threonine exerted & specific role in
reducing liver fat deposition in the young rats. In the
present experiment, the D-threonine must be utilized because
it simuliameously reduced catabolism and liver fat.

Therefore, ths lipogenic property of Diets 17 and 17a
that was described in Experiment one of Study ¢ might be
explained on the basis of the present observaticns., It should
be recalled that Dlets 17 and 17a contaimned, respectively,

38 and 74 mge of essentiel nltrogen from EAA-II as the sole
source of the dletary nitrogen. 1In sach diet, Lethreonine
constituted 0,2 per cent of the ration.

The response of the substitution of 0.2 per cent L=
threonine for 0.4 per cent DL-threonine in EAA-III (Diets 18
and 20) was very different. No simmificant difference was
observed between the concentrations of the hepatic lfat of the
animals in these two groups. Thus, it locks as though rela-
tions between threonine, methionine, and phenylalanine mg
be important in controiling fat deposition in the liver. 1%t
should be noted again, however, that on the whole, EAA-III has
some lipogenic properties.

Experiment two: In this experiment, the effectiveness

of D-threonine in promoting nitrogen retention and reducing

fat deposition in the liver was evaluated when 1t was in-

corporated in a mixture containing both the essential and
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non-essential amino acids,

Three exper imental diets were formulated, All diets
contained 3%.° mg. of essential nitrogen from EAA-III and
044 mge o none-essential nitrogen from NE:LA-II, amounts
equivalent to the acld present in one day's quota of the
reference dictse Diets 21, 22, and 13A provided, respective-
ly, 0.2 per cent L-threonine, 0.4 por cemt L-threonine, and
O0e4 per cent DL-threonine. Agaln, response was evalusted in
terme of nitrogen balance and characteristics of the livers,

vete obtalned from the three experimental groups are
shicwn in Table 21 and Tables XXII and XXIII in the Avpendilx.
The feeding of the diet containing either O.4 per cent L-
threonine (Diet 22) or 0.4 per cent DL-threonine {(Diet 13A)
produced a higher nitrogen retention than did the one con-
taining 0.2 per cent L-threonine (Diet 21l). %hen the diet
contained 0.4 per cent threonine either as the L~ or ths
DL~ acid, rats utilized them equally well, Again, evidencs
is clear cut that the D-form of tbreqnine is ntilized by the
adult rat in the nitrogen economy. Thues, lactalbumin appeers
vo be low in threonine as well as 1ln methionine and phenyl-
alanine.

The avsrage weights of the livers of the rats in the
groups fed the three different dlets (Diets 21, 22, and 13A)
did not appear W% differ elther on the fresh or on ths dry,

fat-free bacsis. Average molsture contents of the organ also
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Table 21. Averags nitrogen retention and composition of livers of rats fed diets cont
is present in either the L~ or DL~ form,.

Seri
Stu
Experi
Diet Nitrogen in daily Quantity and form Xo. Body Nitrogen meta-
Noo doge provided by. of threonine fed of woight bolism per 7 days
rats

Nitrogen Ritrogen

fed balance
2¢: 0 Bge nge
21  EAA-III(39.5 mg.N) Ce2%L= 6 3kl Sk ~13
HEAA=II(3L.5 mg.N)
22  BAA-III(39.5 mg.N) OolifL- 6 340 568 32
REAA=II(3Le5 mg.H)
134 RALLTIT{39.5 mg.N) 0.4fDl~ é L6 612 L6

HEAA=TI(3h.5 mgeN)







fed diets containing nitrogen provided by EAA~III and NEAA-II in which the threonine

Series II
Study B
Experiment Two

sn meta- Hepatic fat
ar 7 days Liver ) Hepatic nitrogen (alecholeether extract)
Nitrogsn Per cemt Fresh Dry Total Per cent Per cent Total Per Par Ratio
balance 350 woight fat-free fresh dry fate csnt cent fat:
woight weight free fresh dry nitrow
weight woight weight gen
B ERls gils ®Ze g
.13 6900 3.11 1092 263 302 ' 1308 590 7.3 2306 2.2
32 69.0 8.31 1.57 275 3.3 14.0 611 Tels 23.7 2.2
L6 693 842 2,02 268 3.2 1363 558 6.6 21,6 2.1
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were similar. Actual and relative quantlitles of hepatic
nitrogen were approximately the same, Total hepatic fat
varied from 5568 %o 611 mg.; ths percentage of hepatic fat

on the dry basls from 21,6 to 23.7 per cent. Differences in
percentage of hepatic fat, however, were not statistically

significant,

Series III. Influence of Varlation in the

Non=-ni trogenous Components of the Dlet

Study A, Variations in the source of dietary carbohydrate

As indicated in the “REVIEW OF LITERATURE®, various
investigators have demonstrated that under thelr experimental
conditions certaln dietary carbohydrates when incorporated
into rations containing elther intasct proteins or mixtures
of amino acids only, exerted a favorable influence on rate
of growth, synthesis of B~vitamins in the intestine, nitro-
gen retention, and fatty composition of liver. The purpcse
of the present lnvestigation was to study the influence of
different carbohydrates on retention of nitrogen when they
were incorporated into diets contsining the amino acid mix-
ture found most favorasble to nitrogen retention,

Four diets were used in the stuly. Dlet 134, as a
control dlet, contaired dextrin and EAA-III plus NEAA-II,
In Diets 23, 24, and 25, dextrin was replaced, respectively

oy starch, dextrose, and sucrose, It should be noted, how-
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ever, that all diels contained approximately 68% of carboe
hydrate and provided 74 mg. of total nitrogen in one day's
quota of feed that originated from BAA-III (39.5 mg. N) and
NEAA-II {34.5 mg. N)e.

Table 22 presents average data pertaining to the four
groups of animals fed diets contalning carbohydrates from
various sources (Diets 134, 23, 24, and 25)., Individuwal
values are shown in Tables XXV and XXVI, Appendix.

The average nitrogen balance of the rats indicated that
the replacement of dextrin by starch dld not intreduce any
appreciable change in the retention of nitrogen (62 mg. vs.
45 mg./days)e The replacement of dextrin by either dextrose
(Diet 24) or sucrose (Diet 28), however, resulted in negative
nitrogen balances, i.e., =135 and =59 mg., per 7 days. The
differences in the nitrogen balances of the rats in these
groups and those fed the control ration (Diet 13A) were
highly significant (Fz,lls 16,59)« The catabolism of the
rats upon the feeding of dextrose was nigher %han that
characteristice of any other groupe.

The average weights of the livers of the rats in the
groups fed the four different experimentel diets (Diets 134,
23, 24, and 25) did not appear to differ, either on the fresh
or on the dry, fat-free basis, Average moisture contents of
the organ alsc were similar,

The feeding of the four different experimental diets
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Average nitrogen retection and average composition of livers of rats when the
containing different scurces of carbohydrate,

Seities
Study

Source of carboe
hydrate in ration

Quantity arnd source Ko, Body Nitrogen metae
of nitrogsn in one of weight Dbolism per 7 days
day's quota of feed rais

Nitrogen Nitrogen Per

fed balance H20
gt 3. nge
NEAA-IT (3L.5 mg. N) ' '
EAA=IIT (39.5 mg, N) 5 333 612 62 68
NEAA-IT (3h.5 mg. W) |
Dextrose EAA-IIT (39,5 mg. ¥) L 336 563 135 69
NEAA-ITI (3he5 mg. N)
EAA-IIT (39.5 mg. K) 6 333 559 =59 69

NEAA-IT (3Le5 mg. N)







f rats when the amino acid mixture (EAA-III plus NEAA-II) was incorporated in diets

Series IIT
Study A
metae Hepatic fab
7 days Liver Hepatic nitrogen (alcohol-ether extract)
Nitrogen Per cent Fresh Dry Total Per cent Por cent Tobtal Per Per Ratio
balance Hzo weight Sfut-Lree fresh dry fat- cent ent fat:
weight weight free fresh dry nitro=
weight weight weight gen
e gne Ele Ko mnge
ks 68.4 797 1,97 266 3.4 13.5 S8 6.9 21.8 2.1
62 68.7 1.76 1.88 255 33 13.6 542 70 22.4 2.1
<135 6903  7.56 1.8 257 3.k 140 K82 6y 0.6 1.5
=59 69.6 7495 1,93 271 3.5 lh.k 14186 6.1 20,1 1.8
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seemed to produce no change in the concentration of hepatic
nitrogen that could be considered significant, as measured by
either actual or relative quantitiss.

Neither did the kind of carbohydrate used in the ration
affect the actual and relative quantitles of fat in the liver

to any significant extent.

Study B: Variations in the energy value of the diets

Since Rose, Coon, and Lambert (1954) have stated that
they have no satisfactory explanation for the unfavorable
retentions of nitrogen exhibited by human subjects receiving
amino acids in diets adequate to meet their energy require-
ments, it seemed important to study the relatlion of varia-
tions in caloric value of the ration on nltrogen balance
under the experimental situatlions described in the present
investigation. Data are presented in Table 23 and in Tables
XXVII and XXVIII of the Appendix. In additien to the measure~
ments used up to this point for evaluation of response of the
rats, studles were made of carcass composition.

Three experimental diets were formulated. Diet 13A was
the control diet. 411 diets contained 10 per cent of hydro-
genated lard (Swiftnting) and 10 per cent of butterfat. The
absolute quantitiss of fat and carbohydrate were reduced
proportionately in Dlets 26 and 27 so as to provide ap~
proximétely 50 and 35 calories in one day's quots of food in

contrast to the 65 calories ylelded by the control ration.
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Table 2}; Average nitrogen retention and average composition of livers of rats when th
" of varying caloric value,

Series
Stud

Diet Caloric value of Quantity and source No. Body Ritrogen metae
Ho. one day's quota _.of niirogen in one of weight Dbolism per 7 days
of diet deyts quota of diet rats
Nitrogen Nitrogen Per
fed balance Hy0
Cal. gmo mgO m0
13A 65 EAA-IIT (39.5 mg.N) 6 352 625 80 6
NEAA=-TI (3LeS5 mg.N)
26 50 BAA-III (39.5 mg.N) 8 338 666 17 €
NEAA-II (3Le5 mg. N)
27 35 EAA-ITT (39.5 mgeN) 6 312 635 -159 6

NEAA-IT (3445 mgeN)







of rats when the amino acid mixture (BAA-TTT plus NEAA-II) was incorporated in diets

Series 11T
Study B
. meta= depatic fat
T days Liver Hepatic nitrogen i {alcohcle-einer extract
Nitrogen Pex cent Fresh Dry Total Per cent Per cent Total Per rer Ratio
balance HyO veoight fatefree frash dry fate cent cent fats
" weight welght free fresh dxy nitro-
weight weight weight gen
Tge e gie mge Biii 2
80 69.h 7.96 1.88 26 3.3 1k 55h 7.0 22,8 2.1
17 6914 7.0k 1.68 266 3.5 15.¢8 L7k Be7 22.0 1.8
«159 654 610 1.58 250 3.9 15.8 379 5.9 19.3 1.5
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It should be noted that the day's allotment of each ration
contained the same quantlties of other dletary components.
All provided 74 mg. of nltrogen from the combination of
EAA-TIT (39.5 mge N) and NEAA-IT (34,5 mg. N). One day's
feed in the solld form of Diets 134, 26, and 27 weighed 13,
10,2, and 7.9 gm., respectively.

The inability of Dieta 26 and 27 to support protein
nutrition was evident even in an early phase of the expsriment,
411 rats in group 26 lost weight (Appendix, Table XXVII), the
average loss in the sxperimental period of group 26 being
11l gme; of group 27, 40 gme The feeding of the control
diet (Diet 13A) which provided approximately 65 calories
daily permitted the rats to zain on the aver 10 gm. during
the same period (range 7 to 16 gm.).

The nitrogen balances of the rats fed dlets of varied
energy value were striking also, The difference in nitro-
gen balances betwesn the three groups were highly significant
(Fg,lv2 606.71)

All the rats in the control group (Diet 13A) were in
positive nitrogen balance, On the average, ths group
stored about 80 mg. of nitrogen (range 47 to 102 mg. during
the 7-dg metabolism period). Greater individual variation
in nitrogen retention, however, was assoclated with the
feeding of Dist 26 than was the case in the rats receiving
the control diet (Diet 13A). The mean retention of nitrogen

of rats fed Diet 26 was positive, 1.6, 17 mg. with a range
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in values from =43 to 105 mg. Comparison of the nitrogen
balances of groups 13A and 26 indicated that the difference
between them was significant at the 5 per cent level (tlé =
2.35)s The rats given the diet providing approximately 36
calories in one day's quota (Diet 27) dropped into a severely
negative nitrogen balance. The average nitrogen balance was
=159 mg., per 7 days.

Thus retention of nitrogen was related to the caloric
value of the dlet, IV should be noted@ that ths rats maln-
tained nitrogen equilibrium when offered a ration providing
5 calories in one day's quota. This was the approximate
energy value of the food consumed by the rats when fed, ad
1ibitum, the reference diet céntaining a lactalbumin prepara-
tion at the 4 per ceni level, It is very interesting that
the rats in this experiment receiving amino acids as the
sole source of dietary nitrogen do not seem to need calories
over thelr regular requirement as suggested by Rose, et al.
in 1954, It is suzgested that the need for additional
calories under his experimental situatlons may be explained
on the basis of the efficlency of the amino mixture fed.
Further evidence for this hypothesis is presented in Table
24 in which retentions obtained during tﬁe course of thils
investigation with various mixtures of aminoc acids may be
4 compared when the diet furnishes 65 calories per dey.

The average nitrogen balance of the rats fed Diet 4
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furnlishing 65 calories per day and containing a mixture of
amino aclds simulating those present in one day's quota of
the reference diet (EAA-I plus NEAA-I), was 8 mg. during
the 7-dgy metabolism periods The simultaneous substitution
of cystine and tyrosine nitrogen with methionine and phenyl-
alenine nltrogen, respectively, (Diet 12¢) induced & similar

Table 24, <Composition of amino acid mixtures and nitrogen
retentlon at a constant lsvel of calorie intske.

Dilet Amino acld mixture Daily calerie Ritrogen
value of balance
force-fed in the

74 mg. N/day diet 7-day
test
period

4 EAA-] plus NEAA-I 65 8
12¢ EAA-II plus NEAZ=IT 65 6
13A EAA-ITI plus NEAA-II 65 80
26 EAA=-IJII plus NEAA-III 50 17

retention (6 mg.) at this level of celoric intake. Increases
in the quantities of methionine and phenylalanine at the
expense of the non-essential amino acld mixtwe as was done

in Diet 134 resultsd in positive nitrogen balance (80 mg./
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7 days)e. Also, thig diet {Diet 134} fed in amounts providing
only &0 calories per day was as effective in promoting nitro-
gen balance as were less efficlient mixtures (Diets 4 and

12¢) fortified@ with 66 calories per day.

Data pertaining to the characteristics of the livers
as shown in Tabtle 23 and Table XXVIII in the Appendix are
Interesting. Thne average relative quantitles of molsture
in the livers of the rats fed three different experimental
dlets were ldentical, The mean weights of the organ, how-
ever, either on the Iresh or on the dry, fat-free basis,
were statistically different at the 1 per cent level (F2’17=
48,27 and F2,16= 2.34}. The rats fed the low calorie dist
had the smallest llver.

The effect of caloric restriction is especially
discernable when groups fed Diets 13A and 27 are compared
(1.0., 65 calories per day vs. 35). As noted above, the
mean weight of the liver of the group fed 35 calories per
day was less than that of the rats fed 65 calories. This
was due to a loss in hepatic fat since molsture mntents are
identical. With the less fatty liver, then, one would
expect some increase in the relative concentration of hepatie
nitrogen, which was the case. Results obtained with the
group fed Diet 26 are not as clear, but this is the more
variable group receiving calories close to the ecritieal

lsvel.
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The actual and relative quantities of fat in the organ
of rats fed the three expsrimental diets were statistlically

different at the 1 per cent lovel (F 31.292 and F =

2,17 2,17
16.6)

The pressnt experiments suggest that the weights of
livers and the concentration of fat in the ocrgan reflect
the caloric value of the experimental diets.

The whole carcasses of rats mesintainsd on three dif-
ferent experimental dlets were analyzed for molsture, total
nitrogen, and fat, Data pertaining to these determinations
are shown in Table 25 and Table XXIX, Appendix,

A definite loss in the total water pressnt in the
whole carcass resulted from the feeding of a dlet providing
approximately 35 calories per day instead of 50 or &5 caloriss,
The difference hetween the three groups was statistically

significant at the 1 per cent lsvel (P = 24,42), On the

2,17
relatlve basis, moisture content of the carcass increased

as the calorle valus of the diet decreased, The carcasses

Q
L

the positive control group (Diet 13A) contained an average
of 125 gm. of dry matter; these of group 26, 11l gm.; and

of group 27, 96 gm, The respective relative values for
quantity of dry matter present were 37.0, 34.6, and 33.1.
Both sctual ard relative quantities of dry matter present in
carcasses of rdts fed the three expsrimental diets were dif-

ferent at the ; per cent level (F2’17- 71.78 and F2,17. 58.0,
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Table 25. Average carcass composition of rats when the amino acid mixture (EAA-III plu

Series
Stud
Diet Caloric value of Quantity and source No. Carcass
one day's quota of nitrogen in one of weight Moisture
of diet day's quota of diet 1rats (liver-
free)
Psr Total Dry
cent weight
Per Total
cent weigl
Calo gm' gm. gm.
13A 65 EAA-III (39.5 mg.N) 6 338  63.0 213 37.0 125
EAA-II (3h.5 mg.¥)
26 50 EAA-TII (39.5 mg.N) 8 321 65.h 210 3h6 il
EAA-ITI (3he5 mg.N)
27 35 BAA=ITI (39.5 mg.N) 6 290 66.9 19k 331 %6

EAA-II (3he5 mg.N)







ire (EAA-III plus NEAA-IL) was incorporated in diets of varying caloric value.

Series III
Study B
Carcass fat
! Dry matter = . Carcass nitrogen (alcohol=ether extract)
L Dry Dry, fat-free Total Per cent expressed in Total Per cent expressed Ratio
sht terms of in terns of fat:
' ' nitro
Per Total Per Total gen
cent weight cent weight Fresh Dry Dry . Fresh Dry
weight weight fat- ‘weight weight
free
waight
. e g ghe gnte
3 37.0 125 23.2 78.5 11.7 3.5 93 14.8 k6.3 13.7 37.0 L0
) 346 111 23.0 7h0 116 3.6 10,k 15.6  37.1 11.7 33.6 3.2

$ 33.1 96 2&03 7005 10.9 3-8 11.3 1502# 25-5 8.8 2606 2.3







respectively).,

The per cent of dry, Tat-free matter in ths cercasses
of group 27 was about the same as that ol animsls in groups
fed Dlets 134 and 26, However, the actual gquantities of
dry, fzt-free matter in the cercasses of groups 134, 25, and
27 were different, 1.0.,, 78e¢&, T4.0, and 70.5 gm.,
respectively, These values deplcting relative eamoumts of
dry, fat-free tissue are in accord with the retentions cf
nitrogen characteristic of the three groups of rats,

Both sets of observati-ns «re confirmed by the
significant loss in the total nitrogen from the whole carcass
that followed the feeding of Diet 27 which provided approxi-
mately 35 calorles in ome day's quota of food. The total
quantities of »ody nitrogen of the rats fed Diet 13A (68
calories per day) and Diet 26 (50 calories per day) were
essentially the ssme,

It was found that the feeding of Diets 26 and 27 pro=-
duced a significant change in the concentration of fat in
the carcass, This observation bears out ths idea that the
calorice requirement i1s increased whsn amino acid diets are
fed. The rats apparently have baen forced to draw on body
stores of fat for additional calories. That this occurs in
the group fed 50 calories per dsgy (Diet 26) despite maine
tenance of satisfactory nitrogzen balance again suggests that
this is a critical level of energy for maximum utilization

of dietary nitrogen coming solely from amino acidse
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Evalustion of Amino ¥ixtures Formulated

It was thought that it might be interesting to evaluats
the composition of the amino acid mixtures formulated in the
present investigation in relation to the minimal requirements
of the various amino acids for maintenance of nitrogen
balance in man as set forth by Rose, Wixom, Lockhart, and
Lambert in 1956, In this evaluation, the relative amounts
in the two formulas of each essential amino acid in respect
to the quantity of tryptophan was used as indices for com-
parison, Theoretically, utilization 1s determined quanti-
tatively by the amino a2¢id pressent in the smallest amount,
1.4, "the law of minimum®. Tryptophan is the amino aeid
that occurs in smallest amounts in natural proteins.

The quantities of each amino acld in ths thres miiiures
tested in the p}esent'experiment and the smounts reco:mended
by Rose, et al. are shown in Table 26, The propsrtionality
relationships with tryptephan expressed as unity appesr in
Table 27, |

The amino acid mixture used by Rose in his animal
studies in which the essentiallity of certain amino acids was
established on the basis of the amino acid content of casein
{Rose, 1931)., Several modifications were made in this mix-
ture over the cowrse of time (Rose, et 8le, 1949). Then when

the Illinois investigations shifted to a study of human re-



Table 26, (omposition of amino acld mixtures supporting body maintenance.

Amino acid Quantity of utilizable amino acids

Jowa formulae for rat malntensnce Rose's tenta-
tive recom~
mendation for

Mixture 1 Mixture 2 Mixture 3 minimum in -

take
nge mge mge 8o
Tryptophan .2 9.2 9,2 0.25
Methionine 10,3 30.2 37.1 1.10
Cystine 16.1 - - —-—
Total S~contalning acids 26.4 30,2 7.1 1,10
Phenylalanine 18.2 45,5 62.9 1.10
Tyrosine 273 - - e
Total ~Conbtaining acids 46.5 45.5 52.9 1.10
Arginine 14.2 14,2 14.2 -
Histidine 2.1 9.1 9.1 -
Isoleucine 27.7 27.7 27.7 0.70
Leuecine 63.8 63.8 53.8 1,10
Lysine 41.9 41, 41.9 0.80
Threonine 5l.4 5l.4 5l.4 0.50

Valine 28.4 28,4 28,4 0.80

82T




Table 27, Ratlos of amino acid components to tryptophan in amino dlets
supporting body malntenance

Amino acids Ratio of quantity of each amino acid to
tryptophan -
Iowa formulae for rat main-~ Rose's
tenance tentative
. recommenda~
Mixture 1 Mixture 2 Mixture 3 tilon for

hunan

beings

Tryptophan 1.0 1.0 1.0 1.0
Methionine 1.1 303 4,0 4.4
Cystine 1.8 - - ——
Total S=contalning acids 269 3ed 4,0 4,4
Phenylaiianine 2,0 4,9 6.8 4.4
Tyrosine 3.0 e - el
Total ~containing acids 4,9 4,9 6.8 4.4
Arginine 1.5 1.5 1.6 ——-
Histidine 1,0 1.0 1,0 -
Isoleucine 3.0 3.0 3.0 2.8
Leucine 5.8 5.8 5.8 4,4
Lyslne 4,6 4.6 4.6 3.2
Threonine 5.6 5,6 6.6 2.0
Valine 5.1 501 3.1 302

82T
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quirements for the various amino asids, the initial amino
acid mixture used was the ons which supported the besti zrowth
in the rat of any prepsaratlon tested in their laboratory up
to that time and wshiech had had its origin in the composition
of casein (Rose, et al,, 1950). As the requirement for each
essentlal amino acld was established, the compositlon of the
test mixture was modifisd accordingly (Rose, 15489). From
these data then, minimum requirements eventually were

evoked (Rose, et al., 1985),

The ratios of the concentrations of the various amino
aclds to that of tryptophan in Mixbtuwre 1 (Table 27) actually
are the ratios that describe the protsin, lactalbumin, with
the exception of the concertration of threonine. Thrsonine
was incor?orated into this mixturs at the level in which the
L=form occurs in lactalbumin. Only Di-threonine was
originally available, so the sminoc acld was fed in doses
providing twice the quantlty indicated by the composition
of lactalbumin, However, it was demonstrated that the D=-form
was utilizable under the experimental conditions imposed and
that the feeding of either L= or DL-threonine at the 0.4
per cent level definitely improved nitrogen retentlcn over
that obtalned by the feeding of 0.2 per cent L-threonine,
the level dictated by the composition of lactalbumin,

The changes in the ratlios of methionine and phenyl-
alanine to tryptophan in Mixbures 2 and 3 are assoclated with



progressively greater efficiencies of %the amino acid cou=
binations in respect to thelr ability to support retention
of nitrogens

Comparison of the amino scid-tryptophan ratios presented
in Table 27 show that there is a close similarity between
many of the ratlos for the most efflcilent mixture formulated
in the present investigation (Mixture &) ané Rose's values
for minimal amino acid requirements in aduvlt human beings.

One of the most interesting digressions 1s in respect
to phenylalenine, the ratio being 5.8 in the formuls of the
amino acid mixture for maintenance of nitrogen equilibrium
in the rat and 4.4 in the 1list of minimal requirements of
anino aclds in man., It way be recalled that phenylalanine
was involved definitely in the delicate balance with me thio-
nine whereby the efflclency of ¥lxbture Xo. 1 was increased
in rospect to its sbillty to support a ancrmal fat concentra-
tion in the liver and to maintain nltrogen equilibrium at a
dscreasad level of total nitrogen intaske (Mixture Noe. 2). In
the presence of cystine and limited amounts of methionine,
excess phenylalanine was definitely lipogenic and conducive
to the establishment of megative nitrogen balance (Table 12),
With the total sulfur content of the diet made up of methioe
nine only, phenylalanine was lipotropic and efficlent in re-
gard %o the promotion of retention of nitrogen. It is
believed that the present experiment indicates that the adult
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rat needs a higher level of phenylalanine than heretofore
belleved and that the proportion of phenylalanine to trypto=-
phan may be of importance in determining balance between
Ingredients of an amino acid mixture. Under the conditions
lald down by Rose in his studies with adult men 1t has, of
course, been impossible t secure data pertaining to com-
position of liver,

The change in the methionine-tryrotophan ratios in
Mixtures 2 and 3 from 3.3 to 4.0 illustrates the key position
of methionine and the part it plays in conirolling nitrogen
metabolism. In Mixture 2, it was definitely lipotropic
and exerted a favorable effect on retention of nitrogen;
in Mixbture 3, although the larger quantity of this acid
improved the utilization of the mixture, it simultaneously
imparted some lipogenic properties. One wormders what
transpired in the human beings when the met hionine~trypto-
phan ratio was 4.4,

Rose and Wixom used the DL~ I'orm of the amino seid in
the investigstion describing the buman requirement for threo=- -
nine (1955), and therefore introduced twice the smount calléd
for by their formula into the amino acid mixture employed,

If the observations of the mresent experiments are confirmed
in regard to the physlological utilization of D-threonine by
the adult rat, and if the results of an animal experiment

are applicable to men, an slteration in Rose's recommendation



value may be indicated,

In the progress of Rese!’s experiments, the proportions
of the amino acids ligted in his tentative requirements were
inereased gradually so that they now diverge rathsr sharply
from the composition of caseiln in respect to methionine and
phenylalanine as set forth by Steffee, et al. in 1950,

Thlis experience has a counterpart in the experiment reported
herein., In thls case, digression from the composition of
lactalbumin occurred. In both instances, 1t was demone
strated that natural proteina may not contain amino acids
in the best proportions for the maintenance of nitrogen
balance. But 1t 1s very interesting that two different ape-
proaches involving btwo different species and dlfferent
reference proteins have led to results surprisingly come
parables

The proportionality figures vary 1n respect to leucine
and lysine also., Whether the excess proportions of these
two acids in Mixture ¥Xoe. 3 have any antagonistic action

should bse studiled in the future,



144
SUMMARY

Eventually protein requirements will be considered in
terms of the requirements for the specific amino acids. A
program of resesarch has been in progress for some years in
the Nutrition Laboratory of the Home Economics Research
Department that has as its objective the determination,
qualitatively and quantitatively, of the amino acids needed
for the meintenance of body substance by the adult male
albino rat. Results obtained in these investigations
indicated that certain questions needed clearance before the
ultimate objective could be attained. These questions may
be listed as follows: In what way do vafiations irn the
amounts and proportions of methionine, phenylalanine, cystine,
and tyrosine influence the nutritive value of an amino acid
mixture for body maintenance? Is the D=form of threonine
physiologically available? What effect do variations in the
source of carbohydrate or in the total energy vdlue of the
diet have on utilization of nitrogen when amino acids provide
the sole source of dietary nitrogen? The present investiga=-
tion dealt with these problems and is 2 continuaticon of the
work initlated by Kuehl (1949) and Clark (1950).

The basic amino acid mixture used in the study herein
reported was modeled after the amino acld composition of

lactalbumin, a ®single™ protein of welleestablished nutritive
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value. It had been shown that the feeding of a ration con-
taining 4.27 per cent of the spscific lactalbumin prepara=-
tion tested supported nitrogen equilibrium in the adult
animale This ration, therefors, became the referencs diet
and the initial amino acid mixbture was formulated to simulate
the assortment of acids provided by the amount of this ration
that would provide 60 calories per day. The concentration of
the various amino acids in the lactalbumin preparation was
determined microblologically.

Three different mixtures of amino acids were formulated.
The first mixture contained an assortment of essenbtial and
non-essent ial amino acids (f.e., EAA-I plus NEAA-I), approxi-
mating those occurring in the lactalbumin present in one day's
quota of the reference diet., All of the amino aeids occurring
in lactalbumin except serine and hydroxyglutamie acid could
be secured for incorporation into the mixture. It should be
noted that the portion of this mixture repressnting the non-
essential acids contained cystine and tyrosine in the amounts
present in the lactalbumin preparation,

In the second mixture, the cystine and tyrosine present
in Mixture 1 were replacsed isonitrogenously by methionine and
phenylalanine, respectively. The second mixture (EAA-II plus
NEAA=IT), therefore, was considerably enriched in respect to
methlonins and phenylalanine, The total guantities of nitro-

gen provided by the sulfur-containing smino acids {(methio=-
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nine and cystine) and by the acids carrying the benzens ring
(phenylalanine and tyrosine) were the same in Mixtures 1 and
2.

In Mixture 3, the methionine and phenylalanine present
represented the total sulfur and aromatic ((]) acids
occcurring In the amount of non-essential nitrogen, i.e., 55
mg., that gave the best nitrogen retention when Clark (1950)
fed the first mixture of essential acids (EAA-I) with graded
doses of NEAA-I, ‘ |

It should be noted, however, that the total amount of
nitrogen furnished per day from rations containing any one
of these three mixtures was 74 mg., the equivalent of that
provided by ths daily feeding of the reference diet con=-
taining lactalbumin, and which supported nitrogen equi-
librium.

Adult male albino rats, approximately six months old,
were used in the experiment. In order to control the total
daily intake of food and its caloric value, all experimert al
diets were administered by means of a forced feeding
technique. The energy vd ue of each day's quota was &
calories., The relative protein nutrition of the groups of
rats given the various experimental diets was evalusted in
terms of body weight, nlitrogen balance, and composition of
liver in respect to nitrogen, fat, and moisture.

The investigation was divided into three series. In
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Series I, the adequacy of the basic diet was evaluated.

¥olic acid and vitamin B,. were avallable when the present

12
study was initiated and it became necessary to determine

the effect of substituting them for the rice bran polish
used in the dlets in the early phases of the program as a
source of the then not clearly identified vitamins. When
Mizture 1 provided the sole source of the dietary nitrogen,
the substitution of folle acid and vitamin By, for rice bran
polish did not change the response of the rats as measured
in terms of nitrogen retention and fat content of liver.
These vitamins thereafter were incorporated routinely into
the test rations in lieu of rice bran polish which had
become unavailable.

In Serles II, the influence of variations in the amounts
and proportions of certain aclds in the mixture of amino
aclds on the protein nutrition of the animals was studied.
Previous work in the laboratory directed to a study of the
essentiality of the non-essential amino acids (Clark, 1950)
had shown that when graded doses of the mixture of non-
essential acid (NEAA-I) were fed in conjunction with 34 mg.
of essential nitrogen as provided by Mixture 1 (EAA-I), the
regression of nltrogen balance on quantity of non-essential
nitrogen provided was linesr, and that nitrogen equilibrium
was attalned when the diet provided approximately 74 mg. of
nitrogen from a combination of EAA~I and NEAA-I, the equiva-
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lent of that provided by one day's quota of the reference
diet thet supported nitrogen equilibrium. It was thought
thet Ths improvement in nitrogen retention associated with
each increment in non-essential nitrogen was ascribable to
the increases In the cystine end tyrosine val ves of the diet
that ensued. Therefore, in the present study, methionine,
phenylalanine, cystine, snd tyrosine relations were explored,

It was found that all diets were 1ip9genic. Thelr
activity in this respect was related directly to the amount
of non-essential nitrogen fed. It was inferred that cystine
was the lipogenic agent. It was found aléo that rats fed the
4 per cent lactalbumln diet had fgtty livers.

To test this hypothesils, cysﬁine was removed from the
ration. Its omission from NEAA-I resulted in merked
nutritive failure as measured in terms of nitrogen balance,
The concentration of fat in the liver, however, was normal.
The omission of tyrosine from the non-essential mixtwre in-
duced a slightly negative balance. The livers of these
animels were fatty. When cystine and tyrosine were replaced
isonl trogenously by methionine and phenylslanine, respectively,
rats rebvained increased amounts of nltrcgen and maintalned a
normel concentration of fat in the liver. Rats fed the 4 per
cent lactalbumin diet, however, had fatty livers resulting,
as the evidence above indicates, from imbalance in amounts

and proportions of methionine, phenylalenine, cystine, and
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tyrosine present.

When the essential nitrogen from EAA~II was fed in con-
junction with graded doses of a mixture of non-essential
amino acids lacking in cystine and tyrosine (NEAA-II), reten=-
tion of nitrogen, as compared with that obtained when
Mixture 1 was used in the initial experiment, improved with
each Iincrement up to the point where 40 mg. of non-essential
nitrogen was provided daily. It was believed that the
superiority of amino acid Mixture 1 when more than 40 mg. of
non~-essential amino acids were fed, could be attributed to
the increased amounts of cystine and tyrosine present.

Studies with the feeding of essential Mixture 3 proved
this point. When this mixture was fed with graded doses of
non-essential nitrogen, nitrogen balance again appeared %o
be related in a linear fashion to the amount of non-essential
amino acids administered. However, the response was
superior to that obtained when either Mixture 1 or Mixture 2
was supplemented similarly with non-essential nitrogen.
Considerably less non-essential nitrogen was needed for the
establishment of nitrogen equilibrium with Mixture 3 than
with either Mixtures 1 or 2. Thus the dependence of the
blological efficiency of an amino acid mixture on its methio-
nine and phenylalanine content was demonstrated.

In the next experiment, evidence was obtained from another

angle of interrelations between methionine, phenylalanine,
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cystine, and tyrosine that affect the nutritive valus of an
amino acld mixture, 1In this test, a single non-essential
amino acid replaced the combination of acids present in NEAA=-
I. Glutamic acid was chosen for the test and was fed in
amounts to bring the total daily nltrogen intake up to 74 mg.
When this acid was added alone to EAA-I, the animsls passed
intec acuts negative balance and had livers normal in respect
to fat. waever, when it was added to EAA-II, very satis-
factory balance ensued. The fat content of these livers was
normal. In the first instance, the absence of dletary
cystine prevented the occurrence of fatty livers even in the
presence of acute negative balance; in the second, methio-
nine exerted its lipotroplc properties. The experiment also
showed that as in the case of growth, the nature of the non-
essential nitrogen does not meed to be defined providing the
essentlal acids fed contaln appropriate amounts of methio-
nine and phenylalanine.

Efficacy of mixtures containing essentlal amino acids
only for the support of protein nutrition was determined and
provided further data relsting to the importance of methlo-
nine and phenylalanine. Mixture 1 (EAA~I) fed in the amount
that provided the essential emino acids present in one day's
feed of a 4.27 per cent lactalbumin diet did not support
ni trogen equilibrium. Neither did it do so when fed in twice
this quantity. Mixture 2 (BEAA-II) fed in doses providing 38
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mge of nitrogen daily and without supplementary non-essential
amino acids definitely lowered the break-down of body tissue
that occurred when EAA-I was glven. When the amount of EAA-
II was doubled the mixture supported nitrogen equilibrium.
The response with Mixture 3 was essentially the same.. Mix-
ture 3 also was fed in graded doses. Nitrogen balance was
rolated linearly to quantity fed. This 1s the first time
that 1t has been shown that the essential amino acids can
suppoft nitrogen equilibrium in the absence of fortifying
nonpeésential nitrogen when the total nitrogen is held at a
minimal value, i.e., that equivalent to the nitrogen in a
quantity of high quallty intact protein which will prevent
loss of bedy tissue.

Effect of varying the optical form of the amino acid in
the essential amino acid mixture was determined, thresonine
being chosen for the determination, The feeding of the diet
contaiﬁing either 0.4 per cent Lethreonine or 0.4 per cent
DL-threonine produced a greater retention of nitrogen than
did the one containing O.Q%per cent L-threonine. The nitro-
gen retention of the rat fed a dilet containing 0.4 per cent
DL-threonine was similar to the value obtained when rats were
fed the same diet containing 0.4 per cent L~threonine. When
supplemehting the essential mixture, EAA-II, unfortified by

non-essential nitrogen, DL-threonine was more lipotropic
than L-threonine.
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The last serles was designed to study the influence of
variation in the non-nitrogenous components of the amino
acid diet on protein nutrition, The effect of substituting
starch, dextrose, or sucrose for the dextrin in the control
diet was determined. The rats ingesting the dextrose and
sucrose rations passed into negative nitrogen balance. The
average percentage of the hepatic fat remained essentially
the same in all groups.

In the last experiment, the effect of feeding the amino
acid diet at different levels of food energy value was
determined. Mixture 3 (EAA-III plus NEAA-II) was used as the
source of dietary nitrogen. The respective rations provided
approximately 65, 80, and 35 calories per rat per day. Reten-
tion of nitrogen was associated with the energy value of

the diet. It ranged from 80 mg./7 deys when the energy value
| of the dgy's ration was 65 celories to an acute negative
nitregen balance, =159 mg./7 days, when the caloric vsl ue was
reduced to 35 calories. The rats, however, maintained nitroe-
gen equilibrium when offered food providing epproximately 50
calories per day. This was the approximate energy value of
ths food consumed by the rats, when they were fed, ad
libitum, the reference lactalbumin dist, These latter
observations are not in line with those of Rose in which adult
men were unable to maintain nitrogen equilibrium when fed

dlets contalning amino acids unless the energy value of the
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ration was well above the estimated daily allowance.

Carcasses of rats maintained on these rations of vary-
ing caloric vel ue were analyzed for moisture, total nitrogen,
and fat. Definite losses in total water, fat, dry, fat-free
matter, and nitrogen occurred as the result of feeding of a
diet providing approximately 35 csalories per'day instead of
65 calories. While a dlet yielding approximately 50 calories
daily promoted retention of nltrogen, there were losses of
carcass fat. This observation may mean that the energy value
of the ration was approaching a critical level under this
specific feeding regimes

The three mixtures of smino acids formulated in the
present investigatlon were compared with values for the
emounts of the various amino acids needed for the maintenence
of human beings as set forth by Rose in his tentative minimal

recomuendations,
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CONCLUSIORS

Lactalbumin, although it rates high in regard to bio-
logical efficlency, does not contain certain amino acids in
proportions that are the most efficlent for the retemtion of
nitrogen or for the maintenance of a normal concentration of
hepatic fat in the adult male albino rat. Its limiting amino
acids are methionine, phenylalanine, and threonine. Although
cystine and tyrosine augment the amounts of the respective
companion essential acids present, they remder the intact
protein lipogenic. The concentration of methionine in
lactdl bumin is not high enough to offset the lipogenic
influence of cystine.

Aming acids when fed as the sole source of dletary
nitrogen and when combined in an assortment quantitatively
resembling the amino acids present in lactalbumin behave like
the intact protein, not only in respect to ability to support
nitrogen retention but in favoring the depositlion of hepatic
fate Additional methionine incorporated at the expense of
cystine into a mixture of the same total nitrogen value
renders the amino acid mixture lipotropic and increases its
nutritive value in respect to nitrogen retention. Extra
methionine beyond this point mskes the amino diet lipogenic
again.

Additional phenylalanine in an amino acid diet containe
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ing cystine and a low concentration of methionine results in
an imbalanced mixture. The imbalance may be removed by the
isonitrogenous replacement of cystine by methionine. A
ratio of l.2 betweer phenylalanine and methionine is favor-
able,

Glutamic acid can replace a mixture made up of several
non-essential amino acids only if the essential amino acid
mixture is balanced in respect to its methionine and phenyle
alinine content.

Nitrogen equilibrium is achieved at a reduced level of
total nitrogen intake when modifications are mede in the
amount s of methionine, phenylalanine, and threonine furnished
by an amino acid mixture modeled after the composition of
lactalbumin,

The essential amino acids, only, when fed =2s the sole
source of nitrogen in a dlet of low total nitrogen value
(l.e., equivalent to that of a 4 per cent protein diet) are
capable of supporting nitrogen equilibrium and a normal con-
centration of hepatlic fat providing the amino aclids are
present in baianced proportions.

In cqntrast to observations made by other investigations,
the D-fofm of threonine may be utilized as effectively as its
natural isomer for the support of nitrogen retention and
normal hepatic tissue in the adult rat. The requlrements of
threonine for the attainment of nitrogen equilibrium in the



adult male rat appear to be twice as great as heretofore
suggested,

Retention of niltrogen in aduit rats 1s related to the
caloric value of the diet. It appears that a mixture of
amino aclds serving as the sole sowcee of dietary nitrogen
can support nitrogen equilibrium in the adult rat when the
energy value of the daily diet spproximates ths animalls
caloric requirement providing methlonine and phenylalanine
are present in balanced amounts, However, fﬁrther study
of Influence of proportionslity bestween amino acids is needed
for losses in carcass fat indicated that food energy ap-
proximating the rat's daily requirement, i.e., 50 calories
represents & critical level of caloric intake for the
estatlishment of niirogen equilibrium. With reduction in
the caloric valus of the amino acid ration below the daily
energy requlrement of the rat, nitrogen equilibrium doss not

occur,
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Table I  Recovery of nitrogen from a standard solution of
ammonium sulfate distributed at intervals over
metabolism cages.

Cage Quantity of Quantity of Per cent of
No. nitrogen nitrogen nitrogen
theoretically recovered recovered
Preosent ' _
B nge
1 500 495 99.1
494 99.0
497 99.4
4956 99,2
2 500 496 99,2
498 99.1
494 89,0
493 98,9
3 500 494 99.3
497 99.4
497 99,4

4856 99,1
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Table II Recovery of 1lipid from a preparation of hepatlc
lipid of pig®.

Determination Quanti ty of Quantity Per cent of
No. 1lipid 1ipid 1lipid
theoretically {(alecohol~ {alcohol=-
present ether ether
extract) extract)
recovered recovered
mge mge
1 414 407 98,5
2 237 236 99,4
3 473 468 99,0
4 407 603 99,4
& 521 515 98,9
6 418 412 99,1
7 437 434 99,2
8 518 516 99,7
9 437 438 99,5
10 527 522 99,1

®An ethylene dichleride extracted lipid from pork liver,
Armour and Co.
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Table III Body weights and nitrogen metabolism of rats fed diets containing pitrogen

Serie
-
Body weight

Diet Source of Supplement Nitrogen Rat Averags Change Change
No. dietary to vitamin force-fed mnumber  during from auring
nitrogen Becomplex per day meta- beginning meta=-
bolism to end of bolism

period period on period

diet

nge EMe Eile €lle

1 lacte Rice bran h 50131 353 8 1
albumin  polish 50139 361 L 0

(100 mg./ 501L6 350 1 -3

day ) 50158 379 10 2

518k 356 I L

50199 3k5 8 2

Average 357 6 1

2 EAAeT Rice bran 7h 50292 368 7 2
plus polish 50327 327 -2 2
NEAA-I (100 mg./ 50333 353 -1k -6

day) 5031 352 1 0

50377 343 7 3

50392 37h 2 2

Average 353 0 0

3 EAA~T Folic acid Th 55021 369 -1 3
plus (8 meg./day) 55077 333 2 3
NEAA-I 55258 333 8 3
5508 373 -l 3

55037 38 12 8

55051 357 1 1

Average 3h7 h L







fed diets containing nitrogen provided by amine acid mixture simulating a L.27% lactalbumin diet,

Series I
-
Body weight ' Nitrogen metabolism per 7 days
‘age Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
ng from during fed nitrogen nitrogen nitrogen balance balance/
l- beginning meta- ) excreted 300 gme
tsm to end of bolism rat
.od period on period '
diet
Re gZhe EMe nge mge mge mg. nge ng.
»3 8 1 536 200 353 553 -17 -1k
51 L 0 536 223 31 554 -18 -15
50 1 =3 536 233 313 576 =40 =34
79 10 2 536 236 300 536 0 0
> h L 536 22 358 600 -6l -5l
5 8 2 536 259 335 594 -58 =50
>7 6 1 - 536 232 337 569 =33 -28
58 7 2 sla 207 36k ST -30 -2l
27 -2 2 Shi 192 360 552 -11 -9
53 -1k -6 S 205 389 594 =53 =15
52 1 0 51 205 366 571 =30 -25
b3 7 3 51 219 369 56l =23 -20
Th 2 2 sla 195 381 600 ~59 =47
53 0 0 sy 20k 31 575 =34 -28
59 -1 3 576 194 Wlo 63k -58 -47
33 2 3 516 190 Lh3 633 =57 =51
33 8 3 576 172 439 611 =35 =32
73 =1 3 576 181 459 6Ll -6l -52
18 12 8 576 199 381 580 -k -k
57 1 1 576 177 102 579 -3 -3
L7 h L 576 186 427 613 =37 =32
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Table III Continued

Body weight
Dist Source of Supplement Nitrogen Rat Average Change Change
No. dietary to vitamin force-fed number during from during
nitrogen B-complex per day meta- beginning metae
bolisnm to end of bolism
period - period on period
diet

nge Ehiie gm. gm.

L EAd-T Folic acid Th 55075 317 2 -1
plus (8 meg./day) 55023 329 0 0
NEAA=-I plus 55256 321 -7 -2
vitamin 55031 378 -6 -3

(0.75 meg./day) Average 336 -3 -2

5 Mixed —— 602 L3159 338 0 0
natural h31i7 36k 1 1
food® 43165 315 3 3
143158 308 10 10

43159 297 1 1

L3175 3ko 1 1

k3151 309 3 3

L3152 338 2 2

113167 348 0 0

Average 329 2 2

80ffered ad libitum






Body weight Nitrogen metabolism per 7 days

Crange Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
- from during fed nitrogen nitrogen nitrogem balance balance/
beginning metae excreted 300 gm.

to end of bolism . rab
pericd on period '
dist
gmo gﬁ. mg. mgo Bg. ng. Iﬂg. ngo
2 -1 576 186 376 562 *1l +13
0 0 576 181 432 613 =37 =34
-7 -2 576 183 lal 597 -21 =20
=5 -3 576 21l W37 651 =75 -59
-3 -2 576 191 b5 606 -0 -2
0 0 B75 574 316l 3738 +137 +122
1 1 4207 618 3346 396L +243 «200
3 3 3 504 3252 3756 + 15 + 1L
10 10 Loo?2 523 3094 3617 +385 +375
1 1 L4233 5%0 2950 35k0 +693 #699
1 1 k361 368 326k 3632 +729 +6li2
3 3 k38 686 3495 1181 +257 +250
2 2 428l 658 2970 3628 «656 2582
0 0 L7hk 721 329 Lo11 +733 +633
2 2 L2313 582 3203 3785 +1;28 +391

I
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Table IV Liver weights and concentrations of moisture, fat and nitrogen in the liver
lactalbumin (74 mg.N/day) or from an amino acid mixture simlating a 4.273

Serie

Diet Source of Supplement Rat Average Per cent Weight of liver
No. dietary to vitamin number body moisture
nitrogsn B-complex weight in liver
. in nitro- ' Fresh Dry Dry
gen meta- fatef
bolisn
period
gl EMs gile £Me
1 Lact- Rice bran 50131 353 6842 8.85 2,81 2.20
albumin polish 50139 361 67.4 8.83 2.88 2,17
(100 mg./ 50146 350 68.6 8.69 2.73 2,19
day) 50158 379 67.3 8.95 2.92 2,10
50184 356 7063 9.22 2,7hL 2.10
50199 3i5 67.1 8 47 2.78 2,06
Average 357 £8.2 8.8 2.81 2.14
2 EAA-T Rice bran 50292 368 67ek 9.2 3,02 2.14
plus polish 50327 327 66,7 8.36 2,79 1.86
KEAA-I (100 mg./ 50333 353 68.1 8.28 2,64  1.97
: day) 503)41 352 6706 805h 2.77 200h
50377 343 68.0 8424 2,64 1.95
50392 37h 68.2 9033 2.96 2,23
Average  353- 67.7 8.67 2. 2,03
3 BAA-I Folic acid 55021 369 6645 9,38 3.1h 2.7
plus (8 mcg./ 55077 333 6642 801&9 2087 2,07
5508} 373 63.5 9.62 3.51 2,00
55037 38 69.1 Te6L  2.35 1.81
55051 357 5945 9.85 3.95 1.97
Average 347 6lie3 897 3622 1,97







trogen in the livers of rats fed diets containing nitrogen provided by L.27%
simlating a 4.273% lactalbumin diet. (7L mg.N/day)

Series I
Weight of liver ' Hepatic nitrogen (al coﬁﬁiﬁgi:rf:;b ract)
Fresh Dry Dry Total - Per cent in tissue Total Per cent in tissue
fat=Lree on basis of on basis of
Fresh Dry Dry Fresh Dry
weight weight fai-free weight weight
gMs g gie ng. ng.
8,85 2,81 2,20 263 3.0 9.3 12,0 615 7.0 21.9
8.83 2.88 2,17 263 3.0 9.1 12.1. 706 8.0 245
8.69 2.73 2,19 272 3.1 9.1 12,4 543 6.2 19.9
8,95 2,92 2,10 263 2.9 9.0 12.5 821 9.2 28.1
9.22 2.7h  2.10 275 3.0 10.1 13.1 639 6.3 234
847 2,78 2,06 262 3.1 9.4 12,7 724 845 26,0
8,8 2.81 2.1k 266 3.0 945 12.5 675 7e5 240
9.2 3.02 2.1} 284 3.1 9L 13.2 871 ekt 28.9
8.36  2.79 1.86 230 2,8 8.3 12.4 931 11.1 33
8.28 2.84 1.97 . 257 3.1 9.7 13.0 667 840 25.3
8.5L 2.77 2.0k - 263 3.1 9.5 12.9 728 8.5 26.3
824 2.6 1,95 - 248 340. 9.4 12,7 68l 8.3 25.9
9.33 2.96 223 287 3.1 97 12.9 734 79 24.8
9.38 3.1k 2,17 275 2.9 8.8 12.7 975 10.h 31,0
8,49 2,87 2,07 276 3.3 9.6 133 798 a1y 27.8
8. 3.51 1.80 23} 2.6 6.7 13.0 1708 19.2 L8.6
9,62 3.51 2,00 272 2.8 Te7 13.6 1521 15.8 L3.3
761 2,35 1.81 225 3.0 9.6 12.4 5Lo T.1 23.0
9.85 3.95 L.97 253 2.6 6. 12,8 1980 20.1 50.1 -
8,97 3.22 1.97 . 256 2.9 8.1 13.0 1254 13.7 37.3







Table IV Continued

17k

Diet Source of Supplement Rai Average Per cent ‘Weight of livex
No. dietary to vitamin number body moisture
nitrogen Becomplex weight in liver
in nitro- Fresh Dry Dry
gen meta- fate
bolism
period
e Ee gme gn
Iy BAA-I Folic acid 55076 317 66.1 8438 2,84 1.5
plus (8 meg./ 55023 329 68.0 To2h 2,32 1.1
NEAA-T da;y) plus 55256 321 6649 Bo3h 2,76 1S
55031 378 6Ll 10,13 3.6h 2.
(0.75 nege % Average 336 6643 8452 2,89 2.C

day)







Weight of liver

L Hepatic fat
Hepatic nitrogen {alcohol-sther extract)

Fresh Dry Dry Tobal Per cent in tissue Total Per cent in tissue
fat-free on basis of on basis of

Fresh Dry Dry Fresh Dry
weight weight fait«free weight weight

. EMe  BMe gn. nZe .8

8,38 2.8k  1.95 233 2.8 3.2 11.9 88k 106 31.2

Te2h 2,32 1.74 255 345 11.0 1.5 570 T.9 24.8

B3k 2,76 1,90 230 2,8 8.3 12.1 866 10.h4 3.4

10,13 3.6k 2,64 288 2.8 7.9 10.9 1005 9.9 27.6
8,52 2.89 2,06 252 3,0 3.8 12.h 831 947 28,8
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Table V Body weights and niirogen metabolism of rats fed diets containing nitrogen
Seri
Stu
Experime
Diet Distribution of nitrogen in daily dose Rat Body weight
Noo of amino acid mixture fed number
Average Change Ch
Essential ni- Non-essential nitrogen during from du
trogen pro- provided by NEAA-I meta- beginning me
vided by EAA-I bolism toend of bo
period pericd cn pe
Total Cystine N diet
nge ng. g e ghe EMe
6 3k 10 0.h7 50162 355 ~12
50191 373 -6
50265 338 - b
50325 333 -1l
503k2 335 - -22
50358 31 =15
Averags 3l -13
6A 3L 20 0.94 50190 358 L
50263 3la 1
50289 323 -1
50329 359 -5
503L) 351 -1
50366 366 0
Average 350 0
6B 3L 30 1.0 50292 368 7
50327 327 -2
50333 353 =1l
50311 352 1
50377 343 7
5.352 37h 2
Avexrage 353 0







dists containing nitrogep provided by EAA-I supplemented with graded doses of nitrogen from NEAA-I

Series IT
Study A
Experiment One

Body weight Nitrogen mstabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitroger
during from during fed nitrogen nitrogen nitrogen balance balance/
meta- beginning meta- excreted 300 gm.
bolism to end of Tbolism rat
period pericd on  period
diet
ghe £y e MEe mZe nge mnZe oge mge.
355 -12 <6 108 19% k21 615 =207 =175
313 -6 -2 o8 21k ko2 616 =208 -167
338 -4 -7 108 218 232 550 -1k2 <126
333 <1k ~12 108 211 108 619 -211 -190
335 - =22 =10 108 206 3k8 554 =146 -131
331 =15 -9 108 233 382 615 =207 -188
34k -13 -8 ho8 213 382 595 -187 -163
358 L L L6 202 361 563 - 87 - 73
3la 1l 10 476 - 218 369 587 =111 ' = 98
323 -1 2 L76 207 W7 62l =148 . =137
359 -5 =8 k76 207 347 554 - 78 . - 65
351 -1 -8 476 210 358 568 - 92 - 79
366 0 =5 h76 226 381 607 -131 =107
350 0 -1 k76 212 372 58l =108 -93
368 7 2 S5h3 207 36k 571 - 30 -2
327 -2 2 sh 192 360 552 -1l -9
353 -1} -5 5k3 205 389 594 - 53 - 15
352 i 0 5h1 205 366 571 -3 - 25
343 7 3 5in 195 369 56l - 23 =20
37h 2 2 sl 219 381 600 - 59 - 47
353 0 0 5kl 20l 3N 575 - 3k - 28
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Table V Continued

Diet Distribution of nitrogen in daily dose Rat Body weight
No. of amino acid mixture fed number
Averags Change Chang
.Essential nie Noneessential nitrogen ' during from durin
trogen pro= provided by KEAAeI : meta- beginning meta=-
vided by EAd=-I - bolism to end of Dbolis
period period on perioc
Total Cystine ¥ dist

Hg8e nge mge £he Es Ele
b 34 Lo 1,87 50176 363 6 2
50295 343 8 i
50318 352 -4 2
5033k 354 10 1l
50357 348 b 0
5037h 3L0 6 -l
soh22 358 -h 2
50436 352 ik h
Sohkh 385 - L -U
50k€ 376 -3 -2
50L6kh 356 -1 -2
Average 357 3 0
6C 3k 50 23k 50462 394 =14 v
50485 35 0 6
50537 130 -l 6
~ 50609 366 3 5
50620 352 1) 10
Average 375 0 5
6D 3k 60 2,61 50536 357 5 7
50549 379 -1 2
50553 108 -h N
50606 353 8 8
50621 389 «10 6
Average 377 -1 5







Body weight

Nitrogen metaoolism

rage Change Change Nitrogen Fecal Urinary Total Nitrogen Hitrogen
ing from during fed nitrogen nitrogsn nitrogen balance balance/
a=- beginning meta- excreted
ism to end of Dbolism
iod period on pericd

diet
e gmo gIRo mgo mg. mg. mgo mg- mg.
63 6 2 615 20l 369 573 L2 35
U3 8 1 615 19 383 Stk l 36
Y4 - L 2 615 22 Lho7 619 - L - 3
5k 10 1 615 201 393 59k 21 18
48 k 0 615 211 352 603 12 10
Lo 6 -l 615 195 365 560 55 49
58 -5 2 621 206 i3 6l1 - 20 - 17
52 1L h 621 199 387 579 k2 37
185 -} -1 621 216 k27 643 - 22 - 17
176 -3 -2 621 223 L2 705 - 8k - 67
156 -1 -2 621 211 k30 621 0 0
57 3 0 618 206 Lok 610 8 7
19l -1 0 697 211 40 621 76 59
155 0 6 - 697 168 373 Sid 156 132
a0 -h 6 697 198 Lok 652 45 33
166 3 5 697 215 392 607 90 3
152 1 10 | 697 180 382 502 135 15
}75 0 5 © 697 19 L2 5917 106 82
157 5 7 762 194 396 590 172 1hh
379 -1 2 762 197 LSo 677 85 66
08 -bh N 162 224 521 745 17 12
353 8 8 762 200 437 637 125 107
189 =10 6 762 222 501 723 39 30
377 -1 5 762 207 L67 67k 88 12
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Table VI Liver weights and concentrations of moisture, fat and nitrogen in the livers

with graded doses of nitrogens

Series
Study
Experime:

Diet Distribution of nitrogen in daily dose Rat Average Per cent

Ho. of amino acid mixture fed rumber body moisture

weight in liver

. in nitro=-
Essential ni- Nonegssential nitrogen gen metaw Frast
trogen pro- provided by NEAA-I bolism
vided by EAA=I period
Total Cystine §

e L 4] nge Eile gille
6 : 3 10 Celi7 50162 355 €9.7 Be6:
50191 373 69.7 901!
30265 338 69.0 Balii
50325 333 6849 851
50342 335 68.5 T3t
50358 331 63.5 7.8
Average 3Lk 69,0 831
6A 34 20 C.%k 50190 358 68.8 8.8
50263 351 6945 8,2
50289 323 6822 840!
50329 359 68.1 845!
503Lh 351 6746 8.1
" 50366 366 68.8 92
Average 350 68.5 845!
6B 3k 30 1.0 50292 368 674 9e2]
50327 327 65,7 8.3¢
50333 353 68.1 8.2
50341 352 6746 8e5i
50377 343 68.0 8.2
50392 7y 68,2 %3
Average 353 67.7 8.6’







. the livers of rats fed diets containing nitrogen provided by EAA-I supplemented

Ssries IT
Study A
Experimont One

cent Hepatic fat

ture Weight of liver Hepatic nitrogen {alcohol-ether extract)

dver

Fresh Dry Dry Total Per cent in tissue Total Per cent in tis-
fat-free on basgis of sue on basis of
Fresh Dry Dry Fresh Dry
weight weight fatefres weight weight
Eille £ ERle g g

7 8463 2,61 1,91 2h); 2.8 9¢3 12,8 702 8.1 26,8

T 9.18 2,78 2.16 270 3.0 97 12,5 628 6.8 22.6

0 Bei2 2,62 1.97 246 2.9 Yokt 12,5 613 7.6 2he6

9 8.58 2,87 2,01 235 2.7 8.8 1.7 656 746 2he6

5 Te35 2432 1.69 235 3.2 10.1 13.9 632 8.6 27.2

5 7.58 2,48 1.82 2h8 3.2 10.0 13.6 666 8.4 26.8

0 33k 2,58 1.93 246 3.0 96 12,8 65k 7.9 25.1

8 8,85 2,79 2.17 278 3.1 10,0 12,8 592 647 2l.h

5 8.27 2.51 1.96 252 3.0 10.0 12,9 552 647 22,0

2 8,06 2,57 1.92 249 361 9.7 12,9 6Ll 8.0 25.1

1 8.53 2473 1.97 247 . 2.9 el 12,5 754 8.8 27«7

6 8.18 2,65 2.00 27h 3k 10.L 137 o8 7.9 2hs5

»8 9.21 2.88 2,20 279 340 947 12.7 678 Toli 23.6

5 8.52 2.68 2,04 263 3.1 9.8 12.9 645 7.5 2he0

i 9.2  3.02 2.1 284 3.1 9ot 13.2 an Qels 2849

7 8.36 2.79 1.86 230 2.8 8.3 12.h 93 1i.1 334k

1 8.28 2.6L 1.97 257 3.1 967 13.0 667 8.0 25.3

6 854 2,77 2,04, 263 3.1 9.5 12.9 728 8.5 26.3

,0 8.24 2.6k 1.95 248 3.0 9ok 12,7 68l 8.3 25.9

o7 8.67 2.8 2,03 261 3.0 9.3 12.8 769 8.9 27.h
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Table VI  Continued

Diet Distribution of nitrogen in daily dose  Rat Average Per cent

Hoe of amino acid mixture fed mnmber  body noisture

weight in liver

in nitro-
Essential nie Non-essential nitrogen gen meta= Fre
trogen pro- provided by NEAA-I bolism
vided by EAA-I . period
Total Cystine ¥

nge MBge nge gme. gm
4 34 40 1.87 50176 363 6746 9.
50295 343 6640 8.
0334 354 67.7 .
50357 348 67.8 .
5037k 3k0 66.6 8o
s0h22 358 6745 8.
50436 352 6749 8.
Sokhk 385 710 10..
50463 376 67.6 e
SoL6Y 356 67.5 E.
Average 356 67.7 De.
6c 3k 50 2.3k 50462 39 679 Ge.
50k85 355 6l 8.,
50537 110 6648 Gei
50609 366 67.2 8.!
. 50620 352 68,8 8ot
Average 375 6740 8.
6D 3k 60 2.61 505356 357 653 B!
50549 379 6543 9o
50553 1408 66.0 9.’
50606 353 6642 8..
50621 389 66,6 .
Average 31 65.9 9t







r cent Hepatic fat

igture Weight of liver Hepatic nitrogen (alcohol-ether extract)
. liver
Fresh Dry Dry Total Per cent in tissue Total Per cent in tise
fatefree on basis of sue on basis of
Fresh Dy Dry Fresh Dry
weight weight <fat-free weight weight
R gMe gl nge e
T 9.29 3,01 2.05 263 2.8 8e7 12.8 957 10.3 31.8
o)) 8.92 3,03 2,01 257 2.9 845 12.8 1023 1.5 33.7
TeT 9435 3,02 2,18 276 3.0 9.2 12.6 833 8.9 27.6
'708 90,{5 300,-’.- 2.11 285 3.0 90)4 1305 926 908 3005
16e6 8.83 2,95 2.05 253 3.0 8.9 12,8 896 20.2 30k
1745 8.96 2.%1 2.21 282 3.1 9.7 12.8 0L 79 22
179 8.92 2,86 2.08 266 3.0 93 12,8 78k 8.8 27.k
1.0 10.19 2.9 2.2l 286 2.8 Qe 12,9 Tih 7.0 22
Te6 9.25 3,00 2.10 281 3.0 ekt 13.h 906 9.8 20,2
)75 8.7 2,83 2,08 275 3.2 9.7 13.2 748 8.6 26.4
3Ted %.36 3,00 2.25 277 3.0 9.2 12.3 756 8.1 2542
shelt 8.55 3405 1.9% 2la 2.8 Te9 12.h 1110 13.0 364k
%48 9.63 3,20 2.34 293 3.0 2.2 12,5 861 8.9 26.9
Y- 8.50 2.79 2,07 257 3.0 9.2 12.h 716 N 25,7
8.8 861 2,69 2400 23 2.8 9.0 1z.1 693 840 2547
37«0 8,93 2,95 2,12 252 2,9 8.9 . 124 g7 33 28,0
353 .99 311 2,02 248 2.8 8.0 1L.9 1093 i2.2 251
53 9.29 3,22 2612 259 2.8 8,0 12.2 1105 11.9 3k.3
6.0 9.72 3.30 262l 277 2,8 8. 12.4 1068 11.0 323
6e2 8.1l  2.75 1.85 246 3.0 8.9 1.3 1 1l.1 32.7
6.6 9.10 3.0L 211 271 3.0 8.9 12.8 727 1C.2 NS
Be? 9.05  3.09 2.07 260 2.9 8.1

12.5 1019 11.2 33.0







179

Table YII Body weights and nitrogen metabolism of rats fed diets containing nitrogen
has been omitted.

Series
Study
Experimer
Diet Distribution of nitrogen in daily dose Rat Body weight
No. of amino acid mixture fed mmber )
. Average Change Ch
Essential ni- Non-essential nitrogen during from &
trogen pro- provided by NEAA-T meta- beginning nme
vided by EAA-I bolism toend of Do
period pericd on ps
Total #odification diet
Bge nZe ghe 24
7 3k Lo No cystine 50533 358 -2
nitrogen - 5055k 356 =18
50613 3Lk -1
50653 37k -2
50675 330 -2
Average 352 -5
8 3k L0 No tyrosine 505kl 385 2
nitrogen 50622 333 20
5067k 357 8
o713 350 1
Average 357 8







diets containing nitrogen provided by EAA-I plus NEAA-I from which either cystine or tyrosine

Series II
Study &
Experiment Two
Body weight Nitrogen metabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
during from during fod nitrogen nitrogen nitrogen balance balance/
meta- beginning meta- excreted 300 gm.
bolism to end of bolism rat
period period on period
diet
g, £ {ie nge nge mge nge ng. nge
358 -2 ) 62l 202 589 791 =167 ~134
356 -18 0 62l 202 640 842 =213 -182
3hk -1 0 62l 175 621 796 =172 =150
374 -2 -4 624 199 591 790 =166 =133
330 -2 <l 621 210 612 822 =198 -180
352 -5 0 624 197 511 808 =184 156
385 2 5 622 188 Lih8 636 - 1 - 11
333 20 10 622 188 380 568 Sh 48
357 8 2 622 151 158 649 - 27 - 23
350 1 1 622 212 h57 669 - 47 - 10
357 8 b 622 195 136 630 - 8 - 6
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Table VIII Tiver weights and concentrations of moisture, fat and nitrogen in the liw
from which either cystine or tyrosine has been cmitted,

ries
Study
Experime

Diet Distribution of nitrogen in daily dosse Rat Average Per cent

No. of aminc acid mixture fad nurber body moisturs

weight in liver

; in nitro-
Essential ni-  Non-essential nitrogen gen meta- Fras
trogen pro- - provided by NEAA-T bolism
vided by BAA-I period
Total Medification

nZe mgs Ehle gMe
7 | 34 0  Ho cystine 50533 358 69,2 749
nitrogen 5055 356 68.8 842
50613 34k 70.1 8.0
50653 37 69.3 © 7.8
50675 330 69.7 6.9
Average 352 69.4h . 7.8
8 3k 1o Ro tyrosine AN 385 67.4 8.6
nitrogen 50622 333 6642 8e2
5067k 357 66.9 8.l
50713 350 67.2 7.8,
Average 357 66,5 843







gen in the livers of rats fed diets containing nitrogen provided by EAi-I plus HEAA~I

Series II
Study A
Experiment Two
Per cent Hepatic. fat
moisture Weight of liver Hepatic nitrogen (alcoholesther extract)
in liver
Fresh Dry Dry Total Par cent in tissue Total Per cent in tis.
fat-fres on basis of sue on basis of
Fresh Dry Dry Fresh ry
weight weight fat-free weight weight
She gle ge nge g e
69.2 7.95 2.4k  1.82  20h 2.6 8.3 11,2 62 7.8 25.5
68.8 84,26 2,58 1.9 239 2.9 93 12.5 670 8.1 26.0
701 8.06 2.4 1.92 243 3.0 10.1 12.7 W97 6.2 20.6
69.3 7.8 2.k0 1.83 238 3.0 9.9 13.0 569 Te3 23.7
69.7 6.9 2,11 1.67 216 3.1 10.2 12.9 Lko 643 20.9
69.4 . TJ81 2,39 1.83 228 2.9 9.6 12.5 560 Te2 2363
67.4 8.68 2,83 2.05 267 361 9.k 13.0 772 8.9 27.3
66,2 827 2679 1.8 227 267 8.1 12.5 981 11,8 35.1
66,9 8.0 2.78 1.94 257 3.1 942 13.2 8l3 10.C 303
6702 7.83 2,57 1.78 251 362 9.8 1h.l 78k 10.0 3046
66,5 8.30 2.7h4 1.90 25_0 3.0 9.1 13.2 85 1042 30.8
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Table IX Bedy weights and nitrcgsn meiabolism of rats fed diets containing nitregen g
isonitrogenously by methionine and phenylalanine, respectively.

Seriles
Study
Expsriment
Diet Distribution of nitrogen in daily dose Rat Body weight
Noe f amino acid mixture fed mmber
: Average Change Ch
Essential nie Noneessentizl nitrogen during fron du
trogen pro- provided by NEffeI metae beginning me
vided by bolism to end of be
period period on  pe
diet
EAA-I Other Total Modification
sources
IEe Mg mge Ze gite
9 3 2 mg. 38 No cystine 5041 368 b
methioe , Soh21 357 é
nine - 50423 38 -5
N 50L51 380 i0
5046k 380 -1
50168 3L9 8
Average 369 L
10 3k 2 mg. 38 No tyrosine 50k15 367 -2
phenyl- 50123 375 5
alanine 5073L 365 2
. SOMZ 352 2
50150 384 -2
50470 361 7
Average 371 2
1 3 2 mg. 36 No cystine 50448 113 «12
methionine No tyrosine Soh76 371 5
L] 50502 3N 2.
2 mg. 50535 390 2
phenyl- 50588 349 1
alanine Average 379 2







diets containing nitrogen provided by EAA-I plus NEAL-I, cystine and tyrosine being replaced

respectively,
Serxies II
Study A
Experiment Three
Body weight Nitrogen metabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen MNitrcgen
during from during fed nitrogen nitrogen nitrogen balance balance/
meta= beginning meta- excreted 300 gme
bolisn to end of bollsm rat
period period on  periocd
diet
2o £Me gl nge nge Tige Bgo nge e
368 L 2 605 206 317 583 22 18
357 . 6 3 6cs 209" 380 589 16 il
38 L -5 -2 605 210 L39 6L9 =Ll =34
380 i0 2 605 19k ko5 599 6 5
380 -1 1 605 201 ho2 603 2 2
349 8 0 605 216 362 578 27 23
342 L 3] 605 205 39 599 5 1
367 -2 0 619 216 L29 645 =26 21
375 5 2 619 219 429 61:8 -29 -22
365 2 -1 619 202 ok 606 13 11
352 2 2 619 228 101 629 =10 -9
384 -2 -2 619 205 kh2 648 -25 -23
381 7 1 619 227 25 652 =39 26
371 2 ] 619 216 122 638 <19 =15
h13 -12 0 622 198 37 635 -13 <10
3N 5 b 622 203 355 558 64 52
in 2 6 622 166 319 485 137 111
390 2 5 622 195 38 576 16 35
349 11 7 622 175 328 505 117 101
379 2 5 622 188 364 552 70 58
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Table X Liver weights and concentrations of moisture, fat and nitrogen in the livers ¢
and tyrosine being replaced isonitrogenously by methionine and phenylalanine,

Series
Study
Experiment
Diet Distribution of nitrogen irn daily dess Rat Average Per cent
Hoe of amino acid mixture fed mrker bogy colsburs ¥
weight in 13iver
in nitro-
Essentizl ni- HNon-essential nitrogen gen metae Fresi
trogen Lro= provided by KEAA-I bolism
vided by period
BAA.T Other Total Modification
SOUrces
mZe nge nEe Elte Elte
9 3% 2 mg. 38 No cystine S0kl 368 6846 Feli!
methior 50421 357 655 o %9
rine 50433 380 €7.9 946
N : 50’-551 380 6709 Qe 5i
S0h6h 380 68,7 9.8
50L68 349 €844 849!
Average 369 6845 95’
10 3 2 me. 38  No tyrosins 50416 367 67.9 966!
phenyl- 50423 375 . 6649 10.10
alanine 5073k 365 F 67.6 a8
N 50L)2 352 67.9 9.7
- 50450 38l 6648 10.5'
Soh70 361 69.4 114
Average 371 67.8 10,0l
methionine No tyrosine S0476 371 6848 93
N 50502 373 68, Fa2
2 g 50535 390 T7Ce9 9.9
alanine Average 379 69.1 92!







in the livers of rats fed diets containing nitrogen provided by EAA-I plus NEAA-I, cystine
phenylalanine, respsctively,

Series II
Study A
Experiment Three

er cent Hepatic fat
olsture Weight of liver Hepatic nitrogen (alcohocleether extract)
n liver
Fresh Dry Dy Total Per cent in tissus Total Per cent in tis-
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh Dry
weight weight fat-free weight weight
e ghte gl Mg mge
6846 9.k5 2497 2422 300 3.2 10.1 13.5 752 840 253
635 9,91 3402 2.22 30k 361 10.1 13.7 goly 8e1 26,6
67.9 9.62 3409 2.36 316 3.3 102 13.h 727 7.6 23,6
67.9 9.54- 3,06 2,28 29k 3.1 %6 12,9 785 842 2546
6847 9,89 3.10 2430 209 3.2 10,0 13.5 801 8.1 25.8
6845 257 3,01 2.2 302 362 10.0 13.5 7k 8.1 25.7
67.9 9465  3.10 2.17 263 247 8¢5 12.1 933 97 0.1
6649 10,12  3.35 2.34 315 3.1 9okt 13.5 1009 10.0 .1
67.6 8.80 2,88 2,05 288 3.3 10. 1.0 798 9.3 28,0
67.9 977 3413 2.23 302 3l 9.6 13.6 903 9e2 28.8
66,8 10,57 351 2,13 321 3,0 9.1 .13.2 1081 1.2 30.8
694 11,60 3,54 2.hh 337 2.9 95 13.8 '+ 1103 9.5 1.1
67.8 10008 3025 2028 30)-‘ 300 901!» 130;-9- 971 906 2908
68,7 2.89 3.10 2.42 320 3.2 1043 13.2 673 €.8 21.7
68.8 9eB  2.92 2,28 272 249 93 11,9 636 6.8 21.8
68.6 9.20 2.89 2.25 281 3.0 9e7 12,5 636 6.9 22,0
709 9.9% 2.9 2.28 282 2.8 o7 12,3 611 602 21.1
6847 8.06 2,52 1,98 257 3.2 10,2 12.9 534 2.6 ' 21.2
o7 21,

69.1 9.29 2,86 2.2h4 282 3.0 948 12.6 618
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Table XI  Body weights and nitrogen metabolism of rats fed diets containing nitrogen m

from NEAfeIT.
Series
Study
Experiment
Diet Distribution of nitrogen in daily doss Rat Body weight
No, of amino acid mixture fed nurbsr
/ .
. Average Change Cha
Essential ni- None-essential nitrogen during from dur
trogen pro= provided by NEAA-IT meta- beginning met
vided by EfA-II bolism to end of bol
period period on  pser
diet
nge mge gie g gn
12 38 10 56975 358 «16 -
56996 342 -1
570kl 361 -8
57094 348 b
57120 356 -8 -
57132 332 1
Average 350 -3
124 38 20 56995 330 -1l
57008 339 -8
ST043 363 -6
57065 326 3
57101 348 -2 -
57118 366 6
Average 345 -h
128 38 30 5697h 340 5
57001 366 10
57018 362 -1 -
57055 346 8
57093 363 -1 -
57117 354 8
Average 355 2







ets containing nitrogen provided by EAA-TIT supplemented with graded doses of nitrogen

Series 1I
Study A

Experiment Four

Body weight Nitrogen metabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
during from during fed nitrogen nitrogen nitrogen balance balance/
metae- beginning meta= excreted 300 gme
bolism to end of bolism rat
period period on period
diet
ghie £ Ste mnge BZe nZe mge mge mge
358 «16 -l 125 151 326 517 -92 =77
342 -1 7 425 132 283 135 10 9
361 -8 0 k25 177 283 k60 «35 =29
348 b 3 125 194 261 Lss =30 =26
356 -8 «2 25 169 250 159 -3k «29
332 11 6 h2s 180 265 L5 «20 -18
350 -3 2 425 174 285 L59 -3k <28
330 =1l h k71 190 331 521 =50 =l
339 -8 0 kn 205 38 523 -52 =16
363 -6 0 Hyal 172 293 465 6 -5
326 3 3. iy 198 306 50l =33 -30
348 -2 -2 L71 178 322 500 -29 -25
366 6 3 iy 196 297. L3 «22 18
35 - L 1 L7 190 k1h ] 501 «30 «26
30 5 1l 529 185 360 550 21 ~19
366 10 2 529 181 283 Lék 65 53
362 -l -1 529 181 369 550 =21 =17
346 8 5 529 181 366 Sh7 «18 16
363 -1 «3 529 180 15 595 =56 =55
35L 8 9 529 189 280 169 60 51
355 2 5 529 183 3k6 529 0 )
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Pabla X Contimued

Dist Distribution of nitrogen in daily dose Rat Body weight
No. of amino acid mixture fed number
Avarage Change C
Essential nie Non-essential nitrogen during fron d
trogen pro=- provided by NEAA-ITI nata- beginning n
vided by BAA-II bolism toend of b
period period on P
diet
e nge &M gite
12¢ 38 Lo 57009 35 -11
57054 328 - L
57081 3k6 0
ST9 361 -1
57135 365 1
51171 360 1L
Average 3c1 0
12p 38 50 56985 366 2
57007 346 9
57042 3h7 1
57078 342 6
57103 365 2
57131 362 é
Average 355 h
128 38 60 56991 332 b
57011 368 2
57079 3h7 2
57125 353 5
ST3k 362 7
57172 343 €
Average L

351







Body weight Nitrogen metabolism

Average Change Change Hitrogen Fecal Urinary Total Nitrogen [Hitrogen
during from during fed nitrogen nitrogen nitrogen balance  balance/
metae- beginning metae- excrsted 300 gm.
bolism to end of Dbolisnm . -rat
period period on  pericd
diet
gitie ghle gile ngae Mg e Ege nige mge mZe
35 -11 -5 58 184 bo9 593 -9 -8
328 - L 3 58l 189 kol 590 -6 -5
346 0 1 584 182 399 581 3 3
361 -1 -2 58l 178 369 547 37 30
365 1l -l 58k 170 ko3 573 11 9
360 1L 5 S8k 188 393 581 3 2
351 0 0 S8l 182 39 578 6 5
366 2 3 617 186 450 636 <19 <16
3k6 9 15 617 185 378 563 Sh L7
3h7 1 -l 617 212 L32 64l «27 23
3)2 6 12 &y 22 LS 657 -0 -35
365 2 -7 617 215 502 717 -100 82
362 6 12 617 176 g 595 22 18
355 L 5 617 198 h38 635 =18 =15
332 s 2 65h 167 h32 - 599 55 50
368 2 2 65h 216 530 748 =9l =76
347 2 1l 654 168 L93 681 27 23
353 5 -2 65k 180 Sh3 723 =69 -58
362 7 2 65k 187 hig 628 26 pal
343 € 2 654 21y L52 666 12 10
b 1 654 192 482 674 «20 «17

351
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Table XiT Liver weights and concentraticns of moisture, fat and nitroger in the live
supplemented with graded doses of nitrogen from NEAA-IT,

Series
Study
Experinen
Diet Distribution of nitrogen in daily dose Rat Average Per cent
Noe of amino acid mixture fed mamber  body moisture
, weight in liver
in nitro=-
Essential nie Non-agssential nitrogen gen mota- Fr
trogen pro=- provided by KEAA-IT bolism
vided by BAA-II period
Rge mge gfe &
12 38 10 56975 358 71.0 9
56996 3h2 70.4 7
5704k 361 68.9 8
5709k 348 6947 8
57120 356 6944 8
" 57132 232 69.9 7
Average 350 6949 8
S laa 38 20 56995 330 6949 1
57008 339 70.5 8,
57043 363 7043 8,
57065 326 70.7 1
- 57101 348 69.8 8,
5718 366 70.1 8,
Average  3L5 7002 8.
128 38 30 5697k 30 7.4 8,
57001 366 70.1 8,
57018 362 7042 8,
57055 36 692 1«
57093 363 671 8,
57117 354 69.1 T

Average 355 69k 8,







n in the livers of rats fed diets conbaining nitrogen provided by EAA-IT

Series IIX
Study A
Experiment Four

er cent Hepatic fat
wisture Weight of liver Hepatic nitrogen (alcohol-ether extract
n liver '
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis.
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh Dry
- weight weight fate-free weight weight
gme  gm. ghe mge g

71.0 9,68 2,81 2,42 282 2.9 10,0 11.7 392 LeO 14.0
70.4 ToTh 2430 1.93 254 363 111 13,2 368 48 16,0
68.9 86417 2.54 2.0 262 3.2 10,3 12,5 INAY Seh 17.4
697 8.k 2,47 2,06 2ky 3.1 10,1 12,1 Lol 5S¢0 1643
6944 8.38 2,56 2,15 279 33 10.9 13.0 116 5.0 16,2
6949 T.96 2.0 2,04 26k 33 11,0 12,9 - 3% Lol 146
69.9 8e3h 2451 2,12 26} 342 10.6 12,6 ... 395 L8 15,8
6949 Te2h 2,18  1.77 252 3.5 11.6 1he2 12 SeT 18.9
7045 8022 2,42 2,05 278 3okt 11.5 13.6 377 L6 15,5
703 8056 2,54 3.00 278 3.2 10.9 133 L7 52 176
70.7 7666 2,25 1,90 255 3.3 b 13.h4 350 L6 15.6
69.8 8.)41 205h 2.2h 277 302 1009 12.]1 300 305 1108
7001 8,96 2,68 2,18 279 3.1 10,4 - 12,8 g6 5e5 18.5
702 8,18 2.,k  2.04 270 3.3 1.1 13.3 397 L.8 16,3
701 8635 2,47 2,02 284 3.k 11.5 1.0 kb9 Sel 18,2
70.1 8462 2,57 2.17 295 3eh 11,5 13.6 108 be 7 15.8
7042 8.57 2.56 2.16 289 3.4 1.3 13.h 392 he6 15.3
6902 7«92 2,4k 2,08 264 3.3 10.8 12,7 360 s 17
67k 8401 2,60 2,09 279 345 1047 13.3 518 645 19.8
69.1 Te99 2,39  1.93 256 3.2 10.7 13.3 LS9 Se8 18.6

6514 8.2 2,51 2,08 278 3.k 11.1 13,4 k31 542 17.1







Table XIT Continuged

Diet Distribution of nitrogen in dally dose Rat Average Per cent
No. of amino acid mixture fed nurher body moisture 1
weight in liver
in nitrce ’
Essential ni- ¥on=essential nitrogen gon metae Fresl
trogen proe- provided by NBAA-II bolism
vided by EAA-IT . pseriod
nge ge f:4ul) Exle
12¢ 38 o 57009 345 69.7 762!
57054 328 70.2 6o
57081 36 707 TeTt
57119 361 69.2 36 0¢
57135 365 6845 T8
57171 360 69.8 8.6¢
Average 351 69.7 7.7:
12D 38 50 56985 366 69.2 8.6C
57007 346 69.9 Toli
570k2 37 69.8 7.6)
57078 342 69.2 Toly
ST103 365 6946 7.8
57131 362 69.2 7.9¢
Average 355 69 05 Te 87
126 38 60 - 56991 332 70.0 7.28
570l 368 694l 8463
57079 347 6948 T ki
57125 353 68,2 721
- 5713k 362 68.4 TeX
57172 343 68.8 7Tl
Average 351 69.1 7.7C







Per cent Hepatic fat
moisture Weight of liver Hepatic nitrogen (glcohol-ether extract)
in liver
Fresh Dry Dy Total Fer cent in tissue Total Par cent in tis
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh oy
weight weight fat-free weight weight
gn. gite £ty nge ENe
69.7 Te25 3.00 1.87 267 367 12,2 143 329 LeS 15,0
70.2 60950 2,06 1,73 251 306 12,2 145 331 L8 16,1
707 775 2427 1,90 259 343 1.k 13.6 368 4.8 16,2
69.2 8.06 2,48  3.00 268 3.3 10.8 12.8 385 - L8 15.5
68.5 7.7 2.46 1.87 264 3.k 10,8 1b.1 586 7.5 23.9
69.8 B.62 2,60 2,08 279 3.2 10.7 13,4 520 640 20,0
69.7 773 2.34 1.92 265 3okt 113 13.8 k20 S.h 17.8
69.2 8,60 2468 2,18 288 3ok 10.9 13.2 468 Sels 17.7
69,9 7.6 2,24 1.86 25k 3.h 1143 13.6 384 542 17.1
69.8 To6h 2,31 1,86 269 3¢5 10.7 1h.5 k8 5.9 19.k
69,2 Tel2 2,29 1.90 249 3eb 10.9 13.1 389 562 17.0
69.6 7.80 2.37 1.92 261 363 11.0 13.6 153 5.8 1%.1
69.2 7.98 2olb 2,04 269 3. 10.9 13.2 k21 53 17.1
69.5 7.82 2439  1.96 265 3okt 11,0 13.5 k27 545 17.9
700 7+25 2.17 1.76 21 363 11.1 . 13.7 L1o SeT 18.9
69.1 8.63 2.6L 2.14 294 3ot 1.1 138 506 5.9 1%.1
69.8 T.h7 2426 1.82 261 365 11.6 1L.3 438 569 19.h4
68,2 721 2.29 1.87 250 3.5 10.9 13.h 425 6.0 18.5
68,4 7.90 2.5 1.5k 259 3.3 10.4 13,k 560 Tol 22,
68.8 TeTh 201 1.93 256 3e3 10,6 13.2 L& 6.2 19.9
69.1 770 2,38 1.91 260 3o 10.9 13.6 k70 6.l 19.7
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Table XIII Body weights and nitrogen metabolism of rats fed diets containing mitrog

Serie
Stud
Experime
Diet Distribution of nitrogen in daily dose Rat Body weight
of amino acid mixture fed mmber
; Average Change Ch
Essentisl None-essential during from du
amino acid aitro- nitrogen provided meba- beginning me
gen provided by by NEAA-II bolism toend of bo
EAA-TII period period on pe
diet

mgo g £, Zhe

3 3945 10 58562 351 «16

5856k 334 8

58570 328 L

58588 326 2

58736 300 -2

58767 339 3

Average 335 0

134 3945 34.5 5855L 3k5 9

58563 374 10

58569 329 9

58587 358 5

58731 285 7

58760 3L3 10

58895 342 -8

58832 35 5

58881 359 -7

59056 3k k

59002 339 0

59062 3l5 7

Average 3h3 Iy







3bs containing nitrogen provided by EAA-ITI supplemented with graded doses of nitrogen from NEAA-IT

Series II
Study A
Experiment Five

Body weight Nitrogen metabolism
rage Change Change Nitrogen  Fecal Urinary Total Nitrogen Nitrogen
ing from during fed nitrogen nitrogen nitrogem balance  balance/
i~ beginning metae excreted X0 gm.
Lsm to end of Dbolism rat
iod period on period

dist

s gme [246: 18 Bge nge mee IZe mge Oge
9 -16 0 las 182 327 509 =94 =72
34 8 [ a5 18k 303 487 -72 ~65
28 b 5 a5 166 302 468 -53 =49
26 2 kL 1as 1 279 469 =5k =50
00 -2 [ ias 170 - 27% Lk =29 -29
39 3 6 s 167 216 113 2 2
36 0 L 35 176 288 46l ~h9 -kl
W5 9 8 559 191 287 78 8L 70
T4 10 7 559 198 298 196 63 50
29 9 9 559 190 335 525 3k 31
58 5 7 559 180 3 52% 38 32
85 7 8 - 559 . 169 2%k 63 96 101
L3 10 6 559 175 307 482 77 67
h2 -8 L 612 9L 405 - 599 13 1
b5 5 3 612 167 356 523 89 7
59 -7 1 612 203 a9 622 -10 -8
L9 k 7 612 219 364 583 29 25
139 0 é 612 180 373 553 59 52
W5 7 7 612 187 324 s11 101 88
3 L 6 586 188 342 530 56 50
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Table XIII Contirmed

Ddet Distribution of nitrogen in daily dose Rat Body weight
of amino acid mixture fed number
Average Change Cha
Essential Non-essential during from dur.
amino acid nitro- nitrogen provided meta~- beginning mwet
gen provided by by NEAj-IT bolism to end of bol
EAA-TII periocd period on  per
diet
nge. mge £m. 24 g
138 39.5 k5 58857 33L 7
59034 3L8 2
58899 3h3 3
58878 32 6
59065 355 0
58999 352 9
Average-  3hé I
13¢ 39.5 60 58990 356 3
5901k 336 10
59033 327 5
59088 329 6
5980k 355 3
Average  3l1 5







Body weight

Nitrogen metabolism

Average Change Change Nitrogen Fecal Urinary Total Nitrogen HNitrogen
during from during Tfed nitrogen nitrogen nitrogen balance balance/
metae- begiming meta- r excreted 300 gm.
bolism to end of ©bolism rat
period period on period
diet
£Mo ghle ge Nge nZe nge nge Ige mge
334 7 10 660 195 392 587 73 66
348 2 3 660 193 37h 567 93 8o
3h3 3 5 660 170 387 557 103 S0
342 é 5 660 208 4o7 615 Lo Lo
355 0 b 660 220 392 612 L8 Lo
352 9 6 660 195 koo 595 65 56
3k6 h 6 660 197 3%2 589 73 62
356 3 2 810 220 503 723 87 3
336 10 7 810 195 136 631 179 160
327 5 5 810 17k L3k 608 202 185
329 6 3 810 223 502 725 85 17
355 3 7 810 208 481 689 121 102
31 5 5 810 20k Hyal 675 135 119
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Table XIV Liver weights and concentrations of moisture, fat and nitrogen of livers
with graded doses of nitrogen from NEAA-II,

Ser
St
Experim

Diet Distribution of nitrogen in d2ily doss Rat Average Per cent
No. of amino acid mixture fed mumber  body moisture
weight in liver
. in nitro-
Essential amino None-essential nitrogen gen meta- Fr
acid nitrogen provided by NEAA-II bolism
provicded by period
EAA-IT
mZe NEe gitle g
13 395 10 58562 391 70.5 S
58564 334 71.2 8
58570 328 70.1 7
58588 326 . 69.k4 7
58736 300 69,0 6
58767 339 69.0 1
Average 336 69.8 8
13 39.5 3he5 58554 345 69.5 7
58563 374 6947 8
58569 329 7002 8
58587 358 6942 8
58731 285 72.0 6
58895 342 69.1
58832 35 - 69.8 8
58881 359 69.5 8
59056 3h9 68,7 8
59002 339 69.8 8.
59062 345 6940 8
Average 342 69.6 8.







gen of livers of rats fed diets containing nitrogen provided by EAA~ITI supplemented

Series II

Study A
Experiment Five

Per cont Hepatic fat
moisturs Weight of liver Hepatic nitrogen {aleohol~-sther extract)
in liver
Fresh ...Dry . Dry tTcﬁsa.‘l. Per cent in tissue Total Per cent in tise
\.Y fatefree on basis of sue on baslis of
Fresh Dry Dry Fresh Dry
weight weight fat-free weight weight
gle ghe £y mge ige
70.5 9s2h 2473 2.1} 300 3.2 11.0 1L4.0 590 6.h 21,6
1.2 8,62 2,48 1.87 278 3.2 11,2 1h.9 611 7.1 247
70.1 7.7 232 1.69 250 3.2 10.8 14,8 622 8.0 26,8
69.h4 7.65 234 1.76 2hs 3.2 10.5 13.9 58L T.6 24,9
69.0 6.96 2,16 1.61 227 3.3 10.5 1hl 552 7.9 2545
69.0 7.79 2.42 1.83 255 3.3 1045 1349 581 7.5 2l
69.8 8,00 2.41 1.82 259 3.2 10.8 14.3 5% Tl 246
69.5 Te62 2,32 1.81 26k 3.5 114 14.6 512 6.7 22,0
6947 8.8 2,56 1.99 25 3.k 1.3 1h.6 575 6.8 22.4
7062 8,05 2.40 1.87 275 3.k 11.5 1.7 534 6o 2242
69.2 8097 2076 . 2012 298 303 1008 lhol 638 701 2301
72.0 6.83 1.91 1.48 232 3.k 12,1 15.7 435 - 6k 22,8
69.1 2.8 242 1.86 258 3.3 10.7 13.9 558 7.1 23.1
69.8 8.18 2.47 1.94 256 3.1 10.4 13.2 528 6.4 3
69.5 8.% 2.59 2002 283 303 1009 1}-100 570 607 22.0
68.7 8.68 2,72 2.1k 275 32 10.1 12,9 572 6.6 a.1
69.8 8,67 2.62 2,13 271 3.1 10.3 12,7 U89 . 5.6 18.7
69.0 8467 2.69 2.05 265 3.1 9.9 12.9 633 Te3 23,6
6946 8.20 2.L9 1.94 270 3.3 10.9 1k, 550 . 6.7 22.1







Table XIV Continued
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Diet Distribution of nitrogen in daily dose Rat Average Per cent
Noe of amino acid mixture fed mmber body moisture
weight in liver _
in nitroe
Essential amino Non-essential nitrcgen gen metia- F
acid nitrogen provided by NEAR-IT bolism
provided by period
EAA-TI
nge nge £0e §
13B 39.5 LS 58857 334 69els i
5903L 348 6848 ¢
58899 343 6940 [
58878 32 68s4 i
59065 355 £8.8 £
58999 352 6946 ¢
Average  3k6 8940 £
13¢ 39.5 60 58990 356 6842 7
59014 336 6849 7
59033 327 6848 7
59088 329 68,8 7
5980Y 355 67.8 8
Average 33 68.5 7







Per cent _ Hepatic fa{

moisture Weight of liver Hepatic nitrogen (aleohol-ether extract)
in liver
Fresh Dry Dry Total Per cant in tissus Total Per cent in tise
fat-fres _ on basis of sue on basis of
Fresh Dry Dry Fresh Dry
weight weight fat-free weight weight
Ele ERe EMe nge Ce
69.4 Teli2 2,27 1.72 22 3e3 10.7 1h.1 553 75 2hek
6848 8.12 2,53 1.9 266 3.3 10.5 13.9 616 7.6 2kl
69.0 7090 2.}-!5 1087 261 3-3 10-7 lhoo 581 ’ 70;4 230?
68.4 79T 2.52 1.89 259 3.2 10.3 13.7 625 7.8 24.8
68,8 852 2,66 1,98 28}y 3.3 10.7 1.3 680 8.0 25.6
69,5 8.2 2,50 1,96 266 32 10.6 13.4 521 6.3 20.8
6940 §.03 2,49 189 263 343 10.6 13.9 5% Tk 23.9
6842 7.82 2449 1,79 271 3.5 10.9 15.1 702 940 28.2
68.9 Te99 2.48 1.87 265 363 10.7 1h.2 618 7.7 249
6848 7417 2.24 1.68 248 3.5 .1 14,8 557 7.8 2Le9
68,8 7036 2.29 1.72 2L 3.4 10.8 Yhels 571 7.8 2139
67.8 8.9 2473 2.08 275 362 1C.1 13.2 650 Te6 23.8
6845 Te7T  2.45 1.83 263 3.k 10.7 13 620 840 25.3
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Table IV  Body weights and nitrogen metabolism of rats fed diets conta:m:.ng nitrogen |
of non-essential amino acids or from glutamic acid alcne, :

Serie:
Study

Dist Distribution of nitrogen in daily dose Rat Body weight

of amino acid mixture fed mimber
Essential nitrogen Kone-essential Average Change Char
nitrogen during fron duri
metae- beginning mets
bolism to end of Doli
Quantity Source Quantity Source period period on  peri
- diet

BEe. nge ge gl en
1L 3k EAA-I Lo Glutamic 55022 318 -13 -1
acid 55036 336 =29 -8
55259 323 ~2h -9
55068 328 -1l -1
55097 361 =16 -4
55073 331 -9 -3
Average 333 -18 -l
15 38 EAA-II 36 Glutamic 55122 334 2 -3
acid 55257 337 7 0
55052 373 -1 -1
§5100 335 -5 0
51993 321 -6 0
55067 370 -6 0
Average 345 -1 -l







liets contai g nitrogen provided by EAA-I or EAA~II supplemented with nitrogen from a mixture
i alone. i

Series II
Study B
Body weight Nitrogen metabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
during  from during fed nitrogen nitrogen nitrogen balance  balance/
meta- beginning metae excreted 300 gm.
holism to end of Dbolism rat
period period on periocd
diet
240, 7% 241 Efe nge mee MZe e mg. nge
318 «13 -1 578 185 663 852 =274 -259
336 «29 -8 578 203 681 884 -306 =273
323 2L -9 578 196 631 827 249 -231
328 -1k -1 578 189 629 818 -240 -220
361 ~16 <k 578 194 6ln 835 «257 -2l
331 -9 -3 578 185 587 772 =194 -176
333 -18 -l 578 192 639 831 =253 -229
334 2 -3 576 177 393 570 6 5
337 7 0 576 179 393 5?% h L
373 -1 -1 576 186 369 555 21 17
335 -1 0 576 18k 38 565 1 10
321 -6 0 LYCIE 184 hi 601 -25 -23
370 -6 0 576 197 w6 623 -7 -38
3k5 -1 -1 576 185 396 S8 -5 -4
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Table XVI Liver weighis and concentration of moisture, fat and nitrogen of livers of :
with nitrogen from 3 mixture of nom-essential aminc acids or from glutamic :

Series
Study

Diet Distribution of nitrogen in daily dose of Rat

Average Per cent

No. amino acid mixture fed number  body moisture i
. weight in liver
in nitro-

Essentlal aitrogen Non-sssential nitrogen gen msta= Frest

belism

pericd

Quantity Source Quantity Souree

e Mge £ie Eile
1k 3k EAA-T 1o Glutamic 55022 318 68,2 8402
acid 55036 336 69.7 7.85
55259 323 69.6 T.33
55068 328 69.9 Te35
55097 361 67.4 9.31
55073 331 6946 7.85
Average 333 69.1 797
15 38 EAA-II 36 Glutamic 55122 334 69.7 9.05
acid 55257 337 69.1 8.70
55052 373 69.1 9.00
55100 335 69.9 T.81
- 54993 321 67.9 8,00
55067 370 68.0 9.68
Average 315 69.0 8.7







n of livers of rats fed diets containing nitrogen provided by EAA-I or EAd-II supplemented
from glutamic acid alone,

Series II
Study B
Per cent Hepatic fat
moisture Weight of liver _ Hepatic nitrogen (alcohol=ether extract)
in liver
Fresh Dry Dry- Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh Dry
weight weight fatefree weight weight
Ehle EMe gllo nge nge
6842 8402 2,55 2,18 256 3.2 10.0 11.8 37k b7 149
6%.7 7.85 2.3% 1.99 209 2.6 8.8 10,5 402 Sl 16.8
69.6 Ta33 2.23 1.73 2Ll 3e3 11.0 1h.1 502 6.8 224
69.9 7.39 2,22 1.69 248 3ok 11.2 13.2 336 k.S 15.1
67.4 9,31 3.0h  2.48 249 2.6 8.2 10.0 558 6,0 18.h
6946 7.89 2,0 1.9 242 3.1 10.1 12.3 k33 5.5 18.1
69.1 7.97 2.47  2.04 2l 3.0 9.9 12.0 I3k S.b 17.6
6947 9.05 2.74  2.29 251 2.8 9.2 11.0 452 5.0 16.5
69.1 8.70 2,69 2,16 273 3.1 10,1 12,7 535 6.2 19.9
69.1 9.00 2.78  2.33 251 3.2 10.5 12.5 450 5.0 1642
69.9 7.81 2.35 2,10 218 3.2 0.6  11.8 252 3.2 10.7
67.9 8.00 2.57 2,22 21 3.0 Sels 10.9 350 Lokt 13.6
68.0 9.58 3.09 2.69 288 3.0 9.3 10.7 01 Lel 12.9

6940 8.71 2.70  2.30 265 3.0 9.8 11.6 107  Léb 15.0
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Table XVII  EBody weights and nitrogen metabolism of rats fed diets containing essenti

being fed.
Seri
Stw
Experinm
Diet Source and quantity of essential nitro- Rat Body weight
Ho. gen in daily dose of amino acid mixbture  mumber
fod
- Average Change Coay
during from dux
Souxce Quantity meta- beginning met:
boldsn to end of boli
period period on <) o
diet
Tge Ehe Ele g
16 = EAA-I only 34 50147 3uk ~12 -l
50161 365 -15 =S
5032% 347 -16 ¢
5033¢ 36 -7 i
50343 329 <17 =1
50359 332 -16 ~1
Average  3hlL -1k -
16a EAd-I only Th 50429 351 0 =l
S0435 371 -19 1
50143 384 L
50477 382 -6 -2
50483 359 k
Average 369 - b -1
17 EAd-II only 38 57689 367 -16 1
57697 363 -9 2
57726 334 =13 3
57768 349 -13 -2
58338 322 -19 0]
58368 32 =13 1l







d diebs containing essential amino acid nitrogen only, three mixtures of varying nutritive value

Seriss I1
Study ¢
Experiment One
Body weight Nitrogen metabolism
Avsrage <Change Change Kitrogern Feseal Urinary Total Nitrogen KNitrogen
during from during fed nitroger nitrogen vitrogem btalance balance/
msta- beginning metae excreted : 300 gme
bolism to end of bolism rat
period period on peried
dist
Ele g, Ee nge NEe Nge Ige mge Bge
3Lk ~12 -l 3kh9 206 k1o 616 «267 -233
365 ~15 -9 349 196 ik 607 ~260 -212
347 «16 -6 3k9 21k 375 589 «-240 =207
346 -7 L 349 198 b6 6l =295 -257
329 -17 -7 3L9 193 3713 566 =217 =198
332 -16 -7 3k9 199 385 58k -235 - ~212
3k 1L -5 3h9 201 koo 601 252 -220
351 0 -l 691 201 5k9 750 - 59 - 50
371 «-19 1 691 216 611 827 =136 -110
38L L o 691 220 523 743 - 52 - 10
382 -6 -2 691 2ia 606 8u7 -156 -123
359 i 2 691 . 196 528 72k - 33 - 27
369 -1 -1 691 215 564 778 - 87 - 70
367 <16 1 319 222 291 513 -194 <159
363 -9 2 319 211 257 Lé8 «149 =123
334 =13 3 319 197 274 L71 =152 -136
3h9 «13 -2 319 182 252 W34 =115 - 99
322 «19 0 319 179 247 126 -107 <100
312 13 1 319 236 272 508 -189 -182
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Table XVII Continued

Diet Source and quantity of essential nitro- Ral Body weight
No. gen in daily dose of amino acid mixture number
fed
Average Change Cl
during Irom o}
Source Quantity meta- beginning
) bolism to end of Dbt
period period on  ps
dist
nge ghe g, £n
17a EAA-II only Th 57695 338 -4
57139 35k 14
5774 382 -l
57753 336 7
58330 325 -3
58360 359 -1
Average 349 -4
18 EAA-III only 3945 59563 338 2
59kh3 369 -l ,
59612 335 -5 ?
59537 3h7 ~10 {
59512 363 -2 :
59578 343 -k :
Average 350 -k ‘
18a EAA-ITI only % - 59501 377 9
59506 379 1
59Lhl 357 5
59517 356 12
59561 354 8
Average 365 8

AP AY At s te -







Body weight Nitrogen metabolism

Average Change Change Nitrogen Fecal Urinary Total Nitrogem Nitrogen
during from during fed nitrogen nitrogen nitrogen balance  balance/
metae beginning metae . excreted 300 gm.
bolism to end of bolism rat
period period on period
diet
egm. g Ells mgs Nge nge Nge NZe nge
338 -4 6 602 177 las 592 10 9
35k -1k 2 602 226 405 631 =29 -25
382 -4 2 602 195 397 592 10 8
336 7 7 602 21h 397 611 =9 -8
325 -3 5 602 194 322 516 86 80
359 -1 3 602 ' 195 342 537 5 54
3ho -4 b 602 200 380 580 .22 19
338 2 0 359 199 297 1156 -137 =122
369 -l 5 359 199 304 503 -1k ~117
339 -5 2 359 21l 315 529 -170 «150
3h7 ~10 0 359 21k 3L9 563 «20h -176
363 -2 2 359 203 315 518 =159 «131
343 -l 1 359 185 31 L96 =137 -120
350 -L 2 359 202 315 £17 =158 36
377 9 7 609 186 38k 570 39 31
379 7 5 609 186 103 589 20 16
357 5 5 609 18k 366 550 59 50
356 12 8 609 19 372 563 k6 39
5L 8 2 609 185 317 562 b7 4O
365 8 5 609 186 ‘3807 7 B67 k2 35
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Table XVIII Liver weights and concentraiions of moisbture, fat and nitrogen of livers
three mixtures of varying mbritive value being fed,
Serie
Stad
Experin
Diet Source and quantity of essential nitro- Rat Average Per cent
Noe gon in daily dose of amino acid mixbture number body moisturs
fed weight in liver
) in nitro-
gen metae Fre
Source Quantity bolism
period
;
i rge ghe gm,
16  EaA-I only 3k 50147 315 5940 Bai
’ 50161 365 6844 Gl
50324 347 53,1 8.
50330 3h6 67.8 841
50343 329 6847 Tot
50359 332 69.4 8e.
Average 3Lk 5846 Boc
164  BAA-T only h 50429 357 58.7 8ot
50435 ko1 59.3 98
50443 392 59.1 8.1
50477 390 5946 8ol
50483 372 6842 8.2
- Average 382 6940 848
17 EAA-II only 38 57689 367 684k 84€
7697 363 68.8 o
57726 33k 68.8 8o 3
57768 3k9 6842 846
58338 322 68.h4 Te9
58368 312 68.9 N
Average 3l 6846 - Bel







'‘cgen of livers of rats fed diets containing essential amino acid nitrogen only,

Series II
Study C
Experimant One

Per cent
moisture Weight of liver Hepatic nitrogen Hepatic fat
in liver {alcohol~sther extract)
Fresk Dry Dry Total Per cent in tissue Total Per cent in tise-
fat-‘free on basis of sue on basis of
Fresh Dry bry Fresh Dry
weight weight fatefree weight weight
gMe Elte EMe mZe nge
£940 8.28 2.57 1.91 2i7 3.0 9.6 12,9 655 7.9 2545
68els 9,08 2,86 2.07 271 3.0 945 13.1 794 8.7 27.7
£8.1 8.23 2,62 1.87 2o 2.9 7.6 12,8 752 9.1 28.7
6847 7.6k 2,39 1.74 23k 36l 9.8 13:h 652 8.8 27.2
69.4 8438 2,57 2,00 231 2.8 8.9 11.6 568 6.8 22,1
5806 ' 8.&9 2061 1093 2}.15 3.0 902 12.7 678 8.2 26.0
68.7 8455 2468 2.02 258 3.0 9.6 12,8 665 7.8 24.8
59,3 9.92 3.6l 2.k6 316 3.2 8.7 12,8 581 5.8 19.1
59.1 8.4 2,62 2.6l 266 3.2 10.2 13.0 580 - 6.9 22,2
59.6 8ol 2,53 2,00 282 3.3 11.0 1l 565 6e7 22,1
6842 8,57 _2.73 2,10 282 3.3 10.3 13.h 625 73 22,9
6940 8.80 " 2.73 2.12 281 3.2 16.0 13,2 603 6.9 22.2
6844 8.69 2.75 2.10 301 3.5 11,0 1L.3 65l 7.5 23.8
68,8 8.66 2,70 2,08 292 3.4 10.8 1h.0 626 7.2 23.2
68.8 8.30 2.59 1.9 281 3.4 10.9 1kh.3 626 76 2L.2
68,2 8.62 2.7h 2.00 256 3.0 9.3 12.8 713 8.6 27.1
68.h 7.93 2.51 1.90 2kL9 3el 9.9 13.1 608 Te7 243
68,9 6.6  2.01 Yohky 223 3.b 1.1 15.5 573 8.9 2845
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Table XVIII  cCortirusd

Diet Source and quantity of essential nitro- Rat Average Per cent
No. gen in daily dose of amino ac¢id mixture mamber body moisture W

fed weight in liver

in nitro-
gon msta- Fresh
Source Quantity bolism
. period
mZe gie EMe

17A EAA-IT only Th 57695 338 676 785
57139 354 67.1 8422
577k 382 » 6743 8.42
57753 336 66.5 7.61
58330 325 68,6 7-7h
58360 - 359 66.3 8,22
Average 3he 67.2 5,01
18 EAA=IIT only 39.5 59563 338 703 7.8
_ 59uk3 369 6949 8438
59612 339 70«0 Tolih
59537 3h7 68.6 8.25
5e512 363 68.9 8.8L
59578 343 69.8 Co2k
Average 350 69 06 8 017
184 EAA-III only h Sesl 377 6942 8453
59506 379 7C«C 2,38
59l 357 €_>8.7 7458
59571 356 68.6 9.17
59561 354 70.0 8.10
Average 365 69.3 8435







Par cent

moisture Weight of liver Hepatic nitrogen Hepatic fat

in liver (alcohol-ether extract)
Fresh IDry Dry Total Per cent in tissue Total Per cent in tise

fat-free on bagis of sue on basis of

Fresh Dry ory Fresh Dry
woight weight fat-free weight weight
Ehle £1ke Eie nge MEe

67.6 Te05 2454 1.95 272 3.5 10,7 13.9 595 7.6 23.h
67.1 8s,22 2.71 2,00 289 3.5 10.7 1h.h 710 8.6 2642
67.3 82 2,75 2,08 251 3.5 10.6 14.0 670 8.0 2le3
66,5 761 2,55 1.80 2Lk 3.2 9.6 13.6 h? 98 29,3
68.6 770 2.13 1.86 256 2e3 10.5 13.8 566 7.3 23.2
6643 8.22 2,77 2,15 272 33 9.8 12.7 819 7.5 22,4
67.2 0.01 2,62 1.97 271 3ol 10.3 13.7 651 8.1 21,8
7063 To8h 2,33 1.81 269 3 11.5 1.9 520 6.5 22.L
6949 8438 2,52 1.96 279 3.3 11,1 1kh,2 553 6.7 22,2
70.0 T4 2,24 1.78 26l 3.6 11.8 1k 8 LSk 6.1 20,3
68.6 8.25 2,59 2.06 260 3.2 10.0 12.6 532 644 20.5
68.9 B8l 2.75 2.20 275 3.1 10.0 12,5 554 6e3 2042
69.8 d.ZL 2.k9 2.01 257 .l 10.3 12.8 L83 58 19.4
69,6 817 2.49 1.97 267 3e3 10.8 13.6 517 6.3 20.8
6942 B.53 2.63 1.95 295 345 11,2 15,1 67k 7.9 25.7
700 8.38 2,52 1.9k 292 3.5 11.6 15.1 580 6.9 2340
6847 T7.58 2,37 1.78 267 3.5 11.3 15,0 591 79 2542
68.6 9.17 2.88 2.28 280 2.0 9.7 12,3 596 65 20.7
70.0 8,10 2,43 1.89 280 3e5 1.5 1.8 Shh 6.7 22,1
6943 8435 2,56 1.97 283 3.4 111 1445 598 7.2 23.4
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Table IIX Body weights and nitrogen metabolism of rats fed diets containing gradsd dos

Series
Study
Experimer

Diet Quantity of nitrogem ir daily dose of Rat Body weight
Noe EAAR-TII rmmber

Average Change Chang
during from durin
netaw beginning metae
bolisn to end of bolis
period period on peric

diet
nge Ee fei ] Elha
184 50 59519 360 -l 2
59487 334 0 5
59570 34k -3 -1
59490 369 -3 0
59625 362 -5 3
59579 3h6 3 0
Average 352 -2 2
188 60 59562 350 -6 2
59505 35 -1 10
59580 3k0 -3 0
59528 359 9 7
59594 376 0 1
59536 355 2 2
Average 35l ) 3
18D 80 59564 31 7 3
59626 379 ik 3
59593 372 2 h
S9ks1 3h9 10 1
5953k 364 5 5
Average 361 8 5







Hets containing graded doses of nitrogen provided by essential amino acids only (EAA~IIT).

Series II
Study €
Experiment Two
Body weight Nitrogen metaboiism
iverage Change Change Hitrogem Fecal Urinary Total Nitrogen Nitrogen
ring  from during fed nitrogen nitrogen nitrogen balance  balance/
retaw beginning msta= axcreted 300 gm.
»olism to end of bolism rat
reriod period on period
diet
gMe gl Eite MEs mnge nge nge Hge nge
360 -l 2 455 211 337 Shkh -89 -Th
33k ] 5 155 193 329 522 <67 -60
3L -3 -1 455 211 342 553 -98 -86
369 -3 0 455 207 360 567 -112 -91
362 -5 3 455 21 359 600 ~1k5 <120
346 3 0 455 1% 323 513 =58 =50
352 -2 2 h55 209 3ia 5 =95 -80
350 ) 2 530 208 Lo2 610 -80 -69
345 -1 10 530 182 348 530 0 0
340 -3 0 530 210 387 597 -67 =59
359 9 7. 530 201 356 557 -27 -23
376 0 1 530 213 478 691 -161 <128
355 2 2 530 213 a1 62l -9k =80
354 0 3 5% 20k 397 601 -7l =60
3l 7 3 680 176 Lol 517 103 91
379 1k 3 680 182 kol 586 ol N
372 2 N 680 181 Lh8 629 S1 I
349 10 1n 680 187 110 597 83 ¢!
364 5 5 680 196 438 63k L6 36
361 8 5

680 185 420 605 7 63
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Table XX Liver composition and concentrations of moisture, fat and nitrogen of livers

by essential amiro acids (EAA=III).

Series .
Study (
Experiment
Diet Quantity of nitrogen in daily dose of Rat Average Per cant
Noe BAA-ITI mmber Dbody moisture We
weight . in liver
in nitro-
gen metae Fresh
bolism
period
nge ghe Ehle
18a 50 - 59519 360 69.9 To8¢
59487 334 7045 840:
59570 3k 70.7 T 7:
59490 369 68.2 ToT¢
59625 362 69.4 8aT¢
59579 3k6 68.7 T3¢
Averags 352 69.6 TeSE
188 60 59562 350 69.4 8.1:
59505 3k5 70.0 TolC
59580 30 69.3 6eTi
59528 359 69.8 BeliC
59594 376 6840 9¢ 55
59536 355 68.5 8e5!
Average 3%k 69.2 8e2(
18D 8o 59564 3la 69.4 1.9¢
59626 379 69.5 8.5¢
59593 372 6847 9453
59491 349 68.9 9.0l
59534 36k 68,0 945
Average 361 69.0 8.9¢







trogen of livers of rats fed diets containing graced doses of nitrogen provided

Series 11
Study C
Experiment Two
Per cont Hepatic fat
moisture Weight of liver Hepatic nitrogen (alcohol-gther extract)
in liver
Fresh IDry Dry Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh Dy
weight weight fatefree weight weight
Eite gne EMe g nge
6909 7086 202-17 1080 275 305 11.1 1503 669 8.2 27.1
70.5 8.03 2,10 1.52 2l 340 11.5 15.9 STh 8.1 273
70.7 7.73 2.10 1.64 250 3.2 11.9 15,2 158 6.4  21.8
68,2 Te79 2,48 1.93 271 3.6 1142 b} 5k6 T¢0 22,0
69.4 876 2.68 2,04 288 3.3 10.8 ik 62 T 240
6847 Te50 2,59 1.99 263 345 10.2 13.2 601 7.3  23.2
69.6 Te% 2.k0 1.82 266 3.4 1.1 1 7 582 Tolh 243
69.4 8.13 2.49 1.88 278 3okt 11,2 1L.8 603 T 2La2
70.0 Tok0 2,22 1,66 255 3.k 11.5 15.4 558 Te5 25.1
6943 6.77 2.08 1.60 242 3.6 11.6 15.1 L75 760 22,9
69.8 8.0 2.54 “1.9h 271 3e3 10,9 1h.3 599 7.1 23.6
68.0 9.95 3.18 2.45 29k 3.0 9.2 12.0 733 Teh 2340
68.5 8.54 2.69 2.08 272 3.2 10.1 13.1 603 7.6 22,k
69.2 8«20 2,53 1.94 270 3.3 10.7 1h.1 595 7.2 23.6
69.4 7.92 2.42 1.85 282 3.6 11.6 15,2 571 Te2 23.6
69.5 8e58 2.62 1.97 293 3¢k 11,2 1h.9 6Lié 7.5 2h.7
6847 9.53 2.99 2.142 368 362 10.3 12.7 569 6.0 19.0
68,9 9,04 2.81 2.23 258 2.8 9.2 11.6 579 6.k  20.6
68.0 953 3.0i 2.36 300 3e2 9e9 12,7 682 Te2 22.4
69.0 8,92 2.78  2.17 290 3.2 10.h 13.4 597 6.9 22,3
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Table XXI  Body weights and nitrogen metabolism of rats fed diets containing nitroger

the L= or DL~ form.

Serie
Stud
Experin
Diet Nitrogen in daily Quantity and optical Rat Body weight
No. dose provided by form of threonine in muzber
ration
Average Change Cha
during from Gur
metae beginning met
bolisn to end of bol
periocd period on  per
diet
gy £ g
17 Eil-IT only 0.2% L= 57689 367 «16
57697 363 -9
57726 33L ~13
57768 349 -13
58338 322 =19
58368 312 -13
Average 3 ~14
19 EAA-IT only 0.L% DL- 57181 360 7
57188 363 5
57198 36k b
57203 348 7 ‘
57211 345 7 :
57218 350 5 :
57226 321 b
57237 345 6
Average 330 5
20  EBAA-III only 0e2% L= 57659 36k ~11
j 57667 30 -2
57738 338 «15
51179 31 - 8
58332 31 ~17 .
58367 15 =29
Averaga 340 -1l







iets containing mitrogen provided by EAA-II or EAA-III in which the threonine is present in either

Seriss II
Study D
Experiment One

Body weight Nitrogen metabolism
rerage Change Change Nitrogem TFecal Urinmary Total Nitrogen Nitrogen
iring  from during fed nitrogen nitrogen nitrogen balance  balance/
ita= beginning metae~ excreted 300 gm,
>lisn to end of Dbolism rat
ariod period on period

diet

241199 Elte 2479 DEe mge NEe nge mge e
367 =16 1l 319 222 291 513 <194 -159
363 -9 2 319 a1 257 468 <149 -123
33k ~13 3 319 197 27k L71 =152 -136
349 «13 -2 319 182 252 W3k -115 - 99
322 -19 0 319 179 2h7 426 107 =100
312 «13 1l 319 236 272 508 -189 -182
3 -1} 1l 319 20k 266 470 -151 -133
360 7 3 3Bl 176 295 L7l =120 «100
363 S 2 351 172 268 Lo - 89 - 74
364 L 3 351 189 330 519 -168 «139
348 7 -5 351 192 288 1180 -129 -111
345 7 10 351 © 170 285 . 455 ~10L4 - %
350 5 10 351 183 295  u78 =127 -109
321 l -1 351 174 255 L29 - 78 - 73
345 6 =7 351 193 16 509 =158 =137
350 5 2 351 181 292 L73 ~122 -104
36L «11 1 309 193 253 16 137 -113
30 -2 b 309 179 264 hi3 ~134 -118
338 -15 -3 309 177 270 hk7 -138 -122
33 -8 3 309 199 283 182 «-173 -152
31 -17 -1 309 192 248 4l:0 =131 =115
35 -29 1 09 185 255 439 =130 -12}

340 -1l 1 309 188 262 150 «1l1 124
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Table XXI Continued

Diet Hitrogen in daily Quantity and optical Rat Body weight
Ho. dose provided by form of threonine in mmber
ration
Average Change Chang
during from durir
meta- beginning metas
bolism to end of bolis
period period on  peric
diet

g &M £Me
18  EAA-TII only 0.4% DL- 58539 328 -9 Y
58561 312 5 5
58565 325 -1 2
58576 348 -5 b
58729 280 -1 3
58757 328 -5 6
Averags 321 -3 i







Body weight Nitrogen metabolism

Average Change Change Nitrogen Fecal Urinaxy Total Nitrogen Nitrogen
during  from during fed nitrogen nitrogen nitrogen balance  balance/
meta- beginning meta- 300 gm,

bolism to end of bolism
peried period on periocd

diet
gle EMe £Me mEe nge NEe mge NEe nge
328 -9 4 347 153 261 kL =67 <61
312 5 5 3k7 17h 266 ko -93 -89
325 -l 2 3h7 160 258 128 -71 -65
348 5 L 3h7 185 298 1483 -135 =116
280 -1 3 347 164 269 433 -80 =50
328 -5 6 3k7 1% 287 W7 «130 =119
321 -3 L 3h7 171 273 bl =97 =90
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Table XTI Liver weights and concentrations of moisture, fat and nitrogen of livers o
which the threonine is present in either the L= or DL-form.

Seris
Stud
Experin
Diet KNitrogen in Quantity and optical Rat Averagse Per cent
Noe daily dose form of threonine in number body moisture Yeig
provided by ration weight in liver
. in nitros
gen meta- Fresh
bolism
period
g gite 8
17 EAA-TI 0e2%L~ 57689 367 68.4 8.69 2
only 57697 363 68.8 B.66 2
57726 33k 688 8,30 2
57768 349 6842 8.62 2
58338 322 68.4 7.93 2
58368 312 68.9 bolip 2
Average 341 68,6 8,11 2
19 EAA-TI OolifDL~ 57181 360 70.4 8.2l 2
only 57188 363 70.1 8.80 2
57198 36k 70.6 8,20 2
57203 348 7062 7.85 2
57211 345 7042 8.38 2
5721 350 70.3 860 2
57226 321 0.7 7.65 2
57237 345 70,0 795 2
Average 350 7043 8.21 2

| |






itrogen of livers of rats fed diets containing nitrogen provided by RAA-IT or EAA-III in
'OIMm. :

Series II
Study D
Experiment One
Par cent Hepatic fat
moisture weight of liver Hepatie nitrogen (al.cohol-ether extract)
in iiver
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis-
fat-free on basis of sue on basis of
Fresh Dry Dry Fresh Dry
weight weight fat-free weight weight
e EMe Efe nge nge
68.4 869 2.75 2.10 301 3¢5 11.0 1443 65k TeS 23.8
68.8 B.66 270 2.08 292 3.4 10.8 14.0 626 Te2 2342
68,8 8630 2.59 1.96 281 3eks 10.8 1he3 627 7.6 24.2
68,2 8462 2.7h 2400 256 3.0 Fe3 12.8 7h3 8e6 27.1
68,4 7.93 2.51 1,90 2h9 3.1 Fe9 13.1 608 1.7 243
68.9 6elt6 2,01 1.hk 223 3.k 11.1 15.5 513 8¢9 2845
6846 81l 2455 T 1.91 267 3.3 10,5 14,0 639 Te9 25.2
0.4 842l 2.U4 2.08 258 3.1 1046 12.4 358 Loy 1h.7
70.1 8.30 2.63 2.28 275 3.1 10.5 12.0 3k5 3¢9 13.1
70.6 8,20 2.1 2.07 270 33 11.2 13.0 338 L.l 13.9
7062 7.85 2434 2.03 258 3.3 11.0 12,7 3l .0 13.3
70.2 8.38 2.50 2.15 262 3.1 10.5 12.2 3’-‘9 h02 1)400
70.3 8.60 2.55 2.20 261 3.0 10,2 - 11.8 349 hel 13.7
0.7 7.65 2,24 2,00 2la 3.2 10.8 12,0 2o 3.1 10.7
700 " T.95 2.38 2.01 269 3.4 11.3 13.4 n he? 15.6
703 8.21 2Lk 2,10 262 3.2 10.7 12.L 332 L0 13.6
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Table X{II Continued

Diet Nitrogea in Quantity and optical Rat Average Per cent
Noe daily dose form of threonine in number body moisture Weigk
provided by ration weight in liver )
in nitro-
gen metaw~ Fresh I
bolism
period
v
gn. g @
20 EAA-ITI 0¢24L= 57659 364 68.2 BoTh 2.
only ‘ 57667 3o 67.h Te95 2.
57738 338 68k 8.27 2.
57779 3la 67.7 8.88 2,
58332 3la 6843 8.29 2.
58367 315 67.8 @ T.72 2.
Average k) o I 68,0 8.31 2.
18 BAA-III OoliZDL- 58539 328 7067 8.02 2.
only 58561 312 70k 7.52 2,
58565 325 70,0 Tolih 2,
58576 " 3h8 7040 8.27 2.
58729 286 69.9 6.65 2,
58757 328 7043 759 2.
Average 321 70 .2 7 .58 20







Per cent Hepatic fat

moisture Weight of liver Hepatic nitrogen (alcohol-sther extract)

in liver ) -

Fresh Dry Dry Total Per cent in tissue Total Per cent in tis-

fatefres on basis of sue on basis of

) .
Fresh Dry ory Fresh Iry
woight weight fat-frse weight weight
gm‘ e £le nNge g

6842 BaTh 2.78 2,15 281 32 10.1 13.1 629 762 22,8
67.4 T7e95 2,60 1.90 258 3.2 G.9 13.6 691 8e7 26,6
684 8427 2.61 2.02 250 3.0 9.6 12.h 592 7.2 22,7
67.7 8.88 2.87 2,16 263 3.0 9.2 12,2 0L 79 245
68e3 8e29 2,62 2.02 256 3.1 9.8 12.7 602 Te3 23.0
67.8 Te72 2419 1.86 235 3.0 9.4 12,6 627 8.1 2542
68.0 8.31 2,66 2,02 257 3.1 97 12.8 6l Te7 2k42
707 8,02 2.35 1.83 258 3.2 11.0 1h.1 52k 6.5 2243
0k Te52 2,22 1.67 231 3.1 10.k 13.8 552 Te3 24.8
70.0 7.&’4. 2.23 1.72 2hh 303 1009 1&02 507 608 22,7
700 3.27 2.48 1.93. 266 3.2 10.7 13,8 556 6.7 22.L
69,9 6.5 2,00 1.53° 228 3.4 1.4 1k.9 k75 7.1 23.7
703 759 2.25 1.74 255 3.4 11.3 1k.7 513 6.8 2248

7042 7.58 2,25 1.7h 2ly7 33 11.0 14,2 521 6.9 23.1
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Table XXIII Body weights and nitrogen metabolism of rats fed diets containing nitro,
in either the L~ or IL- form.

Sari
St
Experi
Diet Nitrogen in daily Quantity and form of Rat Body weight
No. dose provided by threonine fed rumber
Average Change Chs
during from du
meta- _beginning mel

bolism to end of bol
period period on  pel

diet
gMe E£lle §
21 EAA-TII (39.5 mg.H) 0.2% L= 58889 336 <l
NEAA-IT (3Le5 mg.N) ' 59011 332 0
59001 326 -5
58858 362 -1
58993 361 =6
59063 347 1
Average  3kk -3
22  EAA-ITI (3%.5 mg.N) 0.4% L~ 59015 3k -5
NEAA-II (3h.5 mg.K) 58992 350 3
58867 345 3
59087 35 -17
59802 321 -1l
59118 333 9
Average 30 -k
134 EAA-III (39.5 mg.N) Oultf Dl 58895 342 -8
NEAR-IT (3L.5 mg.N) 58832 345 5
58881 359 -7
59056 349 b
52002 339 0
59062 345 7
Average 346 0







1 diets containing nitrogen provided by EAA~III anc NEAA-II in whici: the threonine is present

Series II
Study D
Experiment Two

Body weight Nitrogen metabolism
\verage Change Change NKitrogen Fecal Urinary Total Hitrogem Nitrogen
ring from during fed nitrogen nitrogen nitrogen balance balance/
wta- “beginning meta- ., excreted 00 gm.
olism to end of Tbolism rat
eriod period on  period
diet
ghe frau ™ £e nZe mee. nge mZe mEe nge
336 -k 7 5kl 208 308 516 25 22
332 0 8 51 190 325 515 26 23
326 ) 6 541 188 435 623 -82 ~76
362 -1 4 s 205 391 596 =55 )
361 ) 1l sl 191 359 550 -9 -1
347 1l 7 5ia 190 338 528 13 11
34k -3 6 541 195 359 554 -13 <12
3Lk -5 3 568 203 377 580 -12 -10
350 3 7 568 199 347 546 22 19
3k5 3 5 568 177 300 L77 91 79
345 <17 1 568 200 31 51 27 23
321 -1k 1 568 - 169 - 338 507 61 57
333 9 1 568 199 368 567 1 1
3o =i 3 568 191 35 536 3 28
342 -8 I 612 194 405 599 13 11
345 5 3 612 167 356 523 89 77
359 -7 1 612 203 119 622 -10 -8
349 h 1 612 219 364 583 29 25
339 0 6 612 180 373 553 59 52
3ks 7 7 612 187 324 511 101 88
346 0 5 612 192 37k 566 Lé la
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Table XXIV  Liver waights ard ccncentrations of moisturs, fat and nitrogen of liverso!
in which the threonine is present in either the L- or DL-form.

Seriaes
Study
Bxperimsni
Diet Nitrogen in daiiy Quantity and optical Rat Average Per cent
Noo dose provided by form of tbhreonine in rumber body molsture
ration weight in iver
in pitro-
gen matae Fr
bolism
period
£ie g
2 EAA-TIT (39.5 mg.N) 0.2% L- 58889 336 6845 8
NEAA-II (3Le5 mg.N) 5s0la. 332 68.8 7
5%001 326 69.6 1
58858 362 €9.3 8
58993 361 68.14 8
59063 347 69.h 8
Average 34k 6940 8
22 EAA-III (39.5 mg.E) Ool¥ L- 59015 3hk 68.8 8
NEAA-II (3k.5 mg.XN) 58992 350 6845 8
53867 345 69.1 8
53087 345 69.4 7
59802 322 69.3 8
59118 333 68.7 9
Average 3k0 69,0 8
134 BAA-III (3945 mgeK) Oolf DI- 58895 342 €35.1 7
FEAA-IT (3Le5 mg.N) 58832 345 69.8 8
58881 359 69¢5 8.
55056 349 6867 8.
55002 339 69.8 8.
59062 345 6940 8.
Average 346 69.3 8.







)gen of liversof rats fed dists containing nitrogen provided by BEAA-ITI and NEAA-IT

o 18
Series IT
Study D
Bxperimont Two
Per cant Hepatic fat
moisture Weight of liver Hepatic nitrogen (2lcohol-etiber extract)
in liver
Fresh Dry Dry Total Per cent in tissue Total Per cent in tis.
fat-free cn basis of sue on basis of
Fresh DPry Dry Fresh Dry
weight weight fat-free woight weight
gm. Elle £ Bge nge
6845 8.28 2,60 1.95 270 3.3 10.4 13.8 652 7.9 25.0
63.8 T.76 2.2 1.8 262 3.k 10.8 1,1 566 7.3 23.k
69.6 To0l 2,13 1,56 235 3okt 11.0 15.1 570 8.1 26.7
68.1 857 2,69 2.05 269 3. 10.0 13.1 638 Tels 23.8
69.k 8.48 2,59 2,05 269 3.2 10.4 13.1 Skl 6.4 20.9
6940 8.11 2.51 1,92 263 32 10.5 13.8 590 Te3 23.6
68.8 8s03 2.50 1.87 278 3.5 3.1 149 633 Te9 25.3
68.5 8.91 2.8 2,09 285 342 1042 13.6 716 8.0 2545
69.1 8,01 2.18 1.87 278 3.5 11,2 1.9 606 7.6 2h.5
69.3 8.37 2.57 2.00 1257 3.1 10.0 12,8 573 648 22,3
68.7 9.19 2.88 2.25 291 3.2 10.1 12,9 630 6.8 21.9
69.0 8.31 2,58  1.97 275 3.3 10.6 140 611 Tk 23.7
69.1 7.81 2.4l 1.86 258 3e3 10.7 13.9 558 7.1 23.1
69.8 8,18 2.h7 1.9 256 3.1 10.4 13.2 528 6.k 2l.h
695 8.50 2,59  2.02 283 3e3 10.9 140 570 6.7 22.0
6847 8.68 2,72 2.1k 275 3e2 10.1 12.9 572 6.§ 2l.1
69.0 8.67 2.69 2.C5 265 3.1 9.8 12,9 633 Te3 2346







205

Table XXV  Body weights and nitrogen metabolism of rats wher the amino acid mixturs (1
sources of carbohydrate,
Serie:
Stuc
Diet Sourcs of carbo- Quantiiy and source Rat Body weight
Noo hydrate in ration of nitrecgen in cne mimber
day's quota of feed !
Average Change
during during
metae metae
bolisn bolism
pericd period
ghle - EMe
13 Dextrin EAA=ITT (39.5 mg.l) 59325 336 L
NEAA-II (3kLe5 mg.N) 59389 320 7
: 59380 339 5
59352 330 9
Average 33 6
23 Starch BAA-TII (3905 mg.N) 59371 338 7
NEAA=II (3L.5 mg.H) 59382 324 b
593l0 346 5
59361 327 8
59395 ‘331 5
Avsrage 333 6
2L Dextrose - EAA-IIT (39.5 mg.N) 5932k 33k -1
NEAA-IT (3he5 mg.N) 59398 335 -3
5912} 358 -5
59381 315 L
Average 336 -1
25 Sucrose EAA=ITI (39.5 mgeH) 59355 b3k 7
NEAA-II (3Le5 mg.N) 59383 a9 3
59360 332 5
59399 325 9
59327 373 i
59326 339 5
Average 333 6







1en the amino acid mixture {EAA-III plus NE4A-II) was incorperated in diets containing different

Series TIT

Study 4
Body weight Nitrogen mstabolisnm
Average Change Nitrogen Fecal Urinary Total Nitrogen Nitrogen
during during fed nitrogen nitrogen nitrogemn balance  balance/
meta=- meta=~ excreted 300 gme
bolisn bolisnm rat
period period
gMe =411 mge mge e NZe mge e
336 L 581 107 2 519 62 56
320 7. 581 181 36k 5k 36 3L
339 5 561 17 372 5L9 32 28
330 9 581 166 36 530 51 L6
3 331 6 581 158 378 536 L5 i
338 7 612 12 388 500 132 99
324 L 612 19 102 521 91 8L
346 5 612 16 Lo 556 56 k9
327 ] 612 108 L60 568 bl Lo
331 5 612 129 k77 606 6 5
3 333 6 612 117 433 550 62 55
33L -1 - 563 137 588 725 =162 ~1L6
335 -3 563 121 512 ) 633 - 70 -63
358 -5 563 15 648 799 «236 «198
315 i 563 1L9 L5 634 - 71 - 68
3 336 ~1 563 1o 559 699 -135 -119
311 7 559 153 188 61 =82 -79
9 3 559 11k 103 517 b2 Lo
332 5 559 129 556 685 -126 =11k
325 9 559 164 L7 621 -62 =57
373 I 559 135 195 630 =71 -57
339 5 559 13 h67 610 -5l ~45
: 333 6 559 1p 178 618 -59 -52
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Table XXVI Liver weights and concentration of moisture, fat and nitrogen of livers of
incorporated in diets containing different sources of carbohydrate,

Series
Study
Diet Source of Quantity and source Rat Average Per cent
No. carbohydrate of nitrogen in one mmber body moisture Weig
in ration dayt*s quota of feed weight in liver
in nitro-
gen metae Fresh
bolism
period
gRe ge ¢
134  Dextrin EAA-III (39.5 mge H) 59325 336 67.7 Te76 ¢
NEAA-II (3Le5 mge. N} 59389 320 6845 To58 ¢
59380 339 6848 ToSh ©
59352 330 68,7 8.5 ¢
Average 331 . 68.4 797 &
23 Starch BAA-ITT (39.5 mge N) 59371 338 68,8 7470 ¢
NEAA-TT (3‘405 Nge N) 59382 3211 6806 ?06,4 e
4 59340 346 6842 7.56 ¢
59361 327 69.0 8.19 ¢
59395 331 69.1 773 ¢
 Average 333 68.7 T.76 ¢
2  Dextrose  EAA-TIT (39.5\mg. N) 5932 334 69,6 7452 3
REAA-IT (3L.5 mge B) 59398 335 69.3 7489 ¢
59124 358 68.L 768 ¢
59331 35 69.8 T.15 ¢
Average 336 6943 Te56 &







itrogen of livers of rats when the amino acid mixture (EAA-ITI plus NEAA-II) was
carbohydrate,

Series III
Study A
Per cent Hepatic fat
moisture Weight of liver Hepatic nitrogen {alcohol-sther extract)
in liver
Fresh Dry Dry " Total Per cent in tissue Total | Per cent in tise
fat-free on basis of sus on basis of
Fresh Dry Dry Fresh Dry
weight weight fat-free weight weight
ghe  EM £l nge g e
67.7 7.?6 2451 1.55 264 3k 10.5 13,5 557 742 22,42
6805 70?5 2039 1093 259 30)-!» 10.8 130,4 héo 601 1902
6848 TeSh 2447 1.91 275 3e 11.1 164 568 T2 2340
6847 8:59 2659 2,08 264 3ed 9.8 12.7 606 7.0 22,6
. 68dl '(.97 2.52 1.97 26§ 3k 10,6 13.5 SL8 649 21.8
68.8 7,70 2.40 1.84 256 33 10.6 13.9 564 Te3 23.4
6846 T.6h 2.0 1.88 252 3.3 10.7 3.k 52l 6.9 21.8
68,2 7.56 2.M0 1.79 260 3ak 10.5 1k, 1 8.1 5.4
6940 8419 2454 2.06 265 3.2 10.8 12,9 L72 5.8 18.6
69.1 TeT3 2,39 1.85 2Ll 3.2 10.4 1362 540 7.0 2245
6847 7.76 2.3 1.88 255 3.3 10.5 13.6 542 740 22,4
69,6 Te52 2.29 1.83 246 3.3 10.7 = 13.4 k56 6el 20.0
69.3 7.89 2,42 1,97 261 3.3 10.8 13,2 453 58 18.7
68.4 768 2.43 1.85 27k 3.6 11.3 14.8 580 7.5 23¢9

6943 7.56 2,32 1.84 257 3.4 11.1 14.0 1482 6ols 20.8
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Tavle XXVI Continued
Diet Source of Quantity and source Rat Average Per cemt
No. carbohydrate of nitrogen in ons mmber body moisture weigl
ir ration day's quota of feed weight in liver
in nitroe-
gen metaw Fresh |
belism
period
gite e g
25 Sucrose EAA-IIT (39.5 mg. N) 59355 311 6949 7.86 2,
NEAA-IT (3ke5 mge N) 59383 319 70.0 8.03 2,
59360 332 69.5 7.73 2.
59399 325 69.8 . 7.79 2
59327 373 68.8 8.76 2,
59326 339 69.6 Tas0 2,
Average 333 69.6 795 2,







Per cemt Hepatic fat

molsture weight of liver Hepatic nitrogen (alcohol-sther extract)
in liver

Fresh Dry Dry Total Per cent in tissue Total Per cent in tise

fat-free on basis of sne on basis of
Fresh Dry Dry Fresh Dry

weight weight fat-free weight weight

gl EM. £lle mge Inge

699 T.86 2,36 1,93 265 3.k 11,2 13.7 . L3l 56 1845
7040 8.03 2.l 1.94% 273 3okt 1143 1hel k7 5.9 19.5
6945 773 2.36 1.9% 286 3.7 12.1 1he7 116 Seb 17.7
69,8 . 7479 2436 1.85 270 3.5 1.4 1Le6 505 6.5 21.4
68.8 . 8s76 2473 2,1k 301 3k 1.0 1kl 5% 6.8 21.8
69.6 Taz0 2428 1.79 266 3.6 11.7 1h.9 Lg2 6.6 2.6

69.6 7.95 2.42 1.93 277 3.5 11.h bk 86 6.1 20.1
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Table XXVII  Body weights and nitrogen metabolism of rats wher the amino acid wixture

value,

Series
tud

Diet Caloric value of Quantity and source Rat Body weight

one day's quota of nitrogen in one mamber
of diet day's quota of diet
Average Change Chan
during from dari
meta- beginning meta
bolism to end of boli
psriod period en peri
dist

Cal. ge gie £n
134 65 EAA-IIT (395 mg.N) 60619 358 1 gl
NEAA-IT (3he5 mgeN) 60571 336 7 '
. 60555 350 16 :
60692 352 8 {
60587 349 0 1
60601 365 7 '
Average 352 10 D
26 50 EAA=TIT (39.5 mg.W) 60631 3l -9 '
REAA-IT (3Le5 mg.H) 60581 336 -12 f
60558 327 -9 |
6066k 350 -16 )
6061.1s 328 -8 |
60695 333 -7 ¢
60685 339 ~18 !
- 60556 353 -9 :
Average 338 =11 ¢
27 35 EAA=III (39.5 mg.N) 60665 30 =36 ]
NEAA-II (3ke5 mg.N) 60333 329 42 -
60602 309 =il :
60557 31k -2 -
60618 X1 -3 -]
60573 312 -38 -t
Average 312 -lp -]







when the amino acid mixture (EAA-III plus NEAA-II) was incorporated in diets of varying caloric

Series III
Study B
Body weight Nitrogen metabolism
Average Change Change Nitrogen Fecal Urinary Total Nitrogen Nitrogean
during from - doring fed nitrogen nitrogen nitrogen balance  balance/
metae beginning meta- excrated 300 gm.
bolism to end of Dbolism rat
psriod period on period
diet
gie gme £me mge Tige nge nge mge nge
358 1 11 625 206 30 Shé 79 66
336 7 12 625 21k 318 532 93 83
350 16 12 625 201 329 530 9% 81
352 8 8 625 190 333 523 102 87
3h9 10 15 625 226 333 559 66 57
365 7 7 625 222 356 518 b7 39
352 10 n 625 210 335 sl5 8o 69
3lp -9 7 666 208 138 648 18 16
336 -12 7 666 216 187 673 -7 s
327 -9 7 666 235 Lo 675 -9 -8
350 <16 L 666 217 L59 676 ~10 -9
328 -8 7 666 199 435 63k 32 29
333 <7 9 666 186 363 Sk9 17 105
339 -18 5 666 246 - 468 Tk -8 =43
353 -9 5 666 202 L22. 624 L2 36
338 -11 6 666 21k 435 649 17 15
30 -36 1 685 167 663 830 -215 =110
329 =42 =3 685 173 669 842 -157 =143
309 =41 03 685 172 66l 836 =151 =147
314 =12 -3 685 168 640 &08 -123 <118
31 =43 -1 685. 165 691 856 <174 ~170
312 -38 -5 685 167 723 890 -205 =197

312 ~lp -1 685 169 675 8lk =159 <152
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Tabie XXVIII Liver welghts and concentrations of moisture, fat and nitrogen of iivers
incorporated in diets of varying caloric value.

Series
Study
Diet Caloric value Quantity and source Rat Average Per cent
No. of one day's of nitrogen in ocne numoer body moisturs Weig
quota of diet day's quota of diet weight in liver
in nitro~
gen metae Fresh D
bolism
periocd
Cal. gfle gl g
134 65 EAA-III (39.5 mg. N) 60619 358 69.7 8,62 2
'- NEAA-II (3he5 mg. N) 60571 336 6942 Te9h 2
60555 350 68.8 792 2
60692 352 69.9 T7.91 2
60587 349 6947 7.59 2
60601 365 69.4 7.80 2
Average 352 69k 7.96 2
26 50 EAA-IIT (39.5 mge N) 60631 340 69.0 710 2
_ HBAA-TT (3Le5 mg. N) 60581 336 69.1 6,61 2
60558 327 70.1 7.02 2
60664 350 68.6 7.11 2
6061l 328 7042 6.75 2
60695 333 69.6 7.27 2
60685 339 69.1 7.02 2
60556 353 69.6 746 2
Average 338 6%l 7.04 2
27 35 EAA-IIT (39.5 mg. N) 60665 310 6942 6.59 2.
) NEAA-TT (3L.5 mge. N) 60633 329 68.6 6.60 2,
60602 309 7062 Golili 1,
60557 31k 6540 66 2,
60618 301 70.0 6.16 1.
60573 312 69.1 6.17 1.
Average 312 694 6.0 1.







ad nitrogen of livers of rats when tae amino acid mixbture (EAA-IIT plus NEAA-II) was

Series II1
Study B
Per cent Hepatic fai
moisturs Weight of liver Hepatic mitrogen (alcohol-etiher extract)
in liver
Fresh Ikxy Dy " Total Per cent in tissue Total Psr cent in tise
fai=-Iroe on basis of sue on basis of
Fresh Dy Dry Fresh  Dry
weight weight fateirss weight weight
gm, g g nge . Ege
69.7 8c62 2,62 2,05 275 3.2 10.5 13.h 563 6.5 21.5
69.2 To9h 2,45 1.92 251 362 10.3 13,1 527 6.6 21,5
68.8 7092 20;47 1.83 260 303 1005 1’402 6h? 8.2 26.2
69,9 7.91 2.38 1.86 264 3.3 1.1 1he2 528 6.7 22.1
6947 7459 2,30 1.77 263 3.5 1.k 4.9 532 7.0 23,2
69.4 7.80 2.38 1.86 271 3.5 11.h 14.6 527 6.8 22,1
698t 7456 2,13 1.88 26k 343 10.9 1h.1 55k 7.0 22,8
69,0 7.10 2,20 1.7k 256 346 11.6 1heT Ls8 6.l 20.8
69.1 6461 2,0k 1,63 256 349 12,5 15.7 113 662 20.2
70.1 7.02 2,10 1.63 253 3.6 12.1 15.5 1466 6.6 22,2
68.6 7.11 2,23 1.76 277 3.9 12.h 15,8 k71 6.6 21.1
70.2 6.75 2,01 1.56 257 3.8 12,8 16.1 ok 6.7 22,6
69.6 7.27 2,21 1.72 27h 3.8 12, 15.9 1,89 6.7 22,1
69.1 7.02 2,17 1.65 265 3.8 12.2 16,0 518 Tob 23.8
‘69o6 7.h6 2027 lo'nl 286 308 1206 160)4 527 701 23.2
69l 7.04 2.15 1.68 266 3.8 12, 15,8 b7k 6.7 22,0
69.2 6.59 2,03 1.6L 253 3.8 12.L 15,5 397 6.0 19.5
68.6 6,60 2,07 1.65 263 L0 12.7 15,9 k20 6.4 20.3
7042 6.1li 1.92 1.58 250 3.9 13.0 15.8 342 5e3 - 17.8
69.0 6446 2,00 1.61 260 L0 13.0 16.1 393 6.1 19.6
70,0 6.16 1.86 1.49 230 3.7 12,L 15.4 366 549 19.7
69.h 6.17 1,89 1.53 2Ll heO 12.9 15.9 357 5.8 18.8

69l 6.0 1.96 1,58 250 3.9 12,7 15.8 319 5.9 19.3
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Table XXIX Carcass composition of rats when the amino acid mixturs (BAA-ITI pltis HEA

Serie
St

Diet Caloric value of Quantity and source Rat Carcass H¥oisture
Noe. one day's quota of nmitrogen in one number weight _

of dist dayts guota of diet
Per Total
cent weight

P
c

Cal. gme £
13 65 EAA-III (3945 mg.H) 60619 35 62,5 216 3
NEAA-IT (3Le5 mzeX) 60571 323 6L.0 207 3
60355 337 62,5 211 3
60692 336 63.5 213 3
60587 .33 62,6 209 3
60601, 352 63,2 222 3
Average 338 63,0 213 3
26 50 EAA«III (39.5 mg.N) 60631 326 6.7 211 3
NEAA-IT (3L.5 mg.N) 60581 320 65.5 210 3
60558 316 65.3 206 3
6066L 333  65.6 219 3
60614 312 66.9 209 3
60695 31k 65.h 205 3
60685 320 6h.s 206 3
60556 331 65.¢c 215 3
Average 321  65.4 210 3
NEAA~TT (345 mg.N) 60333 303 67.1 203 3
60602 287  67.5 194 3
60557 291 67.3 19 3
60618 282  66.8 188 3
60573 288 67.0 193 3
Avsrage 290 66,9 194 3







I plﬁs NEAA-II) was incorporatad in diets of varying caloric value.

Series IIIX
Study B
sture Dry matter Carcass nitrogen Carcass fat
(alcohole-ather extract)
Total Dry Dry, fat-free Total Per cent expressed in  Total Per cent expressed
waight terms of in terms of
Per Total Per Total ., Fresh Dry = Dry fat
cent weight cent weight . weight weight free- Fresh Dry
. weight weight weight
.
£Re £, € gile glls
216 37.5 129 23,1 79.7 1.9 3.k 9.2 1.9 9.3 1h.3 3d.2
207 36,0 116 24,3 78.hL 1.4 3.5 9.9 14.6 37.6 11.6 32.4
211 37.5 126 22.5  75.7 11.6 3.4 .2 15.4 ° 5043 1L.9 39.8
213 36.5 123 23,5 79.1 11.7 3.5 9.5 1h.7 I3.9 13.1 35.9
209 37.4 125 22,9 T76.6 12.5 3.5 9¢3 15.2 4B.h  1k.5 38.7
222 36,3 130 23.2 B81.6 11.2 3.h 8.6 13.7 K8 13.8 37.h4
213 37.0 125 23,2  78.5 1.7  3e2 93 lh.8 246.3 13.7 37.0
211 35.3 115 23.0 75.0 1.8 3.6 10.2 15.7 4.0 12.3 3khe?
210 35 110  22.8 73.1 11.6 3.6 10.6 15.9 36.9 12,7 36.9
206 3k7 110 22,9 72.4 11.2 3.6 102 15,5 37.6 11.9 33.6
219 3kl 11k 23.9 79.6 11.9 3.6 10.4 1L.9 32.C 9.6 28.0
209 33.1 103 2h.2 75.L 1.3 3.6 11.0 15.0 27.6 8.8 26.7
205 346 109 22,1  69.5 11.3 3.6 104 16.3 39.5 12.6 364k
206 35.6 11h 22,7 72.5 1.4 3.6 10,0 15,8 .5 13.0 3641
25 35.0 116 22,5 7k 11,92 3.6 10.2 15,0 1.6 12,6 35.9
210 346 111 23.0 7h.0 11.6 3.6 0.y | 15.6 37.1 1.7 33.6

19 3h.2 99  2Lk.s3  70.5 10.8 3.7 10.9 15.8 28,5 9.8 28.7
203 32.9 100 240 72,7 11.3 3.7 11.3 15.5 27.3 9.0 27.4
19k 32,5 93 25,0 Ti.6 10.8 3.8 11.7 15.1 21 Teh 22.9
196 327 95 23.8 69.3 10.8 3.7 11.k 15.6 25.7 8.8 27.0
188 33.2 oh 246 69.4 10,6 3.8 11.3 15.3 2h.6 8.7 26.3
193 33,0 95 2hd 69,3 10.9 3.8 11.L 15.7 25.7 8.9 27.1
19 33.1 95 243 7045 10.9 3.8 11.3 15.h 25,5 8.8 26,6
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