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Preface

Durnng the past few years there huve been many requests that the
monogriph Protem and Amino Acid Requirements of Mammals™ be
brought up to date and expanded in scope Moreover fellow investt
gators huve indicated that there 15 need for 1 collection 1n one volume
of rather detuled presentations describing the current state of knowledge
concermng this aspect of nutrition  Tlus volume ums to fill that need

The unprecedented research actnaty mn this field and in related
areas during the past decade has resulted 1 a gradually increasing
Jumitation of space m the penodical Iiterature which can be allotted to
review reflections and speculitions on the broad sigmficance of expen
mental findings These publicition restrictions tend to retard the con-
timutty of scientfic thought and progress  One solution to the problem
appears to be the use of media which can provide quahfied investigators
ample space and freedom to express themselves fully 1n the aren of therr
major cogmzance

Although all segments of human commumecation are currently beset
by difficulties of orderly and accurate transmussion of facts the field of
nutntion falls prey to some umque hazards The most senous of these
results from the vast number of reports dealing with nutntional matters
wlich appear almost daily 1 the l1y ltertture No one will deny the
value of public education 10 this most vital of subjects Competition for
spice and rexders however tends to lead to the dramatization of certain
saientific reports at the epense of accuracy  Although such accounts
of scientific obseryations 1 the public press cin be condoned somewhat
Iy the espedieney of the arcumstances the increasing ppearince of
these articlcs in the professional literature 1s to be deplored and con
stitutes a dissenvice to the saience of nutntion particularly when the
editonal responsibility s cloaked with authonitarian anonymity

The Editor wishes to acknowledge with deep appreciation and thanks
the gencrous collaborition of the indinidual contributors which has made
this volume possible He fecls parhicularly andebted to hus colleague and
mentor for more than a decide Dr Regnild A Higgons for his
assistince 1n mamy of the editonial and rey 1wing tasks connected with
tlus publication  Achnowledyment 1s abso due Mrs Murniel E Rosenquest
and Miss Lowse A Orto for their valuble help and industry 1n proof

* I'dited by Anthony 4 Albanese Academic Press Ine 1950
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reading and indeung and Miss Glona T Greco for her assistance 1
the library research portion of this effort Last but not least, the er
cournging 1nd gracious gudance of the Editonial and Production Staf!
of the Acaderme Press 1s recogmzed with many thanks

ANTHONY A ALBANESE
Greenwich, Connecticut
June, 1959
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Cuarter 1

Introduchion and Perspectives

ANTHONY A ALBANESE

Nutritional Research Lab y St Lukes C. ! ¢ Hospital
Greenwich Connecticut

Perusal of the contents of the present volume will reveal that the
past decade has witnessed considerable progress i our understanding of
the nutnition of protemns and amino acids 1t wall be noted n particular
that the development and apphcation of new procedures has not only
greatly epanded the field of inquiry m expenmental ammals but also
has made possible the conduct of exact nutritional and biochemical
measurements 1 human subjects of all ages and under a vanety of
phisiologieal and pathological conditions  Under the continuing assault
of micro and radiochemstry we have learned that the quantitative and
quahtatne nutnent needs of mammals are subject to significant species
(Mitchell 1959) and indnidual (Wilhams 1959) differences and that
the need for a specific nutnent n any smgle species 1s defined by n
almost infinite number of vanables and that the protein value of foods
1s susceptible to an equally large number of vicissitudes This develop
ment of minutiae however does not relegate to the discard the general
metabolic laws of nutrient needs and waste per umt of surface arer
developed so ably 1n the first quarter of this century (Brody 1945)
Rather 1t points to the fact that mamtenance of a necessary metabolic
rate and function per umt of surfice area vanes for specific nutrients
from mndnidual to indinidual and from species to species This should
come as no surpnise if we consider that no two energy convertors orgame
or morgame will function with identical efficrency

In hving orgamsms these differunces are ultimately traceable to vana
tions m available enzymes or other biocatalysts (Martin 1938)  Thus
aspect of human chemmstry 15 not new It recened attention and docu
mentation by Garrod 1s long 1go as 1923 under the title “Inborn Errors
of Metabohsm ™ Today because of the wonders of chromatography we
Liave micro tests for almost every concenvable organic constituent  Thus
we are able not only to ascertun the presence of classic metabolic aberra
tions (alhaptonunia phem Iketonuna) with greater frequency but also
to discover new and heretofore unsuspected biochemical lesions (Dent
1947 Harns 1955) Such lesions have been produced artificially by dep
mation of a single amino acid (Albanese 1932 Hall et af 194S) Ad
minstration of antimetabolites has been shown to result 1n similar

1



2 ANTHONY A ALBANESE
pathological lesions (Woolley, 1852) and congemtal malformations
(Warkany, 1958)

The past decade has also shown that as the periphery of specific areas
of study 1s expanded there occurs  rapid fusion and eventual disappear
ance of boundaries Thus, we find that both the catibohe and anabohe
phases of the metabolism of the ammo acids are mextnicably related to
the metaboltsm of fats and carbohydrates (Swanson 1959), and they
cannot be studied or discussed without some reference to nutntion m
general This becomes quichly 1pparent from 2 consideration of the
currently known metabolic interrelntionships of the amino acids (Fig 1)
Continued study of the nutritional implcations of these metabolic Ink
1ges may be expected m the proumate future ta vield more exact knowl
edge on speaific proten 1nd amino acid needs Accordingly it seems
worth while here to delmeate briefly the current state of development of
some of these relationships

I VITAMINS AND AMINO ACID METABOLISM

From the metabolic diagram (Fig 1) 1t 1s at once apparent that the
biochemistry of amino acids 15 integrated with the over all metabolism
and all of the vitamuns that are dretary essentials are wvolved m nommal
metabohsm In general, the role of the vitamins 1s that of serving essen
tal parts of the molecular structure of the enzvme svstems that constitute
the metabolic machinery of the cells Many gross effects, such as Tack of
growth, are common to a number of vitamin deficiencies as well as sovme
amino acid defictencies It has been shown (hinney and Folls 1958)
that some pathological lesions produced i experimental animals by
ammo acid deficrencies are indistingwshable from those caused by
vitamin deficiencies Goldsmuth (1956) has shillfully clarified the imnter
dependence of the mtermedary metabolism of macmn and tryptophan
and the effect of this biochemical circumstance on the nutrtional needs
of these two dietary essentials

Speafic evidences of even more subtie nterrelationships are now on
hind Some wix years ago, some babies recewving a proprietary milh
formula began to show excessive irntabiity and i many mstances ©on
vulsions (Bessey 1957) On the basis of simlar symptoms m expen
mental ammals and a consideration of the way mn which the product
was manufactured, a deficiency of vitamin By was suspected This sus
micion was soon confirmed by the favorable response of the mfants to
formulas with an mcreased vitamin By content

Biochemical studies have revealed that animals deficient 1n vitamn Bs
exerete xanthureme acid i the urine and this excretion 1s also l.ncrez:sed
after the administration of a test dose of tryptophan (Robinson 1951)
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3
In the absence of vitamin Be xanthuremc acid now known to be 1n
abnormnl product of tryptophan metabolism 1s formed 1 increasing

quantities  In babies with comulsions xanthuremie acd disapperred
after Bg therapy was mstituted  In all cnses except two the level of
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vitamin B, required to ehmunate xanthuremic acid excreton was con
siderably above that required to elminate convulsions Apparently the
amount of vitumn B, required for normal metabolism of tryptophan ss
greater than the amount required for mmmum function of some as yet
unhnown biochenucal properties of nervous tissue These facts now form
the basis for a test of vitamun By status in mfants

Ewdences, although not s clear cut as the foregoing are on hand
regarding the relationship of most known vitamins to protem and ammo
acid nutriton The mportant role of vitumr By, m the biosynthess of
protemns 15 now generally acknowledged A deficiency of vitamm Bp»
reduces nuclese acid synthesis and this causes 1 decrease 1n cell division
This has been demonstrated m human bone mrrow cells from permicious
anemra patients (Glazer et al, 1934) Rats receving Bre will grow on
diets deficient i choline and methiomne, but contmmng homocystne
Ths suggests that the vitanun has a function 1 the metibohsm of Ixbile
methyl groups (Bennett 1950) In hyperthyroid rats Bie has a protem
sparmg action This does not prevent weight loss, however, for protem
15 spred at the expense of other body constituents {Rupp ef al, 1951)
This vitamm also permits utihzation of mitrogen m ammals fed a diet
high 1n soybean protem (Catron et al , 1952, Hsu ef ol 1953) Since the
methionine content of soybean protem 15 low this effect 1 most Lkely
related to the methionme sparing 1ctivity of By~ rather than to a direct
effect on protemn synthesis

Less clenr are the relationships of vitamms C A and E to protem and
amine acid nutntion The lesions which deficiencies of these vitamms
mduce m both expermmental ammals and man leave no doubt that they
participate m the synthesis of many specialized tissnes For example one
of the most amportant roles of ascorbic acd mvolves the formation of
colhgen m teeth bone cartilage, connectnve tissue and shin It pro
mates normal development of the teeth including both pulp and dentine
(Fish and Harris 1933) but apparently does not mflaence the occurrence
of dental cavies m man Ascorbic nad has also been reported to be
essential for regeneration of damaged nenve tissue (Fmes et al 1944)
Duets ngh m protem increase the excretion of ascorbic amd

Although the function of vitamin A in the chemustry of the visual
purple 1s now clearly understood 1ts function in mamtaming the mntegaty
of epithehal cells and as a stimulus for new cell growth remawns obscure
Vitamm E deficiency leads to progressive muscular dystrophy in expent
menta] ammals but vitamm E has no beneficial effect, even m massive
doses on mascular dystrophy occurnng m man The mvestigative oppor-
tuntties 1 this area seem endless
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Il EFFECT OF SOME THERAPEUTIC AGENTS ON PROTEIN
AND AMINO ACID NUTRITION

Although the number and dnsersity of pharmacologieal agents having
rather well defined effects on metabohism continues to grow, very httle
effort has been made to date to correlate the metabolic or nutritional
disturbances with either phurmacological activity or chemieal structure
of these agents The ever increasing mterest i nutntion will of course
result 1 a growing need to assav new therapeutic agents not onlv for
therr pharmacological properties but also for their nutntioml char
actenstics

A AxmBlroTICS

The subject of antibiotics m nutntion was admiribly reviewed by
Jubes (1855} It s clear wd well estblished from availible evidence
that an apparent umprovement in the nutntional status of animals and
humans may often be produced by adding small quintities of certun
antibotics to the diet The mechanism by which their effects on nutrition
are produced appears to be secondary to thewr antibactenal action
Stokstad (1935) has discussed the effcct of antibiotics on vitamun re
quirements He notes that while a vitamin spanng action can explun
m part the growth response on diets marginal 1 vitamms 1t does not
account for the growth observed mn nutritionally complete rations The
vitamun spanmg effect of the antibiotics has been observed to occur for
both water soluble and fat soluble vitamuns A thorough consideration
of the data leads Coates and hon (1953) to believe that although the
growth promoting effect of ntibiotics depends to a large extent on thexr
antibacteral properties their direct effcct on certan metabolie processes
cannot be overlookcd Hence 1t 1s concenable that given in the diet
they exert a small but defimite pharmcological action which contributes
to their benefical effects on growth

There are currently growing indications that the combined admin
1stration of antibiotics and amuno acids may help resohve some nutnitional
problems 1n technologically underdeseloped areas of the world Because
of the impricticalabity of supplying to many chuldren Lving in tropical
countnies diets nich 1 lugh quality proteins it often happens that their
growth 1s slow nd they become stunted Since antibiotics and other
substances such as lysme have growth stimulation effects on children
mn temperate zones Loughlin and associates (1957 1938) decided to try
these agents m chromeally milnounshed tropical cluldren  Sixty four
children {6-16 years) at a rural school 10 Hah were selected for studs
Aftcr thar conditions had been anahvzed they were fed under controlled
study conditions the cIuldren were se parated into four matched Lroups
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In three, supplements to thesr diets were uscd m the form of 10 mg and
50 mg of oxytetracychne and 1 gm of Ysme, respectvely The fourth
group recened pliccbos The study % 15 run on a double blind basis, and
Tnsted for 6 months On analysis 1t was found that the group that recewed
50 mg of ovytetracychne daly mantfested the best growths In growth
factors the group recewvmg lysme came out second There were no toue
or untoward effccts noted as the result of this long ringe admumstration
of oxytetracychne or lysme

A cnitical evaluation of the role of nutrition w the prophylias and
treatment of disease revenls many other areas m which protemns and
antibiotics may jomntly serve to mmprove over all metabolism and reduce
the meidence of nfections (Hlpern, 1955}

B Sreromws

The rapidly mncreasmg avulability and usige of new synthetie cata-
bolic 1nd nabohe steroids provides @ hrmtless opportumty for studv of
basic metabolic problems of protemns and ammno aawds {Luetscher and
Licherman, 1958) Some of these possibilities are touched upon m other
sections of this volume It s clear from the evidence on hand that control
of the mitrogen depletion effects of the corticoids can be achieved in part
by protem supplementation of the dietary and 1 some mstances, by ad
mmstrahon of small quantities of some of the essential amwmo acids
Silarly 1t appears that effects of some ambokhe steroxds may be ¢n
hanced by wmmno acid fortification of the dietary Closer scrutiny of this
nutritional synergism may lead to attmnment of maumal anabohsm at
very small dosage levels of these sterards and thereby a reduction 1 the
ncrdence of virthism and other untoward effects

C  HypocLYCEMIC AGENTS

The fortutous observation of Janbon ef al {1942) that the never
sulfonwmdes produced a disorder very sumiar to hvpoglycema led to
Loubatieres studies (1957) on the mechamsm of action of the sulfo
nylureas i diabetes and eventunlly to an evaluation of these sul
for the control of dhabetes {Dolger 1937) A piot study on two diabetics
given rather large doses of tolbutamide for about 2 weehs showed no
changes in respiratory quotient 1 exther subject, and a shghtly negative
mtrogen balance m one (Goetz, 1957) McGavack and assoctates (1957}
cbserved that whereis 1 gm duly of carbutarmde did not influence the
uptike of radiwodme, 2 gm datly of carbutamde progressively de
pressed 133 uptake to 56% of the control value at the end of the mnth
week of treatment

Numerous reports have appeared smphcating siheylates in carbohy
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drate metabolsm particulrly the reported ability of aspmn to lower
blood sugar levels in dibetics (Smith 1953) A definite hypoglycemic
effect of salicvlates was demonstrated n rheumatic fever patients by
Albanese and co workers (1935) Results of the study which mvolved
ten subjects (5-18 years) mdicated that the magmitude of fasting hypo
glycemia produced by aspirin bears 1 direct relationship to the duration
and dosage of therapy and the age and weight of the patient Subsequent
studies by thus group (Albanese 1959) have disclosed that the hypo
glycemin of prolonged and massive salieylite therapy 1s sometimes e
compimed by a persistent decrense m fasting plasma amino mitrogen
levels— sensitive cnterion of protem nutntion

A further and heretofore unsuspected reltionship of amino acid 1nd
carbohydrate metabolism has been described by Seltzer and Smith
(1958) These mvestigators reported that m normal subjects and 1n mld
or severe diabeties tolbutamide (Ornase) and indole 3 acetic acd a
physiological end product of tryptophan metabolism exerted identical
effects on blood glucose and plasma nsulin activity n the same indi
viduals

D Pmmenortnoric Drucs

The pharmacology of this rapidly growing famuly of substances was
thoroughly reviewed m 1957 by a very able conference group (hety
1957) The psychotherapeutic activity of some of the agents in common
use was reported to correlate well with therr inlibition of oudative
phosphorylations (Fig 1) and/or cytochrome oudise Prelimmary ob-
servations (Abood and Romanchek 1957) have disclosed that many
mndole substances and dernvatives of the unne of phenylhetonurncs are
also formidable mMhibitors of cellular oudations and phosphory lations
Recently these aromatic substances which are metabolically derned
from tyrosme and tryptophan were suspected of a possible role 1n the
brogenesis of schizophrenta producing compounds

It 15 interesting to note n thus connection that dietary deficits of
macn which is also der ed biosynthetically from tryptophan hasve been
implicated 1n the etiology of various psyvchiatric svmptoms which were
rcheved by maan admimstration (Jollffe et al 1940) Isontazid an
1somer of meotnie acid has been obsenved to produce marked euphoria
early 1n experimental trials in tuberculosis (Bennett et al  1934)

Trom the foregomng 1t 1s apparent that nvestigations on the bio
chemical properties of protems and amuno acids may have rumifications
m many arcas far removed from therr nutnitine functions Abo from the
preceding as well as the pages which follow 1t will become abundantly
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clear that future progress of the science of nutrtion will depend more
and more on the mutual understanding and collbor vtwe efforts of m
vestigators workmg at all levels of biochemical orgamization—from two
carbon molecules to the whale man
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clear that future progress of the science of nutrition will depend more
and more on the mutual understindmg and collaborative efforts of 1n
vestigators working at all levels of hochemical orgamzation—from two
carbon molecules to the whole man
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ments but the growth functions still persist, since some tissues continue
to grow throughout fe (Mitchell 1949) Among adult animals of dif
ferent species the relatve ymportance of the growth functions 1n deter
mmng amme acid requirements will depend mamly on the rate of
growth of the eprdermal structures, such as har nads, and claws

The different types of anabolic reactions occurring m the growing
and m the adult organism with reference to the disposal of dietary amino
acids lead mevitably to the conclusion that the amino acid requirements
of mfancy and adolescence, on the one hand and of maturity on the
other hand, are different either 1 the assortment of amme acids that are
required preformed in the diet, or in the relative amounts that are
needed or both Species differences m amino acid requirements during
growth would be. expected not so much on the basis of differences i the
nature of the anabolic reactions as on the basis of differences in the rate
of growth of new tissue m companson with the weight of tissue to be
mamtamed that 1s, the percentage rate of growth The igher the per
centage growth rate, the greater the extent to which the growth of new
tissue domunates the total amino acid requirements The rat, growing
at a rate of 3% (or more) of its body weight daily, would need ammno
acids more m proportion to the needs for the formation of new tissues
the ammo acid requirements of the human child growing at a rate of
some 003% of 1ts body weight daily would be dommated more by the
needs for ammo acids to replace endogenous losses In the former case
the daily requirement of protem, followmg the pomnt of mnflecton m
the growth curve, would be expected to decrease 1n absolute amount as
the daily growth mcrements decrease In the latter case, the amount
of protemn required per day may be expected to increase as the body
weight mcreases, but at a slower rate

The amino acids needed for growth are needed mamly for the syn

thests of the protem molecules entering mto the structure of protoplasm
For this function the presence i the tissues of all of the ammo acuds
that the body cannot manufacture itself from dietary constituents 1s
required simultaneously or nearly so The absence of any one will block
the synthetic processes The ammno acids needed for muntenance are
needed manly for the formation of creatine carnosine, glutathione
ergothionine  thyroane adrenaline, and other mitrogenous tssue con
shituents or tissue products destroyed m metabohsm For these replace
ment functions the assortment of ammno acids needed 15 sunple and wall
vary from one type of synthetic rexction to the other The absence from
the diet of any one essential amino acrd will block one or more of these
anabolic reactions but not 2ll Hence a dietary protem ke gelatn or
zem entirely deficient 1 one or more of the wmno acds that the body
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cannot manufacture stself mav be partinlly utilized 1n muntenance s
\McCollum and Steenbock (1912) showed many vears ago m metabolism
expeniments on growing pigs  For growth gelatin possesses a biologieal
value of zero, since no grow th will occur with gelatin s the sole source
of ammo acxds  But for mamtenance 1t possesses a biological value of
about 25 (Amold and Schad 1952 Block and Mitchell 1946 Rhode
et al 1949) imdicating that many of the replicement reactions of mun
tenance do not need the ammo acid entirehy Incking from the gelitin
molecule 1¢, trvptophan  Mamtenance will also mvolve some protemn
svnthesss for the growth of epidermal structures for the replacement
of red blood cells destroved duning metabolism and probabh for mans
other purposes although the net aggregate in terms of mitrogen may not
be large 1n proportion to the total replicement aggregate

An important recent devclopment 1in amino acid nutnition 1s the dem
onstration that the nonessential ammo acuds can be svnthesized 1n the
body of the monogastnic ammal from glutimic acid and the unnatural
forms of the essential amino acids (Anderson and Nasset 191S) from
ammomum ertrate (Lardy and Feldott 1949) and from ghane and
urea (Rose et al 1949) The ad hibstum feeding technique employed
tn the latter two reports detracts to some evtent from the conclusnuness
which the mterpretation of the mitrogen balance data might otherwise
possess  The utibzation of ammonia for ammno acid syntheas (Titten
berg et al 1939 Schoenhemmer ¢t al 1939 Sprinson and Rittenberg
19491 1) but not that of urca (Bloch 1946 and Bloch et al 1941) hac
been confirmed by the use of appropnate dietars supplements Labeled
with the NI® ssotope A liter report by Rose and Debker (1936) pr
sented evidence that ® the nitrogen of urea can be utilized for the
synthesis of the non essentid wmino acids when the latter are excluded
from the food and when no other source of mtrozen 1s avaslable for the
purposes m quostion” The possible intervention of 1ntestinal bactena
n the mechimsm of urea utiization 1s recogmzed.

It AN EXPERIMENTAL STUDY

The cyperments that will be reported 10 tlus section were des _red
to test the statements just made concerning the d.ferences 1n anro acsd
requirements that may be expected to acconpany diflerences Ly age and
n species amon,, ammals They were carmed out upon vouns and upon
mature rits not with diferent nintures of amuno acids but wath d ¢ ¢
ent protans known to differ m amms Lol coten? and 1 e
quality  The results obta 1ed wall be co npared v *h those secured o oy
adult human subjects subs st ng 01 the s3 3 priten souries

Most of the data on hur 2y sthycts will be tden from an o v ot
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ments but the growth functions still persist since some tissues continue
to grow throughout life (Mitchell 1949) Among adult animals of dif
ferent spectes, the relative importance of the growth functions m deter
mumng ammo acid requements will depend mamly on the rate of
growth of the epidermal structures, such as harr, nails, and claws

The different types of anabolic reactions occurring m the growing
and 1n the adult organsm with reference to the disposal of dietary ammo
acids lead wevitably to the conclusion that the amino acid requirements
of mfancy and adolescence on the one hand, and of matunty, on the
other hand, are different erther 1n the assortment of amno acids that are
required preformed in the diet, or m the relative amounts that are
needed, or both  Spectes differences m ammno actd requirements during
growth would be expected not so much on the basis of differences m the
nature of the anabolic reactions as on the basis of differences m the rate
of growth of new tissue 1n companison with the weight of tissue to be
mamtained, that 1s the percentage rate of growth The higher the per
centage growth rate the greater the extent to which the growth of new
tissue domunates the total ammo acid requirements The rat growmng
at a rate of 3% (or more) of its body weight daily would need amno
acids more 1 proportion te the needs for the formation of new tissues
the ammo acid requmrements of the human child growmg at a rate of
some 003% of 1ts body weight daily would be dommated more by the
needs for amno acids to replace endogenous losses In the former case
the daily requirement of protem followmng the pomnt of nflection
the growth curve would be expected to decrease i absolute amount, as
the daily growth mcrements decrease In the latter case the amount
of protein required per day may be expected to increase as the body
weight increases but at a slower rate

The ammo acids needed for growth are needed manly for the syn

thests of the protem molecules entering mto the structure of protoplasm
For this function the presence in the fissues of all of the ammo acids
that the body cannot manufacture itself from dietary constituents is
requred simultaneously or nearly so  The absence of any one will block
the synthetic processes The amno acids needed for mamntenance are
needed mamly for the formation of creatme carnosime glutathione
ergothiomne, thyroune, adrenaline and other mtrogenous tissue con
stituents or tissue products destroyed 1n metabolism For these replace
ment functions the assortment of amino acids needed 1s simple and wilt
vary from one type of synthetic reaction to the other The absence from
the duet of any one essental ammo acd will block one or more of these
anabohe reactions but not all Hence a dietary protein ke gelatm or
zem entirely deficient i one or more of the ammo acids that the body
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cannot manufacture atself may be partnlly utihized in muntenance s
McCollum 1nd Steenbock (1912) showed many years ago i metabolism
experiments on growing pigs  For growth gelatin possesses 1 biologrenl
value of zero, since no growth wall occur with gelatin as the sole source
of amino aads  But for mantenance 1t possesses a biological value of
about 25 (Arnold and Schad 1932 Block and Mitchell 1946 Rhode
et al 1949) mdicating that many of the replhcement reactions of mam
tenance do not need the ammo ncid entirely Incking from the gelitin
molecule, 1¢  tryptophan  Maintenance will also mnvolve some protemn
svathesis for the growth of epidermal structures for the replacement
of red blood cells destroyed during metabolism and probably for many
other purposes although the net aggregate in terms of mtrogen may not
be large in proportion to the total replacement aggregate

An important recent deyelopment 1n amino acid nutntion 15 the dem
onstration that the nonessential ammo aaids ¢an be synthesized 1n the
body of the monogastric ammal from glutamic acid and the unnatural
forms of the essential ammno acids (Anderson and Nasset 1948) from
ammontum aitrate (Lardy and Feldott 1949), and from glycme and
urea (Rose et al 1949) The ad hibitum feeding techmque employed
m the latter two reports detracts to some extent from the conclusiveness
which the mterpretation of the mtrogen balance data might otherwise
possess The utilization of ammoma for amino acid synthesis (Rutten
berg et al 1939 Schoenhemmer et al 1939 Sprinson and Rittenberg
19492 b) but not that of urea (Bloch 1946 and Bloch et al 1941) has
been confirmed by the use of appropriate dietary supplements labeled
with the N' 1sotope A later report by Rose and Dekker (1936) pre
sented evidence that the mtrogen of uren can be utilized for the
synthesis of the non essential amno acids when the latter are excluded
from the food and when no other source of mitrogen 1s available for the
purposes 1n question  The possible intervention of intestinal bactena
mn the mechamsm of urea vhihzation 1s recogmzed

B AN EXPERIMENTAL STUDY

The experiments that will be reported 1 tlus section were designed
to test the statements just made concerning the differences i amino acid
requirements that may be expected to accompany differences 1 age and
1 species among ammals  They were carried out upon young and upon
mature rats not with different mintures of ammo acids but with differ
ent protemns known to differ in ammo acid content and n nutntne
quality The results obtamned will be compared with those secured with
adult human subjects subsisting on the sime protein sources

Most of the data on human subjects will be taken from an article
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published m 1948 from Murlns laboratory at the Unwersity of Roch
ester (Hawley ef al, 1948) Many of the data on growing and adult
rats have been taken from a paper by Mtchell and Beadles (1950)
Both seres of expertments were part of a cooperatne study of protemn
utrlization sponsored by the Bureau of Biological Research of Rutgers
Unwversity The protems, or protemn foods, used by all cooperating lab
oratones were the same conmsting of egg albumn, desiccated and
defatted whole egg dned 1nd defatted beef muscle, wheat gluten
casein and peanut flour

A EXPERIMENTAL METHODS

The experiments both those at the Unnversity of Ilinos and those at
the Unmwversity of Rochester, were carrted out m accordance with the
nitrogen balance method, yielding coefficients of true digesttbility wnd
biologrcal values In the work on growmng rats and m Murlins work
on adult men and women, these measures of protein utibzation i di
gestion and 1 metibolism were computed by the Thomas method or a
modification of this method to adapt st to the growing ammal In the
work on adult rats, the calculations were made on the basis of data
secured with three dietary levels of each test protem the biological vl
ues were computed from the slope of the line describing the relation
ship of 1bsorbed mitrogen and of mtrogen balance at levels of intake
msufficient to support nitrogen equilibrium or to mduce any considerable
nitrogen retention (Brnicker and Mitchell, 1947), a modification of a
method mtroduced by Melmch and Cowgill (1937) The data were
expressed per calorie of basal metabolism and were pooled together for
each protem 1n computing regression equations The standard errors
of the slopes of the regression lines were computed by a method de
scribed by Ruder (1939)

B ExperRIMENTAL RESULTS

In Table I the biological values of the mitrogen m the six protem
sources for growmng rats for mature rats ind for adult humans are as
sembled for companson The differences in digestibility not given sn
the table, are not great with one or two exceptions and thew discussien
does not seem to be a profitable undertaking since the factors determin
g the completeness of protein digestion are so httle understood

C  1NTERPRETATIONS

The differences 1n brological vilue however may be correlated to
some extent with the amino acid composition of the protems Beef
muscle casemn and peanut flour are deficient 1n cystine or methiompe ot
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both for the growing rat while wheat gluten 1s markedly deficient n
Iysine (Bloch and Mitchell 1946)

From the table it will be evident that for those proteins deficient
cystine methionine 1e, beef cisem and peanut the biologieal values
are Jower for the adult rat than for the growing Mt and, with the ex
ccption of beef they are Jower than for the adult human  The cystme
methiomne defierency of beef muscle 15 comparatively small On the
other hand for wheat gluten deficient mn Iysine the biologieal value
for the adult rit 1s considerably ligher than for the growng rat or for
the adult human

TABLE I
Tue BioLocicat, VALUE oF tur TEST ProTEINS By GrOWING RATS \[ATURE RaTS
AND ADULT \EN

Biologrcal value

Growing \fature Mature

Protein rats s humans
Egg albumn 97 94 91
Whole egg (commercial) 87 82 94
Beef muscle 76 69 67
Wheat gluten 40 63 42
Casemn 69 5t 56
Peanut {flour 54 46 56

With regard to egg albumin and the protemns of whole egg no such
comparnsons can be made among growng rats mature rats and mature
humans because no conclusne mnformation 1s avulible concerning their
hmting amno acxds  The esttmations of Mitchell and Block (1946)
bascd upon the comparative ammo acid analyses of whole egg proteins
and of egg albumin would lead one to suspect @ sm1ll hsme deficiency
m the latter protemn

D A Test oF Tuc Ao Acp ApeQuacy o WHoOLE Ecc Protems

The nutntive qualty of whole egg protuns and of egg albumin 1s
so lugh that its hmitation by amimo acid deficiencies if such exist would
be cipected to be shght If whole cgg protens are 2 perfect protein
mnture for the growng rat 1n the hmted sense that they contain the
essential amino 1cads 1n the same proportions that exnst among the re
quirements for thesc ammo acids then supplementation of whole egg
protans with mdiidual essental amno acids should not improve therr
growth promoting value  In testing thus proposition expenmentally a
whole ¢qg sumple prcpared in the laboratory by fat extraction and de
hydrition at low temperatures was used Samples prepared by thus
method have viddded biologiedl s dues for the growng rat of 94 to 96
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regression equations of mitrogen balance on mitrogen absorbed, both
bemg expressed per basal calore, by solving for absorbed mitrogen 1
take when mitrogen balnce is zero The values for the adult human
were computed n an analogous fashion from the data of Hawley and as
soctates {1948), supplemented by further necessary 1wformation kindly
provided by Dr T R Murhn It should be noted that the loss of mitrogen
1 the sweat of human subjects observed under sweating condittons 15
not ordmarily measured 1n mtrogen metabolism studies On low, protem
drets 1t may introduce an appreciable but mdetermmate, error 1 the
computation of nitrogen balances and biological values (Mitchell ef al
1949)

The protemn values expressed as milhgrims of absorbed mitrogen per
basal calone required for mtrogen equilibtiom, for mature rats and for
mature humans, are lsted n Table 1II This table contams also data
trom some other sources than the two experiments heretofore considered

TABLE 11
Tae ReQumEMENTS OF ABSOREED NITROGEN FROAt DIFFERENT SOURCES FOR
NrrnooLn EQuiLisriing by ALt Ra7s Anp Apurt HUviARS
Absorbed N required
for N equibbrium

Adule Adult

Tat humane
Protem source (mg N per basal cal )
I Protemns of unknown deficiencies o1
Whale egg laboratory prepn 6 —_—
Whole eggy commercial 263 208
Egg albumun 230 214
Il Proteins deficient in ¢ystine methionme
Beef muscle 3u 293
Casemn 424 331
Peanut flour 45;1(8) .’321
Soy fBour 263
MI}I’]\ 318 259
IH Protemns deficient 1 lysme
320 467
1
Wheat gluten o ok

Wheat flour
@ Unless otherwise indicated these date were derved fram the values reported
by Hawley ct al (1948)
v  This igure 15 the average excretion of mtrogen on a mirogen free duet of the
adult rats 1 this expenment  Shghtly deficient 1n Iysine
¢ The rat data are taken from Bricker and Mitchell (1947) the data on humans

i Bricker et al (1945)
4 7% Computed Trom 4 biclogieal + ilue of 65 (Mitchell 1947) and the salue of

216 mg of mtrogen excreted per basal calorie on a mtrogen free diet




DIFFERFNCFS IN AMINO ACID REQUIRFMENTS 19

The values reveal agun the more intense requirement of the adult hu
man than of the adult rat for lysine and the less intense requirement
for methionne cistine  H v protem 1s low m lvsine more of 1t 15 required
per basal ealone by man than by the rat, but sf 1t 1s low 1 methionine
cystine the reverse 1s true

These results are m hirmony with other experiments having 2 sumlar
mmport For example Mueller and Cox (1947) showed that casem and
Inctalbumm are equally effective 1n muntunming mtrogen balince m adult
mam  For the growmng rat the biological value of crsen 15 much less
than that for Jactalbumm 69 vs 84 (kik 1938), but after cystine sup
plementation they are practically the same 83 vs 85 No similr com
panson of easemn and Ictalbumin for the mature rat his been found
the literature

Mitchell (1947) obsenved no supplementing effect of lysine on the
metabohic utihzation of the protemns of white flour 1n the adult rat from
which he concluded on the basis of this and other pertinent evidence
that “hysine 1s entirely dispensable in adult rodent nutntion or 15 1€
quired 1 1nconspicuous proportions for the muntenance of mitrogen
equlibrium  (see also Nasset 1946) in the sexually mnctive rat The
latter reservation 1s mserted because of the finding of Pewrson (1937)
that a Jysine deficient diet mduces cessation of estrus cycles 1n the adult
female rat  The latter alternatne m the quotation s not nconsistent
with the Jater work of Wissler and associates (1948) i Cannons lab-
oratory Contrast with these experiments of Mitchell (1947) and espe
cally the earlier ones by Osborne and Mendel cited by Mitchell the
one reported by Bricher et al (1945) 1 which on a white flour diet
an adult college woman was 1 marked negative mtrogen balwnce When
the diet was supplemented with lysme the unnary mtrogen excretion
per day dropped immediately by an amount equal to 35 times the
mtrogen contained n the added Iysine and her mtrogen balaince became
positne  The need for ysine by the adult human had been previously
shown by Rose (1944) and by Albancse and co workers (1941) Of par
ticular mterest 1n this connection are the expermments of Hoffman and
McNetl (1949) showing with 10 hospiti} patients that the nitrogen bal
ance index of Allison et al (1947) for the nitrogen of wheat gluten 1s
rased from 062 to 076 by lysine supplementation

Il KERATIN SYNTHES!S IN PROTEIN NUTRITION
The relationships discussed aboy e indicate that the cystine methionine
requirement 1s rclatinely more ntense for the adult rat than for esther
the growing rat or for the adult human On the other hand the hsine
requrement seems to be much less prominent among the amino acid
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requirements of the adult rat than among those of the growing rat or
the dult human How may these age and species differences be best
evplained?

The most probable explmation rests on the high cystne and low
Iysmne content of hair and other keratins (Block and Bollng 1945) and
on the probabihity that the ammo 1ctd requirements of the adult rat are
dommated by the requirement for hur growth The scleraprotems of
hour contun 14 to 16 gm of cystne and less than 1 gm of methionme
for 16 gm of nitrogen and trom 2 to 38 gm of lysme The figures for
lysine are sumilar to those reported for wheat gluten (20 gm per 16 gm
of mtrogen) and for other cereal products Miss Fraser (1931) has
shown that i the adult albmo rat har growth occurs contnuously
throughout life

The mmportance of hur growth mm determmmg the ammo acid re
quirements for the growing rat would be much Jess than for the adult
rat, since the most active protemn growth relates to other tissues than
harr m the former case The cystine methiomne content of the protems
of these protoplasmic tissues 1s compirattvely low, of the order of 4 to
6 gm per 16 gm of mtrogen, while the Iysine content 1s hugh 7 to 8 gm
on the same basis Haw growth m the adult human would also pre
sumably be a minor factor 1n determining amino acid requirements smee
the humnan body 15 only sparsely covered with hur This conception of
the difference between the rat and man with respect to protemn nutrition
was stated by Mueller and Cox (1847), and Cox et al (1947)

A Ture Rawme or Protoprasvirc TissUes FOR METHIONINE CYSTINE

The argument just presented assumes that hair growth will continue
during peniods when the 2nmal 15 1n negative nitrogen balance, smnce
the protemn utilization of adult rats and ~dult humans was determmned
under such conditions Long pertods of protem depletion will not de
nude 7 rat of its hair coat, probably becuse hair growth will continve at
the expense of other tissue conshtuents This transfer of ammo acids
from dispensable protemn stores using the term in the sense that Whipple
has given 1t may lead to an accelerated output of urmary mtrogen dur
ing specific protem manition m proportion n different ammals to the
relative tensity of hair growth The depression i the output of endog
enous urmary mirogen mduced by the mgesnon of methiomne has been
reported 1n the bterature for rats (Brush et al 1947) and dogs (Alhson
ct al 1947 and Echert 1948), but not for man (Johnson et al, 1947),
and may be due to the effect of this «mmo acid m arrested the rarding
of protoplasmic tissues to secure cystne for har growth where hair
growth 15 a considerable item in the anbolic processes of the body
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An analogous siturtion was revealed by Acherson and Bhsh (1923)
wn therr study of the effect of cystine on the endogenous metibolism of
molting hens  For molting hens 1 wlich feather replcement 1s pro
ceeding t 1 rapd rate, the average duly output of mtrogen in feces
and urme on 1 mitrogen free dict was 239 mg per kilogrm of body
weight This value 15 considerbly above the usual level of endogenous
mtrogen exeretion of mature hens  Another group of 6 hens of the same
breed (Rhode Islnnd Red) and size (about 2400 gm ) recerved in addi
tion to their mtrogen free dict 150 mg of cystine duly The endogenous
nitrogen loss 1 this group of birds averaged 137 mg daily per hilogram
of body werght a decrease of 43% compared with the birds recewving
no supplement The decrease was lughly sigmficant statistieally and
secmingly represents a spanng of an accelerated protemn catabolism 1m
tiated by the necessity of securing cystine from other tissues for feather
growth However the feeding of methionine to molting hens does not
shorten the molting period (Taylor and Russell 1943)

B WooL GrowrH

The persistence of keratin synthesis in animals under conditions of
undernutntion 1s stnhingly sllustrated by experiments reported from
the Unnersity of Ilinois on wool growth mn sheep In expeniments
designed to measure the relative net energy value of alfalfa clover nd
timothy hay for the mamtenance of sheep the consumption of hay was
Limted by the consumption of the least palatable one namely timothy
hay As a result 5 sheep during a feeding period of 200 days lost 20¢%
of their imtial body weight (Mitchell et al 1928c) On analvzing thewr
carcasses at the termmnation of this period and companng the results
with the composition of check sheep analyzed at the beginning of the
expenment 1t was found that the undernounshed sheep had lost 71¢¢
of their fat 489 of their gross energy but only 6 6% of their protemn
although they were i continuously negative mitrogen balance How
ever the growth of wool as well as ats prouimate analysis was normal
amounting to 0134 Ib of protein and 633 calones® of gross energy per
day per 1000 Ib Ine weight A total of 961 gm of protein had been laid
down 1n the fleece  Much of this heratin mitrogen must have been pro
duced by rmding the protoplasmic tissues for the necessary amino acids
particular]y for cystine and methionine

The relatne dominance of wool growth 1n the protein nutntion of
young growmng lambs and of more mature ammals 1s shown by two
other evpenments from the same laboratornn {Mitchell et al 1926

} The word calone as use@ throuhout the volume designates the Lilogram
calone
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1928b) carred out 1n much the same w1y except that supermamtenance
rather than submnuntenance rations were fed In one experiment 9
lambs weighing 65 to 70 Ib mtially were fed for 131 to 141 days on a
ration of alfalfa hay and corn Ther average daily gamns i body weight
ranged from 018 to 036 b On carcass analysis, wool growth was found
to account for 26% of the retained mtrogen A second group of more
mature lambs, weighing mitially 84 to 91 b were fed on alfalfa hay
alone for 182 davs, mhung average duly gams in body weight of 010
t0 023 1b Of the protemn stored during this period an average of 60%
wAs recovered 1 the wool growth *

C  Furraer Evmence anp Recaprruratrov

Thus the theory that explamns best the different results on protem
utilization secured with growing and mature rats 1nd with human adults
1s that the relative domunance of hur growth m the proten metabohsm
of anmmals m1y 1n the mawn, determmne the proportionate requirements
of the various ammo acids, because of the pecuhar ammo anid compo
sition of the scleroprotemns Their nichness m cystme would mntensify
the need for the sulfur contaiming ammo acids to the extent that the
demands of ammo acids for har growth dominate the demands for proto
plasmic growth and for endogenous replacements The richness of the
keratins of feathers m argmme seems to be responsible for the accen
tuated demands of the chicken for this amumno acid (Hegsted et al 1941)
the argmmne requirement bemng greater for the more rapidly feathermg
breeds The poverty of hur protems m lysine would depress the pro
portionate lysme requirements These predictions are borne out by the
data presented Keratws are low m fustidine 10 gm per 16 gm of
mtrogen and in phenylalanine 37 gm per 16 gm of mirogen, m com
panson with whole egg protem If the theory 1s correct one would
expect that the histidine and phenylalinne requirements of an wmmal
m which the protemn anabohsm 15 dommated by hair growth {heratin
synthesis) would be mconsprcuous  Burroughs ez al (1940ab) were
able to mamtun ~dult rats m nutrogen equiltbrium for <hort penods by
the force feeding of diets lacking in lysine ishdime and phenylalansne
if tyrosine was present

The peculiar ammo acid composttion of heratins 1w hawr nas wool
feathers, etc, and the relatve magmtude of keritn synthesis which
persists throughout fe may well be the most amportant factors de

2 Of the same significance are the obsenvations of Pewrce (1938) that fluonine
concentrations 1n the ration of sheep that ulmately mnduce senous loss in body
weight have no appreciable effect on wool growth
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termmmng differences 1 the proportionite ammo acid requirements of
amimals of different species and ages

heratin formation 1s also 1molved in the contmual replicement of
the eprdermnl cells of the shin after ther removal by desquimation
The histological mechanism and some of the biochemical charactenstics
of the heratimization of human epidermal cells have been described by
AIatoltsy and Sines: (1937)

IV COMPOSITION OF TISSUE PROTEINS AND AMINO ACID
REQUIREMENTS FOR GROWTH

A logicnl extension of the conception stated 1n the last section 1s that
the ammo acid requirements of the ramdly growing ammal are Inrgely
determined 1n the last analvsis by the ammo acid composition of the
tissue protemns formed during growth In the adult amimal the amno
acid content of the heratin tissues constituting the integument -nd 1ts
appendages seems to dommnate the total anuno acrd requirements n
accordance with the rclative intensity of the growth of hur wool feath
ers ete as compared with the repl. t of the endog losses
of mtrogenous matenal i the young ammal nd parhevlarly the rap
1dh growing ammal The amno acid analyses of groups of ammal tissues
assembled 1n Table IV should afford a test of this hypothess

A SrviLarrTies N THE AMMNO Acip CONTENT OF ANivaL Tissue
ProTENS

The amno acid content of muscle tissue among mammalian forms
of lfe 1s stnkingly sumilir (Bloch and Mitchell 1946) and hence the
analyses of muscles from different species hnve been pooled 1n Table IV
In fact quoting from Beich et al (1943) “The protem muxture which
makes up voluntary muscle tissues 15 stmilw n Mammalia Aves Am-
phibrr Pisces and Crustacea wath respect to ten of the amino acids Simce
muscle tissues of these vanous clisses of ammals do not differ widely 1n
thar amino acid patterns the findings support the behef that the same or
closely similar amino aad composition of muscle protems 1s repeated
throughout the ammal hingdom ™

Among the visceral organs the Iner lidney and bram are quite
simlar 1 o weid composition diffening from lung and stomach
lugher contunts of tryptophin  cystine metluenuine and phenylalanime
tyrosme  Asa cliss the protans of the visceral organs differ from muscle
protuns chiefly an 2 lower content of lysine

The blood plasmn protems to which Whipple (1948) assizns such a
promment role in the protein exchanges of the body are disting wished
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{Mutchell et al, 1928), the nutsitional + e of the combined proteins
my be quite low (Mutchell ef al, 1927}, due to the unique amimno agid
deficrencics of collagen and elstin

C  Conpanisoy witi Growrn Rroumevents

Swce. the muselcs and the viscer 1l organs contun most of the protemns
m the anuntl body, the proportions of the essential amnp aeds con
taned 1 these protems should largely determsne the proportians among
the requirements for these seids by the growang ammal on the basis of
the thesis under discussion A test of this proposition 15 afforded by the
datt given i Table VI m which 1mounts of amuno aerds 1n the tissves
or wmounts estrmated to be required are all computed using lysine as
a base with a value of 100 Annlogons valucs for whole egg protems
(Bloch and Mutehddl, 1946) are mncluded abo, representing a dietary
protem very completely utthzed m metabolism

A close correlation between tissue compostion and amino aad re
quirements m1y net be revetled by the values given in Table VI because
of errors 1n wmmo acid analyses but particularly because of uncertam
ties m estumntes of ammno acid requurements  Roses values for the rat
onginally proclawned m 1937 and revised shghtly m 1948 (see Rose ct al

TABLE V1
ReLaTsve PROPORTIONS AMONG THE ESSENDIAL Avvg Acws In Antuar, Tissuss
Anp v WhoLz Ece s Contpanep wree ESTreaTen ReQUIREAEENTS
Lysmg Is Grvex a V wus or 100

Estimated
requlremen(s
Visceral  Whole Rat Cl;lcl
Aamno aed Muscle  ergpos 354 o
0 100
Lysne 100 100 100 1D
H)::Ylldme R 47 29 gg 111!‘;
Argnine 8§ 105 90 50 e
Phenylaluune 4 tyrosme 114 166 151 o o
‘Tryptophan 18 26 21 20 Eg
Methiomne + cystine g; 7i gg o o
121:;?:;“& 99 127 128 80 ’5?
Isoleucine 73 87 1 fg 4
Vahne T4 87 101 7
0% of the diet

e 191%) The nncosverted hsme requirement 15 1
> gﬁi:’ i"yrzoxﬁx Alm)qulst (1952) except where otherwise sn
comverted lysine requrement 15 0 9% of the diet
o Fusher et 8] {1957)
¢ Wilkemng et o (1847)
¢ Grm (1949)

dicated  The e
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1949) are considered by their author as tentatne ther evidential sup
port Iins never been revealed  The ammo 1cid requirements of the chick
may not be entirely satisfactory because of the subnormnl growth gener
ally secured by the ad hibitum feeding of ammo aaid mixtures m lieu of
protemn and becruse the interpretation of the datt 1s sometimes obscure
Nevertheless 2 high correlation 1s evident between the amino acids
muscle and the estimates of ammo acid necds of the growing rat if the
arginmne values are disregirded becuse of the hmited ability of the rat
to synthesize this ammo aud The product moment correltion coefficient
15 4- 094 The corrclation between the amino acid contents of visceral
organs and the Rose estimates 15 lso high with r = 4083 The chich
requirements for the essential amno acids mncluding argimne  are
also lughly correlated with the essential amino acids of muscle tissue
{(r=083) Note the lugh requrements of the chich for methionine
cystine and arginme as compared with the rat due m all probibility
to a more rapid heratin synthesis m feather growth

These and other correlation coefficients among the vanates i Table
VI are assembled in Table VII The proteins of whole egg which re

TABLE ‘II
Conrerations AMONG Vamates v Tasie VI Probuct Mostent Correration
COEFFICIENTS
Covanates Amino acids required
Ammo acids 1n by
\ ariates muscle organs  whole egg rats chickens
Amuno acds in
muscle -_— 067 092 094 087
organs 067 —_ 070 083 080
whole egg 092 070 — 081s 083

@ Omitting the arginine 1n both varates

so ughly vtbzed sn metabobsm are ughly correlated sn thewr content
of the essential amino acids with the protems of muscle (r=092) for
which they sene so cffectnely as dietary precursors Bocobo ¢t al
(1952) analyzed some human tissues for amino acids and correlated the
results with the ammno acid contents of whole egg protems The cor
relation coeficient was +0811 For protems of lower biological values
smaller coefficients were secured 0791 for casemn 0516 for gluten and
0455 for whole com

The evidence presented in Tables ¥ VI and VII proves that the
requirements of the essential ammo acids that must be provided pre
formed 1n the deet of the growing ammal are determmed to a very large
extent probably to 2 larger evtent than the ated evidence ndicates
by the awmno 1erd makeup of the tissues they are producing  This fact
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(Miutchell et al 19282) the nutritronl value of the combuwed proteins
my be quite Jow (Mitchell et al, 1927), due to the umque amino acd
deficiencies of collagen and elstm

C  Comranisov witH GRoWwTH REQUIRCMENTS

Smee the muscles and the visceral organs contun most of the proteins
mn the ammal body the proportions of the essential ammo acids con
tuned m these protems should largely deternune the propertions among
the requirements for these acds by the growing ammal on the b of
the thesis under discussion A test of this proposition 15 afforded by the
data gnen in Table VI 1 which amounts of vmmo acids 1 the tissues
or anounts eshmated to be requred re ll computed usmg lysine as
a base with a value of 100 Analogous values for whole egg protems
(Block and Mitchell, 1946) are included also representing a dietary
protemn very completely utihzed n metabohism

A close correlation between tissue compostion and ammo 1ad re
quirements may not be revealed by the values given i Table VI because
of errors m amino acid anilyses but particularly because of uncertam
ties an estimates of ammo acid requirements Roses values for the rit
ongmally proclaimed 1n 1937 and revised shghtly in 1949 (see Rosc et al,

TABLE VI
ReiATIVE PRoronTions AMONG THE ESSEVIIAL Asuno Acms 1 Anngar Tissues
AND IN WHoLE Ecc s COMPARED WITH ESTIMATED REQUIREMENTS
Lysive Is Gnev A Varwve oF 100

Estimated

requrements
Viscersl  Whole Rat Chuch

Amino acid Muscle  organs egg o ?
Lysae 200 100 100 100 100
Histidine 38 47 29 40 17
Arginine 88 105 90 20 133
Phenylalanme + tyrosine 114 166 151 50 131:
Tryptophan 16 28 21 20 20
Methromne + cystine 55 74 90 60 89
Threontne 57 82 68 50 50¢
Leuce 99 12 128 80 158
Isoleucine 73 87 1 50 o1
Vahae 74 87 101 70 [isd

@ Rose et al {1949) The unconverted lysine requirement 1s 1 057 of the diet

b Taken from Almquist (1952) except where otherwise wndicated  The up
converted lvsine requirement 15 0 9% of the diet

¢ Tisher et ol (1957)

@ Wilkenmg et al {1947)

¢« Grw (1949)
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1949) are considered by therr author s tentative therr evidentinl sup
port has never been revenled  The amino 1aid requirements of the chick
my not be entirely satisfactory, because of the subnormal growth gener
ally sccured by the ad Iibitum fecding of amino a1d mixtures in hieu of
protemn and beeuse the interpretation of the datt 1s sometimes obscure
Nevertheless 2 high correlation 15 evident between the ammno acids
muscle and the estimates of ammo 1cid needs of the growng rat if the
argmme values are disregarded because of the hmted ability of the rat
to synthesize this amino aud The product moment correlation coefficient
1s + 094 The cotreltion between the ammno acid contents of visceral
organs and the Rose eshimates 1s 1lso lugh with r = 4083 The chick
requirements for the essenttal ammno acids including argimne  are
also highly correlated with the essential amine aaids of muscle tissue
(r=083) Note the high requirements of the chich for methiomne
cystine and argmme s compared with the rat due 1n all probability
to a more rapid heratin synthesis i feather growth

These and other correlation coefficients among the varates mn Table
VI are assembled m Table VII The proteins of whole egg which are

TABLE VII

CorreLATIONS AMonG VamiaTeEs ™ TasLe VI Prooter Movent CORRELATION
COEFFICIENTS

Covanates
Amino acids required

Amimno acids 1n

Y
Vanates muscle organs  whole egg rats chickens
Armno acids m
muscle — 067 092 0942 087
organs 067 - 070 083s 080
whole egg 092 070 — 081s 083

@ Omitting the arginine in both variates

so hughly utthzed in metabohism are highly correlated in thewr content
of the essential amno acids with the proteins of muscle (r=092) for
which they serve so effectinely as dietary precursors Bocobo et al
(1952) analyzed some human tissues for ammno acids and correlated the
results with the ammo acid contents of whole egg protemns The cor
relation coefficient was 40811 For proteins of lower biological values
smaller cocflicients were secured 0791 for casein 0516 for gluten and
0455 for whale corn

The cvidence presented i Tables v VI and VII proves that the
requirements of the essential amno acids that must be provided pre
formed 1 the diet of the growing ammal are determined to a ven large
extent probably to a larger extent than the cted evidence indicates
by the ammo aad makeup of the tissues they are producing  This fact
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suggests that an effectve method of deter g the requir ts of a
growng ammal for these vmmo acids may be to determune, first, the
requrement m grums per dvy of some one amino acid, such as lysine,
and then to estim1te the requirements of the others from the proportion
eusting between the essential amino acids and lysine mn the body of the
amm1, these proportions to be determned by amuno 1cid assays of the
entire carcass, or approumately, even by ammo acid assays of a dom
mant tissue such as muscle This method mny be as accurate 1s methods
m current use for measuring amno acid requirements 3 It has the dis
tinct advantage of avoiding the confusion concerming the utihzation of
the p 1somers that are sometimes fed i racemic mixtures The usual
assumption that the utilization of these 1somers 1s an  all or none” propo
sition has been shown to be wrong 1n some mstances at least since
partial utilization has been estibhished (Rose, 1937 Durr and Bader,
1940, Albanese, 1944, Wilkening and Schweigert, 1947)

V  AMINO ACID REQUIREMENTS FOR NITROGEN EQUILIBRIUM
IN THE ADULT

Estimations of the ammo acid requirements of the 1dult organism are
not 1n a satisfactory state even as regards the number of ammo acids
required The validity of the use of mitragen equilibrium as = criterion
of ammo ncid adequacy has been challenged (Holt, 1944 Holt and Al
banese, 1944), particularly 1n the case of arginine and of listidine (Al
banese et al, 1944) Certunly such 2 criterton fuls to consider the aduit
accretion of protemn matenal mn the growth of those tissues mamly the
tegumental structures, that grow throughout hfe For adult man the
mtrogen equivalent of adult growth has been assessed at about 056
gm per squire meter of body surface duly (Mitchell, 1949) For adult
women two values may be computed from nitrogen metabolism data one
value of 037 gm of mitrogen per square meter body surface per dy 15
based upon the report of Bricker and others (1949) of metabohsm tests
on 10 college women for 1 period of 10 weeks at constant body weight,
and the other 042 gm per square meter per dvy 1s based upon metab
olism tests on 6 young women for 12 weeks descnibed by Johnston and

3 The method has been applied by H H Willams et al (J Biol Chem 208
277 286 1954) to the determination of the ammo acid requirements for growth
of the rat the chich and the pig Curcass amalyses at different ages revealed a
yemarhably similar pattern of amino 1cid composition among the three spectes and
within each species at different ages Also the requirements determmed by
nutrition studies were sumlar among the species and mn close agreement with the
requirements cilculated by circass analysis The authors conclude that the carcass
analysis procedure 1s a vahd method for evaluating the growth requirements for
most 1f not 2l of the essential ammno acids
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McMillan (1952) The three results, 056 037 and 042 gm of mtrogen
per square meter of body surfice per day suggest that the male adult
has a somew hat more rapid rte of adult growth than does the female

In evaluating mtrogen balawnee studies the dermal loss of mitrogen
must also be considered although 1t rirely 15 Insensible perspiration
contains apprecitble quantities of mtrogen 180 to 230 mg per day,
according to Frevberg and Grant (1937)  Under mimmal sweating con
dittons  this dermal loss mny amount to 036 gm of mtrogen dally
(Mitchell ¢f al 1948) When sweating occurs whether psychic or ther
mic m ongin the loss of mtrogen {Mtchell et al, 1949 Cuthbertson
and Guthrie 1934) 1nd of ammo acids (Hier et al  1946) will be greatly
mcreased

Thus aminoe acid requrements n adult 1imals assessed by mtrogen
balance studies are mimmal figures but they may serve the purpose of
comparng the magmtudes of the requirements of the different essential
amno acids using this term to cover the 10 amino 1cids ongnally shown
by Rose to be essential for normal growth The expeniments of Bur
roughs et al (1940) indicate that the requirements of the adult rat for
Iysime hisudme and phenylalamine are inconspicuous 1 magmtude
probably because of the dommance of keratin synthesis in the protemn
nutntion of the adult rat

The values given mn Table HI on the absorbed mitrogen per bisnl
calone from different proteins and protemn foods required for nitrogen
equilbrium i the adult rat and mn adult man together wath the deter
mined contents of these protein foods 1n the essential amino 1aids per
16 gm of mtrogen (Block and Mitchell 1946) have been used to com
pute the daily requiremcnts of the indnidual amino acids for 1 325 gm
rat and 70 kg mmn For each protemn for which 1 requirement 1s given 1n
Table III the corresponding amounts of the different essential amino
acids were hsted both for the rat and for man The required amount for
each amina acid m exch case 15 then taken as the smallest amount 1 the
bst The requircments thus obtuned e summanzed i Table VIII4

The requirements for adult min wre hsted side by side with those
recently proclaimed by Rose (1957) The two mav not be comparable
first because of the indirect method of estimation used to secure the
values gven in column 3 of the table and second because Rose s values
although desenbed as “mmimum duly requirements ™ are not averages
of the 3 to 6 mdnidual determmnations for the different amino acids
and hence are not the most probable requirements for any gien indy

4 Essentially the same method was tsed by Harte B A and Travers 1]
(Scunce 105 15 1947} i cstinating the amuno actd re purements for adu™ man
from loss extensne data
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vidual or group of mdridunls They are the hughest of the group of
determmnations 1 each case It would be expected that the range be-
tween the most probable requirement (the averige) and the highest
requirement (the one selected) would be the greater the larger the
group of subjects tested

TABLE Vil
Estiviatep DAy Asmve Actp REQUIREMENTS ¥on THE Apurr RATS AND THE
ApurT Max?
Requirements for adult man
Estimated Reposted
requirements by
for the rat” Estimatede Rose (1957}
Ammo acds {mg) {gm) (gm)
Arginine 219 118 0
Histidine 78 855 0
Lysine 112 099 080
Phenyhlimne tyrosme 403 242 110
Tryptophan 56! 032 025
Methionine cystine 191 103 110
Threanme 122 056 050
Leucine 343 186 110
Isoleucme 208 112 070
Valie 238 118 080
s For male albino rat weighing 325 gm with a basal metabohsm of 276 cals

er d1
P 4 P{:r aman 70 kg 1 weight 174 em m height 25 years of age with a basal
metabolism of 1700 cals per dav
¢ Based upon data m Table I1I and the amuino acid composition of the respechve
protewns (Block and Attchell 1946} as explamed in the text
@ Estimated from nitrogen balance studtes at 40 to 64 mg for a 200 gm 1at by
A A Wykes L. M Hend and € A Elvehjem {J Nutnbon 40 73 1950)

Rose (1957) has compared lis “munmum” amme acid requirements
for men with those obtamed with young women by Leverton and asso
aates at the Unmisersity of Nebraska and by Swendserd and Dunn at
the Unn ersity of Califormia sn Los Angeles  The values given for women
are generally, when comparable less than the corresponding values for
men This 1s particularly true for the leucine requirements It seems
doubtful that Roses cnticisms 1f vabd of the expenimental procedures
used m the laboratones other than hus own would account for the sex
differences observed for the vinous ammo acmds Nor 1we the differ
ences 1 body weights between the men and women subjects great
enough apparently to explun the discrepancies especially since none
of the mvestigitors mn thus field evcept Clark et al (1957) at Purdue
Umiversity  has been able to detect a corrclation between ammo acid
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requirement and body size among thewr samples of the human popu
lation The wnter hesitates however, to conclude that there are con
siderable differences between the sexes i therr requirements for the
essentinl amino aads in adult nutntion  The answer to this problem
my be ehated only when adequate groups of men and women are
compred with the same dicts and under the same expenmental con
ditions  The development of 4 logical method of expressing amino aads
requirements with reference to body sze and calonic needs and par
ticularly the comparison of average requirements with due regard to
therr standard errors, rather than extreme values whose random errors
cannot be estimated would represent a marked advance n mterpretive
procedures

The estmated values given n Table VIII would be expected from
the method of therr calculation to be nearer the mmmmum values for
those ammo acids in which the basic protems are deficient 1e  for Iysine
and for methionme cystime  The values for the other ammo acids may
be larger than the true requrement either because they are contuned
i all of the basic protemns i amounts larger than those required or
because the amounts derived by the method employed include certun
fractions used for the synthesis of the nonessential amino acids It may
be more of a comcidence than otherwise that the estmated human
requirements for lysme and methionime cystine as well as those for
trvptophan and threonine are of the same order of magmtude as the
“mmmum requirements announced by Rose

Fimally 1t may be noted from the estimated requirements given 1n
columns 2 and 3 that the ratio of the methionine ¢ystine to the lysine
requirement 1s much greater for the adult rat than for the adult human
te 171 and 106 respectively This relationship conforms with expec
tation 1n view of the probable greater dominance of keratin svnthesis in
the protein nutrition of the adult rat than in that of the adult human

VI A THEORY OF PROTEIN METABOLISM
An important step mn the desclopment of a science 15 the incorpora
tion of new 1deas and facts 1nto 1ts body of laws and prinaiples  Of no
less importance 15 the harmomizing of conflicting theones and iterpreta
tions of facts The facts 1f they arc such cannot be in conflict
The present stitus of the theortes of proten metabolism 15 not a
Larmomous on¢ A rediscussion of the problem s therefore 1n order

A Basic Princurtrs

The cxpenimental mestigations of Folin on the effect of the proten
Jexel of the diet on the composition of human unine (19052) mark the
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beginning of modern concepts of protemn nutrition The facts thus estab
hshed are still val:d ‘Their interpretation by Folin (1905b) was - logical
one and to 2 large degree the essential points of this interpretation
are valid today and can successfully withstand critiossm  The basss of
Folins theory of protein metabohsm can best be presented by a few
quotations from Iis classical paper (1905b)

We have seen from the tables that the composttion of urine, repre
senting 15 gm of mtrogen or about 95 gm of protemn differs very widely
from the composition of urine representing only 3 gm or 4 gm of mtro
gen, and that there 1s a gradual and regular transition from the one to
the other To explamn such changes 1n the composition of the urne on
the basis of protemn katabohsm, we re forced 1t seems to me, to assume
that katabolism 1s not 21l of one hind There must be at least two kinds
Moreover from the nature of the changes mn the distnbution of the
urmary constituents 1t can be affirmed I think, that the two forms of
protem hatabolism are essentally mdependent and quite different One
kind 1s extremely variable in quantty, the other tends to remun con
stant The one hind yields chiefly urea and inorgamc sulphates no
kreatimn and probably no neutral sulphur The other, the constant
Latabolism 1s largely represented by kreatimn and neutral sulphur and
to a less extent by uric ncid and ethereal sulphates The more the total
Latabohsm 15 reduced the more prominent become these representatives
of the constint hatabohsm, the less prommnent become the two chief
representatives of the vanable katabolsm

The fact that the hreatmn elmination 1s not dimimshed when
practically no protem 1s furnished with the food and that the elmna
tion of some of the other constituents 15 only a Iittle reduced under such
condittons shows why 1 certun amount of protem must be furmshed
with the food if mtrogen equibbrium 1s to be mantamed It 15 clear
that the metibolic processes resultmg mn the end products which tend
to be constant in quantity appear to be mdispensable for the contmnu
ation of life, or to be more defimte those metabolic processes probably
constitute an essential part of the actiity wlich distmguishes living
cells from dead ones I would therefore call the protem metabolism
which tends to be constant, tissue metabolism or endogenous metabo
Lsm and the other the varable proten metibolism I would call the
evogenous or mtermediite metabolism

“The exogenous or ntermediate protemn hatabolism 15 here concerved
as consisting of a series of hydrolytic sphttings resulting mn a raprd
elimmation of the protein mtrogen s urea

Later advances 1n our knowledge of protemn metabohism relite munly
to the details of the processes of protemn asstmilation and protemn utiliza
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tion The main prcture 1s outhned by Folin 1n 1903 remamns essentially
unchanged

B Toe Espocenous Protery CATAROLISM

The essentinl constancy of the endogenous protemn catabolism has
been repeatedly confirmed and its approumately constant relationship
to the basal energy metabolism has been established (Mitchell and Bea
dles 1950 and hterature there cited Palmer et al, 1914 Mukherjee
and \tchell, 1949 Blaster and Wood 1951) as well as the conditions
disturbing this relationship (Treichler 193¢ Treichler and Mutchell,
1941) The independence of the endogenous and the exogenous metab
olsm of mtrogen was confirmed espermmentally by Burroughs et al
(1940)

Of particular sigmficance 15 the work of Schoenheimer s group on the
metabolism of creatine using the isotope techmque They showed
(Bloch et al 1941) that muscle creatine 1s dehydrated to creatinme at
a very constant rate and “1s not imvohed in any biological reaction 1n
which hnkages between carbon and carbon and carbon and nitrogen are
broken ™ “It thus differs in 1ts metabolic aspects from all other brological
compounds so far imestigated with isotopes ™

Later 1sotope studies of the same problem ated bv Mitchell (1955)
have produced evidence of a dichotomy 1n the total metabolism of or
game nutnents 1 the body similar to Folms proposal of a dichotorny
1 mtrogen metabohsm mto an endog and an exogenous fraction
The article (Mitchell 1935) also presents further evidence mn favor of
the essential features of Folins theory The publication of Stll (1957)
on the ammo acid turnover 1 the bran of the mouse compared with
that of other tissues has been interpreted by the author as being “con
sonant with Folins concept of endogenous and exogenous metabolism ”

C Protris STORES 18 THE Booy

Whipple and hs group have established the evstence of cispensable
and indispensable stores of protemn in the amimal body (Whipple 1945)
i the course of their work on hemoglobin and blood plasma proten re
generation  Dispensable stores are readily rarded when cmergency de
mands for specific ammo acids or for protemn are not covered by the
food supply The forms 1 wich these protein stores exist 1s not known
Their ready mobility apparenthy depends upon thewr exposed position
m the cells rather than upon their chemical nature an analogy would
be the ready accessibility of the calerum salts 1n the epiphyvsis as con
trasted with the diaphysis of the long bones (Bauer ef al 1929) While
the Jocation of the protein stores 1s probabhy quite general the outstand
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beginning of modern concepts of protein nutrition  The facts thus estab
hshed are still vahd Thexr interpretation by Folin (1905b) was a logical
one and to a large degree the essential pomts of this mterpretation
are valid today and can successfully withstand criicism  The basis of
Folins theory of protem metabohsm can best be presented by a few
quotations from his classical paper (1905b)

We have seen from the tables that the composttion of urme repre
senting 15 gm of mitrogen, or about 95 gm of protemn differs very widely
from the composition of urine representing only 3 gm or 4 gm of miro
gen, and that there 1s a gradual and regular transition from the one to
the other To explamn such changes m the composttion of the urne on
the basis of protein hatabolism, we are forced it seems to me, to assume
that katabolism 15 not all of one kind There must be at least two kinds
Moreover from the nature of the changes in the distribution of the
urmnary constituents 1t can be affirmed, I think, that the two forms of
protem katabolism are essentially mdependent and quite different One
kind 15 extremely varable m quantity the other tends to remun con
stant The one kind yields chiefly urea and organic sulphates, no
Lreatimn and probably no neutral sulphur The other, the constant
katabolsm 1s largely represented by kreatinin and neutral sulphur, and
to a less extent by unic acid and ethereal sulphates The more the total
Katabolism 1s reduced the more prominent become these representattves
of the constint hatabolism the less promnent become the two chief
representitives of the vanable katibolism

“The fact that the kreitin ehmnation 1s not dimimshed when
practically no protem 1s furnished with the food and that the ehmmna
tion of some of the other constituents 15 only a httle reduced under such
conditions shows why a certun amount of protemn must be furmshed
with the food 1if mitrogen equlibrium 1s to be muntamned It 1s clear
that the metabolic processes resulting 1n the end products which tend
to be constant 1n quantity appear to be mdispensable for the continu
ation of life or, to be more definite, those metabolic processes probabl)
constitute an essential part of the activity which distingwishes Ivang
cells from dead ones 1 would therefore call the proten metabohsm
which tends to be constant #ssue metabohsm or endogenous metabo
Ism and the other the variable protemn metabolism, I would call the
exogenous or ntermediate metabohsm

“The exogenous or itermediate protemn hatabolism 1s here concerv ed
as consistng of a senes of hydrolytic sphttings resulting m a rapid
elmination of the protein nitrogen s urea

Later advances m our knowledge of protemn metabohsm relate mamly
to the details of the processes of protein assimilation and protem uhlz2
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tion The mun picture 1s outhned by Toln i 1905 remuns essentinlly
unchanged

B Tue E~npoGEnoUs PROTEIN CATABOLISA

The essentinl constancy of the endogenous protem catabolism has
been repeatedly confirmed and ats approximately constant relationship
to the basal energy metabolism has been established (Mitchell and Bea
dles 1950 wnd hterature there aited Palmer et al 1914 Mukherjee
and Mitchell 1949 Blaster and Wood 1951) as well s the conditions
disturbing this relttionship (Treschler 1939 Treichler and Mitchell,
1941) The independ of the endog and the exogenous metab
ohsm of mtrogen was confirmed expenimentally by Burroughs ¢t al
(1940)

Of particular sigmficance 1s the work of Schoenheimers group on the
metabohsm of creatine using the isotope techmque They showed
(Bloch et al 1941) that muscle creatine 1s dehydrated to creatimne at
1 very constant rate and “is not imvolved mn any biologicl reaction m
which inhages betw een carbon and carbon and carbon and mtrogen are
broken ” “It thus differs 1n 1ts metabolic aspects from Il other biological
compounds so far mvestigated with 1sotopes

Later 1sotope studies of the same problem ated by Mitchell (1955),
have produced evidence of a dichotomy n the total metabolism of or
ganie nutrients n the body sumlar to Folins proposal of 2 dichotomy
m mtrogen metabolism into an g and an exog fraction
The article (Mitchell 1955) also presents further evidence m favor of
the essential features of Folins theory The publication of Stll (1957)
on the ammo acid turnover in the bram of the mouse compared with
that of other tissues has been interpreted by the author s being “con
sonant with Folins concept of endogenous and exogenous metabohism ™

C  ProteIn STORES IN THE Bovy

Whipple and hus group have established the eustence of dispensible
and mndispensable stores of protemn i the animal body (Whipple 1948)
1 the course of thar work on hemoglobm and blood plisma protein re
generation  Dispensable stores are readily ruded when emergency de
mands for specihic ammo acids or for protem are not covered by the
food supply The forms 1n which these protemn stores evst 1s not known
Their ready mobility apparently depends upon their exposed position
in the cells rather than upon their chemical nature an analogy would
be the ready accesstbility of the calcium salts 1 the eptphysis as con
trasted with the duaphysis of the long bones (Bauer et al 1929) While
the location of the protein stores 15 probibly quite general the outstand
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ng vole of the hiver 1n the capacity of a storage organ seems clear (Addis
et al 1940, Kosterhtz and Campbell 1945 Kosterlitz 1947)

The dispensable protemn stores nse and fall as the protemn mtake
nses or falls While these stores appear to contribute nothing to the
normal functiomng of the body cells they do evert a2 protective function
when the body 15 subjected to the stram of chloroform or arsphenammne
poisoning and other destructive agencies, and m Whipples words they
are a bulwark aganst infechon They bear the brunt of sudden n
creases 1 protem catabolism due to inflummation hyperthyroidism
and probably other stresses

D  Tue Rore oF THE BLOOD PLASVIA PROTEINS

Before 1t was shown expenimentally that the amino acids resulting
from protemn digestion gained access to the blood as such, Abderhalden
and London (1910) proposed the theory that, in their passage through
the intestmal mucosa the protemnogenous ammo acids were combined
to form the blood plasma proteins which m turn nounshed the cells of
the body The theory served a good purpose m explaming the facts
available at the time 1t was elaborated It was nightly discarded when
the occurrence of hyper ammoacidemia dunng protemn digestion was
established

It 15 a matter of considerable historical mterest that the theory m
some of 1ts features has been revived mamly as a result of the work
of Whipple (1948) The ability of the blood plasma protemns to nounsh
the other cells of the body 1s evident from the fact that an ammal may
be kept m mtrogen equlibrum by the mtravenous imjection of com
patible blood plasma as the sole source of mtrogen (Elman 1944)
The conversion of blood plasma protein mto cytoplasmic protemn occurs
apparently without prior degradation mto amino acids, since phlorizin
1zed dogs thus nounshed do not excrete extra sugar i the urme Ac
cording to Howland and Hawhins (1938)

The metabohsm of protem when fed s different than when 1t 15
mjected It 15 suggested that there 15 a partial catabolism of the mjected
proten with reassembly of the large aggregates formed by the cells to
form their own peculiar type of protein

This patial catabolism with reassembly of the large aggregates
may be the method of protemn mterchange within the body rather than
a complete catabolism to ammo acids with subsequent resynthesis to
protemn

Remehe ¢t al (1941) provide additional evidence of this type of
protemn mterchange m therr demonstration that milk globulm 15 formed
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n the mmmary glnd of the goat from a globulin glycoprotemn of the
blood plasmn

Ebert (1954) has reviewed later evidence “for the transfer of pro
ten from plism: to fived tissues followed by transformation of the
plasmn protein to other hinds of intracellular protemn

E KERATIV S1NTHESIS

The peculinr «mino 1axd demands for keratin synthesis due to the
umque amno 1cid composition of keratins together with the persistence
of this synthesis under conditions of protemn under nutrition at the
expense of protoplasmic protemns 1n other tissues hias been fully estab
Lshed and discussed 1bove Its dominince n the protem nutntion of
matunty n those ammals supporting 1 full coat of hair, wool fur, or
feathers 15 to be evpected

I' Tue ExocLous ProteiN CaTapoLisnt STubiep BY THE IsoTore
TECHNIQUE

The mestigations of Schoenheimer and hus group at Columbia Um
versity on mtermediary protemn metabolism using amino acids labeled
with N'* have revolutiomzed conceptions of the exogenous metabohsm
of Folin  They have revealed a dynamic rather than a static state of
the tissue proteins (Schoenhexmer 1942) and have shown “that Il re
actions for which specific enzymes and substrates exst m the ammal
are carried out contmuously  Quoting further from the wntings of
this group (Schoenhemmer et al 1939)

“It has been shown that nitrogenous groupings of tissue proteins are
constantly mvolved 1n chemical reactions peptde linkages open the
ammo acids Liberated mix with others of the same species of whatever
source diet or tissue This mixture of amino acid molecules while n
the free state takes part in a vanety of chemical reactions some reenter
direetly mto vacant positions left apen by the rupture of peptide lnk
ages others transfer therr mitrogen to deamnated molecules to form
new ammo acids  These 1n turn continuously enter the same chemical
cycles which render the source of the mtrogen indisinguishable Some
body constituents like glutamie and aspartic acids and some proteins
Lke those of hver serum and other organs are more actively imvolved
than others n this general metabolic miang process The excreted
nitrogen may be considered as a part of the metabolic pool ongmating
from nteraction of dietary mtrogen with the relatively large quantities
of reactive tissue mitrogen

Thus our hnowledge of the nature of mtermediary proten metab
olism has undergone 1 profound change since the time of Foln But
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as far as end results are concerned these 1sotope studies have not changed
the Folin conception of the exogenous metabolsm 1n the shghtest These
reversible reactions revealed by 1sotope studies between tissue protems
and dietary amino acids are not anarchisc m nature  They seem
to represent automatic and non interruptable biochemmeal processes, of
synthesis as well as degradation which are balanced by an unknown
regulatory mechanism so that the total amount of the body matenal
and 1ts composition do not change (Moss and Schoenhemmer 1940)
Hence for the purposes of this discussion the tissue protemns may be
considered to be static

Furthermore the magmtude of these intermediary reactions and m
particular the amount of mitrogen excreted m the urmne as - result 1s
determined primarily by the magmtude of the mtrogen mtake of the
ammal Urea and ammoma are still the primary end products that ap
pear 1n the urme These reversible reactions, which may according to
Sprmson and Rittenberg (1949) imvolve only a fraction of the muscle
protemns possibly only dispensable protemn m the Whipple sense of the
term, are sharply disingwshed from the mreversible reactions mvolv
mg tissue protemns and other mitrogenous constituents, characteristic
of the endogenous catabohsm of Foln and typified by the creatmne
dehydration to creatinine

The mam effect of these 1sotope studies of the intermediary protem
metabolism 1s to render the term exogenous somewhat, though not
completely nappropriate It 1s still the body s method of ridding atself
of mitrogen consumed 1 amounts exceedmg 1ts needs for endogenous
replacement and for growth, mtrogen bemg the one element m the
protem molecule that 1t cannot cadize

VIl A SCHEMATIC REPRESENTATION OF PROTEIN METABOLISM

Figure 1 15 an attempt to combne 1nto one picture the facts and the
modern theories of protemn metabohsm and protem assmilation The
diagram consists of a series of cells bearing labels possessing a bio
chemical or functional rather than an anatormcal sigmificance grouped
about the metabohc pool of ammo acids which has been defined by
Sprinson and Rittenberg (1949) m the following terms

We shall here define the metabolic pool of the ammal (or organ
or cell) as that mixture of compounds denved erther from the diet or
from the breakdown of the tissues whach the animal (or organ or cell)
employs for the synthesis of tissue constituents The mtrogenous com
pounds of the metabolic pool constitute the mtrogen pool

It 15 probable that all of the conshtuents of the mtrogen pool are
present 1 the non protemn fraction The reverse 1s not true Urea and
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crettmme for example are not part of the metabolic pool since they
are solely excretory products

The flow lines wdentified by numbers m arcles onginate with the
“dietary protem  cell at the top of the dingrim nd m1y be deseribed
brefly as follows

(1) Incomplete digestion of dietary proten

(2) Gastromtestinal proteolysis absorption mto the blood and trans
portation to the tissues where the resulting vmino 1exds are incorporated
mto the metabolic pool

DIETARY
O
#ROTEIN

e 1l Ad p ation of protemn metabol m a sexually
wactne ammal The significance of the numbers on the flow lmes are evpluned
1 the text
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(3) Loss of body mitragen n the feces, the so called metabole fecal
mtrogen  This mirogen ongmates within the body of the ammal and
15 contamed m the unabnorbed constituents of the digestive juices and
cellular matenal (Leblond and Stevens 1948), and mucus denved
from the gastrie and mtestma] mucosa  Its sigmficance and importwce
m ruminant nutntion hive been discussed by Blacter and Mutchell
(1948) Its replicement 15 essential to the muntennce of the mtroge
nous mtegnty of the body and st 15 hence an item 1 the protemn require
ment of the animal That this replicement cceurs under normal nu
tationl conditions 1 clearly shown by the observations of Tarver and
Schrmdt (1952) and of Friedberg (1947) using dietary ammo acds Ja
beled with ridisactive 1sotopes of sulfur or cwrbon  These studies re
vealed that protem synthesis was most active in the mtestinal wall and
m the pancreas

The wtestinal wall secretes enzymes and mucous protemns which
are lost i enormous quantities (unhke other enzymes and proteins with
m the bodv) To compensate for this loss the intestmal wall may be
more achive 1n protem synthesis than other organs If this explanation
15 correct, then the pancreas should also show a Iugh tum over rate
pancreatic juice contributes many enzymes needed for digestton Acty
ally Tarver mnd Schmidt found thit the pancreas has the second highest
spectfic activity wmong the organs of ammnls treated with asotopic
methionme  (Friedberg 1947)

{4) The reversible reactions occurrmg contwuously on a protem
contaming diet between the dietary ammo acds, on the one hand, and
the body protems and nonprotemn nitrogenous constituents, on the other
hand ‘These are the reactions revealed by the isotope technigue of
Schoertheymer and his associates

(5) These reactions between the cisculating protems of the blood
munly the blood plasma protewns, and the dispensable protemn stores 18
all tissues of the body have becn described by Whipple (1948)

(8) The synthesis of the keratins of hur wool, epiderms, nails
claws hoofs etc The continued growth and regeneration of these pro
tective protewns agamst envwonmental stress are sufficiently smportant
to the body that, m case the food supply 15 madequate to support them
the protoplasmic tissues of the body are raided to supply the amuno acids
particularly methionme-cystine needed o the metabohe pool In the
adult amtmal the protem requirements relate to the replacement of
metabolic mtrogen lost wn the feces (Block and Mitchell, 1946) the
endogenous losses m the urme (Smuts 1935), wnd the growth of the
integument and 1ts appendages (Mitchell, 1049) If the ammal 15 of the

fur harness  type according to the Friedenthal elssification (Fraser
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1931) hke the albmo rat the amino 1c1d requrements for keratin syn
thesis will dommate the tot:l ammo acid requirements

(7) The storage of protein cnergy, after demtrogenation s glyco
gen and fat These reictions are reversible af only to 1 limited extent
the amuno group bemng provided by the metabolic pool

(8) The oudation of proteinogenous glycogen and fat to provide
energy for mtern1l work later dissipated 1s heat and for mechanical
work

(9) The direct onidation of ammno eids for energy production also
some direct letknge of ammo neids through hidney sweat glwds and
possibh epidermus 1n the msensible perspiration

(10) The ureversible reactions v olving functional cellular protems
the indispensable protemns of Whipple (1948) and the nonprotemn mtro
genous constituents of the cells preeminently creatine constituting the
endogenous catibolism of Folin  The replacement of these losses and
of the metabolic fecal losses together with keritin svnthests (Lardy and
Feldott 1949) and other types of adult growth constitute the mam
tenance protemn requirement of the adult ammal i a nonstress environ
ment When the energy supply of the amimal 1s inadequate and the
deficicney cannot be currently supphed by body glycogen or fat or
under stress condittons mvolving hyperthyroid activity (Mukherjee and
Mitchell 1949) and possibly other endocrine disturbances the endog
enous catabolism 1s accelerated and generally a creatinun results

Vil SUMMARY

From a study of the utiization by the growing rat the adult rat
and adult man of the nitrogen of a senies of 6 protemns possessing Limt
ing deficiencies of exther lysine or methionme cystine 1t ws shown that
the biological values were higher for the adult rat than for the growing
rat and for adult man when the dietary protein was deficient m lysme
and they were lower when the dietary proten was deficient in meths
onine cystine

The protemns of whole egg prepared 1n the laboratory appear to be
shghtly deficient 1n lysine for maximum utilization by the growing rat

When the utilization of the mtrogen of the 6 protemns tested mn adult
nutrition are expressed as the amount of absorbed mtrogen per calone
of basal heat requred for mtrogen equilbrium the vilues re of the
same order of magmtude for the rat and the human but are defimitely
larger for the rat 1n the cise of proteins deficient for growth in meth
onme cystine and defimtely smaller in the case of protems deficient for
growth n lysine

These relationships indicate that the c¢ystine methionine requirement
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15 rehitivelv more mtense for the adult rat than for either the growing
rat or for the 1dult human On the other hand, the lysine requirement
seems to be much less prominent among the mno aid requirements of
the adult rat than among those of the growing rat or the adult human
The reason for these relationships appears to be traceable to the rel
atwve prommence of heratin synthess for the growth of the integument
and 1ts appendages (har, wool, etc ) In the adult rat, 1 which proto
plasmue growth 15 mmmmal but hair growth over the entrre body con
tinues, heratm synthesis with its hugh requirement for cystne and its
low requirement for lysme Iistidine, and phenylilanme, dominates the
total ammo 1cid requirements
This conception of the importance of heratin synthesis m determung
the amino acid requirements of ammnls 15 fortified by evrdence obtaned
from studies of feather growth m molting hens 1nd wool growth n sheep
A corollary from this conception 1s that the total ammo acid requue
ments of an amimal of any age or species we determmed by the propor
tions of the essentinl amino 1c1ds contamed 1n the tissues being currently
formed, or bemg currently catabohzed
In parhal confirmation of this theory, stnhing sumlanties and high
correlations are shown to ewst between the proportions existing among
the essential ammo acids of the dommant tissues of the wmmnl body
and the proportionate requirements for these ammo acds as determned
by feedmg experiments with rats and chicks
A method 1s proposed and illustrated for approumating the ammo
acid requirements for muntenance from the amounts of absorbed mitro
gen per basal calorie required for mitrogen equilibnium n the form of
- series of protems of vanable value m adult nutnition
Finally, a theory of protein metabolism 1s proposed, and 1llustrated
by diagraim  This theory 1s based upon the Folin conception of twe
distinet types of protein catibohsm but includes later developments
espearnlly those of Whipple and Schoenheimer and thewr associites and
the developments presented in this chapter particularly the role of
Leratn synthesis
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I INTRODUCTION

The topic of our discussion 15 mimately related to the much broader
subject of biochemical individuality which has recently been treated mn
a separate volume (Willnms 19562) The extremely dnerse evidence
with respect to the scope and magmtude of the biochemical differences
which are to be found in normal human bodies must be considered as
a whole before the significance and mmportance of any part of the e
dence can be properly adjudicated Thus our relatively meager knowl
edge about indniduality of ammo 1cid needs guns much n significance
when we know that this 1s only one area among dozens mn which Inrge
differences exist

The importance of the pi of bioch al indiaduality
rests like the 1dea of orgamec evolution upon miny corroborative evi
dences which separately might be disregarded by conservative scholars
who are not anious to mncorporate new complexittes mto therr thinking
Cumnulitively 1 these cvnid are overwhel and the
matenal which we will present on indniduality 1 amino 1cid needs
guns strength when considered m the hght of 1 lirge bods of other
related evidence

Il GENETIC BASIS FOR INDIVIDUALITY IN NEEDS
The fundument1l clear demonstration of gcne enzvme xclatxons]nps

made by Beadle (1945) has been productne of 1 luge volume of re
search all of which emphasizes the umty of the biological world and

45
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the extenston of genetic concepts to all forms of Ife From this exten
swve vestigation we cwn safely draw the broad conclusion expressed
by Wagner and Mitchell (1955a) that genes evert their effects through
control of metibohsm  This leads us to conclude that no two imdt
viduals can have 1dentical metabolisms unless they have 1dentical mher
itance And that each member of the humin famuly has a distinctive
metabohsm and probably a distinctive vmmo acid metabolism If this
probabihity 15 1 reahty, we must conclude that each individual has ammo
acid needs which are quantitatively distinctive  This line of argument
has nothing to do with the magmtude of the differences, they miy be
large or msigmificantly small so far as this part of our discusswon 1
concerned

A most important consideration which bears on our problem 1s the
common occurrence m all forms of Ife of partia] genetic blochs”
(Mitchell and Houlahan 1946) or their equinalent As 7 result of ther
discovery there has been a substantial modification of our 1deas with re
spect to the nature and character of mutations It was at first supposed
that urradiation for example, siunply cancelled out certun genes and that
the observed metabolic effects were the result of complete destruction,
from the functional viewpomt of these individual genes It became
evident however from mvestigations following the onginal classic ones
that genes may be modified to many different degrees, and that partral
impurment 15 a far more common phenomenon than complete destruc,
tion The first abservation with respect to partial blochs or “leaky genes
was that wiile a mutant strun of neurospori was quite unable to grow
at 35°C unless nboflavin was added to its culture medium, the poten
tiality for synthesizing riboflavin for its own needs w s not actually lost
At lower temperatures the potentiality was shown to ewst 1t had only
been mmpaired or modified Wagner and Mitchell (1955b) state It 1s
highly probable that every gene has the potenhahty of mutatng to 2
very Jarge number of different states  The possibiliies may be graded
mto a spectrum

This tmportant concept leds one to suppose that the metabolism
of a particular amino acxd for example (mcluding both anabohsm and
catabolism) where 1 number of different pathways and a larger number
of steps are mvolved could take plice n two mdividuals m accordance
with stnkingly different over all patterns not because of the lack of
specific genes mn the make up of esther ndividual but because of quan
tative differences occasioned by the numerous different stutes n which
each of the specific genes cin evst

Genetic considerntions such as these which we cannot discuss 1
detul would lead us to presuppose even before any direct evidence was
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at hand  that human idiniduals would have quantitatively distinetive
ammo 7cid needs How great the distinctine differences might be 1s
another question—one which we could not answer a priort

il ANATOMICAL AND COMPOSITIONAL BASIS FOR
INDIVIDUAL NEEDS

If one tvpical adult human hody has substantinlly the same make up
as mother—with organs and other structures 41l substantilly the same
both s to morphology and chemieal composition—then we might sup
pose that the ammo 1c1d needs would be substantially the same for each
bodv  Ammo acids are required fundimentally to muntun the protens
m our bodies and if these protemns are qualitatively and quantitatively
about the same 1t might be supposed that the needs of one body would
about duplicate the needs of another

There 1s ample rewson however for supposing that the amino acids
needed for the muntenance of one body might be appreciably different
from that of another on anatomical and compositionl grounds alone
According to 1 study of the anatomes of 645 normil male rabbuts of
the same stoch Wade Brown and co workers (1926) found that m the
group the organ weights mcluding endocrme glands corrected for
differences 1 total body weight varied from 23 fold up to 80 fold!
The average variation for the 17 items measured was 144 fold the
median variation was 10 fold and there were only two organs heart and
bram for which the vanation was less than 5 fold

There 1s ample reason to suppose that the vanations in human bodies
are of the same order as that observed m rabbits The concept that 1
typical body would be approuimately average with respect to each organ
sze 1s completely untenable (Wilhams 1957) On the basis of the
different protemn make up of each organ coupled with distinctive pat-
terns of organ sizes one would be led to assume that the ammo ad
needs of individuals would show quanttatne varntion

Not only are there wide differences 1n organ size but there are like
wise wide vanations in microscopic anatomy (of the blood nd bone
marrow for example) which would lead supposedly to some differences
n amine acid needs The fact that each individual has distinctive blood
and tissue protemns as demonstrated by transfusions and transplantation
as well as electrophoretic studies 15 one which might occasion differ
ences m amino acid needs but 1t 15 not clear that these would be large
enough to be sigmficant

No data are available as to quantitatn e differences 1n the total amino
acid make up of human bodies but there 1s evidence which we cannot
detail here that specific protemns particululy the enzvmes and those
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hormones which are protemn mn nature vary m level through ranges of
several fold (Willams 1956b)

Some enzymes which have to do specifically with amino acid metab
ohsm are also known to vary from one normal individual to another
Arginase activity 1n erythrocytes vanes over at least a 4 fold range from
one well person to another (Clark and Beck 1949) and argimase m
the shin varies similarly (Van Scott 1951) This strongly suggests that
argimme for example may not enter into metabolism with anything ke
equal facihity in different individuals  Several peptidises n erythrocytes
were lhewise found to vary among 10 mdmiduals over ranges from
2 fold to 6 fold (Adams et al, 1952) For many enzymes we have no
iformation on the question of nter individual vanation

A pomt of view which needs to be brought mto this discussion 15
that amino acid (or other) nutrition 15 not for the body as a whole”
but rather for every cell tissue and organ within our bodies Specialized
cells and tissues have specrihized nutritional requirements and we should
expect nutritional needs to differ from mdwvidunl to mdividual because of
differences 1n the sizes and cellular compositions of the various organs and
tissues It 1s not by any means preposterous to suppose that some mdvid
uals may because of unusually ineffective machinery for producing a par
ticular protem hormone have relatively ligh nutritional needs for crucial
ammo acids which enter mto the composition of that hormone The
speaific ammo acid requirement might be completely out of line with
the actual amount entering the hormone because the entire metabolic
pool 1 the body might have to be mamtamed at a relatwely high level
m order that the limting organ or group of cells be furmshed with a
sufficiently high concentratton

It 1s entirely possible furthermore, that real competition for specific
ammo acids may ewst between various organs and tissues It may be
that an individual possesses an unusually high requirement for a specific
amino 1ad by reason of the eustence of a highly effective mechamism
for metnbolizing this amno acid m a location well removed from the
point where 1ts presence may be a hmting factor for cell actvity

IY DISTINCTIVE AMINO ACID PATTERNS

What my be regarded as mduwect evidence with respect to vana
bility of ammo acid needs 15 the eustence of characteristic concentra
tion patterns of these substances in body fluds

A UniNary PATTERAS

By the use of piper chromatography ascendng technique (Wilhams
and Kuby 1948) 1t has been found 1n our laboratones that each md
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vidul exlibits 1 nghly charictenistic urinary exerction pattern with
respect to the imino 1cids which are present i urime n small amounts
In one of 1 number of studies (Berry ¢t ol 1951), from 13 to 54 samples
of urine were collected from ewch of 6 indnidudls nd nalyzed for
alamne ghoeme senne glutrmic eid and lysme  The average values
for the different mdividunls showed A spread of 3 fold 7 fold, 5 fold,
3fold nd over 100 fold respectvely for the 5 amino aads hsted
Identicnl twins included 1 the group of 6 excreted about the same
amounts of eich The maximum ratio betw cen the excretion of the twins
wis 16 and the nverge vanation was about 30%

In view of the fact that umformizing the diets did not obliterate the
patterns 1n humans (Thompson and harby 1949 Sutton, 1951) or rats
(Reed 1951) and that they are observed n small babies (Berry and
Cain 1931) there are various possible mterpretations of their existence
one 15 that they are merely reflections of hidney differences—of the pos
sibihity that the renal thresholds for mdividual ammo acids vary from
dividual to indindual The losses to the body ncidentally are small
and there 15 no substantial wastage That hidney differences are not
alone mvolved 15 indicated by the existence of simlar patterns elsewhere
m bodv fluds where hidney thresholds would not be operative Also
pomnting 1n the same direction 1s the fact that the young woman (1 of
the 6 above) who was found to excrete about 19 times as much urnary
ysine as another of the same sex was 1n a later study found to secrete
10 times as much lysine 1n her saliva as did the other young woman
(Berry 1951)

The other obvious nterpretation of these urinary patterns is that
the differences are a reflection possibly only a dim and distorted one
of genetic differences i the completeness with which various amino
acids are used up 1n the day to day enzyme controlled total metibohsm
of the ndividual

B SaLnary PATTERas

Distinctive patterns with respect to amino aad content are also to
be found 1n the salivas of different individunls (Berry 1951) When
samples of morming saliva (no stimulus to induce its flow ) were collected
from 9 different indinviduals and analyzed for 6 ammo acids the follow
ing results were obtamed (Table I) In 2 cases over 20 samples of salna
were collected from each mdividual and the distinctveness of each
mwdiidual was clearly evident The most striking difference was that
of lysme for which the werage secretion (21 and 24 samples respec

tively) was 150 pg per mulhiliter 1n one case and 15 pg per milliliter 1n
the other
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C  DuobenaL Juice Parreras

Russel and Wewalka (1952a) applied paper chromatography to the
study of the free amino acids i the duedenal yuice from 10 well mds
viduals and (1952b) 56 patents with vanous pathologes wcluding those
mnvolving gall bladder and Iner, and found each mndividual exhibited 2
distinctive pattern  Among the 10 normal individuals certan ammo
acids viz, leucine plus isoleucine, valme, alanme, glycmne, and serme
were generally present but the concentrations vaned over 2 255ld

TABLE I
Sairnvary Axano Acos (9 Ixpaipuars)
Range of Number of ndmduals
secretion secreting detectable

Ammo and (ng /ml ) amounts
Aspartic and 0-33 3
Glutamie acd 0-20 8
Senne o-12 4
Gheme 0-36 8
Alanine 0-29 8
Lysine 0-15 4

ringe Tyrosme glutamic acid aspartic acid, Ivsine, and threowse were
almost always present but vaned over about a 6-fold range Glutammat
atrulline cystne, and argimne, were found 1n varying amounts 1 abodl
one half of the cascs hyvdroxyprohine phenslalamine and histidine were
seldom present

D Asino Acps o Buoop

For obvious reasons the determination of small amounts of mdmduael
aming 2aids i blood 15 difficult and we know of no study 10 \‘1“0;; “; y
recorded repeated determmations on 2 senes of individuals Iﬂ_:rz :m ;
are given the ranges m the levels found m the plasmas of 17 asardc
mnles From these data and taking mnto account the mformation ;e(gen
g other bodv flmds 3t appears probable that each mdmdnﬁThs g’
to mamtun a dishnctve pattern of ammo acids 1 hus blood b]l
made more probable by the fact that distinctive patterns of other o
components such as glucose lwche acd creatimne  ured, ‘:;wheu
sodium potassium caleum and magnesium have been obser s
repeated saumples from the same ndnaduals were analyzed (th ‘t ach
ef al 1935) The earhier inding of Rosahn and Casey (1936) Bbl
of 5 wdn2duds exlnbited orver 1 penod of a vear a dsstmcetn e
morphologn 15 alsa m hne with this probabilitn
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vV QUANTITATIVE DATA WITH RESPECT TO INDIVIDUALITY
IN NEEDS

Since an ndnidunls needs will doubtless vary depending on vanous
factors ncluding especially the components of the diet, the only data
which can be considered ernesal with respect to mdividual differences
m ammo 1aid needs are those collected under comparable conditions,
generally i the same Ihboratory

TABLE 1T
Rancrs iv Astino Acios IN BLoop PLasha?
Range

Amino aad {mg /100 ml )
Alanine 24-76
Lvsine 23-58
Valine 25 -42
Cysteine-cyvstine 18 -50
Ghcmne 08 -54
Proline 15-57
Leucine 10-52
Isoleucine 12 -42
Arginine 12-30
Fistidine 10-38
Threonine 09-36
Phenylalanine é; - ;g
Tryptophan -
Sg;l:.e r 03 ~20
Tyrosme 09 -24
Methionine 025-.10
Glutamme 46 -106
Glutamic acd 00-13
Aspartic acid 00-12

@ From Harold A Harper Mawne E Hutchin and Joe R Rimmel Proc Soc
Exptl Biol Med 80 770 (1952)

The first conclusive evidence as to individuality of amino 1cid needs
was found by Rose (1949a) Imtnlly 1t was supposed that by studying
quantitatnely the needs of 2 indiniduals the needs of “min” could be
determined  This was found not to be true  In the case of some of the
essential amino acids 1t was found by mtrogen equibbrium studies that
results were consistent from one subject to another In other cises how
ever “the quintities found necessary vary as much 1s 100% in different
mdivaduals  In the imitial expeniments wath tryptophan the first 2 sub-
jects yielded approximately sdentical results the mimmum requirement
was tentatnvely set at 015 gm per day Later however a subject was
encountered who required 025 gm per diy to muntain equilibrigm
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We are not here discussimg the question of methodology or whether
there 15 other evidence with respect to ammmo 1cid needs which 1s n
conflict with that cited i this chapter We are concerned only with
mdviduahity 1n needs nd think 1t 1s only safe to 1ssume, until evidence
15 wvailable to the contrary, that every valid method for ascertammng
mdvidual needs at different ages, will when applied, reveal about the
same degree of mndwviduality as that arnived at by the studies cited

An important conclusion from the authors pomnt of view 1s that 1t 15
unsafe to assume that any individul has about average amino acid needs
The chance that any randomly selected indiidual will be 1 the median
third of the population with respect to the needs for one 1mmo aad 1s
one 1 three The chance that he will be 1n the median third with respect
to 8 amino acids 1s about 1 1 6561 If the needs for the respectne
ammo acids are not wholly mdependent, then this chance would be
mcreased somewhat but not enough to alter ones basic thinking on the
subject

VI DO INDIVIDUAL NEEDS DIFFER QUALITATIVELY?

There are many mdrect evidences which mdicate that some specific
amno 1cids which have not been found to be essentinl nutnitionally for
adults, may nevertheless be needed by some mdividuals for maumum
health Since no direct attach on this problem has been made, it seems
unwise to speculate at length

Argmnine has been borderline with respect to its nutritional essen
tiality for experimental animals It 1s not commonly needed by adults
for muntenance of nitrogen equilibnum Albanese (1950a) hsted it as

probably not required by mfants Al of this suggests 1n the light of

our earher discussion of the gradmon of states 1 which genes may exst
that some mdividuals may possess metabolic machmery which makes
the production of argmne difficult If this 15 the case such individuals
mught benefit from argimne admimistration  Albanese (1950b) cites an
example 1 which a very low sperm count 1 a 30 year old mdividual
was mereased severalfold by the admmstration of 8 gm of argmne
Since the argunme content of sperm cells 15 etraordnanly high the
finding seems a reasonable one

The question of the beneficl effects of glutamic acid dmimstration
on mentnlly deficient children has been the subject of a great deal of
discussion  That suggestive results (spealing conservatwvely) hive been
obtuned makes more probable the possibility that in some mdniduals
the metibolic machmery for producing this ammno acid has a lumting
effect, from the functional viewpomnt The evidence 1s even stronger
that glutimine production m1y be 2 hmiting factor for maumum health
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in certun indivaduals  Its efficres m the treatment of uleers (Shive et al,
1957) and of alcohohsm (Rogers and Pelton 19571) 1s strongly indicated
and prehmmary studies indicate that ats admimstration enhances the
test scores of mentally deficient children (Rogers and Pelton 1957b)
Tlus 15 obviously 4 cise where no all-or none law applies If there are
some mdniduals who e markedly benefited by glutamme admmstra
tron and others who are not affected at ll this 15 what one might expect
on genetic grounds

A general obsersation which 15 1n hine with the concept we are dis-
cussing 15 that the so ealled nonessentrrl ymmo acids do not belong
as strcthy 1n this eategory s the first evidence indiented (Albanese
1950c) On the basis of present evidence the possibility ewists that the
Iist of ammo 1exds essentin] for maumum health may not be 1dentical
for Al individunls
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I INTRODUCTION
The umque role of dictary protem 1s to provide the wmine 1erd units
needed for the synthesis of new tissue and for the structural repur and
proper mamtenance of the functioning cell How well 1t fulfills thes
purpose can best be judged by the measurement of its caprcity to sup
port growth 1n the subject to which 1t 1s fed to induce repletion after
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58 CLARENCE P BERG

fasting, or to promote nitrogen retention  The same 1s true of an ammo
acid mixture  Actually measurements of this type are lnrgely limited
to studies mvolving the essentinl ammo 1aid whose exclusion from the
diet prevents the orgamism from responding normally Hence the com
ments 1 this chapter will be limited largely to an examunation of the
question of how well the b enantiomorphs of the essential or indispen
sable group of the ammo acids may function when they are provided
singly or collectvely n Leu of therr natural L counterparts, or m 1ddi
tion to them

Rose (1938) has defined n indispensable dietary component as one
which cannot be synthesized by the ammal organism, out of matenals
ordinanly available, at a speed commensurate with the demands for
normal growth  Under expenimental conditions 1 which growth 1s not
a suitable index, this defimtion requires modification In the adult sub
Ject the criterion most commonly employed 15 mamtenince of mirogen
equibbrium  Usually an ammo ncid which 1s essentinl for growth 1s also
essenttal for mamntenance Argmme 15 2 notable exception probably
because 1t can be synthesized rapidly enough to meet the needs mposed
by mamtenance but not the additional demands for normal growth
(Borman et al, 1946) In the human adult subject, both argimine (Rose
et al, 1954a) and histdme (Rose et al 1951) are dispensable for the
mamtenance of mtrogen equilibrium Their requirements n the human
mfant have not been established

It AVAILABILITY OF THE o AMINO ACIDS FOR MAINTENANCE
AND GROWTH

Qualitative comparisons of the p and v forms of the essential amino
acids mdicate that, m some mstances both modifications can be used
for tissue synthesis or repair, but that 1 other stances only the v form
will suffice for either purpose Table I summanizes these relationships
1n the rat, the mouse, and the human subject It also mncludes observa
tions on cvstine and tvrosme, whose presence n the diet mahes the
mcluston of less methonme and phenylilanine necessary but at affords
no indication as to the relative readmess with which growth 1 suppomd
or mitrogen equilibrium 15 mamntamed

A PromotioN oF GROWTH IN THE RaT
1 Tryptophan
The degree of utthzation of the p enantiomorph for growth in the
rat as compared with 1its 1. counterpart differs widely among the vanous
ammo acds It depends n part upon the rate of growth which lhlel
basal diet i which 1t 1s bemng substituted for the © enantiomorph w1
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support In the early compansons of the epacities of p nd L trypto
phan to mduce growth in the rat Iittle or no difference 1n rate of re
sponse or 1n food consumption was evident when the 1somers were fed
at Tevels of 029 of the diet Weight guns on 1 level of 01% were
smaller but also about the same for either womer (Berg 1934) No

TABLE I
UriLizatiov of THE b-Montrications oF CisTive TAROSINE AND THE AMINO AciDs
Essextiar ros Growrnt v Tte RAT AND Mousrc AND FOR THE MAINTINANCE OF
Nrrrocen EQuiLinrivnt ¥ THE ApuLT HuvaN Sunject

Amino acid Rate \Mouse® Mans
Tryptophan + (10 2 3) —(4) — (5 8 1)
Lysine — (8 9 10) —(11) —(12)
Methionine + (13 14} + (15) + (18)
Threonine — (17} — (15} — (18}

Pheny lalanine + (18) + (15) + (19)¢
Leucine + (20) —(15) —{21)
Isolencine — (22 23) —(15) —(21)
Valine + (24¢ 25 26) —(15) —{27)
Histidie + (28) —(4) M
Arginine +(29) o
Cystine — (30)
Tyrosine + (3
o In each column + indicates that at least some utilization was recorded in the
f ated — ind; that no unl was observed Numbers 1n parentheses

refer to biblographic references Listed below the table full reference citations are
given at the end of the chapter

? In these tests the oL form rather than the b amino acid was used

¢ Cannot be utihized above a maximal level

¢ This was a repletion study

¢ Not essential for of nitrogen equilit
RereReNCES TO TabLE [

1 Berg and Potgeter (1931) 17 West and Carter (1938)
2 du Vigneaud et ol (1932a) 18 Rose and Womack (1946)
3 Berg (1934) 19 Rose et al (1955a)
4 Celander and Berg (1953} 20 Rechagl et al (1958a)
5 Albanese et al (1948) 21  Rose et al (1935d)
6  Baldwin and Berg (1949) 22 Greenstem et al (1951}
7 Rose et al (1954b) 23 Albanese (1945a)
B \cGnty et al (1924 1925) 21 White et al (1952)
9 Berg and Dalton (1934) 25 Wrethnd (1956)
10 Berg (1936) 26 Womack et al (1957)
11 Totter and Berg (1939) 27 Rose et al (1953¢)
12 Rose et of (1935b) 28  Cox and Berg (1934)
13 Jackson and Block (1937 1938) 29 Vmtzetal (1957)
14 Wretlind and Rose (1950} 30  du Vigneaud et ol (1932b)
15 Bauer and Berg (1943) 31  Bubl and Butts (1948)

18 Rose et al (1955¢c)
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essential differences m rates of growth had been observed m sumlar
compnrisons with 1- and b tryptophan (Berg and Potgieter 1931), or
1 tests 1 which . and » tryptophan were fed separately (du Vigneaud
et al, 19321}

In the twenty years which followed basal diets had been formulated
which were able to promote much more rapid gamns 1 weight (36 vs
18 gm per day) Extensive remvestigation with such diets from which
micotime acid and hver extract had been omutted (Oesterling nd Rose,
1952) 1ndrcated that 1t was now possible to obtamn growth At the 62%
dietarv level which was only 93% as ripid 1n 28 days with b as with
L-tryptophan, at the 015% level 1t was only 61% as rapid In each
stance, the diminished rate of growth on p tryptophan was equivalent
to that which would have been produced on one fourth less 1 trypto
phn Factors responsible for the more rapid growth on the newer basal
diet can only be surmised from the differences i dietary composition
The yeast and probably lso the yeast concentrite employed i the
earhier tests undoubtedly furmshed small amounts of tryptophan It
must 2lso have been less ndequate as a source of the vitamins of the
B complex than are the crystalhne Toxtures which at 15 now possible
to supply There seems to be little doubt that the considerable reduc
tion m the fat content of the diet (from 22-24% to 2% ) also favored
the growth response The improvement observed m the sensitvity of
the tests 15 somewhat analogous to that noted with argmme which can
be shown to be an essenttnl amimo acxd for growth m the rt only when
the diet permits relatively rapid growth (Borman et al 1946) Earher
mvestigations had proved bevond doubt that arginine was seadily syn
thesizable 1 the rat and had seemed to warrant the assumption thit
m this species Argmme was not an essential dietary component (Seull
and Rose, 1930) It 1s now recogmzed as essential only because its raSe
of synthesis 15 not sufficiently rapid to meet the needs of maximal growth

2  Histidine and Methionine

In the compansons of guns n weight nduced n the rat by p s
. stidine 1t was obvious from the outset that p listidine was the less
reidily utilizable for growth purposes (Cox and Berg 1934) Of all of
the essentinl amino acids whose b forms can be utilized for growth
p methiomne seems to replace 1ts natural L counterpart the most eff
ciently This was true even at suboptimal levels as low as 02% diets
which contained 02% of L cvstine (Wrethnd and Rose 1950)

3 Phenylalamine
Comparative tests of o nd L phenylalanime it levels of 1 0% 1n gh
fat ciets which contaned no tyrosme led Rose and Womach (1946)
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to conclude that d{-+) phemyInlanme mduces growth which 1s nlmost
if not quite 15 satisfactory as when 1(—) phenylalilime 1s the supple
ment” Thesr data do show differences as they themselves noted  “It
will be observed that the subjects which recened the d(+) phenyl
alanine grew quite satisfactorly although the total guns were not quite
so large 1s m the ammals wlich recenved the 1(—) phenylalnine
Whether the differences are sigmficant 1s not clexr  In 2 remnvestigation
of the problem Armstrong (1933) reports finding much wider diver
geneies 1n response to the two 1somers  He mmplies that the better food
consumption and the more ripid growth response obtuned n s
companisons were attributable to hus use of 1 better diet This 15 Iater
green (Armstrong 1935) s the probable retson for the 509 more rapid
growth reported on 129 1 phenylilamne than on the approximately
09% level previously assumed (Rose and Womach 1946) to mnduce
maximum mcreases 1n weight  Probably through oversight no sugges
tion 15 made s to the niture of the dietary improvement Both papers
(Armstrong 1953 1955) state that the conditions nd basal diets were
the same as those used previoushy The diet described (Armstrong and
Lewis 1950) 1s essentinlly the same 1s that of Rose and Womack (1946)
ecept for differences m the composition of the amno acid muxture
Armstrong s techmque imvohed feeding his rats dunng a preluminary
penod of 5 days on diets contaimng tyrosme but not phenylilinme
then transferring them to the phenylalanie diets  Such prelmmnary
depletion produces a more immediate growth response to the expen
mental ration

4 Vahne

White ef al (1952) subjected rats weighing 110-112 gm to an
extensive depletion period of 28 days on 2 valme free diet which con
tamed an amino acid mixture composed primanly of L amuno acids
Dunng a subsequent penod usually of 6 dys 1n winch the diet was
supplemented with 120 mg of b valine duly guns of approuimately
Lgm per day occurred Removal of the viline for an intervenng 5-day
penod produced losses 1n weight A following 6 d period of supple
mentation with 120 mg of b valine produced gans wveriging 2 gm
per day  Companisons with Lvaline were not run  In the tests 6 gm
of food per day were llowed of which the valine supplement thus
represented 29 Since these results were contrary to the conclusions
of Rose based on unpublished cxperiments conducted some twenty
vears hefore (Rose 1938) the question was remvestigated by W omack
etal (1957) Diets contumng 15¢ of p v thne were found meapable of
Supporting growth m weanling rits but slow growth (047 gm per day
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in one series 091 gm 1n a second) was obtamned when the quantuty
supphed was raised to 2% of the diet One per cent of 1 valine under
similar circumstances supported growth approxmating 39 gm per day
Hence, the capacity of b valne to replace the L 1somer 1s very meager

5 Argiune

The capacity of b arginme to support growth has only recently been
mvestigated Witz et al (1957) mcluded comparatwe tests of the
1someric modifications of arginme m a series of quantitative nutnitional
studies made with water soluble, chemically defined diets 1 which the
9 other essenttal amino acds were all mcorporated m the v form
together with 3 different complements of the nonessential L ammo
acids  Growth occurred on all three of the diets employed When
L alamne was the only nonessential ammo acid fed mcorporation of
1 arginine m the diet mduced only a relatwely small growth accelera
non In two other diets 1n which several nonessenhal amino acids were
provided the acceleration induced was marked b Arginne was defl
nitely stimulatory in the latter type of diets, but only half as much so
as the 1 1somer The ratios of average gan m weight to average dietary
itake were essentially the same, however whether the supplementmg
agent was D or L argimne

6 Leucine

For some time b leucme has been considered to be unavailable for
growth (Rose, 1938) Withmn the past few months Rechagl ¢t al
(1958a)* have remveshgated the question and obtamed evidence to the
contrary Using diets which provided the essential ammo acids and
cystine and tyrosme m the proportions m which they are found the
rat carcass wath urea and the poorly mvertible b components of the
L 1soleucine, oL threomne, and pr. valine supplied to serve as sources of
mtrogen for the synthesis of nonessenhal ammo acids, they ob
served a growth of 38 gm mn 27 days when 085% of pleucme Was
provided as compared wath 56 gm with 085% of .leucme 46 gm
with 0425% of 1 leucine and 52 gm with 085% of orleucme The
stmulation of growth was therefore marked, though less than that
mduced by half as much of the Lisomer Whether there might have
been stll greater divergence had a basal diet capable of mduaing mor&:
rapid growth been employed, cain obviously not be answered thhoud
further study Some years earher Anderson and Nasset (1950) ha

1 We are mdebted to Dr Rechagl for his courtesy in allowing us to study
the pts of these 1ons prior to their publ
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observed that p-leucine could be utilized to replice part of the L leucine
required for mitrogen equilibrium 1n the adult rat

As will be noted lnter Rechaigl et al (1958b)t hwve obtuned ewr
dence that the norlenaine employed m the diet of Ierke and Rose (cf
Rose 1938) mv have prevented utilization of the p-leucine

7 Isoleucine, Lysine, and Threomne

There 15 to date no vahd evidence that the p forms of lysine threo
mne or 1soleucine cin meet adequately the requirements for modernte
growth or even for the muntenance of mitrogen equilibrium

8 Cystinc and Tyrosine

Cystine nd tyrosme are not considered essential because thewr
dietary need can be met completely by methionine (Womack et al,
1937) and phenylilamne (Womack nd Rose 1948) Their presence m
the diet however defimtely decreises the quantity of methionme
(Womck and Rose 1941) and phenyllanme (Womack and Rose,
1846) required Espeniments of du Vignetud et al (1932b) conducted
before this interrelationstup was known showed that p-cystine could
not replice L-cystime for purposes of growth Mesocystine was as cffec-
tne 1s an equivalent amount of pr cvstme (Lorng et al 1933) Tests
by Bubl and Butts (1948) showed that when diets otherwise adequate
but contaimng amino acsd mutures with phenylalanine m suboptimnl
amounts were supplemented with 05% of b tyrosine the growth stim
ulation was quite as effective as when L tyrosine was employed

B GrowtH ProniorioN 1N THE Mouse

Comparative tests mn the mouse of the enantiomorphs of the ammo
acuds required for growth mn the rat have yielded results which for the
most part seem 1n essentinl qualitative agreement with those observed
mn the rat The results obtamed with tryptophan and histidie are
Dotable exceptions (Celander and Berg 1953) In an eurher senes of
tests 1n which the vitamin source was 1 yeast extract (Totter and Berg
1933) wiich contarned traces of the 5 forms of these ammo 2aids slow
growth occurred when b tryptophan or b histrdine was incorporated n
duets containing a tryptophan deficient or 1 listidine deficient easein
hydrolyz’lte Rigorous exclusion of the traces of the 1 isomers of these
amino acids by the use of crystalline vitummns prevented growth in tests
of b lustrdine 1n an otherwise similar diet or m 1 dret contumng an
amino acid muxture devord of L hustidine Similar observations were
made with p try ptophan 1 2 dict contuning an ammo aeid mixture from
which 1, tryptophin was excluded  Traces of L histidine or L tryptophn
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m such diets seemed to mmprove the utilization of the b ssomers suf
cently to promote slow growth Why this should be the case 1s not
obvious  When b lysmne was tested m diets contammng zem fortified
with tryptophan, cystine, and histidine, 1t fatled to augment the slow
growth observed on the basal diet as did L lvsine (Totter and Berg
1939) In a senes of tests mvolving the use of ammo acid mutures m
diets lugh m fat, no difference was noted whether the diet contamed
arginme or not (Baver and Berg, 1943) Excellent growth was obtamed
on the pforms of metluonine and phenylalinme but none on the
o 1somers of valine, leucine, 1s0leucine or threonine p-Threomne fasled
to prevent the edema noted on the threonme deficrent diet  Since slow
growth occurred on diets contamnmg muxtures of amino acids humited to
the 10 regarded 1s essential for the rat, none of the other 10 ammo acids
could hwve been absolutely mdispensable for the moderate growth
observed The evidence obtuned m these tests was not sufficiently
evtensne to warrmt reaching any defimte conclusion concerning the
relative quantitative avaihbilities of the p- wnd © methiomne and the
p and L phenylalanine The tests of b valme and p leucine should obvi

ously be repeated under conditions which have shown these forms to
be partially ayulble m the rat The amino acid muxtures 1 which
each was tested contuned the other in the pL form also L norlencine

Review of the earlier work 1o the rat and mouse and direct compart

son of 1t with the more recent work mvohing the sime species thus
mike 1t abundantly clear that the quanttatne experimental resulls
obtamned depend on the quality of the basal diet employed probabl\
mcluding such factors as the adequacy of the vitamm supplements and
of the salt mixture and the proportion of fat In certan wmstances, 1mmoe
acid balance may also be mvohed particularly under conditons 3p

proaching deficiency Results obtuned 1n different laboratories may bi
affected by differences mn strains of ammals However these are genera

aspects whose influence 15 not hmited to experiments mvolving only the
p amwmo acids

C  Suprort oF NrrmoceN EquiLisriuns N THE HUMAN ADULT

In the adult human subject b methionme was almost, if not quité,

as effective s DL methionine 1n mamntainng nitrogen ethbrmm an
duets devord of cystme (Rose ef al 1955c), 10 gm per day of exih;?:
meeting the mmmal requirements 1 the 2 subjects meluded mf :2:e
protocols published It 1s of some mterest to note that 80-89% f:
mmimal methionine needs could be met by 1L cystine (Rose and W nor]r:i
1935a) In the rat only one smth of the mummal needs for grow th Couer
be simitarly satisfied (Womack and Rose 1941) The only other p-isom
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of an essential 1mino 1ad which ean be utihized 1 appreeinble degree
by the adult human subject for the muntenance of nitrogen equilibrium
1s p phenyltlinne  In this mstance only a limited amount, approu

mately 65 gm per dvy appenred to be utilizable under the experimentnl
conditions employed (Rose et al 19551) The estmated mmmal duly
requirement of 11 gm could be met almost 1s effectively by pr phenyl

almme as by the Lisomer but 3t could not be met fully by b phenyl

Alumne even though as much 15 15 gm or 22 gm was provided In
subsequent study nclusion of adequate L tyrosine n the basic 1mino
cid mixtures was found to evert 2 spanng effect amounting to 70-73%
of the phem llnine needs (Rose and Wixom 1935b)  In earlier studies
m the rat approumately 50 was thus spared (Womack and Rose

1946) It would be interesting to hnow whether under these less de

manding aircumstances mans need for phenylalinine could possibly
be completels met by the p 1somer

Ill INVERSION OF THE 0 AMINO ACIDS

Insofar as this wnter 1s ware no protem from an ammal tissue has
been proved to contun a pamno acid It 1s therefore 1ssumed that
before a dietary b 1amino 1c1d can be used m the synthesis of new tissue
protemn or n the replacement of old 1t must be converted to the L form

A Histione

The mversion of the pisomer of an essential ammo acd was first
proved by Conrad and Berg (1937a) who found that the mcrement of
L histidme 1 the tissues of young rats fed histidine deficient duets sup
plemented with p-histidine exceeded the sum of the amount present m
the tissues when the feeding began (judged from analyses of sacrificed
Iitter mates) plus the trace amounts of L lishdine present 1 the basal
diet and the vitamm source consumed duning the growing period The
hisidine was preciprtated from acid hydrolyzates of the vitunin source
and the carcasses (less the almentary tret) s the silver st An aliquot
was employed for colormetnc estimation and the balince from the
carcass hydrolvzates was comerted to the methyl ester hydrochloride
The specific rotation of the latter indicated that the histidine 1solated
w15 essentally optically pure L lustidine The markedly lower specific
rotation of methyl ester hydrochloride prepared from carcasses to which
b lnstidine had been added before hydrolysis mdicated that p lustidime
could have been detected had 1t becn present even 1 relatnely minute
Quantity
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B TmrrorHAN

Kotwhe and Goto (1937) undertook to prove the “sterconaturaliza
tion” of » tryptophan by slices nd by brer of kudney and hver issue
obtuned chiefly from the rat and the mouse, but also from the gunea
g, cat, dog, rablut, pigeon, and chichen  Production of ndole by a
stram of E coli 1hle to attrck only x tryptophan was used as evidence
of the mversion 1In all species tested the hidney tissue was the more
active, the bret more 5o than the slice hadney bret from the mowe was
only half a5 effcctive s hdney bre: from the rat In the presence of the
ammal hissue but not 1 1ts absence, the L col: produced mdole also
from mdolepyruvic ac1d, thus suggesting conversion of the latter by the
tissue to L tryptophan ' When p tryptophan was fed some andolepyrnn
acid was excreted  Small amounts of the b ammo aexd produced a
greater heto acid excretion m the mouse than n the rat, with larger
amounts the reverse was true but the mouse then iso ecreted un
changed o tryptophan wnto the urme Schayer (1950) fed a rat 200 mg
of b tryptophan which contamed §08% N excess m the mdole ring
The rat was sacrificed 48 hours Iater and the entire carcass, less the
contents of the stomach 1nd the mtestines, was hydrolyzed with sodwm
hydroxide 1n an tmosphere of mtrogen The acetyl bL tryptophin 150
lated showed 025195 N excess

C Leveine

The first use of 1sotopes to estibhsh ncontroverhbly the occurrence
of mversion was made by Ratner ef af (1940) whe added b leucme
with its carbon chan Inbeled wath deuternum and its umne group with
N5, to the stock diet fed to adult male rats for a period of 3 dys The
L. leucme subsequently 1solited from the protems of the hver and the
rest of the carcass contained considerble deuterum but very httle N¥
These findings could be accounted for by loss of the orgmal N ghrough
complete deammation, with subsequent reammation of the keto and
with ammoma from the bodys mtrogen pool. On the other hand, 1ol
tion of lysme from the tissues of growing rits fed sumlarly hbe'ug
p lysme yrelded v lysime which contamed nexther deutermum nor N
(Ratner etal 1943) About hulf of the b lysine was excreted unchinged

D Vaimwg, METHIONINE AND ALANINE

The 1solation of t-valne which contammed C® from the hver and
carcass of rats fed p valine contumng C1 m 1ts methy] groups has beeg
reported by White et al (1932) Gibson and Smyth (1952) hwe studie
the inversion of S Ibeled p methmonne by hdney and hiver slices from
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the rit The L methionme produced was estimated by converting 1t to
the corresponding « heto acid with Newrospora oudase and precipitating
this s the 2-1 dimtrophem Ihydrzone The radioactivity of the phenyl
hvdrizone was counted Corrections were made for the aketo acid
produced from p methiomine but not converted to L methiomne  Simulr
tests from the same Inboratory with CH carboyy labeled p alinine and
b leucine hve shown the redy synthesis of . alanine by both liver and
hdney tissue whereas synthesis of L lcucine oceurred rexdily with kad
nev but only to 1 small extent wath Iner (Gibson et al 1954)

IV OXIDATIVE DEAMINATION AS AN INVERSION STEP

The mechanism by wiich stereonaturahization oceurs has long been
assumed to imolve deamination of the p amino aeid with loss of asym
metry followed by asymmetric rexmmation of the a keto acid thereby
produced (Berg nd Potgieter 1931) The Iiver and the hidney of all
vertebrates which have been tested contun two different series of en
zvme systems for deammzing the wmuno acids oudatively One series
catalyzes the dexminition of L ammo 1cids the other that of the p amino
acds This was first demonstrated (hrebs 1935) with tissue shees and
crude extracts but the systems mvolved have simce been separated and
punfied The general b amno 1c1d oudases show an absolute stereo
speaifictty It 1s clear that they oudize the different p amine acds at
ranious rites although reports from different laboratories do not agree
well in some particulars This 1s attnbutable i part to the vanous
ongns of the enzyme preparations employed and to varations m degree
of punity p-Lysine 1s poorly oudized 1if at all and cystne and threonmne
only to a questionable or mnor degree  Tyrosme methionme  trypto
phan and valine are among the more readily attached According to
Klemn and Handler (1941) phenylalanine 1soleucine ind leucine are
also readily attacked but according to Bender and hrebs (1950) they
are less readily ouidized Histidine (Rlen nd Handler 1941 Bender
and Krebs 1950) and argimine (klen and Huwndler 1941) are slowh
attacked The probability therefore seems resonnbly good that a1l of
the p ammo acids known to undergo myersion (histidine  try ptophan
methionine phenylalanne valine leucine and argmme) may be con
verted by p amino acid oudase to thar corresponding a heto acids as
the first step 1n therr mversion Moreover the readiness with which
1soleucine 1s attached makes 1ts conversion to the a keto analog also
seem Likely
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vV DIETARY REPLACEMENT OF ESSENTIAL AMING ACIDS
BY « KETO ACIDS

The first demonstration that 1n « keto acid analog could successfully
replace an essential amino acid for purposes of growth was made by
Harrow and Sherwin (1926) a little over thirty years ago How much
sigmficance can be attiched to the observation that the replacement of
histidine by 1midazolepyrusic aaid resulted 1n much slower growth than
that promoted by  histidine 15 uncertun because the paper affords no
evidence as to the punity of the anilog  Imidazolelactic acxd was a more
effective substitute but imdazolereryhic (urocamic) acd failed to pro
mote gains 1n weight 1 ny of the tests recorded Similar replacement
of tryptophan by mdolepyruvic verd (Jackson, 1929, Berg et al, 1929-30)
mduced growth at a rate comparable to that obtuned with . tryptophan
mn equivilent quantity a Keto y methylthiobutyrate 1s an excellent sub
stitute for pL methiomne 1n the diet of the young rat (Cahll and
Rudolph 1942) Replacement of phenylilanine by phenylpyruvic acd
has been reported from three different Inboratories (Bubl and Butts
1949 Wood et al, 1950 Armstrong and Lew:s 1950) Armstrong (1953}
notes a more rapad response to phenylpyruvic acid than to o phenylala
nine but 1 less ripid one than to L phenylilanme p Hydroxyphenyl
pyruvic acid 1s an excellent substitute for tyrosme (Bubl and Butts,
1949) The conversion of « ketossovilerite to valne 15 reported m a
footnote by Rose et al (1942) Wood et al (1950) have observed that
it produces growth seemngly superior to that on pL valine, when fed
1 an amino acid mixture otherwise devoid of valine Wrethnd (1952)
also records excellent growth promotion when the o keto acd of valine
1s substituted for the amino rcid The compansons of phenylpyruvie
acid and 1. phenylalanine and of « Letoisovalerate and pr valine have
been venfied by Meister and White (1951) who also made comparative
tests of leucne and « ketoisocaproate and of 1soleucine and the d and
Iforms of aleto B methylvaleric acid The growth response to the
a keto analog of leucine was equal to that on ¢ leucme Isoleucine, like
threommne contains two optical centers hence exists 1 four isomeric
forms All four forms were prepared by Greenstem et al (1951) who
noted that only one of the four L isoleucine could promote growth m
the white rat b Isoleucine 1s atticked by p ammo acid oudase to ylel:i{
1 a keto B methylvaleric acid the Leto analog of . alloolencine an
p allosolencine 15 attached by p ammo acid owdase to yield d o heto
# methylvalenc acid the keto analog of 1 isoleucine  Meister and White
(1951) found the response to the  1somer about the sime as the lt'f
spanse to Lisoleucine The response to the [isomer was slgmﬁccml Y
less Meister (1954b) was umible to demonstrate that the heto ana og
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of argimine could aceclerate the growth of weanhing rts fed 1 dict free
of arginine More recenth  however this has been accomplished by
VWimtz et al (1957) who found that a keto d guamdo n valeric aaid
plus @ 1mmo nitrogen 1n the form of L alinme would promote extra
growth on an wrginme free diet though at 2 rate even less rapid than
that induced by p argimine

In each of the mstances cited 2 smgle amino aerd was replaced by
ats aketo analog VWood and Coolev (1954) have conducted tests
which they hwve repliced simultaneously 5 of the essentinl wmno acids
m 1 mnture of the essentinl ammo aads plus glutamic 1ad with ther
corresponding @ heto 1cid dernatives Glyeine and 029 aspartic wad
were 2dded to the diet contuming the a heto acids to provide mtrogen
equnalent to that present n the rleucine bLisoleucne pr valine
oL phemIalinine  and oL methionne repliced  Compansons showed
essentially s rapid growth on the modified diet s on the origmal one

There seem to hve been no sl studies of the o keto analogs of
Iysme and threonine The former has been obtamed by Meister (1934a)
by oudizing £ N carbobenzoxw ] L lysine with snike venom followed by
catalytic hydrogenation to remove the carbobenzoxy group The keto
acid has a pronounced tendency to cvelize to At prpenidine 2 carboxyhe
acid  Production of L lysime by the nonenzymatic transammation of the
ulketo acid (or the monohydrate of the cyclzed product) with pynd
oxamine can be shown by the action of lysine decarboxylse As indt
cated earher however when p lysme which contams stably bound deu
terium an ts chun and N* 10 ats @ imino group 15 fed to 1 young rat
the lysine 1solated from the tissues contuned neither the deuterium nor
the N5 (Ratner ¢t al 1943) Threomne 1s the only other ammo aad
beside lysine wluch fails to show 1n excess of N5 when 1t 1s 1solited
from the tissues of the rat fed glycine N5 (Elliott and Neuberger 1950)
or N L leucine (Meltzer and Sprinson 1952) Like the L lysine 150
lated from the tissues of the rat fed deutero N3 L lysme (Weissman and
Schoenheimer 1941) the 1 threomne 1sol ited after the feedmg of 4 CH
N1, threonine showed a ratio between the two 1sotopes nearly equal
to that 1 the doubly labeled amino acid fed (Meltzer and Sprinson
1952) Ewidence of this type seems to set Iysine and threommne apart
as umque essential amino acids whose a amno groups 1re not 1y ulable
for reversible transfer renctions

To judge from the evidence avulable to date in the it the p-isomers
of the essential ammno 1eids show spectrum of invertibility ringing
from » methionine as the most readily inverted amino acid at one end
to p lvsine which shows no evidence of any mversion at all 4t the other
end Near the methtonine end lies p-tryptophan  Occupying nterme
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drite positions are » hustidme, p phenylilanme and p argimmne  p Vahne
1s sufficiently readily mverted to promote growth under favorable con
ditions, as 15 so b leucme o Isoleucine s apparently too poorly m
vertible to promote growth The appheition of even such 1 sensitne
criterion as 1sotope detection fails to show the inversion of b hsme The
degree of inverhibihity of b threomme has not been similarly tested but
the meager lability of the 1sotopically marked o ammo group of 1. threo-
mne suggests that httle more mversion 1s likely to occur than i the cuse
of p lysine

Vi GROWTH RESPONSE ON AMPLE MIXTURES OF THE
DLAMINO ACIDS

Several years ago Van Pidsum nd Berg (1950) reported that no
appreciable deleterious effect could be detected 1 28 days m rats fed
muxtures of the pr modifications of the 10 essential wmino acids which
represented 18 6-212% of the diet This conclusion was based on the
observation that ammals fed diets contaimng such mxtures grew as well
as anmnals fed diets contuning only the 1. components, and also on the
further observation that addional mirogen m the form of glycme and
diammonum citrate did nat enhance the growth on either the 1~ or the
pL mixture In the ymbal tests recorded, the r-amno acd mixture fed
(112%) had contamed twice the mimmum amounts of each of the
essenhal ammo acids which had been tentatively mdicated by Rose
(1937) to be necessary to support normal growth when the nonessential
amano acids were also supplied The doubling was done to compensate
for the lack of the nonessential amino aaids  Feeding twice this guanbty
{22455 of the same unmo acids m the o1 form produced 2 growth
retardation and deposttion of won m the spleen which was traced to
evcessve methonme {(24%) as the cause The conditon was fully
corrected by lowenng the methiomne mtake to 12% Tests of 1, bt
and p methiomine showed that an excess of the natural ¢ form was even
more deletenous than an excess of the pisomer This observabon has
been confirmed by Wrethnd and Rose (1950} Wrethnd (1952b) has
since noted that, 1n excessive amounts (16%), the Lisomer of phem}
alanne 15 also the mare deleterious  Harper et ! (1935) bave reported
that i diets contaimng only 8% of casein s the chief source of nitrogen,
3% of oL leucine 15 kess touc than 3% of v leucine 1n the sense that it
depresses growth less We we mchned to assume that the yeasod
hes 1 diffexrences mn the degree or m the routes of metabolism
of the two 1somers No techmque has yet been devised hovever which
will satisfictanly rule out diff es m food consumption as the prob-
able cause of differences 1 growth or substantiate bey ond doubt the

conyerse
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In expcniments of the tvpe ated above the D components of the
pLmnture were essentilly extrneous The vt immo aaid diets con
tuned enough preformed © ymno acids to climmate any need of ha mg
to provide them In mversion Tulure of gheme and dinmmonium
atrate to enhince the growth stll further scemed to mdicate that at
this evc the L ammo acids s well as the pL mutures provided de
quitely for the svnthesis of the nonesscntial ammo acids

VIl TOXICITY OF THE © AMINO ACIDS

The optical 1somers of the essentinl amino aeids plus allossolencime
and allothreomne have been tested for their toueity 1 rats when admmn
stered mtrpentoneallys n lethal dos ages both indmadually and in
mutures (Gullno ef al 1956) Evaluition of the LD.a. LDas and
LDy 5 Jevels mdicated that 1. and p-allowsolenetne were the least totic
Mast touc of the L amino acids wis L trvptophan  1nd most touc of the
bamino 1cids was p agimne monoln drochlonde  Compansons 1t the
LD ;level showed that p trvptophin % 15 only 1 third as touc s L trvp-
tophan and that o threomne was 2 httle less than half as towe as
Lthreomne  In most nstances there was less difference The p-forms
of 1soleucine phemlalinme listidine monohvdrochlontde and argy
nme monohy drochlonde had about the same toucity as their L 1somers
and the b forms of the other ammno acids tested were only shighth
less tove than their L-counterpirts When mutures of the ten essen
tal ammo aeds were so compounded thit the indnidual amino
acds were present n proportion to their LD o values there was a
“mutually protective effect” 1¢  the touiaity was considerably less than
the calculated mean  Alue of the LD os of the component 1mino acids
In the L. amino acid mntures L argine showed the greatest protectne
effect No such protection was afforded by the p-irginne i the p-ammo
acid mictures  \With L argimine ortted the “mutually protective ¢ ffect™
Was essentially the same for the L 1s for the p-amino acid muxtures

Since the protective cffect of L argmine could possibly hawve been
due o 1ts alleviation through urea production of the toxicity of ammona
Produced from one or more of the other components of the mixture the
Capacity of arginine cntrulline  ormithine and several dernatnes to
Prevent death was tested i rats by thewr injection 1 hour before the in
Jection of an LD, 4 dose of ammomum acetate At sufficiently hugh levely

e L forms of argimme HC citruline and ormthine-HCl conferred
complete protection The corresponding p-forms afforded protection to
only a fraction of the ammals probably through mversion  a heto-3-
guamdovaleric acid was also somewhat protectine (Greenstemn et af
1956)  Animals mjected with I Dy lovels of L and p-amino acids alone
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usually died with elevated blood ammoma and with elevated blood urea
The blood urea was cxtremely tugh after the admimstration of » leucine
and » lysine HCL, m the Intter case nearly as hugh as that after the
admmistration of b argmine HCl - Tryptophan produced about th
sume ancreise m urer s L oargimne HCl With 1 valine and L an
» histidine HCI the ammoma 1ncrensed, but the urea did not thus
suggesting possible wmhibition of the urea synthesizing  mechanism
(du Ruwssean ¢t al, 1936)

Of some mterest 1n connection with the protective effect of b arginme
15 the observation made some vears ago (Albanese ct al, 1945b) that
argmase extracts from the hvers of rats apparently attached only the
L component of pL argmine but that 1 simlar extract of the human
hver was able to produce urex from the racemc form s rapidly as from
mitural L argimme  This 15 in hne with the observation of Greenstem
ct al (1956) that 1 the rat the b argmine probably becomes effectve
through mversion

Injections of LDy« levels of the 1~ and p ammo acids produced an
mtial hyperglycemia i varymng degree but the mmmals died wath blood
sugar values ranging with the ammo acid from a marked hypoglycema
to a marked hvperglycerma Approumntely the same patterns were
produced with the b ammo acids as with the L forms p Tryptophan was
the single excephion Whereas L fryptophin produced hypoglycemia at
death, v tryptophan mduced a marhed hyperglycemia  Tests of Iver
ghcogen and unmnary glucose indicated that the marhed hypoglycem,
charactenstically assocated with several of the amino acids mjected
could not be attributed to either glycogen deposition in the hvsr or to
urmary glucose excretion The decrease probably arose from “utilza
tion due to violent stress ( Witz ¢t al 1956)

VIl GROWTH RESPONSE ON MARGINAL OR SUBOPTIMAL
LEVELS OF oL AND p AMINO ACIDS

A Poonty INvERTIBLE » Adino Acips A A NONSPECIFIC
Source OF NITROGEN

When ample amounts of only the essential amino acids were provided
1n the pr-form (18 6-21 2% ), as previously noted little or no stumulation
of growth was induced by the extraneous p ammo acids m the diet (2‘
by the 2ddition of glycme or dimmonum atrate beyond that proiréti:)e)
by the r-ammo acids i the mixture (Van Pilsum wnd Berg 195 :
When however the -ammo acids m the mixtures were fed at a Iowel
dietary level (59%) s i the study of Phillps and Berg ( 1954) 50{32
evidence was obtaned that supplementation with the poorly mverts
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pasomers (of lysime threonme lencine 1soleucine and valine) could
accelerate the rate of grow th bevond that ohsenved on the L amino aads
alone although not as markedly as could glycine and dinmmonium
ctrite Some utilization of the evtraneous » ammo acids under these
arcumstances therefore scemed likely (probibly for nonessentinl amino
nerd synthesis or for other purposes more 1dequately met by glycine
and dinmmonmim aitrate)

Bimbrum et al (1957b) hme observed that the nddition to their
diet of 157 gm of total mtrogen per hilogrim m the form of the
mvertible b argimne HCI or p ilimne  greatly mmproved the growth
response 1n 21 divs (273 gm wnd 402 gm vs 90 gm ) The unsupple
mented dict contuned 93 gm  of total mtrogen per hilogram n the form
of the L 1somers of the ten essentin] amino ncids However when the
Lforms of argimne HC! wnd 1lamme were fed singly as supplements
under anilogous conditions 1 much greter response was produced
(583 gm and 612 gm ) m the same period Urea supplementation
afforded 1 248 gm growth response glycmne 145 gm, ammomum
acetate 452 gm  and ammonium v glutimate 622 gm Some L amino
acds (serme hydroxyproline nd cyvsteme) were towc at the 157 gm
total mitrogen level

B Reapmy INvERTIBLE D AnMino Acips FED EN MASSE As THE SOURCE
ofF THEIR L ENANTIONMORPHS

When the 24¢ of methionine tryptophan phenylalanme histidine
and arginine used by Phillips and Berg (1954) i thewr 59% 1. amino acid
muiture were repliced by 24% of the oL modifications slower growth
was observed despite the assumption that the p components were as
readily mertible as the tests of each singly had previously suggested
Stll poorer growth was obtamned when this mvertible group” of amimno
acids was supplied entirely 1n the » form Doubling the allotment of the
mertible b amimo acids failed to enhance the rite of growth perceptibly

When comparisons were made at a bwsic L ammo aad level repre
senting 295¢ of the diet replacement of the 12% of the wmino acids
belungmg to the mvertible group by their b counterparts also produced
growth retardation In this instance however doubling the allotment
of the im ertible p amino acids did acclerate the rate of growth

A tentatne mterpretation of this type of evidence which seems
feasible 15 thit the capiaty of the ammal to mvert p-amino acids s
limted VWhen the maumal capacity 1s reiched provision of extra
D 1mino acids does not accelerate the rate of growth because no more
L amino eids can be produced by sterconaturalization If on the other
hand the quantity of p amn el e rded e menton -
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vertible limit, the quantity mnverted, and hence the growth, can be
mcereased by mcreasing the amount provsded

This explanation may be in oversimplfication  After all, it 15 not
clear how or to what extent the proporhons of the vartous ammno acids
needed for the best growth possible at any given dietary level may
change with change 1 the dietary level

Greenstemn et al (1937) have compared the growth rates obtamed
on 509 aqueous diets, some of which contammed 1 ammo acids exclu
swely, others pr, amino acsds  Of the dry weight of one of the 1. amno
acd diets, 82% conmisted of the essential ammo acids {caleulated as
free ammno acds), with hishdine tryptophan, methionine and phenyl
alanine mn essentally the same proportions w5 m the 59% essential
Lamino acid diet used by Phlhps and Berg (1954) The dets also
contamed nonessential ammo acids, however, to provide 157 gm of
nitrogen per hilogram In the L ammo acd mixtures the histidme
tryptophan  methionme and phenylalimne were fed mn the pi form m
the same amount as 1n the L mixture the argimne and the lencine were
ted n the r-form, but all of the other essential ammo acuds were fed
i the pLform at donble the rlevel, the nonessentinl ammo acds,
L alanine 1-serine, and sodium  aspartate used i the 1. amno acid diet
were replaced with equal 1mounts of therr ricemates Growth on the
mixture which contamed the pL amino acids was less rapad than on the
L mixture  Doubling the ps. forms of alanme senne, and sodwm aspar
tate decreased the growth rate shll further Compansons of the first
two of these diets (Bunbaum et al, 1957a) showed ten times as much
urmary excretion of o amuno mitrogen on the muture which contaed
the D1 armmo acids as on the L ammo aad mixture (525 vs 45 mg per
day} and about twice as much ammonn mtrogen (148 mg vs 61 mg ),
but 2 smaller uwrea mtrogen output (770 vs 124 mg ) and a reteston
by the rat of s total mutrogen (1199 vs 1626 mg ) To what extent
the hmted provision of the vy forms of histidine tryptophan, meto
e, nd phenylalanme could have been responsible for these findings
one can only guess

C  Ivmmimioy OF THE INVERSION OF INDIVIDUAL D AMINO ACIDS
py OTHERs

1 Mcthiomne

Possible mterference of p amino acds with the mversion of another
b unmo aaid fed at 2 suboptimal Jevel was first pointed out by Wrethnd
(1952%a) He had noted that mn o diet which contamed po arginine, but
all of the other essential amwo acids w the ot form, 025% of b metht
onmne produced less rap:d growth m 10 days than 025% of 1. methionme



UTILIZATION OF ) AMINO ACIDS 75
(Wrcthnd 1930) At 1 1¢- fevel however the guns in weight on the
two 1somers in this period were about the ssme  When he subsequently
fed 0255 of methionine 1n 2 simlar dict i which histidine tryptophan,
phemlanme hsine and lencine were provided 1n the L form the rte
of growth on the 0255 of b metlionine was not sigmificantly Tess rapid
than the rate of growth on the 025¢ of 1. methiomne (Wrethnd 1952a)
Hence he concluded that the sterconaturalization of b methionmmne was
mhibnted either at the dexmination or 1t the reammation stage by the
oforms of some or all of the other amino acids present 1 the pr-amino
aads fed

2 Phenylalanine

Agam n n essentinl amino 1aid minture which contamed no arg
nme but all of the other essential ammo acids 1 the pL form Wrethnd
(1952b) obsenved that suboptim1! amounts of the b 1somer of phenyl
alanine (056%) also produced sigmficintly poorer growth than the
Lisomer  Since no compansons were made with diets containing the
ammno acids m the L form the probibility thit mlubition of stereo
naturaization was mvolsed cin onh be nferred Armstrong (1953)
noted a discrepaney at all levels (05-40¢% ) between the capacities of
- and L phemIalmne to promote growth on diets allowing more riprd
Bans in weight He ascnibed the difference m response to differences
m food consumption His diets contrned argimne also tyrosine cystine
gheme and glutamic ctd  In Wrethnd s study the smnll differences in
food consumption were not stibstically sigmficant

3 Histidine

We have subsequently undertiken tests of o nd L histidme 11 which
some of the diets contained all of the other essential amino 2aids to
gether with 9 nonessentia] amino acids n the L form 1nd other of the
diets contuned pL ammo acids (Wachter and Berg 1956) In the L
amino acid diets 0 4% of p-histidine gave n averige growth response of
34 gm per day vs 44 gm when 04% of Llustidine was provided
029 of p lustidine produced an average duby gun of 12 gm and 02¢¢
of ¢ histidine an averige duly gan of 40 gm When however the
oL forms of lysine threomne lcucine and vakne nd an equil mixture of
ballosolencine and 1 1soleucine were substituted 1t twice the L level and
oL alanine and pL serine at the L level 0 16¢ of p lustidine promoted an
average growth of 1 0 gm perday and L istidime wn average duly growth
of 42 oy Decreasing the Iustidine provided under such eireumstance to
029 of the diet produced corresponding growth responses of 05 gm
Per day on the p hustidime 38 gm per dy on the L histidine Compara
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twe growth levels of 44 and 42 gm per dy at the 04% 1. husdu
and 40 gm and 38 gm at the 02% level mdicate httle snter
with growth by the b forms of the other amino scids when the ki
15 provided 1n the 1-form, the sumluly compared growth respo
34gm and 10 gm per day -t the 04% level of p hishidine, and
and 05 gm per day at the 02% p histudine level do seem to ¢
strangly that the presence of the o forms of the other ammc
markedly ihibits the utihization of the o histidine

4  Vahlne

Perhaps the most strihing mtesference of the b forms of other
acids with the utilization of an 1mvertible o 1somer has been note
valme WWrethnd became mtngued vath the obsen ation of Whte
(1952) that contrary to the earher report of Rose (1938), p valir
ported slow growth Having observed the retarding effect of the «
mnclusion of several ammo acids m the pr form upon the uhlizal
o methtomne ( Wretlind, 1952a) he assumed that the explanation
hie 1n the use of diets consisting mamly of the . ammo acds :
mstance and 1n the use of dwets contamng several amino acids
i form in the other In lus prelimunary report 1n 1934, he indicate
the presence of e leucine and prasolencine 1n v diet which con
both the essential and the nonessential ammo acids did markedly .
the growth promoting capacity of pvalme Two years later det:
this study were made wulsble (Wrethnd 1956)  Ms anwhile we
able to confirm the observation with essential ammo aad dets ec
mg 67% of L or prabme and leucne and isolencine m the L «
pe. form or the pr plus o forms In the diet contumng all other
acids an the L form the pyalne promoted mawmtentnce or very
growth less than one sixth as rapid as that promoted by 1 vahr
the diets contamimg oy leucme and pr woleucine slow loss of v
was noted which becume somewhit greater upon the further ad
of o levcine and b ssolencine (Gerulat and Berg 1936)

Wrethnds subsequent detmled report (1956) presents data ©
wmdicate that rats fed 2% of o valine 1n diets 1 which only the ess
ammo acids less argmne were provided m the pi-form failed to
Exwmation of the protocals reveals that an one of these pL mi
which provided pr. ssoleucine amonnting to 40% of the diet, the
m waght averwged 06 gm per dav for 10 dys on the second m:
1 whuich the L 1soleucine was lowered to 168% of the diet slow gr
02 gm per day for 14 duys was observed It seems probable the
difference mn 1soleucme contents could have created enough ¢
imbalnce such as Benton ¢t al (1956) have reported ean be proc
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b the addition of ssalrucine 1o Jow c1cemn dicts to hawve 1ceomnted for
ths d ference 1 responee Wrethnd had previoush obtuned growth
of 122005 ¢m per dw on i te contuinmg mintures of a1l of the es
sential 1mmn aads an the m form Svatematie studs of the factors which
could concensabh hime ncconnted for the differences m response noted
when paaling was fed an the v amous diets showed that b lcuane ws
penasth responable for the growth depression Diets wath 24¢ of
valine which pamitted an werage grov thof 07 = 009 gm - per dw for
Ssdavs when 1 lenane and L wsolencine were fed produced httle or no
change 1n woght (00~ 003 gm per dinv) when o leucine and L 150
leucane wer Provided When 1 Jeucine and o ssoleucine were fed gans
B O62 01 g per dn wre olnened

The growth frct of py ahine hns also been studied by Womack et al
(957) They found that 1 of pvalme was meffective even m diets
whieh contaiped 1 leneine and the noncssential wmmo aads {(eg awer
e vnaght Josses of 47 = 1 4 gm were noted m 28 diys vs werght
Bunsof 1154 4. 15 gm when 1 valine was provided)  Wath 2% of
dialine growtl, Waragng as much 15 256 = 18 gm m 28 dvys was
obsened a5 compired with losses neraging 12 £ 08 gm when the
L‘UCme content of the dict was changed from 12% of the L form to
= of the o form

e muimal guns of 091 gm per diy on 2% of Val’“f obtamed

b Womag), cf al (1957) 1s compired with 116 gm by White ¢t al
(19:2) anq 1 49 gm by Wrcthind (1956) suggest that the quantitative
dfferences 1n TGsponse muy possibhy be Atributable 10 part to differences
2 1an of rats as well s to differences m expenmental procedure
The anumals used by Womach et al (1957) faled to sunnve penods
of valipe deplction s extenstse s the periods survived by the rats of
White ¢t o (1952) Roth strams mamfested the neurological symptoms
of valine deficiency (sensitivity to touch and profound [xck of coording
tion 1n movement) first described by Rose and Eppsten (1939)  on
the other hang Wrcthnds (1936) deficient ammals were cachectic byt
Shoy

“ed 1o neurological Abnormabty log of valine promotes grouy

As previp, 1 ted the o heto ana
“"“parlz)tble :Zsénrzonfduccd by 1 valme when it » added to 4 ygpp,

heient dhet 1 which the other essential 1“1’,:’0 mlds‘ (;‘\cept argimne)
€ supphed 1 the pr. form (Wretlind 190-01 . n| :Y‘El:nce with ats
"Unination therefore seems quitt unlikehy ;me ‘;xnr}:l utory factor
“her n the retardation of growth on Di‘: nd'e ubresence of
leucine or i the poor m\crslodﬂ ‘:]{;:1 ‘,‘; t‘c:re;n'c—fdmt; ;P:lhmal eircum
Stance, og 15 ndeet € 1\ erston
N Pris::c?i: :‘i;e:onalrel:lclge 1s morc lkely to mterfere gy its pro-
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duction from the p valine presumibly by oudatve devmination We
have obtaned evidence that such mav be the case b Leucme does
whibit the deammation of » valime by » ammo aad oadase {Gerulat and
Berg 1958) Yoshimoto (1938) has reported that b lysmne marhedly
mhibits the oudation by v 1mmo acid oudase {from hog hadnev) of
¢ acetyl pL-lysine and of several pL aming acids, notably lamme, phenyl
alanme, and valine The whibition 15 competitve

IX REAMINATION OF o KETO ACIDS

As has already been mdicated, there seems to be hittle doubt that
an aketo acd, once produced can be converted effectively to the
vammo actd  This 1s indicated by the readiness with which all single
alketo acids tested have served as substitutes for the cotresponding
L ammo acmd It 1s emphasized even more dramaticilly 1n the tests of
Wood nd Cooley (1954) who showed that methionine, phenylalamne,
valine leucine and isolencine could all be replaced simultaneously by
therr aleto analogs, without markedly slowing the rate of growth
Ammation of an « Leto acid was first observed by Knoop (1910) who
1solated the acetyl dervative of the homolog of phenylalanne, y phenyl
« ammno butync acid from the urine of a dog to which y phenyl o keto
butyric acid had been admmmustered by mouth and subcutaneously
Almost stmultaneously, Embden and Schmitz (1910) reported the results
of tests m which they were able to 1solate ammo acids (alammne phenyl
alanine, tyrosine, and leucine) from liver perfusates to which the ammo
mum salt of the corresponding o Leto analog had been added Extenswe
study of enzymatic transumnation has made 1t clear that this reaction
occurs widely and could account for the conversion of the a heta aSldS
to the corresponding L amino acids, or vice versa (cf Menter, 1955)
Recently Radhaknishnan wnd Meister (1957) have observed that punfied
1. ammo neid ovdase from snake venom and o amino acid oxidase from
sheep hidnev will catalyze the production of 1. and p ammno acid isomers,
respectively, under anaerobic canditions from the correspanding @ heto
acd Thus 1. methionine was formed when < Jeucine was mcubated with
u heto y methylthiolbutyric acid and L wmno acid oudase o the pro>
ence of favin ademmne dinucleotde The leucne was deamized t0
produce wmmonta for use m the synthesis of the methionme L Amino
acids were not active 1n the » amino acid oudase system and vice vers?
This may, therefore represent 1 pathwny, nlternate to transamnation,
for the conversion of an a keto acid to an amino acid
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X FACTORS AFFECTING THE DEGREE OF AVAILABILITY
OF THE b AMINO ACIDS

A GASTROINTESTINAL ABSORPTION

Evidence 15 accumuliting which suggests that the pisomer of an
ammo terd m1y be absorbed at 4 slower rite than ats mirror 1mge,
probably 15 a consequence of the eustence of an active process for the
absorption of onh the Iatter Much of the carlier work mvolved com
pansons in the rat by the Con techmque (1925) Usually the ¢ nd
bLisomers were employed and penods of 2—f hours were allowed In
a few mnstances some suggestion of relatnely mmor differences 1 rate
was observed (sec Berg 1953) More recently the 1. and » 1mmno acid
oudises a trinsymmase and vanous 1 ammno cid decarboxylises have
been employed 1n the dctermunation of the relative rates of absorption
of the p- or the L-component of 1 pL amino 1aid following 1ts mnjection
1to an 1solated loop of the small mntestine of the adult rat anaesthetized
with Nembutal W here only onc somer was measured by a stereo
speaific method the total residuum w1s determmed with chlorammne T
With these procedures, Gibson aind Wisem1n (1951) observed a prefer-
ential absorption of the L modificition 1 05-1 hour which was 16-60
times as rapid as for the pisomer Of the 13 amino acids employed by
them 7 were essentin] amino nexds A similar observation has been made
with or. hisidine and pr. alanine 1 Thiry Vella loops i unanaesthetized
dogs (Clarke et al  1951)

Wiseman (1933) has also reported the use of a arculating device
to esimate the ability of the perfused 1solated small intestine of the rat
to transfer an amino 1c1d aganst a concentration gradient Such actne
transport of the L 1somers of alamne phenylalamne methionme hs
tdine and 1soleucine, but not of the b 1somers could be demonstrated
Agar et al (1954) consider uptake by the cells of the intestinal wall
an important step 1n the transfer They observed that when 1solated
washed segments of the small intestine of the rit were plwced mn a
medium contamming 1. hisidine  the concentration of histidine 1n the
total water of the mtestine at cquilibnum exceeded that in the sur
founding flmd This was not true when p lustidine was employed or
when eyamide or dinitrophenol was added to the system Subsequent
study of 1. histidine absorption from twin loops of rat mtestine showed
that st was imhibited by L methiomne but not by p methionine  The
mhibition 1n v1uo was much less than had been observed sn titro (Hird
and Sidhy 1957) Mathews wnd Smyth (1954) analyzed the blood
stream for . and p enantiomorphs at mteryals durng the first 25 min
utes aftcr the introduction of
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muxtures contuning only 109 the a amino mtrogen levels in the plasma
were about the same, but 6-10% more aads were excreted mto the
unne Van Pidsum d Berg (1950) suggested that the smaller growth
retardation produced m rats by an excess of b methionine may have
resulted from its more ready eseape mto the urme Crampton and Smyth
(1953) have compared the concentrations of the p and enantiomorphs
of alamine histildine, and methiomne 1n the urme and plasma after m
Jections of the oL muxture nto cats In each mstance the concentration
of the » modificition was lower i the plasma and higher i the urme
than that of the r modification Renal clearance curves for b and
L 1lanmne nd b and L methionine were mterpreted as mdicating that
the L-1somers were reabsorbed by an active stereospecific mechanism
n the tubules but that the reabsorption of the pisomers was due to
duffusion lone

Evidence concerning the excretion of an 1mino acid or its metabohites
after the admmstration singly of the ammo acid obviously cannot pro
vide information by analogy as to 1ts probable utility for the support
of mtrogen equibbrium VWhen 1t 1s fed lone no mechanism 15 provided
for 1ts retention, hence its catabolism or 1ts excretion as such becomes
mevitable  The situation 3s analogous to that which obtamns when 1
deficient diet 15 employed Schweigert (1947) observed that the rat
fed 1 129 oadized casein basal diet fortified with eystine and metht
onme (lewmg the diet deficient 1n tryptophan) excreted m the free
form approximately twice as much of the total histdime, argmme and
threonine mgested as the rat fed the same diet supplemented with 02%
of ni-tryptophan The amino ncids were measured by microbiologieal
assay with S faecalis R After acid hydrolysis of the urne, the ammo
acid values showed a two to fourfold increase Sauberlich et al (1948)
also noted that both the rat and the mouse excreted more amino acids
when the dietary protemn was deficient 1 an essentral ammo acid than
when 1t was biologically adequate Moreover, Sauberhch and Salmon
(1955) have reported that the tryptophan requirement of the rat 1s
not 1 constant factor, but s related to the diet employed especially
to the protemn or mtrogen level of the diet The addinon of 20% of
oudized casein to a 10% casemn diet made 1t necessary to increase the
tryptophan content of the diet from 014 to 019% to produce com
parable growth

D Urwany ExcrEmion of o hrro Acs

In addition to the more ready excretion of the p ammo acids them
selves 15 the possibility that ther admumstrabion may also induce appre
ciable o heto acid excretion It was noted eather that such everetion
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was observed by Rotake nd Goto (1937) m the mouse and the rt fed
p tryptophan 1 findmg confirmed by others in the rit (Mason and Berg
1952) and 1n the humin subject (Langner and Berg 1955) Several
yewrs prior to this Rotihe ef al (1922) had recovered apprecitble
phemylilinme and phenylpvruvic aaid from the urine of rabbits fed
9 gm of p phemlalinme when 1 similar dose of 1. phenylilanme was
fed only 1 trace of the rmmo 1ad but more of the keto rad was
excreted  pL Phemylalwnne produced intermedinte outputs of both
Excretion of the a keto analog of tyrosme was noted after essentially
simlar tests with 4 gm of L or oL tyrosine (Kotihe and Okigawa
1922) Chandler 1nd Lewis (1932) reported 2 greater excretion of
phenylpyruvic aad by rabbats after the administration of oL phenyl
alammne (4 gm 1 48 hours) than after the same amount of L phenyl
alanme In lus growth studies of p and bt phenylilamne 1 complete
ammo acid mntures Armstrong (1953) observed the excretion n the
1t of only 1 small proportion at high dietary levels none n diets con
taming 12% of p phenylalanme or 18% of pr phenylalanmne In the
apparently normal human subject fed 05 gm of » phenylalanine the
excretion of phenylalammne and phenylpyruvic acd was fauly wrdely
vanable (Gartler and Tashian 1957) Waelsch and Miller (1942) found
an mncrease m a heto acid excretion by the rat after the admmstration
of the o forms of several of the ammo acids The Lhidneys of most
mammals contamn a higher concentration of  ammo acid oxudase per
gram of dry weight than does the liver (Krebs 1951) It 1s quite prob
able therefore that some of the p ammo acids reaching the hadney are
converted 1nto their a keto analogs and ammoma and that both of these
are consequently subject to excretion

Rammn and Handler (1951) have reported that the intravenous
wfusion nto dogs of a mixture of pL ammo acds 2t rates which pro
duced no untoward effects when a casemn hydrolyzate was employed
raised the ammoma mtrogen of the plisma to levels of 3-4 mg per
100 m! shortly before the death of the animal 1n 1 hour As previously
mndicated Biunbaum et al 1957a obsenved greater outputs of a amino
mtrogen and unnary ammoni1 but less urex by rats recening mrxtures
of essential and nonessential amino acids 1 which 3 of the nonessential
and all of the essent1l amino acids but leucine were fed 1n the pL form
The leucine was of the L configuration

Transymnases are widely distributed 1 ammal tissues At Jeast some
of the several types occur 1n the hidneys of some ammals 1n concentra
tion as hugh as in the Iiner (Cohen 1951) The known actiaty of these
m1y therefore account for the smaller ammom production and excre
tion after the adminsstration of an 1. amino actd The trinsaminases may
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been proposed as a possible explanation of mcomplete mversion hence
poor utihzation of certamn of the n anuno acids as dietary components
At first thought this may seem quite nconsistent with the observation
that several « keto acids produce growth which 1s greater than that
attamable with the corresponding b amino acids  But such 1s not neces
sanly the case The situations are not at all analogous In the actively
metabolhizing cell in which the « keto acid 15 beng produced, molecule
by molecule, conditions mght easily be much more favorable toward its
catabolism than toward its asymme tric ammation or transammation In
v1wo evidence m support of such catabolie diversion 15, however very
meager and highly circumstantial, at best

1 Vablne, Leucine and Isoleucine

We have previously noted that p valine promotes growth much less
rapidly when fed at levels approumating 2% of the diet than does the
same amount of pLvalme (White et al, 1952) or 1% of L valne
(Womack et al 1957) but that sodium dimethyl pyruvate equivalent to
228% of pr-valme produces a superior response (Wood et al, 1950)
p Leucine similarly promotes much less rapid growth than L leucme
(Recheigl et al, 1958a), but its o Leto analog ehcits an apparently
comparable response (Meister and White, 1951) Of the four stereo
1somers of 1soleucine, only r-soleucine supports growth (Greensten
et al, 1951) but the response to d a heto p methylvalenc acid the keto
analog of Lisoleucine and b alloisoleucine, 15 about the same as to
1 1soleucine (Meister and White, 1951) and a vanable response half
as great or less, 15 obtamed with 1 a keto f methylvaleric acd the heto
amlog of D 1soleucne and v alloisoleucine  In the further catabolism
of the keto analogs the branched cham fatty acids produced by decar
boxylation and oudation (isobutync isovalenc and a methylbutyrne
acid) yreld respectively glucogemc letogemc and both glucogenic and
Letogentc ntermediates The probable mechanisms mvolved have been
relatwvely recently remvestigated 1n tests wath the 1sotopically labeled
amimo acids or their branched cham fatty acid dernatves and these
have been fully verified by studies with heart and lver extracts [for
valine and 1sobutyric acid cf Fones et al (1951a) Peterson ef al
(1952) and Robmson et al (1957) for isovalenc acid hence Jeucine
of Coon (1950) ind Bachhwat et al (1958) and for a methylbutync
aad hence woleucme <f Coon and Abrahamsen (1952) Coon et al

52) and Robmson ¢t al (1956)]

(IQSm)ne fifty years ago Embden et al (1906) reported that theI DL
modification of leucine produced considerably more acetone durmgf v eé
perfusion than did 1. leucine Thirty years later Edson (1935) foun
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that br. leucine vielded more acctoncetate n rat Iiver shiees, wnd Butts
ct al (1937) found that 1t produced 1 greater output of acetone bodies
m the fasted rat  On the other hand Hassan and Greenberg (1952)
have recently reported 2 more rapid owdation of the 1 form than of
the p form of Jeneme 2 C s judged from GHO_ output m 8 hours
after the mjection of 90 mg of each mto 200 gm rats (733% oudation
of the . 1somer vs 585 oudation of the pisomer), 2 smaller urmary
excretion of the 1sotope was observed after the mjection of the L form
(16 vs 75%)

Edson (1935) hnd also noted that hiver shees from well fed rats
produced somewhat more acetoicetic 1aid from medi1 that contained
p1soleucine than from medin that contamned v leucme or no added
leucine Laver shices from stanved rats produced a small decrease mn
the acetoacetic cid of the medmum when L 1soleucine was added but
Iittle or none upon the addition of b 1soleucine

In the phlonzimzed dog a simgle test of p valme produced 1 110%
comersion and a test of pL valine a 95% conversion of 3 of the 5 carbons
to extra glucose  Under analogous conditions the a keto analog of valine
showed comverstons of 101 and 103% and Lvalme comversions of
46-935; (Rose ¢t al 1942) However Fones et al (1951b) observed
that when 250-300 mg of p valme labeled with C*3 1n 1ts methyl groups
were fed to fasted rats 1n equal doses over an 8 hour period shghtly
over half as much of the admmstered 1sotope was recovered in the
expired CO and about half as much 1 the 1solated glycogen 1s when
simular doses of sumlarly labeled L valine were fed A much larger
proportion of the 1sotope from the p valme was excreted 1n the unne
(31-34% ) than from the L vale (2%)

There 1s no obvious explanation for the divergence 1n results noted
with diffening expenmental techniques i the metabolic dita aited above
for the p and r1somers of the syme amino acid Cntical judgment
must await the accumulation of additional evidence The dat1 seem to
agree only 1n therr indication that considerable catibolism of the
D 1somer occurs even when at 1s admimistered in relatively large doses

Though some microorganisms contun racemases ble to promote
mversion the onhy avenue of mversion known to date to be wvailable
m the mammal 1s through the readily citibokzable a keto actd Once
the aketo acad 15 produced the course of metabolism 15 apparenthy
qualitatincly the stme whether the a keto 1c1d oniginated from the L or
the bammno acid  The essential difference w avalability for protemn
svnthesis is that the L amimo 1a1d requires no stereo modification  the
b amino acid does Whatever the processes by which the p-amino acid
1s comverted to the a keto 1eid and the a keto acid 1s converted to the

o~
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Lammo acid, these must compete with whatever other processes 1n
the living cell may affect esther the o or the L 1mmno acid or the mter
mediates 1 the mversion

2 Methiomne and Cystine

Of all of the essential amino acids, methionme alone (i dets con
taming 02% of L cyshine) seems to be equally as effectve for growth
whether fed m the 1~ or n the v form (Wretlhnd and Rose 1950)
b Methionme 15 also effective s 1 hpotropic agent (Best and Ridout
1940) Benzoic acid 1nterferes with the actvity of p ammo 1e1d oudase
mn the hver shee, as well as with the transmethylation by b methionme
but not by 1ts « keto analog or by 5. methiomne to produce creatne
Hence, stereonaturalization may be prerequisite to the utihzation of
b methionme for creatme synthesis (Handler and Bernheim 1943)
There 1re strihing similinties and differences n the metabolism of
b and Lcystne (Cavalm et al, 1958) b Cystme cwnot replace L
cystine i the diet {du Vigneaud et al , 1932b), nd mesocystine promotes
growth at the same rate as does bL cystine probably becuse 1ts L cystemne
component 1s wailable for growth (Lonng ef al 1833), but its b cysteme
component 1s not Both b and 1 cysteme are attacked by hver desulf
hydrase to yield hydrogen sulfide, immoma and pyruvic acad (Froma
geot, 1951)

3  Threonme

Neither p nor . threonne has been found to undergo appreciable
deammation by » or L ammo acid oxidase (Krebs, 1951) In the rat
however both or. allothreonine nd pr threonme crease the deposition
of lver glycogen and decrease the ketonuria mduced by fasting and
butyric acid feeding (Hall et al, 1940 1941) The glycogen production
from pr threonine has been confirmed (Hess 1950) There are appar
ently two routes by which 1. threomne may be catabolized One of these
rmvolves dehydration and deammation to prodnce o hetobutync acid
as first observed with Bacterium coli (Chargaff and Sprmson, 1943) In
rat liver homogenate, the latter may be aminated to o ammno butyne
acid (Lien and Greenberg 1953) 1t may also yeld propriomic acd
There 1s no evidence that this reaction 1s reversible mn the ammal
Enzyme preparations from the hiver and hidney of several species have
alse been shown to cleave threomne to yield glycme and acetjildehyde
(Braunshtein and Vilenkina 1949 Meltzer and Sprnson 1932) Re-
cently Gilbert (1957) has reported that :n rat hver this reaction appears
to be reversible but that production of allothreonme may have predﬂg
imted Appreciable synthesis of v threonine tn vivo 15 contraindicated by
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its essentiality and ats arreplaceabibity by o threomne or by p or L4l
Jothreonine Whethcr b threonine 1s attacked by the enzymes which effect
the types of chnges mdicated with the Lisomer 1s not clear Lin and
Greenberg (1954) found that the p 1somers of thrconine and allothreontne
were not attacked by crude homogenates which yelded glycine and
acetaldehyde from the 1 forms Meltzer and Sprinson (1952) hnd earlier
suggested that the behavior of pr threonme as a glycogenic nd ant
Letogemc 1gent may be due largely to the pisomer This view was
based on mformtion made wvulible to them privately that 1 threonme
produces only a small nse m unnuy glucose m the phlonzinized rat
Swre and Greenberg (1956) note that ther punfied threonine dehy
drise does not attack b threonine or oL llothreomine Nevertheless the
results with L threomne suggest possible metabolic routes that may
eventunlly be found to enst also for p threcommne If so the unavulibility
of p threommne for growth might be ascnibed to the essential wreverst
bility of the metabolic reactions by which p-threomne 1s degraded

4 Phenylalanine Tyrosne and Tryptophan

Benzoic acid (Rlemn and hamun 1941 Hellerman et al 1946) certan
benzoic acid dernatnes (Bartlett 1948) and phenylpyruvic acd
(Frisell et @l 1956) mhubit markedly the actvity of renal » amino acid
oudase as do also hydroxybenzoic aaid dernatives (Bartlett 1948) and
phem Jacetic acid to a lesser extent (Frisell ez al 1956) Certun indole
dernatnes are also markedly mhibitory To secure an aptically pure
preparation of L phenylalamne m good yreld by destroying the b 1somer
of oL phenylalanime with p amino acid oxidase from hog hidney Pankh
et al (1958) found 1t feasible to add cyamde to the incubating media
to destroy the contaminating catalase and to remncubate the impure end
product with fresh pammno 1eid oudase again m the presence of
cvamde Sumilar attempts to prepare the L 1somers of tyrosine nd tryp
tophan from their L modificrtions whether in the presence or absence
of cyamde proved impracticable although repeated oxidations did yield
products of mereasing punity  Inlubition of this sort could concen 1bly
retird mversion in the cell at least temporanly

When b tryptophan 1s fed 1t promotes the production and evcretion
of pkinurenme in the rabbit (Rotake and Ito 1937) in the rat
(Borchers et al 1942 Mason and Berg 1952) and in the human subject
(Langner and Berg 1955 Price ind Brown 19356) Unlike L hynurenine
» kynurenine yields little or no hynuremc acid n the rabbit (Kotake and
Ito 1937) Rat Iner shees produce trices of both L and p-kynurenme
from p-tryptophan Thesc are detectable on paper chromatograms and
occasionally also 1 weak spot indicttne of hynurenic acid 1s observed
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After the admmstration of small doses of . kynur¢nine to the rat, no
L kynurenme spot could be detected on examning the urine but there
was a pronounced p kynuremne spot (Mason and Berg, 1952) As
the rat (Borchers et al, 1942), kynurenime 15 also excreted 1 much
Trger amount 1 the human subject after the admmstration of » or
oL tryptophan than after the administration of v tryptophan (Price and
Brown 1956) Whether such diversion may be of any appreciable
significince m nutntion tests with b tryptophan 1s questionable It may
be important 1 the rat which utilizes b tryptophan fairly efficiently,
but of relatvely much less consequence m the human subject and m
the mouse which do not The conversion of tryptophan to Aynuremne
1s ureversible mn the rat, . kynurenme being quite unable to replace
L tryptophan 1n the diet (Jackson and Jackson 1932)

5 Hishdine

Mammalian hver contamns an enzyme system which degrades v his
tidine nenoxidatively to glutamie aud (Edibacher and Krause, 1930)
by 1 senes of wreversible reachions (Tabor, 1955) Without entenng
mto a controversial discussion 1t may be sud that this enzyme system
was orgmally designated histidase 1nd that 1t 1s generally considered
the domnating system for the catabolism of histidine Of sigmficance
1n this consideration are the observations that » histidine 1s not attacl:ed
by most enzymes which attack r hishdine (Berg 1933, Tabor, 1935)
and that 1t inhibits the actvity of histidase (Edlbacher et af, 1940}
p Histidme 15 only slowly attacked by some p amno acid oudase sys
tems, more readily by others (Krebs, 1951) Tt 1s possible that this may
be an important factor in determining the differences m growth response
noted 1w species which tequire hustidine (e ¢ w the rat vs the mouse )
It seems logcal to assume that p hishdine promotes glycogen deposition
m the lnver of the fasted rat (Featherstone and Berg 1942) as a con
sequence of 1ts 1mtial nversion to L istidine (Conrad and Berg, 1937a)
and of the subsequent degradation of the rlusudme by huhd"iset
Inhibition of histidase by o hishidine may concervably operate to pmfecd
the 1 hisidine produced by mversion 1 the growng rat from too raps
destruction to permt 1t to be used for tissue synthesis

6 Lysine

Netther p nor 1 lysine has been shown to be readily attacked by
mammalian amno acid oudases (Krebs 1951, Neuberger and S’mg;’re
1944), but « oxidative deamination occurs more readily whenﬁn’bc
£ ammno group 1s acetylited (Neuberger and Sanger 19-14){012' Crc-:zc
benzoxylated (Master 1934a) Advantage has been taken of the
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tion of € N carbobenzowy ot lysine with & amino aeid oudase to prepare
plysme (Pankh et al 1958) The aketo anilog of Iysine readily
cychizes (Menter 19541) when the ewhobenzony group 15 removed to
yield A? prpendine 2 earbovyhic reid Tt s possible that this ring closure
may prevent completion of the mversion of b lysine  Though o lysine 1s
largely excreted unchanged when oL lysine 1s fed to rats comparnisons
with sumlar tests of ¢ lysine indicate that appreenble catabolism also
occurs {Ncuberger and Sanger 1944)

7 Argmune

The a keto dernative of arginme 15 apparently not attacked by liver
argmase (Meister 1934a) The capaarty of argimase to attack D wrgmine
appears to vany with species wd expenimental conditions (Edlbacher
and Zeller 1936 Albanese ¢t al 1945b) Relatwvely little evidence 1s
available concerming the ouidative deamination of p arginme  but tests
of oL arginine with crude (hrebs 1935 hlemn and Handler 1941) and
reconstituted (Klein and Handler 1941) p amno acid oxidase prepared
from hog lidney mdicate that it undergoes oxidation as judged from
oxygen uptake Reconstituted p amino acid oudase from sheep hidney
did not attack oL argmme (Karrer and Frank 1940)

The observation that the o keto analog of arginme 1s somewhat less
effective than p arginine as a dietary component and considerably less
so than L argimne (Winitz et al  1957) correlates well with data on
therr roles in urea production When the aketo analog was mjected
30-120 minutes pror to the admmistration of n LDgy ¢ dose of ammo
nm acetate m rats 1t protected roughly a third to a fourth of the
ammals as did also p arginine monohydrochlonde whereis m sumlar
dosage L argmme monohydrochloride was completely protectve Liver
shices prepared from fasted rats which had been mjected an hour pre
viously with L or p arginine monohydrochlonde or the aketa analog
showed accelerated consumption of ammoma and formation of urea
upon meubation with ammonium chlonde The acceleration w1s greater
with 1 arginine monohydrochlonde than with the p-isomer or the a keto
analog (Greenstem et al 1956) The data cited suggest that the func
tional umt n each nstance 15 L argimne nto which » arginne and the
o keto analog are mefficiently comerted

G Specics DiFrerinces

The diffirences 1n the availabilities of the p-amino acids for growth
and the maintenancc of mtrogen balance between the rat and the mouse
or the human subject 1re marked i several instances Any attempt to
account for them must be bised ultimately on expenimental evidence
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A considerble body of fragmentary information pertaming to the
metabolism of the b amino acids m the rat has accumulated Howeyer,
with possibly a few exceptions, not enough similar aformation s avarl
able for the mouse min or other ammals to permit speculating with
any confidence as to what may account for the discrepancies which
have been noted m avulability for hssue synthess

REFERENCES

Agaru\VB[;I‘ Hud F J B and Sidhu G §  (1854)  Biwochim et Biophys Acta

Albanese A A (1944) Johns Hophins Hosp Bull 75 175

Albanese A A (1945a) J Biol Chem 157 613

Albanese A A (1945b) ] Biol Chem 158 101

Albanese A A and Frankston J E (1944) J Biol Chem 165 101
Albanese A A Frankston ] E and Ithy V. {19452) J Biol Chem 160 441
Albanese A A Irby V and Frankston ] E  (1945b) J Biol Chem 160 25
Albanese A A Irby V andLem M (1946) [ Biol Chem 166 513
Albanese A A Irby V andLen M (1947) ] Bl Chem 170 731
Albanese A A Davis V I and Lemm M (1948) ] Biol Chem 272 39
Anderson | T and Nasset E § (1950) J Nutrition 40 625

Ammstrong M D (1053) J Biol Chem 205 839

Armstrong M D (1955) ] Biol Chem 213 409

Armstrong M D and Lewss T D (1950) J Biwol Chem 186 819

Aroskar § P, and Berg C P (1958} Unpublished data

Bachhawat B Kk Robmson W G and Coon M J (1956) J Biol Chem 219
539

Baldwin H R and Berg C P (1919) ] Nutrition 39 203

Bartlett G R (1948) J Am Chem Soc 70 1010

Baver C D and Berg C P (1943) J Nutrition 26 51

Bender A E and Krebs H A (1950) Biochem J 45 210

Benton D A Harper A E Spney H E and Elvehem C A (1058) Arch
Biochem Biophys 60 147

Berg C P (1934) J Biol Chem 104 373

Berg C P (19368) ] Nutntion12 671

Berg C P (1953) Physwol Revs 33 145

Berg C P and Bauguess L ¢ (1932) J Biwl Chem 98 171

Berg C P and Dalton J L {1934) Proc Soc Exzptl Beol Med 31 709

Berg C P and Potgleter M (1931) ] Biol Chem 91 861

Berg C P and Rose W C (1929) J Biol Chem 82 479

Berg C P Roe W C and Marvel C S (1929 1930) J Biol Chem 85 218

Best C H and Ridout | H (1940) J Phystol 97 489

Pimbaum § M Greenstem ]| P and Witz M (19572} Arch  Buachem
Brophys 72 417

Punbaum § M Wimtz M and Greensten | P (1957b)  Arch Biochem

Buophys 72 428
Borchers R Berg C P and WWhitman N E (1942) ] Biol Chem 145 657 .
Borman A Wood T R Black H C Anderson, E G Orsterling M J Wormac
M and Rose W C (1946) ] Biwol Chem 166 585



UTILIZATION OF D AMINO ACIDS 93

Braunshtem A E and Vilenhimn G Y (1919) Doklady Akad Nauk SSSR
66 243

Bubl E C and Butts J S (1918) J Biol Chem 174 637

Bubl E C and Butts ] § (1949) J Biol Chem 180 839

Butts ] S Blunden H and Dunn M S (1937) J Biol Chem 120 289

Calull W A and Rudolph G G (1942) ] Bl Chem 145 201

Cannon P R (1948) Fedcration Proc T 391

Cavallimt D DeMarco € and Mondovi B (1938) ] Biol Chem 230 25

Celander D R and Berg C P (1953) ] Biol Chem 202 339

Chandler ] P andLewis H B (1932) J Biol Chem 96 619

Chargaff E and Sprinson D B (1943) J Biol Chem 151 273

Chnstensen H N Riges T R Fischer H and Palwme I M (1952) ] Biol
Chem 198 1 see also Chnstensen H N (1955) In A Symposium on Amino
Acid Metabolism (W D McElroy and B Glass eds) p 63 Johns Hophns
Press Baltimore Maryland

Clartke E W Gibson Q H Smyth D H and Wiseman G (1931) ] Physiol
112 46pP

Cohen P P (1951) In The Enzymes (J B Summner and h Mytback eds}
Vol 1 Part 2, p 1040 Academic Press New York

Conrad R M and Berg C P (1937a} J Biol Chem 117 351

Conrad R M and Berg C P (1937b) ] Nutrition 14 35

Coon M J (1950) J Biwl Chem 187 71

Coon M ] and Abrahamsen N S B {1952) [ Biwl Chem 195 803

Coon M ] Abrahamsen N S B and Greene G S (1952) ] Biol Chem
198 75

Con C F (1925) J Biol Chem 66 691

Cox G § andBerg C P (1938) J Buol Chem 107 497

Crampton R F and Smyth D H (1953) J Physiol 122 1

du Russseau J P Greensten ] P Witz M and Bunbaum S M (1936)
Arch Buwchem Biophys 64 355

du Vigneaud V  Sealock R R and Van Etten C (1932a) J Biol Chem
98 565

du Vigneaud V Dorfmann R and Lormg H § (1932b) J Bil Chem
98 577

Edlbacher S and Rrause ] (1830) Z physiol Chem 191 225

Edlbacher § and Zeller A {1838) Z physiol Chem 242 953

Edibacher $ von Bidder H and Becker M (1940) Z physiol Chem 265 61

Edson N L (1935} Biochem J 29 2498

Eliott D F and Neuberger A (1950) Bsochem ] 46 207

Ehehjem C A (1936) Federation Proc 15 965

Embden G and Schmitz E  (1910) Biochem Z 29 423 (1912) 38 393

Embden G Salomon H and Schmidt F (1906) Beitr Chem Physil u
Pathol B 129

Featherstone R M and Berg C P (1942) J Biol Chem 146 131

Fones W 5 Wwaalkes T P and White J (1951a)  Arch Buwchem Buophys
32 89

Funcs‘ \} S Sober H A and White ] (1931b)  Arch Biwchem Buwphys
34 158

Frsell W R Lowe H ] and Hellerman L. (1956) ] Biol Chem 223 75



92 CLARENCE P BERG

A considerable body of fragmentary mformation pertaiming to the
metabohsm of the p amino acids m the rat has accumulated However
with possibly a few exceptions not enough sumlar information 15 avall
able for the mouse, man or other anmals to permit speculatimg with
wmy confidence as to what may account for the discrepancies which
have been noted m availability for tissue synthesis

ReFerenCES

Agar 4\VST Hrd ¥ J R and Sidhu G S (1954) Biochim et Biophys Acts
14 80

Albanese A A (1944) Johns Hophtns Heosp Bull 76 175

Albanese A A (19453) ] Biol Chem 157 613

Albinese A A (1945b) J Biol Chem 158 101

Albanese A A and Frankston § E  (1944) J Biol Chem 165 101

Albanese A A Frankston J E andItby V. (19452) J Biol Chem 260 441

Albanese A A Itby V and Frankston | E  (1945b) J Biol Chem 160 25

Albanese A A Irby V andLen M (1946} J Biol Chem 166 513

Albanese A A Itby V and Lem M (1947} J Biol Chem 170 731

Albanese A A Davis VI andLem M (1848) J Biol Chem 172 39

Anderson ] T and Nasset E § (1950} J Nutrition 40 625

Ammstrong M D (1853) [ Biol Chem 205 839

Armstrong M D (1955) ] Buwl Chem 213 409

Armstrong M D and Lewss ] D (1950) 7 Biol Chem 186 849

Aroshar J P, and Berg C P (1958} Unpubhshed data

Bachhawat B Kk Robmson W G and Coon M J (1956) J Biol Chem 218
539

Baldwin H R and Berg C P (1949} J Nutntion 83 203

Bartlett G R (1948) J Am Chem Soc 70 1010

Bauer C D andBerg C P (1943) J Nutrition 26 51

Bender A E and hrebs H A (1950) Biochem J 46 210

Benton D A Harper A E Spney H E and Elvehjem C A (1956)
Brochem Biophys 60 147

Berg C P (1934) J Biol Chem 104 373

Berg C P (1936) ] Nutnition 12 671

Berg C P (1953) Physiol Revs 33 145

Berg C P and Bauguess L C (1932) ] Bsol Chem 98 171

Berg C P and Dalton J L (1934) Proc Soc Ixptl Biol Med 31 709

Berg C P and Potgeter M (1931) ] Bl Chem 94 661

Berg C P and Rose W € (1929) J Biol Chem 82 479 a19

Berg C P Rose W C nd Manvel C § 1(19’.’? 1332%9 J Biol Chem 85 2

Best C H and Ridout J H (1940} Phystol 9

Bimbaum S M Greezlstem J P and Witz M (1957a) Arch Biochem
Biophys 72 417

Bunbium § M Witz M and Greensten J P (1957h)
Bwophys 72 428

Borcherspig Berg C P and Whitman N E (1942) J Biol Chem 145 857 o

Borman A Wood T R Blwk H C Anderson E G Qesterlng M ] Womac
M and Rose W C (1916) ] Biol Chem 166 585

Avch

Arch  Biochem



UTILIZATION OF D AMINO ACIDS 93

Braunshtem A E and Vilenhinn G Y (1949) Doklady Akad Nauk SSSR
€ 243

Bubl E C and Butts J § (1918) J Biol Chem 174 637

Bubl E C and Butts ] S (1949) ] Biwl Chem 180 839

Butts ] S Blunden H and Dunn M S (1937) J Biol Chem 120 289

Cahull W M and Rudolph G G (1942) J Biol Chem 145 201

Cannon P R (1948) Federation Proc 7 391

Cavallmi D DeMarco C and Mondovi B (1958) ] Biol Chem 230 25

Celander D R and Berg C P (1953) ] Bl Chem 202 339

Chandler ] P andLewis H B (1932) J Brol Chem 96 619

Chargaff E and Sprinson D B (1943) J Biol Chem 151 273

Chnstensen H N Riggs T R Fischer H and Palttine [ M (1952) J Bid
Chem 198 1 see also Chnstensen H N (1955) In A Sympostum on Amino
Acid Metabolsm (W D McElkoy and B Glass eds ) p 63 Johns Hopkms
Press Balimore Manland

Clarthe E \W Gibson Q H Smyth D H and Wiseman G (1951) ] Physiol
112 46P

Cohen P P (1951) In The Enzymes (] B Summer and K Myrback eds)
Vol 1 Part 2,p 1040 Academc Press New York

Conrad R M and Berg C P (1937a) J Bigl Chem 117 351

Conrad R M and Berg C P (1937b) J Mutntion 14 35

Coon M ] (1950) J Biol Chem 187 71

Coon M | and Abrahamsen N § B (1952) J Bwl Chem 195 803

Coon M ] Abrahamsen N S B and Greene G S (1952) ] Biol Chem
189 75

Con C F (1925) J Biwl Chem 66 691

Cox G ] and Burg C P (1934) J Biol Chem 107 497

Crampton R F and Smyth D H (1953) J Physol 122 1

du Ruisseau ] P Greensten J P Witz M and Binbaum § M (1956)
Arch Buwchem Biophys 64 355

du Vigneaud V Sealoch R R and Van Etten C (1932a) J Biol Chem
98 565

du Vigneaud V Dorfmann R and Lomag H S (193%b) J Biol Chem
98 577

Edlbacher S and hrause J (1930) Z physwl Chem 181 225

Edibacher S and Zeller A (1838)  Z physiol Chem 242 253

Edlbacher S von Bidder H and Becker M (1940) Z physiol Chem 265 61

Edson N L (1935) Bochem J 29 2498

Elliott D F and Neuberger A (1950) Biochem J 48 207

Elehjem C A (1956)  Federotion Proc 15 965

Embden G and Schmutz E (1910) Brochem Z 29 423 (1812) 38 393

Embden G Salomon H and Schmudt F  (1906) Bettr Chem Physwl u
Pathol 8 129

Featherstone I’ M and Berg, C P (1912) J Bwl Chem 148 131

Fones W § Waalles T P and White | (1951a) Arch Biochem Buophys
32 89

Fones W S Sober H A and Wlite J  (1951b)  Arch Buwchem Biophys
34 158

Fnsdl W R Lowe H ] and Hellerman L (1956) J Biol Chem 223 %5



94 CLARENCE P BERG

Fromageot C (1951) In The Enzymes (] B Sumner and k
Vol T Part2 p 1237 Academic l?'vxfss Ne]w York Myrback eds)

Gartler § M and Tashian R E (1957) Proc Soc Exptl Biol Med 96 323

Geiger E (1947) ] Nutrition 34 97 (1948) 38 813

Gerulat B F and Berg C P (1956) Unpubhshed data

Gemlat B F and Berg C P (1958} Federation Proc 17 997

Gibsorn Q@ H and Smyth D H (1952) J Physiol 11% 7P

Gibson Q@ H and Wiseman G (1951) Biochem J 48 426

bes:;r;sqﬁ 5}};1 Newey H Smyth D H and Whaler, B H  (1954) J Physol

Gilbert J B (1957) ] Am Chem Soc 79 2242

Greensten J P Levintow L Baker C G and White J (1851) ] Bl
Chem 188 647

Greenstemn | P Witz M Gullmo P Bumbaum § M and Otey M C  (1956)
Arch Biochem Biophys 64 342

Greensten § P Bunbaum § M Witz M and Otey M C  {1957) Arch
Biochem Biophys 72 396

Guilino P Wimitz M Bimbaum S M Cornfield J Otey M C and Green
sten J P (1856) Arch Biwochem Biophys 64 319

Hall W K Doty J R andEaten A G (1940 1941) Am J Physwol 131 252

Handler P and Bermheim M L G (1943) J Brol Chem 150 335

Harper A E (1858) Ann NY Acad Scr 69 1025

Haper A E Benton D A and Ehehjem C & (1955) Arch Biochem
Biophys 51 1

Harrow B and Sherwmn C P (1926) ] Bil Chem 70 683

Hassan M and Greenberg D M (1952) Arch Biochem Biophys 39 129

Hellerman L Lindsay A and Bovirmch M R (1916) ] Biol Chem 163 553

Hess W C (1950) J Am Chem Soc 72 1407

Hud F J R and Sidhu G S (1957} Bioclim et Biophys Acta 25 387

Jackson R W (1929) J Brol Chem 84 1

Jackson R W and Block R | (1937 1938) I Biwol Chem 122 425

Jackson R W and Jackson W T (1932) J Biol Chem 96 697

Hharrer P and Frank H (1940} Helv Chim Acta 23 948

Ramia H and Havdler 2 {2951} J Biol Chem 188 193

Komin H and Handler P (1952) Am J Phystol 169 305

Blem J R and Handler P (1941) [ Biwol Chem 139 103

Blen J R andhamin H (1841) J Biol Chem 138 507

knoop F  (1910) Z physiol Chem 67 459 hnoop F and Rertess (1911]
Id 71 252

Rotake Y and Goto S (1937) Z physiol Chem 248 41 (1941) 270 48

Fotdke ¥ andIto N (1937) ] Biochem (Tohyo) 25 71

Rotake Y and Okagawa M (1922) Z physiol Chem 122 201

Rotake Y Masat Y and Mot Y (1922) Z physiol Chem 122 195

krebs H A (1935) Biochem ] 28 1620

Jrebs H A (1051) In The Enzymes (J B Sumner and h Myrbach eds}
Vol 11 Part1 p 509 Academic Press New York

Langner R R and Berg C P (1955) J Bl Chem 214 699

Tangner R R and Edmonds E J (1956) J Biol Chem 223 583

Leverton R M and Gram M R (1949) ] Nutntion 33 51

Lien O G Jr and Greenberg D M {1953) ] Biol Chem 200 367



UTILIZATION OF D AMINO ACIDS 95

Lin S aod Greenberg D M (1954) J Gen Physiol 38 181

Lonng H S Dorfmann B and du Vigneand V. {1933) [ Biol Chem 103 399

Mason M and Berg C P (1952) J Biol Chem 195 515

\Mathews D M and Smyth D H (1954) J Physiol 126 96

McGmty D A Lewis H B and Manel C S (1921 1925) J Biol Chem
62 75

Mester A (19542) ] Biol Chem 206 577

Mester A (1954b) [ Biol Chem 208 587

Mewster A (1955) Advances in En ymol 16 185

\feister A nd Whate J (1951) ] Bsol Chem 191 211

Meltzer H L and Sprinson D B (1952) J Biol Chem 197 461

AMitchell H H and Block R ] (1946) J Biol Chem 163 599

Neuberger A (1948) Biochem Soc Symposia (Cambndye Engl) 1 20

Neuberger A and Sanger F (1944)  Biochem J 38 119

Oesterling M ] and Rose W C  (1932) ] Biol Chem 196 33

Osbome T B and Mendel L B (1915) J Bwl Chem 20 351

Pankh J R Grecusten ] P Witz M and Bunbaum § M (1958) J Am
Chem Soc 80 953

Perlzmerg W A Rosen F Leutis N and Robimson J (1917) ] Biol Chem
167 511

Peterson E A Fomes W S and White J (1952) Arch Biwochem Biophys
36 323

Phillps W A and Berg C P (1954) J MNutrtion 53 481

Pnce | M and Brown R R (1936) I Biol Chem 222 835

Radhaknshnan A N and Meister A (1957) ] Am Chem Soc 79 5828

Ratner § Schoenhetmer R and Rittenberg D (1940) J Biol Chem 131 633

Ratner § Weissman N and Schoenhetmer R (1943) J Bsol Chem 147 549

Rechagl M Loosh J K and Willams H H (1938a) J Biol Chem 231 829

Rechoigl M Loosl ] k and Wilbams H H  (1958b)  Science 127 1051

Robinson W G Bachhawat B K and Coon M ] (1956) J Biol Chem 218
391

Robmson W G Nagle R Bachhawat B K Ruprechh F P and Coon M ]
(1957) J Biol Chem 224 1

Rose W € (1937) Scrence 86 298 Womach M and Rade C F Jr  (1944)
In “Outhine of the Ammo Auds (M Sahyun ed ) p 229 Remhold New York

Rose W C  (1938) Physiol Rers 18 109

Rose W C and Eppsten S H (1939) ] Buwl Chem 127 677

Rose W C and Womach M (1946) J Biol Chem 186 103

Rose W C and Wisom R L (1935a) ] Brol Chem 216 763

Rose W ¢ and Wixom R L (1955b) J Biol Chem 217 95

Rose W C Johnson | E and Hamnes W | (1942) ] Bol Chem 145 679

Rose W C Smith L C Womih M and Shane M (1949) J Bil Chem
181 307

Rose W C Hames W ] VWarmer D T and Johnson J E (1951) ] Buwl
Chem 188 49

Rose W C Hames W | and Wamer D T (1954a) J buol Chem 206 421

Rose W C Lambert G F and Coon M ] (1954b) J Biol Chem 211 815

Rose W € Leach B E Coon M | and Lambert G F  (19553) J Buol
Chem 218 913



4 CLARENCE P BERG

romageot C (1951) In The Enzymes (] B Sumner
Vol T Part2 p 1237 Academic }Z'::ss Ne]\v York er and B Myrback eds

fartlcr § M and Tashian R E (1957) Proc Soc Exptl Biol Med 96 323

serger E - (1947)  J Nutninon 34 97 (1948) 35 813

erulat B F and Berg C P (1956) Unpublished data

jerulat B F and Berg C P (1958)  Federation Proc 17 227

nbson Q H and Smyth D H (1952) J Physwl 119 7P

nbson Q H and Wiseman G (1951) Biochem ] 48 426

bson Q H Newey H Smyth D H and Whaler B H (1954) J Physioi
125 65P

nlbert J B (1957) J Am Chem Soc 79 2242

teenstein | P Levintow L Baker C G and White J (1951) ] Buwl
Chem 188 647

reenstein § P Wimtz M Gullmo P Bunbaum S M and Otey M C  (1956)
Arch Biochem Biophys 64 342

reenstern J P Bunbaum § M Witz M and Otey M C {1957) Arch
Biochem Biophys 72 396

ullno P Witz M Bimbaum S M  Cornfield ] Otey M C and Green
stem J P (1956) Arch Biochem Biophys 64 319

all W K Doty J R andEaton A G (1940 1941) Am ] Physol 181 252

andler P and Bernheim M L C  (1943) J Biol Chem 150 335

arper A E (1958} Ann NY Acad Sci 69 1025

arper A E Benton D A and Ehehjem C A (1955) Arch Biuwochem
Biophys 57 1

arrov B and Sherwin C P (1926) [ Biol Chem 70 683

assan M and Greenberg D M (1952) Arch Biochem Biophys 3% 129

ellerman L Lindsay A and Bovarmeh M R (1946) J Bl Chem 163 553

ess W C (1950) J Am Chem Soc T2 1407

wd F | R andSidbu G § (1957} Bioclum et Buophys Acta 25 387

wckson R W (1929) J Biol Chem 84 1

chson R W and Block R | (1937 1938) J Biol Chem 122 425

ckson R W and Jackson W T (1932) [ Bl Chem 96 697

arrer P and Frank H (1940) Helv Chim Acta 23 948

amun H and Handler P (1951) J Biwol Chem 188 193

amn H and Handler P (1952) Am J Phystol 169 305

lem J R and Handler P (1941) J Biol Chem 139 103

len ] R and hamm H (1941) ] Biol Chem 138 507

noop F(1910) Z physwol Chem 67 489 hnoop F and Kertess (1911)
Ibhd 71 252

otthe Y and Goto S (1937) Z physiol Chem 248 41 (1941) 270 48

otake Y and Ito N (1937) J Biwchem (Tokyo) 25 71

otake Y and Ohagawa M (1922) Z phystol Chem 122 201

otahe Y Masai ¥ and Mon Y (1922) Z phystol Chem 122 195

rebs H A (1935) Biochem J 29 1620

wbs H A (1951) In ‘The Enzymes (] B Sumner and h Myrback eds)
Vol 1I Part1 p 509 Academic Press New York

angner R R and Berg C P (1955) J Biwol Chem 214 699

angner R R and Edmonds E ] (1956) ] Biwol Chem 223 583

everton R M and Gram M R (1949) J Nutrition 39 51

en O G Jr and Greenberg D M (1953) J Bigl Chem 200 367



UTILIZATION OF D AMINO ACIDS 93

Lin § and Greenberg D M (1954) ] Gen Physiol 38 181

Lonng H § Dorfmann R and du Vagneawd v (1933) ] Biol Chem 103 399

Mason M and Berg C P (1952) ] Biol Chem 195 515

\fathews D M and Smyth D H (1954) J Physiol 126 96

McGmty D A Lewss H B and Manel C 5 {19241925) ] Biol Chem
62 75

Mester A (19541)  J Biol Chem 206 577

Mewster A (1954b) ] Biol Chem 206 587

Meister A (1955}  Aduances in Ln ymol 16 185

Afersster A and \Vhite | (1851) ] Brol Chem 181 211

Meltzer H L and Spnnson D B (1952) J Biol Chem 197 461

Afitchell H H and Block R ] (1946} ] Biol Chem 163 599

Neuberger A (1948) Biochem Soc Symposwt (Cambndge Engl) 1 20

Neuberger A and Sanger F (1944)  Biochem ] 38 119

Oesterhng M J and Rose W C  (1952) J Biol Chem 196 33

Osborne T B and Mendel L B (1915) J Biol Chem 20 351

Parkh J R Greenstein ] P Witz M and Bimbaum § M (1958} J Am
Chem Soc 80 953

Perlzweig W A Rosen F Lewitas N and Robmson J (1947} J Biol Chem
167 511

Pcterson E A Fones W S and White | (1952) Arch Biochem Biophys
36 323

Phillips W A and Berg C P (1954} ] Nutrition 63 481

Price ] M and Brown R R (1956) ] Biwl Chem 222 835

Radhaknshnan A N and Merster A (1957) J Am Chem Soc 79 5828

Ratner § Schoenhemmer R and Rittenberg D (1940) J Biol Chem 134 653

Ratner § Weissman N and Schoenheimer R (1943) J Biol Chem 147 549

Rechergl M Loost J K and Wallams H H  (1958a) J Biol Chem 231 829

Rechagl M Loosht J K and Willams H H  (1958b) Sclence 127 1051

Robmson W G Bachhawat B R and Coon M ] (1956) J Biol Chem 218
391

Robmson W G Nagle R Bachhawat B K Rupiecks F P and Coon M ]
(1857) ] Buwl Chem 224 1

Rose W C  (1937) Sctence 86 298 Womack M and hade C F Je (1844)
In Outlne of the Amuno Acsds (M Sahyun ed } p 229 Remhold New York

Rose W C  (1935) Physiol Revs 18 109

Rose W C and Eppstern & H  (1939) J Biol Chem 127 677

Rose W C and Womack M (1846) J Biol Chem 166 103

Rose W C and Wixom R L (1955a) J Biol Chem 216 763

Rose WV C and Wmom R L (1955b) J Biol Chem 217 95

Rose W C Jolmson J E and Hames W J (1942) J Biol Chem 145 679

Rose W C Smuth L € Womack M apd Shane M (1949) [ Biol Chem
181 307

Rose W C Hawes W [ Warner D T and Johnson ] E  (1951) | Bial
Chem 188 49

Rose W C Hames W J andWamer D T (1954a) J Biol Chem 206 421

Rose W C Lambert G F and Coon M ] (1954b) [ Bwl Chem 211 815

Rose. W C Leach B E Coon A | and Lambert G F (1935) J Biwl
Chem 218 913



96 CLARENCE P BERG

Rose W C Borman, A, Coon M ] and Lambert
Chem 214 579 J bert G F {1955b) J Bl

Rose W € Coon M ] Lockhart H B and Lambert
Chom 215 a0} mbert G F - (1055¢) ] Bul

Rose W C Eades C H Jr and Coon M ] (1955d) J Biol Chem 216 225

Rose W C Wwom R L Lockhart H D and Lambert G F  (1955¢) ] Buol
Chem 217 987

Sarett H P and Goldsmuth G A (1930) J Biol Chem 182 679

Sauberhch H E and Salmon W D (1955) ] Bl Chem 214 463

Sauberhch H E Pearce E L and Baumann C A (1948) J Buwl Chem
175 29

Sayre, F W and Greenberg D M (1956) J Biol Chem 220 787

Schayer R W (1950) ] Biol Chem 187 777

Schweigert B S (1947) Proc Soc Exptl Biol Med 66 315

Scull C W and Rose W C  (1930) J Biol Chem 89 100

Silber R H Seeler A O and Hone £ E  (1946) J Biol Chem 168 639

Tabor H (1953) In A Symposim on Ammo Acid Metabohsm (W D McEl
roy and B Glass eds ), p 373 Johns Hopluns Press Baltimore Marvland

Totter ] R and Betg C P (1939) J Biol Chem 127 375

VanPilsum J F and Berg C P (1950) J Biol Chem 183 279

Wachter | P and Berg C P (1956} Unpublished data

Waelsch H and Miller H K (1942} J Biol Chem 145 1

Weissmain N and Schoenheimer R {1941) | Brol Chem 140 779

West H D and Carter H E  (1938) J Brol Chem 122 611

White J Fones W § and Sober H A (1952) J Biwl Chem 139 505

Wilblams H H Curtin L V Abraham ] Loosh ] K and Maynard L A
(1954) ] Biol Chem 208 277

Witz M Gullino P Greenstein ] P and Bimbaum § M (1856) Arch
Biochem Biophys 64 333

Wmitz M G ] P and b S M (1957) Arch Biwochem
Biophys T2 448

Wiseman G (1953) ] Physiol 120 63

Wiseman G (1955) ] Physiol 127 414

Wiseman G (1958) ] Physiol 133 626

Wiseman G and Ghadially, F N (1957) Cancer Research 17 1108

Wohlgemuth ] (1905) Ber 38 2064

Womack M and Rose W C  (1941) J Bl Chem 141 375

Womach M and Rose W C  (1946) ] Biol Chem 166 429

Womack M kemmerer h S and Rose W € (1937) J Biol Chem 121 403

Womack M Snyder B B and Rose W C (1957) ] Biol Chem 224 793

Wood J L and Cooley S L (1954) Proc Soc Fxptl Biol Med 85 409

Wood ] L Cooley § I and Kelley 1 M (1950) J Biol Chem 186 641

Wrethnd K A ] (1950) Acta Physiol Scand 20 1

Wrethind k A J (1952a) Acta Physiol Scand 25 267

Wrethnd K A ] (1952b) Acta Physiol Scand 25 276

Wrethnd K A ] (1952c) Acta Physiol Scand 21 183

Wrethnd K A ] (1934) Acta Physiol Scand Suppl 114 55

Wrethnd h A ] (1956) Acta Physiol Scand 36 119

Wretind K A ] and Rose W € (1950) J Biol Chem 187 697

Yostumoto § {1958) Arch Biochem Biophys 75 280




CHAPTER 5

The Efficiency of Utiization of Dietary Proteins
James B Arvisov

Burcau of Brological Rescarch and The Department of Physiology and Blochemistry
Rutgers The Stote Untersity New Brunsuswck New Jersey

Page

1 Introduction 97
11 The Dynamic State of Protemn \Mctabolsm 98
A Body Protemn Stores or Resenves 98

B Endogenous Metabolism 98

C  Nitrogen Balance 100

Il Mamtenance of Nitrogen Equilibrum 101
A Nitrogen Balance Indeves 102

B Biological Values 102

C  Adaptation of Mtrogen Balwce 104

D Corrclation with Ammo Acd Pattern 105

IV Repletion of “Protemn Stores 107
A The Nitrogen Balance of Repletion 107

B Replehon of Plasma Protems 100

V  Growth as a Measure of Nutntive Value of Dietary Protens 111
A The Protem Effciency Ratio and the Nitrogen Growth Index m

B Plasma Protemns 113

C  Protem Effictency and Growth of Neoplasms u3

D Nirogen Balance and Growth 114
Refcrences 115

I INTRODUCTION

Dietary proteins supply the ammo acids for cellular protemn synthesis
and for other metabolic purposes Protem synthesis can be correlated
with three related activities of the living system one mmvolving mun-
tenance another repletion of depleted tissues and the third the growth
of new cellular proteins Gnen the necessary constituents in the diet
the efficiency of utihzation of dietary protems for synthesis 1s pnmanly
a function of four vanables which are the patterns of amino ads pro
vided by the diet the mtrogen intake the caloric mtake and the physt
ological state of the individual  The efficiency of utithzation of dretary
protemns will be discussed therefore n relition to mamtenince to
repletion and to growth including in the discussion a consideration of
the four vanables which have a more or less direct effect upon protcin
metabolism  Such a discussion will be most meaningful however of it 1s
developed from the concept of the dyvnanue state of proten metabolism
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It THE DYNAMIC STATE OF PROTEIN METABOLISM

Amino acids may enter nto one of two metabolic pathways which
have been called anabolism and catabolism Through amabolsm, for
example ammo acids are orgamzed mto cellular protems Catabohsm
1s the reverse process, mvolving the hydrolysis of protemns mto ammno
acids which, 1 turn may be broken down nto stll simpler products,
some of them formed irreversibly and excreted as waste products Thus
the tissue protems are, to 1 varying degree, m a dyname state (Whipple
1948) contnbuting to wnd tahing amino acids from an over all metabolic
poal”™ Ths concept of a pool has a certam expermmental reality
(Rattenberg 1948 1949) which will be developed throughout this dis
cussion of the eficiency of ubhzation of detary protems The pool,”
however, should not be considered as a disorgamzed flud component
of the hody but rather as a mechanism for transfer of ammo acids from
one tissue to another The data demonstrate also that some tissues are
highly labile entering mto and drawmng from the pool continually,
others are less active 1 the dynamic state while still others are “one
way streets, bemg essentially wreversibly formed, thereby taking from
but contributing Iittle to the “pool (Greenberg and Winmek, 1948)

A Bopy ProroiN STORES” OR  RESCRVES

Some body protems particulwrly plasma albumin and many cyto
plasmic protemns of the soft tissues nise or fall m amount as the duetary
protemn intake mncreases or decrenses These tissue protemns have been
called the labile protemn reserves or protemn stores (Whipple, 1948)
Such a dynamue state can result therefore, mn 2 shift 1 ammo acids from
one tissue protem to another through the “metabolic pool” This pracess
of hissue catabolism and resynthests Also leads to an ureversible breah
down of some of the ammno acids to vield energy to the lving system,
urea being one of the end products of this areversible catabolsm The
amno acids so catabolized must be replaced by the diet or synthesized
from dietary consutuents If dietary protem mtake 15 restncted, the
continual catabolic actvity of the living system results in a reduction 1
ammo acid supplied to the “metabolic pool thereby decreasing the
“protemn stores (Allson 1953a)

B Ewnpocenous METABOLISM

The variation 1 excretion of urinary nitrogen with the mgmtude
of the protem stores” 15 llustrated n Fig 1 These dnta were obtamed
while feeding a protem free diet to adult dogs first w hile they werean
2 so called normal state second, while they were depleted m piotem
stores and third, after they had been repleted m those stores
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mg dietary carbohydrate Other shifts 1 hormonal balance
alter the mterrel:tionship between anabolsm and catabolism {
merease or decrease the excretion of urea depending upon the
pathways mvolved mn the response (Leathem, 1938) The var:
excretion of urea, 1ssocrited with ammo eid deficiencres, am;
mbalances or other «lterttions m detary ammo acid patterns
considered m detail Inter The general conclusion can be state
ever, that amimno acids not used for anabohe purposes, may er
the urea formmg metabolic cycle so that the excretion of urea :
will nise or fall not only with changes mn cellular proten (endo
but also with detary protein {exogenous) metabolism The e
on the other hand, of compounds containing rutrogen such as cr
are approumately constant (see Fig 1) and mdependent of cat
of amino 2cids which enter the urea cycle Folin (1905), for that
emphasized the endogenous origm of creatinine

C NITROGEN BALANCE

This dynamie catabolic, wntbolic mterrelationship can be it

mto a mtrogen balance which 15 defined by Eq (1)
B=1I— (U F)

where B 1s mtrogen balance I 1s mitrogen mtake U is the e
of unnary mitrogen, and F, the excretion of fecil mitrogen N
balance therefore 1s the difference between nitrogen mtake <
mirogen excreted If mitrogen blance 1s positive, the lving sy
gammg 1 protem, either through the growth of new hssues
repletion of depleted stores Negative nitrogen balance meant
m tissue mutrogen through excess catabolism, the dietary protem
bemng nsufficient to meet the needs for mamntenance of the boc
terns When the ntake I just equals excretion (U + F) the sy:
i equlibnum and 15 sud to be mamtaimng the status quo ca
actrity being meely balanced with anabolsm

Nitrogen balance, however 1s the integrated sum of the ga
losses mvolving il the tissue protems of the body It 1s posst
such a dynamic state to hve the system go nto postve balani
still have some tissues losing mitrogen Conversely, the system ma
mto negative balince but some mdividual tissues may still be mn g
balwmce Sice urea mitrogen excretton can reflect so mny &
changes m metabolic puhwiys associated with both exogenot
endogenous metabohsm mcluding the effects of responses of ¥
docrme system mitrogen balince responds to many vanables 1
the following discussion will emphasize a consideration not only
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direction but also the rte of change of nitrogen balnee as an indication
of shifts m mtrogen metibohism within the body of an ammal

il MAINTENANCE OF NITROGEN EQUILIBRIUM

The effect of mtrogen mtakes upon mitrogen balnce 1s llustrated
m Fig 2 These curves were obtuned while feeding different dietary
protemn sources 1t varous mtrogen intakes over short periods of time
to adult dogs so that the protemn stores and overall tissue catabolic
actity would be essentilly constint The lower curves in negative

»
m

o

o

Nitrogen Batance gm /day/sq m
~

o

5 10
Absorbed Nitrogen gm/day/sq m
Fic 2 Lower curves illustrate mtrogen balances produced while feeding (over
shost periods of time) egg protems E beef B casen C peanut flour P and
wheat gluten W Upper curves illustrate type of data while feeding a proten
of high nutntive value (E) and low nutntne value (dashes) to protein depleted
dogs (taken from Allson 1957)

balance illustrate the type of data obtained while feeding dogs with
full “protemn stores” and maumum excretion of urmary mtrogen The
dictary protemn sources are indicated by the letters 1t the ends of the
curves where E represents egg B beef C casen P peanut flour
W wheat gluten These curves do not extend into positive balance
becruse the stores of these adult dogs were fillcd and mtrogen retention
represented by positine balance could not tike plice The upper curve
extending into positive bilince and «nding at E allustrates the type
of data obtamned wlhile feeding different amounts of egg protun to an
indnidual depleted i “protun stores™ The dished line also extending
nto positnve balance illustrates the type of dita obtamed while feeding
a protein of low nutnitne value to a protem depleted animil  The stores



102 JAMES B ALLISON

cannot be £lled s rapidly with protem of low nutnitive value as can be
developed with the protem of ugher nutntive value In general, the
greater the degree of posttive balance that cin be produced by feeding
a given protem to an adult, the greater the degree of depletion in body
protemns This problem of repletion will be discussed m more detal
later but the data in Fig 2 emphasize the decreased excretion of mitrogen
associated with the depleted state and also the relatively small amount
of mtrogen required to establish nitrogen equilbrium 1n the depleted
anmmal The amount of nitrogen necessary to mantan nitrogen equili
brium 1 an adult dog depending upon the magmtude of the protem
stores can vary from approximately 1 gm per day to over 4 gm per
day per square meter of body surfice area Possibly the mumum
excretion of body mtrogen would be equal to approuimately 2 mg of
nitrogen per basal calone mn 2 normal individual Such a mimmum 1
supported by the work of Terrome (1936), Smuts (1935), Matchell
(1929), and Bricker et al (1945)

A NiTroGEN BALANCE INDEXES

Ihe curves i Fig 2 have been represented as hnear m the region
of negative and low positive balance becoming curvilmear as they are
extended mto positive balance Experimentally, the curves are not
always found to be linear over so much of the range of mtrogen balance
but regardless of the shape, the curves represent the rate of mtrogen
retention with respect to mitrogen intahe The tangent of the curve at
any ntake therefore has been called the mtrogen balance mde of that
mtake (Allson et al, 1946) The curves also can be considered as
essentially semiloganthmic over the whole range of intakes, thereby
expressing the general observation which can be called the law of
dimmshing returns  This coneept applied to protem metabolism, has
been emphasized by Almquist (1954) and developed stll further by
Flodin (1957) Thus the intake producing matimum mtrogen balance
would fill the protemn stores of the body most rapidly

B BiorocicaL VALUES

The nitrogen balance mdexes of dietary proteins, ilustrated 1n Fig 2,
represent the fraction of absorbed mitrogen retamned i the body of tll)le
ammal provided the excretion of endogenous mirogen represented k}
zero mitrogen intake 1s constant and mdependent of mirogen 1nta 6(31
The fraction of absorbed mtrogen retamned in the body has been deﬁneII
as the biological value of the protem a concept that has been so ¥;e
developed by Mitchell and hus associates (Brcher et al 1945) v

biological values or indexes for mtrogen equlibrum when the stor
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were full were egg 114 beef 077 cisem 073 peanut flour 056
and wheat gluten 044 (Alhson 1955)

The dat illustrated m Tig 3 demonstrate the adaptive charcternsties
of mtrogen balances together with the rther constant mdex obtuned
dunng this adaptation  The white bars record the negative nitrogen
balnce associted with periods of feeding 2 protem free diet to adult
dogs The bars with slnted kines record the nitrogen balnces obtimed
wlile fceding 2 constant amount of wheat gluten mtrogen 1 alternite
perods to those imohing feeding of the protem free diet The first
white bir s sufficiently negntive to express 2 catabohe actwity of

Wheot Gluten

Nitrogen Bolonce gm /doy/sgm

Doys

Fic 3 Effect of feeding a protem free diet (white bars) alternately with
wheat gluten mitrogen (bars with slanted Lines) Figures above bars are indeves
(taken from Allison 1933b)

endogenous metabolism that 1s within the so called normnl range The
wheat gluten mtrogen intake was not sufficient to produce mitrogen
equihbritm under these conditions The negatnve bnlmnce associated
with both the protewn free and mtrogen feeding periods resulted i a
reduction 1n the excretion of mitrogen so that the third pertod of freding
wheat gluten produced 1 positive balance From then on the ammals
were close to mtrogen equilibnum duning the periods of feeding whent
gluten an adaptation which 1s illustrated also by the reduced excretion
of mitrogen during the periods of feeding the protemn free diet The
indexes prescnted above each period of mtrogen fceding were caleulated
fromEq (2)

Index = B — B0 @

I

where B 15 the nitrogen bnlance produced by the nitrogen mtakhe (1)
and Bo 15 the mitrogen balance established during associated periods of
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cnnot be filled as ripidly with protemn of low nutritive value as can be
developed with the protein of higher nutrnitive value In general the
greater the degree of positive balwnce that can be produced by feeding
" gwven protein to an adult the greater the degree of depletion m body
protemns  This problem of repletion will be discussed 1 more detai}
later but the dat11n I'g 2 emphasize the decrensed excretion of mitrogen
associated with the depleted state and also the relatively small amount
of mitragen required to estabhish mtrogen equiltbnium i the depleted
ammal The amount of mtrogen necessary to mamtun mtrogen equih
brium 1w an 2dult dog, depending upon the magmtude of the *proten
stores, can vary from approuumately 1 gm per day to over 4 gm per
day per square meter of body surfice area Possibly the mmmum
excretion of body nitrogen would be equal to approximately 2 mg of
mtrogen per basal calorte m a normal mdividual  Such a mummum 1
supported by the work of Terrome (1936), Smuts (1935) Mitchell
(1929), and Bricker et al (1945)

A NiTroGEN BALANCE INDEXES

The curves m Fig 2 have been represented as Linear i the region
of negative and low positive balance becoming curvilinear as they are
extended mto posiive balance Expermmentally, the curves are not
always found to be limear over so much of the ringe of mtrogen balance
but regardless of the shape, the curves represent the rate of mtrogen
retention with respect to mtrogen mtake The tangent of the cune at
any mtahe therefore, has been called the mtrogen balance index of that
mtake (Allison et al, 1946) The curves also can be considered as
essentinlly semiloganthmic over the whole range of mtakes, lhereby
expressing the general observation which can be called the “law of
dimmishing returns  Tlis concept, apphed to proten metabolism has
been emphasized by Almquist (1954) and developed still further by
Flodim (1937) Thus the mtake productng maximum nitrogen balance
would fill the protem stores of the body most ripudly

B Biovocican Varues

The nitrogen balance indexes of dietary proteins illustrated m Fig 13,
represent the fraction of absorbed mirogen retmned i the body of tble
ammal provided the excretion of endogenous mtrogen represented ]\y
zero mitrogen mtake 15 constant nd 1ndependent of mitrogen mta ;
The Fraction of absorbed nitrogen retuned i the body has been deiz’neu
as the biological value of the protem a concept that has been so \'};
developed by Mitchell and Ins associates (Bricher et al, 1945) re:

biological values or mdexes for mtrogen equlibrium when the sto
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were full were egg 114 beef 077 casun 073 peanut flour 056
and wheat glaten 044 (Allson 1955)

The datx 1llustrated 1 Fig 3 demonstrate the adaptn ¢ charictersties
of nitrogen balnees together with the rather constant index obtuned
dunng this adaptation The white bars record the negitne mtrogen
brlmee associted with periods of feeding 2 protem free dict to adult
dags The bars wath shnted hnes record the mtrogen balwees obtuned
while fceding 2 constant amount of whent gluten mtrogen 1 Altermate
penods to those myohng feeding of the protan free diet The first
whitc bar 15 sufficnthh negatne to cexpress 1 catibolie actnaty of

Wheat Gfuten

05 05 06 05 04 05

o /M

Nt ogen Balance gm /day/sam

" .
4] 30
Days
tic 3 Ifleet of feeding a protan free dict (white bars) alternatcly with
wheat gluten mtrogen (bars with slanted lines)  Digures above bars are Indeves
(taken from Allison 1953b)

endogcnous metibolism that 1s within the so called normnl ringe The
wheat gluten mitrogen intahe was not sufficient to produce nitrogen
equibbrium under these conditions The negative balince associated
with both the protemn frec and mtrogen feeding peniods resulted mn 2
reduction wn the excretion of mitrogen so that the third period of fceding
wheat gluten produced 2 positive balince  From then on the ammals
were close to mitrogen equilibnum during the periods of feeding wheat
gluten an adaptation which 1s allustrated 1lso by the reduced excretion
of mtrogen during the periods of feeding the proten free diet The
ndexes presented above each penod of mitrogen feeding were ealculted
from Eq (2)

Index = B—Bo (2)

I

where B 15 the mtrogen balance produced by the mitrogen take (I)
and Bo 15 the nitrogen balance established duning associated perods of
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feeding the protem frec diet The tendency for the mdex to mncreas
when the amumal has been depleted may account for the nse to 0
durmg the third period of feeding the wheat gluten Gertainly 1n th
depleted ammal the ndexes mereased quite marhedly 1 value In th
depleted dog for example, the mnde for egg was still close to umt
(112) but the index for casen had ncreased to 084 and the mdex fo
wheat gluten was raised most markedly to 074 (Alhson, 1949) Thes
igher indexes for protems fed to the depleted ammal mdicate tha
potential anabolic processes are raised Data have been obtamed, fo
example, to demonstrate an mcreased uptake of $% labeled methiomn
m many of the tissue protemns i the dynamc state of the deplete
ammal (Allison et al, 1958b)

C  AparTATION OF NITROGEN BALANCE

The data i Fig 3 illustrate one lund of adaptation of mitroger
balince to shifts i catabolic, anabolic mnterrelitionships  Adaptation
of the hving system to changng conditions of both exogenous anc
endogenous origins are often reflected by alterations mn nitragen balance
and mterpretations of the sigmficance of any particular balance shoul
take 1nto consideration adaptive processes Ior example, m a growmng
mdividual, the balnce should be positive and essentially constant whle
feeding intakes of dietary protem sufficient to establish the growth
response If however, a change mn diet 1s made and the mndn 1dual goes
nto positive balance for a short penod of time and then dnfts mto a
more negative balance this adaptive procedure may ndicate a deficent
ammo acid pattern  The best balance of amino acids will produce an
adequate positive balance and retun that balance for optimum growth
Thus the direchon of change m mitogen balance, Tepresentmg adep
tation, can reveal nddihional information concerning the sigmficance of
the response In many expernnmental designs these adaptve processes
cn be very rapid  Another type of rdaptive mechanism may represent
a shift 1 body flnds and 1n the excretion of urea mtrogen Mention has
already been made to the shfts i urea mitrogen formation and excretion
that are associated with mcoming carbohydrate It 15 possible for an
mitial change 1 mitrogen balance to represent an alteration m ¢veretion
of urea from the body pool rather than i nitrogen retention An mdt
viduil for example could go mto a negative mitrogen balance m 18
sponse to a change to a lower intike of a better quality protemn even
though the body tssues m3 be m positive balwnce The negatwe
balance would be the result of excretion of the relatively excess ur:a
mtrogen formed during the previous period of feeding the ngher m:de
of a protem of low nutritive value The negative balance just destnbe
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however should be followed by 2 rapid shift 1nto more positne balance
m the presence of the protein of ugh nutntne value

D  Correramion wrrit Avno Acip PATTERN

The magmtude of the balinces also en be correlted with the pat
tern of essential amno aaids provided by the dietary protems to the
bods essenti1l amino acids being defined by Rose (1936) as those which
cannot be svnthesized by the body from dietary sources 1n adequate
amounts to meet the metibohc needs  Essentinll amino acids must
thereforc be provided an the duly dict in sufficient quantiies and 1
proper proportions to mect the demands for svnthesis as well as for
other special met ibohie roles  Alteration of the pattern of essential amino
acids in the dietny protem can change markedly the retention of dictary
mtrogen 1 the body For example 1f lysine 15 1dded to wheat gluten
the index can be icreased to 08 Adding methtonine to easem nerensed
the index to values equal to those found for egg proteins

The mitrogen balince index of unity obtuned for egg protemns has
becn nterpreted to mean that the pattern of esseatial amino acids pro
vided by these protemns 1s ideal for protein antbolism Al of the dietary
nitrogen mav be considercd to be rctuned in the body of the ammal for
purposes of synthesis Thus the pattern of essential wmino aids in egg
protun has been used s 4 reference for the erleulition of the nutritive
value of other dietary protemns Mitchell and Bloch (1946) and Block
and Mitchell (1946 1947) using ege protemn with 1 “biologieal value”
of 100 compared the percentage of cach essential amino aerd to that
found 1n egg protein A “protein scorc” was caleulated to be the relative
amount of the 1mmo aaid showing the Iirgest deficit to the correspond
mng vilue 1 cgg protein  These “protemn scores” were highly correlated
with the  Diological values” determined experimentally  Oser (1951)
sought to improve this type of cileulation by taking mto consideration
roagh o geomuine wewm e pritern of essentnl ammmo wods therely
expressing nutritine value in tarms of an Essentinl Ammo Aad Index
Mitchell (1954) cilculated a “modified 1mmo acid index as the geo
metric mean of the rclative deficits of all the essential amino exds pres
ent m smaller quantitics than occurs in egg protemns The correlation
between this calculwtion and expenmentilly determmed  biological
values” suggested that the single amino 1c1id most imiting may not
entirely determine the nutritive value but that several deficits may
contribute to the establishment of this value

The estimation therefore of nutnitive values through a search for
the most hmiting amount of ¢ach essentiil ammo acid needed for mun
tenance repletion or growth 15 4 most important feature of the study



106 JAMES B ALLISON

of protem nutmstion  Such mmma have been sought through the wse
of muxtures of ammno acids A reference pattern of ammo acid, for
example, h1s been developed by the Commuttee on Protem Requirements
of the Food 1nd Agncultural Orgamzation (Protein Requirements, 1957)
from studes of ammno actd requirements for mamtenance and growth
m man (Rose 1957, Leverton et al, 1958 Swendsexd ef of, 1956, Holt
and Snyderman, 1936, Jones ¢t al, 1956) This pattern, expressed as
mithgrams of umino acid per gram of mtrogen 1s ysoleucine, 270, leucine,
306, lysine, 270 phenylalinmne, 180, tyrosmne, 180 total sulfur ammno
acids, 270, methionine, 144, threomne, 180, valime 270, tryptophan 90

It was hoped that such a group of mimsmum requirements would be
helpful sn determining essenhial amino and defimencies m dietary pro
tems These requirements could vary with the age and physiologrcal
state of the mdmndual but, for a first approximation, one provisional
pattern was suggested to estimate deficiencies The pattern was called
provisional to emphasize the need to determine more accurately the
absolute requirements of ammo acids and the ratios between them
Obviously shufts 1n relative rates of absorption of ammo acds resulting
from delaved digestion or from other ciuses would so alter the sig
nificance of a fived reference pattern Analysis of the data in the hter
ature, however demonstrate that this provisional pattern 15 very usefu},
m eshmating essential ammo acd deficiencies nd ‘Biologicnl Values'
of dietary protemns

Although this pattern for amino 2cid requirements xepresents a first
approximation based upon ammno acid studies 1 man, the pattern even
tually developed for protemn anabohism will probably be quite swwlar for
most ammals The mtrogen balnce mdeves of dietary protemns for the
1t for the dog, and for man are sumir (Alhson 1957) escept that the
rat and the dog require a gher sulfur ammno acd mtake than man
(Cox et al 1947) and the rat requires less lysime for muntenance
{Mitchell 1947) Other exceptions occur when large amounts of pro
tews of unusual composition must be synthesized such as wool and
feathers The chich Incks ability to synthesize sufficient argmmne and
glveme to meet the needs for protein metabohsm The data presented
by Nasset (1957) also emphasize the sunilanty of the essental ammtfl
naid requirements for rat and mon when pliced upon the basis o
metibolic body size These experyments ipvolving mimmum require
ments of essenhal amno acids suggest that when nitrogen needs a1e
met, excesses of some of the essential amino acids may occur 10 proteits
of Ingh nutrstive value  If excesses do ewst, they would contribute 123
the need for so called nonessential amino mtrogen but they alsa cou
at imes represent safety fictors to control the intke of essental amine
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aads under vanous physiologieal conditions This report emphasizes
the Iarge number of vambles that can effect the utiizabion of amino
acids one of the most mmportant of these varmbles being the rate of
hsorption of one amno nerd with respect ta wother thereby controlling
the actual pattern presented to the body  The value however of 1
reference pattern of mimmum requrements of essential ammo acds,
such a5 the one proposed by TAO for estimation of dictary deficiencies
m those aeids cannot be overemphasized  The prelmimary studies by
Senmechaw and associntes (1957) tllustrate the usefulness of the refer
ence pattern to researches on amimo acid defi and suppl th
tion 1 children suffering from proten malnutntion

IV REPLETION OF PROTEIN STORES

The mtorrddationshup between patterns of amino aeds provided by
the diet the mtrogen mtake and the calorie mtake can be llustrated
mecly by the effects of these yanables upon repletion of depleted “pro
tan stores™ in the adult dog The ammals were depleted by feeding 1
protan free diet for 4 weeks (Alhson and Wannemacher  1957) and
then repleted by feeding the same diet wath constant protem and ciloric
mtakes until mitrogen equlibrium was reached

A Tnr Nrmrocin Barancr o1 Rervrrion

The positne mtrogen balance produced 1 the depleted dog by
feeding protein was a function of the mtrogen mtake the ciloric mtthe
and the pattarn of amino aaids provided by the dietary protemn

1 The Lffect of Nurogen Intake

The aircles with hornizontal bars 1in Fig 4 (Alhson 19581 b) record
the nitrogen balances produced m depleted dogs by repleting with
06 gm of cisem nitrogen or of wheat gluten mtrogen per day per Mo
gram of body weight The slopes of the lines record the rte of reple
tion the arcas under the hines represent the amount of dietary mitrogen
retuncd 1 the body The calone wtihe wis muntuncd constant at
75 calories per day per Mlogram of body weight a calornic intake that
15 considered adequate for the normal adult animal kept under Inboratory
conditrons  Increasing the mitrogen mtahe to 1 gm per day per Mlogram
of body weight and keeping the ealonic mtake 1t 75 calonies resulted
1 a greater mtrogen balince and amount of repletion but the slopes of
the replcion Lines (allustrated by the open circles) werce not altered
from the slopes observed at the lower nitrogen mntakes (06 gm per dy
per hlogram BW )
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wheat gluten nitrogen per day per hilogram of bodv weight resulted in
an miti1] mtrogen balanee of 014 the slope was 0003 and 29 gm of
mitrogen per Mlogram of body werght was retuned during repletion
Approumatch 1 gm of esen mitrogen per dav per hifogram of body
weight mcrensed the mmtinl balince to 075 the slope to 003 and the
amount of repletion at equilibnum to 95 gm of mtrogen per hlogrim
of hody weight Supplementing the 1 gm  of cisein mtrogen with
methiomne rused the mitial mtrogen balince to 084 the slope to 0013
but the amount of replction when equilibrium was reached was still
95 gm of mtrogen per hilogram of body weight Ieeding approximately
1 gm of wheat gluten mtrogen per d1y per hilogram of body weight
resulted 1n an i) mitrogen balaince of 063 the slope of replction
Jine was 0019 but the amount of repletion when mitrogen equilibrium
w1s re-established was approumately the same as that reached by
feeding casein Supplementing the wheat gluten with hsine meresed
the mtial nitrogen balance to 072 and the slope of repletion to 0034

mahking the replction with the supplemented wheat gluten the same as
wis obtuned with cisein These datr on repletion suggest that if
unsupplemented wheat gluten 1s fed for 2 sufficient length of time to
reach equilibnum the adult “stores™ e be filled with mtrogen m
amounts equinalent to those retmned dunng replebion with casen

Further studies are needed howcver to determine the effect of high
mtrke of 1 deficient protein upon the balance between vartous tissue
protemns and fat storcs Lvidence s being obtuned to demonstrate an
imbahince of repletion assoctited with deficient amino aeids particularly

if the mtrogen balince index 1s less than 06 Such 1mbalances will be
lustrated 1n put with the dita mvohang the effects of the pattern of
amno acids upon growth in young ammals  The effect of dietary pat

terns upon the rates of formation of individunl tissue protemns cin be
tllustr tted also by the following datt on repletion of plisma proteins

B Rerremion or Prasata PROTEINS

The black bar n Tig 5 records the werage plasma albumin/globulin
raho 1 dogs fter having been fed a protem free diet for 2 penod of
4 weeks The dogs were repleted over 1 peniod of 4 weeks by feeding
different amounts of casein sometimes supplemented with other ammno
acids or wheat gluten with or without lysine Feeding 02 gm of cisen
mitrogen per day per hilogram of body weight to these depleted dogs
produced only 1 shght positive balince so that they were hept i 1
depleted state nd the albumin/globulin ratio remuned at 1 low level
(1llustrated by the bar with crossed hines over casemn) Increasing the
mtake to 06 gm of casein mtrogen per d1y per hilogrum of body weaght
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did not £l the protem stores completely but the albumin/globulin ratie
was rused to approumately 05, as recorded by the bar with slanted
Imes over casemn T'eeding 1 gm of casern mirogen per day per Milagram
of body weight to the depleted anmnals over a period of 4 weeks filled
the protemn stores but did not raise the atbumin/globulin ratio (xllus
trated by the white bar over casem) above the value obtamed while
feedng the lower mirogen intahe The development of 1 low albumin/
globulin ratio even mn the presence of relitwely full protem stores” 15
characterstic of repletion with casemn (Seeley, 1945, Chow et al 1948)
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amounts of casen and wheat gluten mtrogen fed to protem depleted dogs (see test
for detatls) {taken from Allison and Wannemacher 1957)

The bars over wheat gluten 1n Fig 5 demonstrate the more marked
effect that this dietary protem has upon the albumin/globulin ratio
especally when the glaten 15 supplemented with lysme A smnlali) ret
sponse to the svnthesis of plasma albumin m growing rats fed whea
gluten will be recorded later m this report The formnation of plasma
albumin was increased by supplementing the casem with methxomt;‘e,
Wlustrated by the bars over cisemn plus methionme Even whenbo!de
mtake was only 02 gm of casen mitragen per day per hilogram of h)'
weight and repletion of body protemn stores wis quite Timted thz
albumn/globulin ratio was increased markedly by supplementing U
casemn with methionine  Adding more mitrogen m the form of gl)cm;
with the methiomne did pot ncrease the ratio above the valuc recorde
for dags fed casein supplemented with metinomne alone Supplementmg
the low casem diet however with methionine plus guanidinoacetic acll
o voncad the rahio 1o pormal values even in dogs that were shlf rela
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tineh Jow mn “protein stores” (Alson 1936 Allison and Wannemncher
1957) Thss response to the addstion of guimdinoicetic aad with
methionine to casemn was obsenved onhy 1 ammals that had been de
pleted 1 one w1y or another n “protein stores  These results suggest
the possihility of altenng the rates of repletion of specific issue proteins
possibly for therapeutic purposes by using vanous mixtures of dictary
ammo acids (Whipple ef al 1916 Sebrell and McDanel 1952) These
dat also re emphasize the possibalities that some tissue protems mny
be i more positne balnce than others during = process of repletion
The best over a1l pattern of 1mino aaids could be the one that promoted
the repletion of old or the growth of new tissues in rates balwced most
ady ntageous to the development of some parhicular physiologrent state

Y GROWTH AS A MEASURE OF NUTRITIVE VALUE OF DIETARY
PROTEINS
Gun n body weight s 1 measure of the nutnitive value of dietary
protems has been most popular  Osborne and assocntes (1919) devel
oped the concept of protemn cfliciency which has been defined as the
grams guned 1n body weight per gram of mtrogen or proten ntahe

A Tur Prorriy Eriicincy Ratio ano e Nrrrocexy GrowTn Inpex

The v irmtions 1n protun efficiency for cisein for cottonseed menl
and for whaat gluten with mitrogen intihe n rats are allustrated 1n
Fig 6 These datx were obtuned by feeding these proteins i 1 purified
diet to famale rats from weaning over 1 pertod of 28 days (Alhson et al
19582) The mtrogen intahe then represents the total intake over this
4 week expenmental peniod  Osborne ind assocsites recommended that
the nutnitive value of dictary protemns be expressed as the miumum
ritio 1 recommendation cmphasized also by Barnes and Bosshardt
(1946) The nise and fall of the protemn cfficiency rtic with mtrogen
intake 15 the result of the shape of the body weight gun curves 1llus
trated 1 the lower part of I'ig 6 The open arcles record the body
weight gains of the female rats fed different amounts of casetn over the
4 weel feeding period The tnangles demonstrate similar data recorded
while fecding groups of fumale rats different intikes of cottonseed menl
protein  The crosses illustrate data obtuned while feeding increasing
mtakes of wheat gluten mitrogen  The curves do not pass through the
onigmn since 1 certain amount of mtrogen s necessary for muntennce
of bodv waght The quantity of mtrogen necded for muntenance was
a large fraction of the total mtake when nitrogen was restricted so that
a protun effiaency ratio started low and then rose to 4 miimum as
the mitrogen intihe and body weight gun increised As soon as max
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mmwm gam n body werght had heen reached, increasmg the mtrogen
mt tkes resulted in a decreasing protem effiency (Sure, 1957)

The rate of merease 1 body weight with respect to nitrogen intohe,
was essentially Imear at the lower mitrogen itikes so that the slapes
of the curves, correlating body weight with nitrogen mtakes, age A good
measure of the nutnitive value of the dietary protem These slopes mav
be called mitrogen growth mdeves Such mdexes are of particular value
1 the rat because growth m ths ammal 15 nghly correlated with mtro
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Fic 8 Data resulting from feeding different amounts of casem cottons:fsd
meal or wheat gluten mitrogen to female rats from weaning over a penod of 4 wet

gen retention (Hegsted and Worcester, 1047) The index for the Imel:;r
portion of the casem curve 15 19 for cottonseed meal, the mdex 1 2
and for wheat gluten the index is 6 Supplementmg the cisein \nm
methionme increased the growth mdex to 35 A sumlar expenm?35
myplving male xats resulted m the following growth mdexes ¢gg ”
cwem 22 cottonseed meal, 14 wheat gluten, 7 Supplementing caser

with methiontne mncreased the index for casein to be equivalent tlo e%‘i
and adding Iysine to wheat gluten rmsed the mdex toward the v ilue o
casemn { Alison et al 1938a) There )s need however, to determ:nen e
aptimum amounts of these ammno 2ds needed for suppielmenm zhs
produce speaific effects At Jow and high mtrogen and ca orxehn; ol
Such a study molving methionine and lysine supplement whion ha
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reported by Rosenberg (1957) who found that methiomne and lysine
requirements incretsed with the energy content of the dict datx which
emphnsizes agun the mmportance of ealonc mtahes upon mitrogen reten
tion (sce 1lso Bressam and Mertz 1936)

B Prasuta Protrins

The cffects of ncreasing mtrogen ntake upon the formition of
plisma protens are allustrated by the data recorded i Table I
These data demonstrate the tendeney for the development of 1 reh

TABLF 1

Srntat Inotens v Rats Fen DIFFFRINT AvotNTs oF Casein on oF Wirat
€ Lvres v A Tvrerp Dirr over A Peiton ofF Totr WrFRs

Serum proteins

Nitrogen Alhumin Clobulins (C)
mtihe (A) a, a fi ¥ A/C
(grams) (rams )
Casen
099 187 038% 016 126 066 057
162 222 071 057 11 085 068
480 243 [thrl1] uGl 12t 060 075
916 289 078 056 103 069 095
1041 2062 077 060 127 053 082
Wheat glaten
126 224 061 058 107 090 071
185 243 058 050 109 098 077
420 291 0869 059 117 07 099
755 347 065 050 113 075 115

tively low albummn/globulin ratio 1 ammnls fed casen the ratios bemng
lighcr i rats fed wheat gluten even though the growth of those fed
the gluten ws poor

C Protrin Erriciency Anp GrowTH oF NEOPLASMS

Threc transplinted tumors 1n rats have been used to study the effect
of diet upon growth of neoplasms (Allison et al 1956) The Flexner
Jobling carcinoma transplanted into the rat for example responded to
dietary protein m much the same way as 1 growth tesponse of 1 normnl
tissue  Twenty eight days after transplintabion this carcinoma had
grown to 53 gm 1n rats fed wheat gluten The tumor reached 113 gm
m rats fed casan but was 20 gm 1 size m ammals fed egg protems
The plasma ipids 1n these arumals were essentially normal A trans
planted sarcoma on the other hand grew to 247 gm 1 rats fed wheat
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gluten, to 304 gm 1 those fed casemn but was reduced to 29 £m m
ammals fed egg Sumdlarly, the Walker carcinoma 256 grew at maximum
rate mn rats fed 12% casemn, beng reduced m size m those fed erther
12% wheat glaten or 1245 egg  There was a marked mcrease m hipid
migritng electrophoretically with the plasma globulins 1 rats with
either the sarcom1 or the Walher neoplasm  Both of these tumors
developed most rapidly m rats fed 12-189% casem 1 the diet the rate
of development bewng reduced 1 animals fed smaller or larger amounts
of casein The difference m the rate of development with casein mtrogen
mtahes was correlated Jargely wath the early establishment and growth
of the tumor to reach the stage of most rapid growth, an early establish
ment that could be called the mduction period  Further studies demon
strated that supplementing the casen with methwnine mereased the
length of this mduction time, thereby slowing down the development of
the tumor Supplementing with meth plus guamd ic aud
reduced the rate of development still more by not ouly mereasing the
wduction une but also reducing the rate of growth of the tumor dunng
the semi loganthmie phase {Alhson ef al, 1956, 1937) These results of
dhet upon tumor development emphasize the smportance of hnds and
amount of dietary protemn upon the dynamc state of the hving system,
a dynamuc state where some tissues may at hmes grow at the expemse

of others

D Niteocen Baravce anNp GrowrH

Gamn m body weight 1s not alwavs a good measure of the gtow;fi\
of nuw tissue protetns  Some puppres, for example, were fed a punfi ¢
et contammg either egg casem, or wheat gluten as the source g{
protesn {Allison, 1949) The grams gaw an body weight per gran; b
nitrogen eaten was approwmately § regardiess of the source of p;‘v t‘;: .
but the nitrogen blance per gram of mtrogen intake vme(} :im o
source, being 05 m dogs fed the egg protemn, 043 1n those fed ca nd,
and 0 18 m those fed wheat gluten 'The ammals fed egg were lean am
hvely while those fed the wheat gluten were fat and less ;cn(\hce oy
general, the mare positive the pitrogen balance produced b})" t :Io et
:ource, the better the pattern of ammno aads for growt ; l\‘e mtl;
sorrelation of amino acid patterns with mtragen balance must] am o
considerabon the concept of adaptation discussed p;enous yn ot
report A well balanced pattern 1wzth udequan; n;t:)l;:‘aoh mstrlzﬁe:ng P
sustamn growth and positnve balance m youn g bt
one pntt%m to another may produce & rmpo;iztl:);o;:;séz;l :m buthe " o

tamed
£ the pattern 15 not adeguate for sus e
)gen bfhnce will not be mamtamed but may even duft mto neg
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balince The Ining sistem does have remarkable alahities to adapt to
dictany situntions but 1f the imbalances in the diet are too great whether
they be between amino aeids or between other constituents m the diet,
the system develops 1 condition ealled malnutnition  Possibly the prin
ciple result of malnutntion s an incfRicent hving system neflicient m
its responses to endogenous and cvogenous changes in environment
Thus the muntenance of balnee n all dictany constituents for the
development of the most cfficient hving svstem s the function of good

nutrition
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I INTRODUCTION

The body of an animal contams the following primary constituents
water 1norganie salts hpids protemns nd carbohydrates  Among these
classes of compounds protems may be considered the most important
because they perform a great number of physiological functions For
example all pituitary hormones which control the secretion of most of
the other mmportant endocrine glands are protems or polypephdes
Enzvmes and antibodies are likewise proteins Dunng the life processes,
these proten molecules are constantly destroyed and must he repliced
by synthesis from ammo acids dernved from food In order to utilize
these amimno actds 1t 15 necessary that the so called essential ones be
avalable to the vanous tissues of the body The works of Rose (1935)
Madden and Whipple (1940) and Frazier ¢t al (1947) demonstrated
that among numerous amino acids solated from protems only 10 of
them are essential to ammals Iike dogs or rats for the promotion of
growth for the mamtenance of mtrogen balance and for the regenert
tion of plasma protemns These amino acids are considered essential
because the ammals are not able to synthesize them 1 the body from
the matenals n the diet at a speed commensurate with the demands
for normal growth Such a definition as recognized by Borman et al

17
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(1946) may not mclude other mmportant physiological functions such
as reproduction, lactation, or detovication It follows that the require
ment for an essential amino acid may vary according to the criterion
employed to measure it and to the species of ammals studied For
example lysie 15 essential for the growth of young rats but according
to Matchell (1947) this amino acid 1s not needed for the muntenance
of mtrogen equiibrium 1n normal, sexually mature rats On the other
hand lysme 1s essential for the mamtenance of mtrogen equilibrium
1 adult dogs (Anderson and Allison, 1947) In spate of such vartations,
a prime prerequisite for the nutritional adequacy of a dietary protem
1s the presence of sufficient amounts of all the essential ammo actds
The importance of avulability of all the essential ammmo acids at
the appropriate time and at the site of synthesis has been demonstrated
m two types of experiments In the first Elman (1939) showed that
the intravenous mjection of tryptophan to dogs previously fed an acd
hydrolyzate of casemn deficient only 1n this amno acid can bring about
nitrogen retention which otherwise wall not take place However the
supply of tryptophan must not be unduly delayed In the second Harte
et al (1948) and Geiger (1948) fed animals two diets each contaning
a deficient protem, which could adequately supplement one another for
growth requirements The ammals received no benefit when the second
diet was gwen long after the first had been ingested However if the
diets were offered simultaneously the ammals could utthze such 2
mixture for the synthesis of body tissues Thus the nutrite value of
an mtact protein depends not only on the presence of the essential ammo
acids but also on the relative rates at which they are released by the
digestive enzymes Therefore, it has been suggested by Melmeh et
(1946) that the increase of biological value of soybean protems aff
heating 1s due to the greater ease of liberating the hmting ammo ac
methionine }
From the mmportant contributions of these mvestigations 1t can
concluded that the presence of all the essential ammo acids m a dieta
protemn 1s a prerequisite for adequate nutnition  On the other hand,
adequate supply of all the essential ammo acids at the proper Sl!e]
the body and at the appropriate tine 1s all that 1s required then ¢
deficency of poor proteins low in the content of certam essential amn;
acids can be made up by an mcrease of dietary take or by supp
mentation of the deficient ammno acds However, there 1s eviden
which indicates that this 1s not m accordance with e'(perlmental d:]l]t
Studies of Woolley (1947) and Womack and Rose (1946) suggest
1n addition to the essential amino acids some unknown nutritional fac!:
15 needed for optimal growth The growth experiments necessary
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<ubstantiate such 2 hypothesis are compheated by the synthesis of yet
umdentfied vitammns by the bactenl orgamsms 1n the intestinal flora

In this commumeation data will be presented to demonstrate that
the synthesis of tissue protems depends not only on the presence of the
¢ssential amino acids an adequate amounts but also on the prescnce of
certun 1ceessory factors an the diet

1l THE EFFECT OF DIETARY PROTEINS ON THE SYNTHESIS
OF PLASMA PROTEINS

A Dcrurmion o1 Prasva ProTrIss

Chow et al (1915) studied the effccts of protem depletion on the
plasmn protans of dogs Proten depletion was achieved by offering @
group of well fed normal dogs 1 protem free diet contuning suffictent
clones and vitumins to mect the duly requirements Datr shown n
Table I (Group B) demonstrate that following G to 8 wechs of feeding
this diet the plismn protemn concentration of the ammals dropped from
68 to 50 gm per 100 ml Since the plwsma volume hikewise decreased
about 207 the decrement an total circultting phism protemns was
greater than would be erleulated on the basis of changes solely 1n plisma
protein concentrition  Llectrophorctic analvsis of plisma of dogs made
before and after depletion demonstrated that the total circuliting albu
mmn suffered 2 marked loss s compared to the total circulating globuling
It 15 mteresting to note that although the total arculiting globulins
decreased duning protemn free fecding the total circulating a globulins
tended to increise The mauntenince of the total eirculating a globulins
in the depleted state even though the other plisma protemns components
have been reduccd 15 of interest although its physiologieal role 1s shll
obscure  Also included i Table I are the results of the electrophoretic
analysis of the plasmn of dogs protemn depleted by two other methods
The first method was to restrict the caloric ntake by offering the amimals
a nutntionally adequatc dict at the level of 30 rather than 80 calores
per Mlogram body weight per dvy (Group C) In the second method
protem depletion was achieved by daly plasmapheresis while the am
mals were fed 2 protan free diet (Group A) It may be seen that the
qualitative and quantitatrve changes i the various plismn protemns are
essentially the same although the time necessary to bring bout this
result varied according to the method of depletion Under such expen
mental conditions the decrease 1n total circuliting albumun reached a
plateau of approximately 30% of the onginal values and the albumin/
globulin ratio decreased to 027

Before discussing the possible effects of dictary protemns on the rate
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of repletion st 15 appropnate to consider the importance of the degree
of deplction of protemn resenves and of the mode of admimstration of
the dietan proteins  The albumm/globulin rtio of 027 which was
obsened 1n the proten depleted dogs could be further lowered only by
prolonged protemn deprnation Tt 1s interesting to note that only at this
time was a decrcase i the total arculiting « globulins observed
Fecding casem or Dictalbummin or the hydrolyzates of erther protem at
this stage fuled to bring the ammals 1nto mitrogen equilibrium regard
less of the quintity of mtake (within 030 to 10 gm mitrogen per kilo
gram hody weight per dw ) unless 15 umts of Iner extract were given
simultaneousls for at least 5 dws  The results of 1 typical experiment
m which animals were fed 2 casein diet are shown sn Table II These

TABLE 1
Tue Errrer or Intrasusctiar Inpemon of Livin Extract ov 1iE Nrmocen
Rerrs7ios 5y Does Sevrreny DerLETED oF ProteiN Resenves?

Wecks
on Albumin/ Days  \itro Nitro- Nitro-
No of proten  globuhn of fend gend gen?
Group  dogs  free diet  ritio feeding  intike  output  halance
A 3 18 012 10 300 380 — 80
B 3 20 011 10 1000 1100 —100
C 3 18 014 10 300 160 +140

a All anumals were given 60 cal per hilogrim body waght per day  One mills
Iiter of 15 units of hver cxtract was gven duly for first 5 dvys to animals fn Group C

& These figures are averages oxpressed as milligrams per kilogram body weight
per day

data demonstrite that mcreasing the mtrogen intake from 300 to 1000
mg per hilogrim body weight per duy failed to bring about mtrogen
retention  Only the wdmmistration of Iner extract would return these
severcly protem depleted 1mmals to an anabolic state  Alper et al
(1930) studied the utihzation of n enzymatic digest of casemn by dogs
depleted of protemn either by prolonged protemn free feeding ~lone or
n conjunction with plasmapheresis Duning the first part of the expen
ment the pyrogen free hydrolyzate containing 40% of 1ts total mtrogen
as ammno mitrogen was admumstered parenterally for 4 prolonged pened
(4 wechs) at 1 level of lngh caloric mtake (suppled orally n the form
of protemn free diet at 70-90 calones per kilogram body weight per day)
to 1sure a surplus amount of nutrients  Subsequently the same animals
recaved the same hydrolyzate (dred by lyophilization) orally for an
additional period  Nitrogen retention and plisma protemn regeneration
were determied during both phases of the experiment

These results (Table HI) dcmonstrate two mteresting pomnts (1)
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Dogs fed a protein free diet (Group 1) were in more postive mtrogen
balance than those depleted by plasmapheresss (Group 2), when the
hydralyzate was given ntravenously Dunng this period, both groups
regenerated plasma protews (2 Al dogs retamed more nitrogen when
the casem diet was fed per os

TABLF 111
Trz Errect or ROUTE OF ADMIMSTRATION oF Gaseny ByproLyzate on Nirrocex
BALANCE AND PLASMA ProTEW REGENERATION oF Dogs

Peniod I Penod 1l
(4 weehks of 1v feeding) (4 weels of oral feeding)
Gam Gain 1m
Group No of Nitragen plasma Nitrogen plasma
nod  dogs balance? proteme halanee? protein®

1 3 +0071 = 0023 66 gm 0165 =+ 0 027 63gm
2 4 40023x0018 18gm +05% 0015  35gm
¢ Group 1 = dogs depleted of protemns by protemn free feedmg for 6.8 weeks
Group 2 = dogs depleted of proteins by restricted plasmapheresis
b Average mtrogen holance expressed 4 grams of mtrogen per hlogram body
wetght per day with standard error
¢ Gaw 1n total ciroulating plasma protemns 1 grams The gain duning the second
penod represents the additional increase of total circulating plasma proteins followsng
the oral adminstration

The authoss concluded

{1) In hypoprotememia effected by restricted plasmapheresis, the
‘reserve protem stores of the expenmental amimals were not perma
nently depleted although plasma protemn concentration and volume were
markedly reduced On the other hand, the reserve protem stores of
the ammals fed a protem free diet over a long pertod were reduced first
and then the plasma protems depleted Thus, ammals depleted by the
Yatter method mght be expected to show a different ubhzation of the
parenterally admunistered mtrogen

{2) The higher retention of orally admmstered mtrogen fonowg‘g
partal repletion by parenterally administered mtrogen indieates the
importance of the pattern of amino acds and peptides available to the
ammal for the synthesss of its body tissues

However, 1t should be powted out that renal loss of amwno acids and
polypepbdes may explam the lower retention of parenterally admis
istered mitrogen n these dogs

B Rerrrron Wrrn Dirrrrewt DisTany PROTERS

The studies of Madden et al (1938) Melnch et of (1936) Meln:)d-
and Cowgll (1937), Weech and Goettsch (1938 1938) Weech (1942},
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and Cox and Mucller (1944) suggested that vanous food protewns differ
qualtatively 1 therr ability to promote svnthesis of phsmt protemns
For example by means of the plismapheresis techmque Madden et al
(1935) demonstrated that some dietary protemns m1y favor the produc
tion of plsm1 albumm nd others may fuor the production of plasma
globulins  The limitations of these studies were the inherent inadequacy
of the chermical methods for the determmation of albumm and globulins
and the Jack of information of plsma volumes 1n some reports  With the
adyvance of the elcetrophorctic amalvses for the determination of plismn
protein components and with the smprovement n the accuracy and
rehability 1n the determination of plasma volume Chow et al (19191)
re cximined the question of whether vanous common dietary protens
(such s egg white whole egg lactalbumin casem and wheat gluten)
of different nutntive values as mesured by growth or nitrogen balinee
tests differ in their abihity to regenerate plismr proteins  The protein
depleted dog 15 a very valuable esperimental asset because of its v ul
abibty and the rcproducibihity of results thus obtuned To this end
Chow et al (1949a) fed to several groups of protemn depleted 2nimals
diets contaming 1 of the 5 test protemns so that each amimal recenved
035 gm of mtrogen and 80 calones per Mlogram body weight per day
for 1 perod of at least 4 wechs The exception was that 06 gm of wheat
gluten mtrogen was given nstead of 035 gm beeause of ats Jow biolog
1cal value Determinations of total circulating proteins as well s albu
mmn and globulins were made before feeding and agun 2 and 4 weeks
after feeding The results of this experiment are shown in Table IV

1 Repletion of Total Circulating Plasma Proteins

These data demonstrate that supplementation of the protemn free diet
with 1ny one of the 5 protemns or 2 hydrolyzates shmulated an increase
m the total arculating plasma protems The difference in the per cent
mncrexses was not very marked among the test substances even though
the nutritive values as measured in terms of growth efficiency differed
by several fold Furthermore there appeared to be a lack of correlation
between mtrogen balance index and plasma protem regeneration prop
ertics  For example lactalbumin with 1 mtrogen balance index of umty
did not stimulate as effectively the synthesis of plsma protemns as did
casemn or whole egg protemns with indeves of 080 and 095 respectively
Similarly egg wiite which has the ighest biological value among the
5 proteins was infenior n bringing about regeneration of plisma proteins
following 2 weeks of repletion A comparison of the whole proteins and
therr respective hydrolyzates showed that the plasma protem regenera
tion properties of casein were not rmproved by tryptic digestion while
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the trvptic digest of lactalbumin was defimtely supenior to the whole
proten  ‘This might be expluned by the fact that cwsen 1s rapudly
hvdrolyzed by the proteols tic enzvmes normally present in the digestne
tracts of the ymmals wheress Ietalbumin 15 not

2 Repletion of Total Circulating Albummm

The 5 test protemns varied in their ability to stimulate the production
of albunun  T'or example the total arculating albumin of dogs fed either
egg white or whole egg duning the first 2 weeks of the repletion period
ws ancrensed 1179 and 20650 respectnels  The regeneration rates
of albumin by the hyvdrolvzates were sigmficantly greater than those of
the corresponding protemns (1855 agunst 2307 for Ictalbumin and ats
hyvdrolyzate 17766 agunst 223% for casemn and nts hydrolyzates re
speetnely)

3 Repletion of Total Circulating Globulins

A careful examination of data on the globuln regeneration shows
that while 4 of the protemns admumstered stimulated the production of
globulins 1n varying degrees dogs fed Ictalbumin or its hydrolyzate
fulcd to gan 1n globulins This difference contributes to the hugh albu
mun/globulin ratio seen 1n the ammals fed lactalbumin or its hydrolyzate
during the penod of repletion However the data mdicate that the lugh
albumin/globulin r1tio 15 also 1 reflection of 1 greater rate of regenera
tion of the tot1l arrculiting albumin n these ammnls

These differences which may be attributed to the ingestion of casein
hydrolyzate and Jctalbumun hydrolyzate during repletion are shown
clearly 1n Table V. Repletion with casen hydrolyzate or lactalburin
hydrolyzate resulted 1in a return of the total crculting albumin to
essentially the control values However 1t may be noted that the plsma
albummn of the animnls fed casem hydrolyzate was shghtly lower than
the mitial levels although shghtly higher values were observed m the
dogs fed lactalbumin hydrolyzate There was httle change n the total
crrculating a globulins dunng depletion or repletion  The most sigmif
1cant difference attributed to feeding these diets was the increase 1bove
the 1mtial values 1 the “other globulins observed 1 the dogs repleted
with casemn hydrolyzate It may be seen that this difference was reflected
n the albummn/globulin ratios

The first attempt to explain these observations was based on the
possible difference 1n the ammo 1eid patterns of the casemn and lactal
bumin hydrolyzates and perhaps a similanty of amino acid contents of
these protem preparations and dog plasma proteins Therefore, analyses
for the essential amino acids of the 2 hydrolyzates s well as of the
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electrophoretically homogeneous albumin and of the total globulins of
dog plasm were performed These results (Bolling et af, 1947) dem
onstrated that the 2 hydrolyzates differed most sigmificantly i therr
ratios of cystine to methionine Since less than 5% of the mitrogen

TABLE V
Tue Averace ToTAL CIRCULATING ALBUMIN o f AND y GLOBULINS AND
ALsoin/GrosvuN Ratios 1v tHE CoNTROL DEFLETED AND RepreTEn
ConprrioN oN 5 Docs RepLerep WITH A Casein HYPROLYZATE anp 6 Docs
REPLEYED wiTH 4 LACTALBUAMIN HyDROLYZATES

Circulating globulin

Circulating
albumin Alpha Gamma Other
Condition gm/m? gm /m? gm /m? gm /m? A/G
Casein hydrolyzate
Control 257 97 48 196 D5
Depleted 76 101 39 202 022
Repleted 234 109 60 287 051
Lactalbumin hydrolyzate
Control 284 81 60 215 080
Depleted 69 80 38 214 021
Repleted 295 73 53 223 0835
@ Each dog received 035 gm of hydrolyzat per kilog of body

weight per day for 30 days The average total cxrculat?ng alburmin and globulies
are expressed as gm /m ¥ of body surface

retamed was utthzed for the synthesis of plasm protems (Table VI),
it 15 unhhely that the mability of dogs fed lactalbumin hydrolyzate to
mduce the production of globulins was due to any limiting ammo acids
fed Furthermore, the analyses of albumm and globulins did not reveal
any speaific requirements of certam amino acids which the hydrolyzates
had to supply for the synthesis of the 2 fractions of plasma protews

The nfrionty of casem as compared to lactalbumin mn promoting
the growth of young rats (Supplee and Clark 1946), or i supportl;g
nitrogen balance 1 dogs (Alhson 1946), can be compensated for by
feeding ammals 1 higher level of casemn It was, therefore of mterest

to ascertan whether the differences 1 the production of specific protem

components wm plasma by these 2 milk protems 1 sumlarly depe\x‘:g:é:}:

on the amount of absorbed mtrogen Studies were undertaken
mvolved feeding 1 group of protemn depleted dogs casemn hydrolyzate
at a mtrogen level sufficient to stimulate a rapid and pronounced regeﬂf
eration of plasma protems For companson three other groups !l:c
protemn depleted anmals were fed three different levels of a try{: .
digest of lactalbumm, so that the retuned mtrogen was either greater,
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approamately equal to, or less than that retaned by dogs recening the
casemn hydrolyzate In addition, two other groups of dogs were fed the
same level of casem hydrolyzate as the first group, but were given
1 or 2% metluonine as supplement 1 order to mcreise the mtrogen
retention to approumately that of the animals recesving the highest level
of lactalbumin hydrolyzate The regeneration of vanous plasma protem
components and the mtrogen retention were measured throughout the
feedmg penod

All six dhets were adequate m brnging about mitrogen retentton m
the protemn depleted dog (Table VI) At the level of mirogen itake
035 gm per halogram body weight per day at least 80% of the lactal
bumin hydrolyzate mtrogen was retuned as compared to 50% of the
casem hydrolyzate mitrogen The addition of 1 or 2% methionne to
the casem diet mereased the retention to only 70% Furthermore, dogs
fed any one of the three levels of lactalbumn hydrolyzate regenerated
no globulins, whereas those fed casem hydrolyzate produced globukhins
urespective of supplementation of methionime

The data presented ahove led to the belef that the differences i
the plasma protemn regeneration properties of casemn and lactalbumm
were nether due to the amino acid composition nor to the amount of
ammo acids retamed by the animals  Therefore, some nutritional factors
other than amino acds may play a role m directng the synthesis of
plasma protems To 1vestigate this possibility, a casein hydrolyzate
was fractionated with alcohol, and the addition of 1% of the fraction,
soluble 1 60% but msoluble m 80% alcohol to a lactalbumm bydrol
yzate mmproved the globulin regeneration properties (see Table VII)
It 15 unhkely that supplementation to the extent of 1% was enough to
sufficiently alter the ammo acid pattern of the lactalbumm hydrolyzate

TABLE vli

Tre EFFECT OF ADDITION OF A FRACTION OF CASEIN HYDROLYZATE 10 LACTALBUMIY
HYDROLYZATE ON PLASMA PROTEIN REGENERATION

No of o
Level of feedmg dogs TCA¢ TC
Lactalbumn hydrolyzate 035 gm N/kg 5 198+ 11 100+ 4
lyzat 1% CHA®
Lngtgéh;:mxéﬁ;o e + 1% 5 206+ 8 130 fg
Casemn hydrolyzate 035 gm N/kg 5 210+ 12 127 =

o TCA = total ewrculating albuma in §6 of the amount determned prior to

zotein feeding with standard error after 4 weeks of feeding
? b TCG =gtotal circulating globubms m % of the amount determmed prior fo

tem feeding with standard error after 4 weeks of feeding
B : ‘EHA :gthe fraction of casein hydrolyzate soluble m 605 alcohol but msoluble

in 80% alcohol
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These data therefore, indicate the ewistence of a fraction of casein
hydrolyzate which, when added to lactalbumin hydrolyzate 1n a small
quantity, was effective m globulin regeneration

Some of the chemical and biological charactensties of this fraction
were also determined (see Table VIII) Chemcal analyses show that
1t contamed 14 6% total mitragen by weight Sixty eght per cent of the
total nitrogen was ammo mitrogen according to the nmhydnn method
Microbiologseal assay for Wolleys strepogenin factor using L casen
gave negatwve results This 15 interesting since the ongmal casein hydrol
yzate contained 5 umts per gram and the lactalbumm hydrolyzate con
taned about 1 umt per gram  Microbwological assay for crystalline
vitamin Bz hhe actvity usimg Lactobacillus lactis Dorner Llewse
showed the presence of only a mtute amount of this factor (less than
10 pg per gram of this frachon) Nevertheless, supplementahon of a
sovbean diet with this fraction to the extent of 1 part per 100 000 stm
ulated the growth rate (Table IX) of weanlng rats raised by mothers

TABLE 1X
Tug EFrect OF THE FRACTION OBTAINABLE FROMG CASEIN HYDROLYZATE ON THE
Growtst RATE oF Younc Rats

Increase m body weight

A;g%‘:at over control
mgso0  __ (mgems)
Diete Supplement gm ration 1wh 2wk 3wk
Soybean Casern factor 05 5 12 [l,f
Soybean Casem factor 10 8 14 =
Soybean Casem factor 20 8 15 2
N Casein factor 20 14 23 38
Y Crystalline B, 10{pg)

& Soyhean diet 60% soybean meal 30% sucrose 4% salt muture 6% Mazola

fed a soybean diet The addition of cryvstallme vitamin By, at a level
to produce a maxunum response accentuated the growth rate even
further This fact may be considered additional evidence that this factor
15 distinct from vitamin By»

W THE EFFECT OF DIETARY PROTEINS ON THE CONCENTRATION
OF PLASMA CHOLINESTERASE OF RATS
A GROWING ANIMALS
Stnee all enzymes thus far isolated are protems 1t seems reasonable
to expect that the synthesis of enzymes such as plasma cholinesterase,

could be effected by the mgestion of dietary protewns To test thus
hypothesis, weanling rats were fed diets contawning various dietary pro
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temn preparitions for several months (Birrows 1938) In generdl the
dicts contuned 2052 protem (Kjedahl mtrogen X 693), 129 Mazolt
o1l 45 salts IV sucrose to make up 10062 and adequate amounts of
the known vitanuns  In evpersments in which the protein contents of
the dicts were ncreased sucrose was withdrawn m amounts equal to
the weight of the added protemn preparation The ammals were fed the
various test dicts and offered water ad hlntum  All ammals were
weighed weekly for the first 2 months of the expenmental peniod and
bimonthly thereafter Following the feeding period (150 days) all
ammals were bled by cardire puncture under Iight ether anesthesin The
cholinesterise actnity 1 03 ml of plisma was determuined by the
method of Ammon (1930) s modified by Mazur and Bodansky (1946)
In order to make the cholinesterise activity of samples determmed on
diffcrent davs comparable all determinations were referred to 2 pooled
norm1l horse scrum kept frozen n aliquots and used s the standard
for each ass1y  The results of such 1 study are presented i Tible N

TABLE \
Tue Frrecr oF DiFrany PROTIINS On THE Prasya CHOLINESTFIASE oF Rats

Dietary protein Plasma cholinesterase (RP units/03 ml )

preparations I emales Males

Wheat gluten 060 % 041 056 = 04
Viheat gluten +

supplement® 130 10 —_
Soybean meal 118= 1 -
Casemn 131 % 07 070+ 01
Stock diet 136x 13 —_
Egg albumin¢ 140 10 -
Whole desiccated Iner 142+ 15 —
Lactalbumin 159+ 11 067+ 05
Beef mascle 188+ 07 062+ 03

o All diets contamned 20% protemn (kjeldahl N x 625)
® Supplement contained 176 gm [lysime HCl H O and 35 gm [ metlionine
per hilogram diet
Supplemented with 1 mg biotin

There were no marhed differences n the plasm1 cholinesterase activity
of male rats although the growth rates of the tmmals differed strihingly
On the other hand the ingestion of various dictary proteins resulted n
marked differences in the cholmesterase levels m the plasma of female
rats In general these levels were relited to the quahty of the protemn
fed For example weanling female rats fed a poor protem viz wheat
gluten had both infenior growth rates and plasmn cholmesterase ctvity
The addition of lysie and methionine to the diet improved the growth
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rate and at the same time elevated the level of the enzyme Further
more, the plasmn cholinesterase actisities of female rats fed diets con
taming protemns which support adequate growth do not differ sigm
icantly from those fed the diet contaming casem The outstanding
exception to this 1s the lugh level of cholmesterase actvity in the plasma
of female rats fed the beef muscle diet Thus, even though the ages,
body weights, and growth rates were indistinguishable, the pla,ma
cholinesterase activity was higher i the female anmmals fed the beef
muscle as compared with that of those fed the casemn diet It 15 mter
esting that i spite of an observed impairment of growth the enzyme
actvity of the female rats fed the whole desiceated liver diet was essen
tally equal to that of ammals fed the casen diet The gher plasma
cholinesterase activity of the anumals fed the beef muscle as compared
to casem diet cannot be explamed on the basis of hemoconcentration
since the concentration of plasma protems of the two groups was
605 016 gm per 100 ml and 580 = 020 gm per 100 ml respectively
Furthermore, the cholinesterase activities of mixtures of plasma of rats
fed the casemn and beef muscle diets were determined The expen
mentally determined enzymatic activities were equal within expenimental
error to the sum of the activities of each plasma sample Thus, no evt
dence 15 available to mdicate that the observed differences n the plasma
cholinesterase may be attnibuted to differences 1n the concentration of
actwators or mhibitors  Finally, since the differences attributed to diet
were equally as great when the enzyme actvity was determined by a
colorimetric rather than the manometric method these results are not
due to mherent errors in the methods of analysis Therefore, 1t seems
Lhely that the increased plasma cholmesterase actwvity observed
female rats fed the beef muscle diet represents an mcreased amount
of the enzvme per se

The lack of a demonstrable difference in the enzymatic actvity of
male rats may be explamned on the basis of the ewstence of two forms
of cholinesterase namely, true cholnest, and pseudochol ase
The relative amounts of these enzymes have been found to be dependent
upon sex and the greater amount of plasma cholnesterase actwity it
the mature females as compared to mature males has been attributed
to the higher Ievel of psendocholinesterase (Fverett and Sawyer, 1947}
The method used m this study determimnes primanly pseadocholmes
terase although true cholmesterase 1s not completely mhibited Thexi
fore, the lack of a sex difference m the plasma Chohnesterse of anm:;z s
fed wheat gluten (Table X) mdicates an unusually low level of pseudo
chalinesterase 1 these female rits  In addition the effect of the ingestion
of various dietary protem preparations on plasma cholmesterase was
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not evident 1n male ammals  Taken as 1 whole these results suggest
that the amount of plsma pseudochohnesterase rather than true chohn
esterase 15 increased by angestion of certun dietary protein preparitions

The preceding esperiment mdicated that some unknown nutnitne
factors mny be present in beef muscle and perhaps whole desiceted
Inver, but nbsent 1 the other protan preparations tested I thas were
true then the addition of beef muscle or whole desiceated lver to 2
dict contunmng adequate amounts of the essentill ammo acids  but
devoid of these nutrients should result in an mncreased level of plasma
cholinesterasc  On the other hand  the supplementation of such 1 diet
with egg albumin or casein should be meffectve  In order to test this
hypothesis the 207t casein dict used previoushy senved s the basal diet
to which beef muscle whole desiccated ver egg albumm or additional
casein was 1dded  The results of this experiment (Table \I) demon

TABLE XI
Tur Trrecr OF SLPPLEMENTING A CASEIN DIer witit DiTARY PROTEINS ON THE
Prasyia CHOLINESTERASE OF FEMALE Rats

Galn in Plasma
% weight cholinesterase
Diets Proteina {gm ) {RP units/0 3m! )
24% Casein 20 189 =86 132+ 10
38% Casein 32 181 +61 117+ 09
24 Casein +
15%% egg albumin® 32 18662 127+ 05
247 Casemn +
37 beef muscle 23 18060 131+ 09
247 Casein +
1352 beef muscle 32 18870 158 % 07
24 Casein +
4% whole desiccated hver 23 194869 160x 09
17% Whole destceated
fiver + 2465 casein 32 20840 195« 14
215, Beef muscle 20 174 %63 174+ 09

@ Protein content based on Kjeldahl N X 625
b After 150 days of feeding
¢ Supplemented with I mg of biotn

strate that the gun in body weight of the 1mmals fed the various diets
for 150 days was essentially the same regardless of the protemn supple
ment or the per cent of protemn 1n the diet However marked differences
mn the cholmesterase concentration m different groups were observed
Tor example supplementation of the basal casein diet with beef muscle
or whole desiccated Iiver elevated the level of the enzymatic actity
Although feeding a diet supplemented with 4% whole desiccated lver
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rate and 1t the same time elevated the level of the enzyme Further
more, the plasma cholnesterase actwities of female rats fed diets con
taming protems which support ndequate growth do not difer sigmi
1cantly from those fed the diet contaimng casem  The outstanding
exception to this 1s the hugh level of chohnesterase activity m the plasma
of female rats fed the becf muscle diet Thus, ¢ven though the ages,
body weights nd growth rates were indsstinguishable, the plasma
cholmesterase activity was higher 1n the female ammals fed the beef
muscle as compared with that of those fed the casemn diet It 15 ter
estng thit m spite of an observed impurment of growth the enzyme
actvity of the female rats fed the whole desiceated hiver diet was essen
tially equal to that of ammals fed the casen diet The higher plasma
cholmesterase actwity of the anmals fed the beef muscle as compared
to casemn diet cannot be explamed on the basis of hemoconcentration,
since the concentration of plasma protems of the two groups was
605 % 016 gm per 100 ml and 580 == 020 gm per 100 ml respectively
Furthermore, the cholmesterase activiies of muxtures of plasma of rats
fed the casemn and beef muscle diets were determmed The expen
mentally determined enzymatic activities were equal within experimental
error to the sum of the activities of each plisma sample Thus, no en
dence 15 avalable to indicate that the observed differences i the plasma
cholinesterase may be ttributed to differences m the concentration of
activators or mhibitors  T'nally, since the differences attributed to det
were equally as great when the enzyme actvity was determmned by 2
colonimetnic yather than the manometric method, these results are not
due to wnherent errors 1 the methods of analysis Therefore, it seems
likely that the mcreased plasma cholinesterase actwity observed 1
female rats fed the beef muscle diet represents an increased amount
of the enzyme per se

The lack of a demonstrable difference 1n the enzymatic actvity of
male rats may be expluned on the basis of the eustence of two forms
of cholinesterase namely true cholinesterase and pseudncholmesterase
"The relative amounts of these enzymes have been found to be dependent
upon sex and the greater amount of plasma choliesterase actwity 13
the mature females as compared to mature males has been attnbut;
to the lugher level of pseudocholinesterase (Everett and Sawyer, 1947)
The method used 1 ths study determmes primanly pseudochohnes
terase although true cholinesterase 1s not completely hibited Ther?s
fore the lack of 2 sex difference mn the plasma Cholinesterase of anm:;o
fed wheat gluten (Table X) indicates an unusually Jow level of pseu '
cholinesterase 1n these female rats  In addition the effect of the mngestio
of varous dietary protesn preparations on plasma chohinesterase Was
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not evident 1n male ammals  Taken as 2 whole these results suggest
that the amount of phismt pseudocholinesterase rather than true cholin
esterse 15 increased by ingestion of certun dietary proten preparations

The precedng expeniment indicated that some unknown nutntive
factors m1y be present n beef muscle and perhaps whole desiceated
Iiver but absent 1n the other protemn preparations tested If this were
true then the nddition of beef musele or whole desiceated hiver to 2
dict contuning vdequate 1mounts of the essentill ammo acds  but
devoud of these nutrients should result in an increased level of plsmn
cholinesterise  On the other hand the supplementation of such 1 diet
with egg albumin or casemn should be meffectve  In order to test this
hypothesis the 207 casein diet used previously served s the basal diet
to which beef muscle whole desiceated iver egg albumin or additional
casein was added The results of this expeniment (Tible \I) demon

TABLE XI
Tur Errect oF SCPPLFMENTING A CasEIN Dier witit Dierany ProTEINS oN THE
Prasyia CHoLinESTERASE OF FEMALE RaTs

Gainin Plwsma
Yo weight cholinesterase
Diets Proteine {gm ) {RP units/0 3m! )
21% Casewn 20 180 = 86 132+ 10
38% Casein 32 181 =61 117 09
24% Casein +
15% egg albumin 32 18062 127+ 05
24% Casemn +
3% beef muscle 23 18060 131z 09
24% Casein +
13% beef muscle 32 188+70 158 07
24 Casemn +
46 whole desiccated hver 23 194 +69 160+ 09
175 Whole desiccated
Lver 4 245 casein 32 208 £40 195+ 14
215 Beef muscle 20 174 =63 174+ 09

@ Protein content based on Kjeldahl N X 625
¥ After 150 days of feeding
Supplemented with 1 mg of biotin

strate that the gun i body weight of the amimals fed the vanous diets
for 150 days ws essentially the same regardless of the protemn supple
ment or the per cent of protein 1n the diet However marked differences
m the chol ise ration 1 ff groups were observed
For example supplementation of the basal casein diet with beef muscle
of whole desiccated Lver elevated the level of the enzymatic activity
Although feeding a diet supplemented with 4% whole desiccated lver
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rate 'nd at the same time elovated the level of the enzyme Further
more, the plasma cholnesterase actvities of femnle rats fed duets con
tamng protews which support adequate growth do not differ sigmf
1cantly from those fed the diet contamng casem The outstanding
exception to this 1s the high level of cholinesterase activity n the plasma
of female rats fed the beef muscle diet Thus, even though the ages,
body weights, and growth rates were wdisinguishable, the plasma
cholinesterase activity was higher in the female wumals fed the beef
muscle as compared with that of those fed the casen diet It 15 wnter
esting that 1 spite of an observed mmpurment of growth the enzyme
actvity of the female rats fed the whole desiccated Liver diet was essen
tially equal to that of ammals fed the cisem diet The higher plasma
chohnesterase activity of the 1mmals fed the beef muscle as compared
to casem diet cannot be explaned on the basis of hemoconcentration,
suce the concentrition of plasma protems of the two groups was
605 = 016 gm per 100 ml and 580 == 020 pm per 100 ml respectnely
Furthermore the cholinesterase activities of mixtures of plasma of rats
fed the casein and beef muscle diets were determmed The expent
mentnlly determined enzymatic actiities were equal within experimental
error to the sum of the activities of each plasma sample Thus no evt
dence 35 available to mndieate that the observed differences n the plasma
cholnesterase may be attnbuted to differences 1n the concentration of
actvators or wnhibitors  Fmally, smce the differences attnibuted to diet
were equally as great when the enzyme actvity was determuned by 2
colonmetric rather than the manometric method, these results are nof
due to inherent errors m the methods of analysis Therefore 1t seems
Lkely that the mcreased plasma cholinesterase activity observed 1
fermale Tots fed the beef musdle diet represents am wpcreased amount
of the enzvme per se

The lack of a demonstrable difference m the ensymatic actwity of
male tats may be explamed on the basis of the evstence of two forms
of cholinesterase namely, true cholinesterase and pseudocholinesterase
The relative amounts of these enzymes have been found to be dependent
upon sex and the greater amount of plasma cholmesterase activity l‘ril
the mature females as compared to mature males has been attribute
to the lugher level of pseudocholinesterase (Everett and Sawyer, 1047)
"The method vsed mn this study determines primanly pseudochohnes
terase although true cholinesterase 1s not completely nhibited Therf;s
fore the lack of a sex difference in the plasm1 Cholmesterase of amma
fed whent gluten (Table X) mdicates an unusually low level of pseudo
cholinesterase 1n these female rats  In addition the effect of the ngestion
of vanous dietary protemn preparations on plasma cholnesterase was
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not evident in male ammals Taken as 2 whole these results suggest
that the amount of plsma pscudocholmesterase rather than true cholin
esterase 15 mcrersed by igestion of certun dictary protem preparitions

The preceding experiment indicated that some unknown nutrtive
factors may be present m beef muscle and perhaps whole desiceated
Iner but absent 1n the other protemn preparitions tested If this were
true then the 1ddition of beef muscle or whole desiceated hver to 2
diet contuning adequate tmounts of the essentill ammo aaids  but
devord of these nutnients should result 1n n inereased level of plisma
cholinesterase  On the other hand  the supplementation of such 4 dict
with egg albumin or casein should be neffectne  In order to test this
hvpothesis the 205 casem dict used previously served as the basal diet
to which beef muscle whole desiceated Iver egg albumin or additional
casein was added The results of this experiment (Tible \1) demon

TABLE \I
Tur ErFrer or SurrLrventine A Caser Dier witit Digtany PROTEINS oN THE
PLasra CHOLINFSTERASE OF FEVALE Rats

Gainin Plisma
% weight cholinesterase
Dicts Proteins (gm )? (RP units/0 3m! )
24" Casein 20 189 =86 132 10
38% Casein 32 18161 117+ 09
21¢% Casemn +
15% egg albumin® 32 15662 127 05
249 Casein +
37 beef muscle 23 18060 131+ 09
24 Casein 4
13¢% beef muscle 32 18870 158+ 07
247, Casein +
4<% whole desiceated Iner 23 19169 160+ 09
17¢% Whole desiccated
Iiver + 245 casemn 32 20840 195+ 14
219, Beef muscle 20 174 = 63 174+ 09

o Protein content based on hjeldahl N X 6 25
® After 150 days of feeding
¢ Supplemented with 1 mg of biotin

strate. that the gamn 1n body weight of the animals fed the varous diets
for 150 days was essentially the same regardless of the protemn supple
ment or the per cent of protemn 1n the diet However marked differences
n the cholinesterase concentration 1t dufferent groups were observed
For example supplementation of the bisal casemn diet with beef muscle
or whole desiccated lver clevated the level of the enzymatic activity
Although feeding a diet supplemented with 4% whole desiceated liver
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resulted 1n 1 sigmficantly mereased plasma cholmesterse actwity 13%
beef muscle was needed to bring about an equvalent mcrement There
fore, whole desiccated ler 15 believed to be richer than beef muscle
1n the nutrients responsible for this effect The mncrease n the enzymahe
actvity 15 1ot due to the proten content of the diet since 1ncreasing the
casemn to 38% did not elevate the plasma cholinesterase level Further
more, 1t seems unlihely that this mcrement m enzyme Jevel results from
changmmg the pattern of amino acids 1n the diet by the supplementation
of another protein since the addition of egg albumun to the basal casem
diet was meffective

The testing procedure thus far employed 15 adequate to show the
difference m plasma cholinesterase levels of rats fed various protem
preparations, but requires 1 long penod of feeding and, therefore, 2
lrge amount of the test matenal Attempts were made to shorten the
time necessary to demonstrate this phenomenon It was found that
feeding 65 day old female rats the vanious test protemn preparations for
a pertod of 30 or 60 days resulted n marked differences m plasma chel
mesterase The results of a typical experiment are shown m Table Al
Feeding a 219 beef muscle diet to 65 day old female rats for 30 or
60 days resulted m signficantly hugher levels of the enzyme than feedmg
2 diet conctaimng 24% or 38% casem However, increasing the beef
muscle of the diet to the 34% level did not further elevate the plasma
chohnesterase

Fractions obtamed from whole desiccated hver were assayed with
this experimental procedure for their ability to increase the level of
plasma cholinesterase The rats were fed the basal casemn diet (24%)
to which various hver fractions were added After 60 days of feeding
the plasma chohnesterase was determined In order that observed dif
ferences 1n feeding the vanous hiver fractions could not be attributed to
the differences m the protem or vitamin contents of the duets, an e\’pe::
ment was camed out m which one group of ammals was fed a 24%
casewn plus 1795 whole desiccated hiver diet and the other group fed 1;
38% casem diet contaimng an amount of water soluble vitamins equa
to that of the former diet These data (Table XIII) showed that the
plasma cholinesterase level of female rats fed the casem et supple
mented with addihonal vitamins faled to equal that of ammals fed
1 diet contammg whole desiceated lver Therefore 1t seems unhhely
that the nutnents present i whole desiccated hver responsible for this
phenomenon are 1dentical to any of the known water soluble wmmmls
In the second expeniment 2 fractions obtamed from whole liver namely
lver concentrate and liver residue were assayed for thew abiity to
mcrease the level of this enzyme Liver residue and hiver concentrate
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resulted i a sigmficantly mereased plasma choliesterase activity, 13%
beef muscle was needed to bring about an equivalent merement There
fore, whole desiccated hver 15 believed to be micher than beef muscle
m the nutrients responsible for this effect The ncrease i the enzymatic
actvaty 15 not due to the protem content of the diet smee mcreasing the
casemn to 38% did not elevate the plasma cholinesterase level Further
more, 1t seems unlihely that this increment 1n enzyme level results from
changing the pattern of amino acids i the diet by the supplementation
of another proten since the addition of egg alburmn to the basal casemn
diet was meffective

The testing procedure thus far employed 15 adequate to show the
difference 1 plasma cholmesterase levels of rats fed various proten
preparations, but requuwes a long period of feeding and, therefore 2
large amount of the test matenial Attempts were made to shorten the
time necessary to demonstrate this phenomenon It was found that
feeding 65 day old female rats the various test protem preparations for
a period of 30 or 60 days resulted m marhed differences in plasma chol
mesterase The results of a typical experiment are shown mn Table Al
Feeding a 21% beef muscle diet to 65 day old female rats for 30 or
60 days resulted 1n sigmficantly lugher levels of the enzyme than feeding
a diet conctaming 24% or 38% casem However, increasing the beef
muscle of the diet to the 34% level did not further elevate the plasma
cholimesterase

Fractions obtaned from whole desiccated liver were assayed with
this expenimental procedure for thewr ability to mcrease the level of
plasma cholinesterase The rats were fed the basal casem diet (24%)
to which various lwer fractions were added After 60 days of feeding
the plasma cholinesterase was determmed In order that observed af
ferences 1n feedig the vanious ler fractions could not be attributed to
the differences 1n the protem or vitammn contents of the diets an erel;
ment was carmed out in which one group of anunals was fed a 24%
casem plus 17% whole desiccated hiver diet and the other group fed ‘;
38% casemn diet contaming an amount of water soluble vitamms equa
to that of the former diet These data (Table \III) showed that the
plasma cholmesterase level of female rats fed the casen diet supple
mented with additional vitamuns, fuled to equal that of anmals fed
a diet contamng whole desiccated Iiver Therefore 1t seems unhkely
that the nutrients present m whole desiccated liver responsible for this
phenomenon are 1dentical to any of the known water soluble vxtamm]s
In the second experiment 2 fractions obtamned from whole hver namely
hver concentrate and Lver residue, were assayed for thewr ability to
ncrease the level of this enzyme Laver residue and lver concentrate
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are the materinls which are msoluble and soluble, respectively, 1o hot

water after extraction of whole liver Ench 17 gm of whole desiccated

liver contamns 14 gm of hver residue and 3 gm of hver concentrate
TABLE XIII

Tue EFFECT OF THE INGESTION OF WuOLE DESICCATED LNVER ON TE Prasay
CHOLINESTERASE OF FEMALE RaTse

Plasma
Initfal Gamnm cholmesterase
body weight body weight  (RP umts/
Daets % Protem®  (gm ) (gm ) 03ml)
38% Casemn® 32 188 45 59x20 122+ 06
24% Casemn + 17%
whole destccated liver 32 186 =88 59+20 183+ 11

® Six ammals per grou

® Protemn content based on Kjeldahl N x 625

¢ Additienal vitamins added per Mlogram of diet 170 mg mboflavin 680 mg
nacin 26 mg pyndovme HC! 340 mg caleium pantothenate 2560 mg choline
chlonde 34 mg fohic acd 60 mg mositol & 3 mg thiammne 120 pg vitamin By

TABLE XIV
Tue ErrecT OF THE INGESTION OF LIVER FRACTIONS ON THE PLASMA CHOLINESTERASE
oF Fenare Rats

Plasma
Tmtial Gainm cholmesterase

No of bodyweight bodyweight  (RPumits/

Diets rats (gm) (gm) 03ml)

24% Casemn 8 17459 5447 138 12
24% Casein + 1755 WDLs 6 181 54 4947 177+ 08
24% Casein + 3% LC? 7 17573 4771 177% 10
2495 Casein 4 14% LRe 7 176 447 56+48 150 + 08

¢ WDL = whole desiccated liver
? LC = liver concentrate
¢ LR = Iner residue

The results found 1n Table X1V mdicated that feeding 1 24% casemn diet
supplemented with 3% lver concentrate but not 14% liver residue
wmereased the level of plasmt cholinesterase to that of ammals fed the
diets supplemented with 17% whole desiccated lver

The nature of the nutnents responsible for this phenomenon 15 as
yet unknown However, smce the beef muscle was extracted with
benzol nd contuned little fat by analysis the active materal 1s prob-
ably not a fat soluble component of the diet In addition the avarlable
data fail to indicate that any of the known water soluble vitamns are
responsible for this pt Although amounts of the morganic

F

salts known to be required for adequate nutntion were mncluded m all
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diets expenments were not cumned out to test other metals such s
molvbdenum wlich 1s essentiil for the svnthesis of vanthine oudase
Thus these data suggest that the ingestion of some as vet unknown
factors found mn beef muscle 1nd whole desiccated Iner results m n
increased plisma cholinestertse of young growing fermle rats

B Proter Dererep Apurt Rats

It was of nterest to determine whether the ncreased concentration
of plisma cholinesterise which results from the feeding of diets con
tuning beef muscle to voung growing female rats could kewsse be
demonstrated in adult 1mumals  Such attempts were made by first
depleting the plasma cholesterise by feeding 2 proten frec diet and
then measuring the rite of regeneration of the enzvme followng feeding
of dhets which contnned different dietary protein preparations Nineteen
ammals were fed 4 proten free diet (845 sucrose 129 mazola ol
4% salt IV and adequate 1mounts of the known vitamuns} for 45 dus
The mmnls were bled penodically by cardrie puncture and the chol
mesterase activitv of the plasmt determined The concentration of the
enzvmatic 1ctivaty 1s readily lowered during proten depletion (Table
N\ ) TFurthermore the concentration of this enzvme appears to reach

TABLE XV

Tie Errrct oF ProTE Free FEEDING oN THE Prasyta CHOLINESTERASE OF
FEvtare Rars

Davs on No of Plasma
diet rats choliesterases
0 19 100
14 6 5541
31 6 45 =41
40 5 2B+60
45 19 32433

Expressed as per cent of il level (172 % 07)

a plateau on approxumnately the 40th day of feeding at which time about
339% of the ongmal actvity remams  On the 45th day the ammals were
fed ad hibitum one of the following diets 206 casemn 2055 casemn to
which was added 300 pg sitamun B,» per hilogram and 2055 beef
muscle The rats were bled on the 14th and 25th days of the feeding
penod and the plasma cholinesterase determmed It may be seen (Table
\VI) that the rate of return of the enzyme actiity was greater 1n the
ammals fed the diet contaimng beef muscle The addition of vitamun
B,_ ta the casem diet did not affect the rate of repletion of the cholines
terase  Thus 1t 15 possible to demonstrate this phenomenon under
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are the matenals which are msoluble and soluble, respechively, m hot

water after extrachion of whole liver Each 17 gm of whole desicated

Irver contams 14 gm of Iiver yesdue and 3 gm of Iner concentrate
TABLE \1l1

Tue Errecr oF THE INGESTION OF WixoLE Destccatep Liver ov mme Prant
CHOLINESTERASE OF FEMALE Ratse

Plasma
Iaittat Ganm choliesterase
bodv wesght  body wesght  (RP umsts/
Diets % Protem®  {gm} (g} 03ml)
3855 Casesn® 32 18845 5920 1222 &
24% Casemn 4+ 17%
whole dessceated liver 32 18688 59420 183x 11

@ Six ammals per group

b Protemn content based on hjeldahl N X 625

¢ Additional vitamins added per kilogram of diet 170 wmg nboflavin, 680 mg
macm 26 mg pyndovne HCl 340 mg caloum pantothenate, 2560 mg cholwe
chlonde 34 mg folic wid, 60 mg mositol 2.3 mg thamme 120 pg vitamin Byy

TABLE X1V
Tite ErFect OF THE INGESTION OF LIVER FRACTIONS ON THE PLASvA CHOUINESTEMASE
oF Fesare Raxs

Plasma
Trutial Gamn cholinesterase

No of bodyweight bodyweight  (RF unts/

Dhets rats {gm) {gm ) 03ml)

249 Casemn 8 174 =89 5447 1382 12
24% Casem + 1765 WDLa & 8154 4047 177x 08
245 Casesn 4- 3% LC? 7 17573 47471 177 % 10
249 Casem + 14 LR¢ 7 37647 5848 150 06

2 WDL = whole desiccated Iner
? 1C = Iner concentrate
¢ LR = Iver residue

The results found 1m Table MV mdicated that feeding 1 24% casemn diet
supplemented with 3% Iner concentrate but not 14% lner residue,
wcreased the level of plasma cholmesterase to that of anumals fed the
diets supplemented with 17% whole desiccated hver

The nature of the nutrients responsible for this phenomenon 15 5
yet, unknown However swce the beef muscle wns extracted with
benzol nd contaned Iittle fat by walysis the active matenal 15 proi;
ably not a fat soluble compenent of the diet In addition the wailable
data fail to mdicate that any of the known water soluble vitammn$ are
responsible for this phenomenon  Although amounts of the morg-mll‘i‘
salts known to be required for adequate nutrition were meluded 10 &
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diets expenments were not camed out to test other metals such s
molybdenum which 1s essential for the synthesis of xanthine oudise
Thus these datr suggest that the ingestion of some 1s yet unhnown
factors found 1 beef muscle and whole desiceated Iiver results n an
increased plisma cholmesterase of young growing female rats

B Prorer\ Derietep Apurt Rats

It was of nterest to determme whether the nereased concentration
of plsma cholestertse which results from the feeding of dicts con
taining beef muscle to young growing female rits could lkewise be
demonstrated 1 adult ammnls Such attempts were made by first
depleting the plasma cholinesterase by feeding 1 protem free diet and
then measuring the rate of regeneration of the enzyme following feeding
of diets which contuned different dictary protein preparations  Nineteen
ammals were fed a protem free diet (845 sucrose 1296 mnzola oil
4¢ salt IV and adequate unounts of the known vitimns) for 45 days
The mmmls were bled penodieally by cardiae puncture nd the chol
ncsterase activaty of the plasma determined The concentration of the
enzymatic 1etiaty 1s renrdily lowered dunng protem depletion (Table
XV) Furthermore the concentration of this enzyme appears to reach

TABLE \V

Tue Errecr or Protein FREE FEEDING ON THE PrasviA CHOLINESTERASE OF
FemaLE Rats

Days on No of Plasma
diet rats cholinesterases
0 19 100
14 8 55+41
31 6 45:+41
40 5 2860
45 19 32+33

¢ Expressed as per cent of mttal level (172 & 07)

a plateau on approximately the 40th day of feeding at which time about
33% of the oniginal activity remains  On the 45th day the ammals were
fed ad hintum one of the following diets 20% casemn 20% casemn to
which was added 300 pg witamin By, per hlogram and 2095 beef
muscle The rats were bled on the 14th and 28th dyys of the feeding
pentod and the plasma cholinesterase determined It may be seen (Table
XVI) that the rate of return of the enzyme actiity was greater i the
ammals fed the diet containing beef muscle The addition of vitamun
By. to the casemn diet did not affect the rate of repletion of the cholines
terase  Thus 1t 1s possible to d rate this pt

on under
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another experimental condition, namely, repletion of the enzymatic
actiity m mature protem depleted female rats

TABLE XV1
Tue Evtecr of Dietary PRotens oN tue LEVEL oF PLasata CHOLINESTERASE oP
Rare Derexren v ProvEms

Plasma cholmestesases
Diet % Protun® 14th Day 26th Day
2455 Casein 20 159+ 31 200 184
24% Casemn + vitamun By, 20 158+ 84 202+ 184
219 Beef muscle 20 194 125 238 = 157

s Caleulated as per et of the concentration determined prior to protem feeding
b Protemn content based on kjeldahl N X 625

IV THE EFFECT OF DIETARY PROTEINS ON REPLETION OF LIVER
PROTEINS

Addss et al (1936) Kosterhtz (1947), and Harnson and Long (1945)
found that when rats were allowed to fast or were gwen a protem free
diet, the hver suffered a very outstanding loss of protems It was, there
fore, of mterest to deterrmne the effect of vanous detary protems prep
artions on the repletion of lver protemns Chow ef al (1948) subjected
healthy normal rits wesghing approuimately 225 gm, to 7 48 hour fast
dunng which time the ammals were offered water ad Iibitum Ten of
the ammals were sacnficed following the period of starvabon The
remumng anunals were divided mto groups of ten each and were then
fed test diets contaming 40% protem for 4 consecutwe dws (10 gm
diet for the first day, and 8§ gm for the next 3 dvys) It was found that,
as a rule, the rats consumed all the rations as scheduled, the few ammals
which did not were discarded The composiion of the diet was 40%
test protemn 922% partially hydrolyzed starch preparanon, 8% yeast
4% salt, 2% cod hver ol and 24% hydrogenated cotton seed ol
Twenty four hours after the last feedmg the wmmals were sacnficed
and the rutrogen content of the hver determmed by micro Kieldahl
method Ten ammals not subjected to any of these expenmental con
ditions served as controls Lactalbumm and casem were defimtely
supenor to whole egg or egg white for the regeneration of liver protems
(Table AVH) It 1s also mterestmg to note that wheat ghiten 15 not
mferior to egg protems according to this test 2

Examination of hver for specific issue components followng penoc
of depletion have lso been carred out For example, the loss of hver
protems was hhewsse accompanied by a decrease 1 the cnm.emmh:ﬂ
of enzymes such as cithepsin dehydrogenase ete which could be
restored on protein repletion (Miller 1948) Chow et ol {1949b) e
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another evpertmental condition, namely, repletion of the enzymatu
activity m mature protemn depleted female rats

TABLE XVi
Tue EFFecT oF DIETARY PROTEINS ON THe LEVEL OF PLASMA CHOLINESTERASE 01
Rats DEPLETED 1N PROTEINS

Plasma cholinesterase®

Dret % Protein® 14th Day 28th Day
24% Casemn 20 159+ 31 200 = 18¢
245 Casem -+ vitamn B, 20 159+ 94 202 % 18+
21% Beef muscle 20 194125 238+ 157

a Caleulated as per cent of the concentration determined prior to protesn feeding
b Protein content based on kjeldahl N X 625

Iv THE EFFECT OF DIETARY PROTEINS ON REPLETION OF LIVER
PROTEINS

Addis et al (1936), Kosterhtz (1947) and Harrison and Long (1945)
found that when rats were allowed to fast or were grien a protern free
diet, the Iner suffered a very outstinding loss of protems It was there
fore, of interest to determine the effect of varous thetary protemn prep-
arations on the repletion of hver protems Chow et al (1948) subjected
healthy normal rats werghing approumately 225 gm o a 48 hour fast
during which time the animals were offered water ad hlutum Ten of
the amumals were sacrficed followmng the period of starvabon The
remammng ammnls were divided 1nto groups of ten each and were then
fed test drets contang 40% protem for 4 consecute days (10 gm.
et for the first day and 8 gm for the next 3 days) It was found that
as a rule the rats consumed all the rations a5 scheduled the few ammab
which did not were discarded The composition of the diet was 40%
test proten 2% partally hydrolyzed stuch preparation 8% yeast
4% salt, 2% cod lhiver oi, and 24% hydrogenated cotion seed ol
Twenty-four hours after the last feeding the mmals were sacnificed
and the mtrogen content of the hver determmed by micro Rjeldahl
method Ten ammals not subjected to any of these experimental con
ditions served s controls Lactalbumin and casem were defimtely
supenor to whole egg or egg white for the regeneration of hiver protemns
(Table XVII) It 1s also nteresting to note that wheat gluten 15 not
mferior to egg protews according to this test

Exammation of hver for specific tissue components following perods
of depletion have also been crned out For example, the loss of lner
proteins was hkewise accompimed by a decrease i the concentration
of enzymes such as cathepsin dehydrogenase ete which could be
restored on protem repletion (Miller 1948) Chow et al (1949b) e
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ported that severe protemn depletion brought about a decrease 1
of the as yet umdentified nutritional accessory factors 'The factor
ulated the growth of Streptococcus faccals Rough m a medwm
tamnmg dequate amounts of erystilline vitamin By, It also cont
the growth retardation effects of sulfasuxidine 1 young rats This
nutrient differed from vitamin Bz chemcally i that its microbol
actvity could be destroyed by Wilsons punfied trypsin (1 280)
did not affect the activity of vitamm By, The destructibility o
microbiological actvity by the proteolyhic enzyme preparation sug
the protem nature of this factor The microbiological actuty m a
hver homogenate was markedly mcreased by some ten or more
if 1t were allowed to autolyze at 37°C for approumately 48 how
was, therefore of interest to ascertain whether different dietary prc
are equally effective 1n replensshing this liver factor Results sh
that when depleted rats were repleted with different protems the nu
of microbiological umits per gram of fresh liver 1 the saline extract
incubation differed according to the protemn fed (160 % 4 for c
100 = 6 for wheat gluten and 60 = 9 for egg white)

The results indicate therefore that the ability of a given i
protem to stmulate the synthesis of tissue protems or of a nutrit
factor like the one mentioned above 1s not necessanly correlated
the orthodox growth efficiency tests

vV  DISCUSSION

The classic studies of Rose (1935), Madden and Whipple {1
and Frazier ¢t al (1947) demonstrated beyond doubt that synthes
tissue protemns requires the presence of all the s0 called essenbal a
acids 1 the diet  The requrements for these acids may vary shg
however, from one spectes of animal to another and may also be
pendent upon the cniterion used to measure it Furthermore data
now available to indicate that these essential ammo acids must be 2
able at the site of synthesis at the proper time Thus the relatne 1
at which the essential ammo acids are released from dietary prol
within the digestive tract also play a role in tissue proten synthes.

The mportant role of the bove factors m protem synthesis ca
be over emphasized In this commumcation evidence 13 presented
the ewstence of other factors which may mfluence the rate of b
protemn synthesis The varniety of conditions under which these data
been obtuned add support to this thesis For example two spece
ammals (dogs and rats) have been used n these studies The ex|
ments have been carmed out mn young growing ammmals protein depht
adult ones and finally those subjected to complete mamtion The cnit
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used to measure protein svnthesis hiye been mitrogen balance total Iver
protemns \arious plsma protems analyzed electrophoretically, and lastly,
1 spectfic plisma proten viz  cholnesterase  In all the experiments
presented  differences attnbutable to the ngestion of certun dictary
protemn preparations could not be expluned on the basis of differences
i the tota] amount or pattern of the essential 1mino acids or of differ
ences 1n the quantity of the other known essentinl nutrnients such as
sitamns and minerals  Therefore these dath are offered as evidence
that dietary proten preparations contan some as yet unknown aceessory
factors wlich stimulate or direct the synthesis of speaific tissue proteins
Unfortunately the relatnely small amount of information presently
wahble regarding the chemieal mature of these substances does not
make 1t possible to even specultte whether these factors are integral
parts of the protein molecules or represent contaminations which are n
the dietary protemn preparitions  Thus final proof for this hypothesis
must " ut punficition and 1dentification of these factors
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ported that severe protemn depletion brought about a decrease 1 one
of the as yet unidentified nutritional accessory factors The factor stm
ulated the growth of Streptococcus faccalis Rough mn 1 medwm con
taining adequate wmounts of crystalline vitamm By, It also corrected
the growth retardation effects of sulfasuxidine 1 young rats This trace
nutrient differed from vitamin B;; chemrcally i that 1ts microbiologeal
activity could be destroyed by Wilsons purified trypsin (1 280) which
did not affect the actvity of vitammn B, The destructibility of the
microbiological activity by the proteolytic enzyme preparation suggests
the protem nature of this factor The mcrobiological actvity 1 2 fresh
Iner homogenate was marhedly imcreased by some ten or more fold
1f 1t were allowed to autolyze at 37°C for approvimately 48 hours It
was, therefore, of interest to ascertain whether different dietary proteins
are equally effective m replemshing this hver factor Results showed
that when depleted rats were repleted with different protemns, the number
of microbiological umits per gram of fresh liver in the saline extract after
ncubation differed according to the protemn fed (160 == 4 for casemn
100 = 6 for wheat gluten and 60 == 9 for egg white)

The results indicate therefore, that the ability of a given dietary
protemn to stimulate the synthesis of tissue protemns or of a nutritional
factor like the one mentioned above 1s not necessartly correlated with
the orthodox growth efficiency tests

¥V DISCUSSION

The classic studies of Rose (1935) Madden and Whipple (1940)
and Frazier et al (1947) demonstrated beyond doubt that synthesis of
tissue protemns requires the presence of all the so called essential amno
acids 1n the diet The requirements for these acids may vary shghtly,
however, from one species of ammal to another and may also be de
pendent upon the criterion used to measure 1t Furthermore, data are
now available to mdicate that these essential amuno acids must be aval
able at the site of synthesis 1t the proper time Thus the relative rates
at which the essential ammo acids are released from dietary proteins
within the digestive tract also play a role m tissue protemn synthess .

The nportant role of the above factors m protein synthesis can?ﬂ
be over emphasized In this communication evidence 1 presented for
the ewstence of other factors which may mfluence the rate of tissue
protem synthesis The variety of conditions under which these data have
been obtained add support to this thesis For example, two species l;
ammals (dogs and rats) have been used m these studies The e‘(pefd
ments have been carried out 1n young growing animals protein deplete
adult ones, and finally those subjected to complete mamtion The enitena
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I INTRODUCTION

A Tissue CuLtures As A Means ror STupyine NUTRITIONAL
Requmentents oF Avurr Ceris

This chapter de s with the nutrition! requirements of adult cells m
tissue culture 1t should be pointed out that most tissue culture work m
the past has dealt with embryonic tissue, rather than with adult fissue
Thus 15 true of the early work on chick embrvo tissue m the laboratories
of Carrel, of Fischer, and of many others The role of embryo extract
m cultures of embryo hssue has been given considerable attention De
\(/elopments have been reviewed by Morgan (1950) and by Waymouth

1954)

It has been our umpression that the requirements of adult cells differ
from those of the embryo cell Embryo extract 1s foreign to adult tissue
and while stimulating, 1s not needed by 1t (Parshley et al, 1953, Las
fargues, 1956) On the other hand, the A Factor {Summs wnd Stllman
1837¢), which 15 produced by leucocytes and 1s found mn blood plasma,
15 essentinl for the Ife of adult cells—but not for embryo cells

In recent years stramns of adult tissue ncluding the L7 stram {of
adult mouse subcutaneous connective tissue) from Earle and his co
workers Inboratory (1943) have been used for nutntional experiments
by Enrle and also by Healy ef al (1953), by Engle (19551,b), and by
Wavmouth (1956) A discussion of long term cultivation of adult cells
can be found an the reports of the Tissue Culture Conference of 1956

As will be shown later 1 this chapter 1n overcommng the dormancy
of adult aorta tissue and 1n supporting subsequent growth embrya ex-
tract 15 mferior to extracts of adult spleen and heart

The nutritional vequirements of different 4dult cell types i the sune
anmmal nre not the same (Parshley and Summs, 1950) Tius confinms
earbier worh on embryo cells by Baker and Carrel (see Morgan, 1950)
Nutritional requirements may also vary with the species and with the
state of physiological activity of the cells

B Strois oy Apurt CHICKEN AoRTa FiBROBLASTS

For a number of years the uthors of this chapter studed the con
dions which were favorable for the growth of adult tissues i vitro X
order to determine what substances are y for the mantenance
of adult cell hfe and what substances serve to overcome the dormancy
Foundation the John snd Mary R Markle Founda
Dr Mavin R Thompson The Office of Scieatfic

Research and Development (1 contract with Columbsa Unnersity) The Lafe In
surance Medical Research Fund and the Wendell I Willkie Memarial Grant from

the Albest and Mary Lasker Foundation

grants from the Jomah Macy Jr
ton W R Warper and Co
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of normal adult tissue For this purpose speanl techmques were de
veloped for making quantititne determination of the stimulating or
mhibitory effect of any gnen substance on adult tissues 1n vitro The
methods were applied during the second World War to the testing of
materials which might be used to promote wound healing Some of
those obsen ations will be reported here

Several hundred substances have been tested for their effect on the
growth of adult tissues m vitro These include proteins, digested pro
tems amino acids plint materials vitumins, hormones, enzymes tissue
extracts sulfur compounds 1nd vanous other orgime and morgame
compounds ncluding antibacternl agents and ointment bases

C  MamvteENANCE VERSUs Domviancy—Apurr Tissue INHIBITOR

It should be explained that by mamtenance we mean the nutritional
requirements necessary to keep a cell alive and functioming—without
cell diviston But when we “overcome the dormancy of adult tissue
we must not only maintan the cell m a hving state, but we must also
ehmmate or counteract the “adult tissue mhibitor which ys present n
adult tissues (Summs and Stillman 1937b) and 1s even present in cul
tures of adult cells This lubitor protects adults from unrestramed
growth or malignancy It 1s a lughly important material

Il METHODS OF OBTAINING DATA
A bnief summary of the techmque follows This techmque was de
veloped over a penod of years (Simms and Stllman 1937abed, and e
Simms and Sanders 1942)
A Tissues

Adult clucken aorta and adult chicken shin were used for most of
the expeniments reported here The aorta cultures produced a clearly
distingmshable growth of new fibroblasts The adult chicken shin was
cultured 1n a special medium which gave sheets of epithelial cells rela
trvely free from fibroblasts

B Currure Mepa

The media consisted of chichen plasma diluted with two parts of
a switable “diluting solution (see below) No hepann or other ant
coagulant was used

C  CoMposrrioN oF PHYSIOLOGICAL SOLUTIONS AND DILUTING SOLUTIONS
(TasLE I)

The composition of the solutions which were used for bathing or
storing tissues and for diluting the culture medsa are given mn Table I
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The “\6 Solution” was developed for the cultivation of adult chucken
aorta fibroblsts (Simms and Sanders 1942) It may be used by itself
s a physiological solution for bathing or storing tissue 1t 1s used lso
as 1 “diluting solution” for diluting plism= or serum ultrafiltrate

The “Z16 Solution™ 1s used only s 1 diluting solution  When used
with plasma 1t gives 1 medium favorable for the growth of dult skin
epithell cells It contams neither bicirbonate nor calewm, but has a
hugh concentration of phosphate It will be noted that aspartic aaid 15
meluded because of its growth simulating action  Sulfamethazine was
added for 1ts antibactenl effect

The “Z2 Solution” 1s used for washing or for temporary storage of
tissues

D Serunt ULTRAFILTRATE

Serum ultrafiltrate contains a growth stmultmg agent which we
call the “A factor ” which 1s essent1al for adult cell muntenance and for
the grow th of adult tissues It 1s used 1 flnd media diluted with a smt
able physiological or diluting solution (Simms and Stllman 1937¢
Simms and Sanders 1942) Serum ultrafiltrate must always be kept
under an atmosphere contaming about 5% CO. Otherwise the activity
of the A factor 1s immediately lost due to the change m pH Ultra
filtrate 1s not species specific

E  Mernoos or TREATMENT oF TissuEs wiTe TEST SUBSTANCES

We have two methods for testing the effect of an agent on the growth
of adult hssue the “Auid medium method and the plasma medium
method” In the fluud medium method the tissue was given a prelmm
nary incubation at 37 C for 3 days mn a swtable furd medium con
taining the test substance after which 1t was planted 1n a plasma clot
(without the test substance) and the subsequent growth was evaluated
dailly This was the more satisfactory method for aorta fibroblast tests
and was used almost invariably for them

The flud medium consisted of X6 solution or other physiological
solution or of serum ultrafiltrate diluted with two parts of X6 or other
diluting solution In general when stimulating substances were tested,
a nonstmulating medium was used But when towe or inhibitory sub
stances were tested a stmulating medium (contamning serum ultra
filtrate) was used In each case the subsequent growth wis compared
with control solutions contamning no test substances

In the “plasma medium method the fresh tissue was planted direct
ly 1n a plasma medum e g the test sul This method was
used 1n tests on shin epithehin] cells When agents were nsoluble 1 water
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3  Solid Medmm
In these tests the agent was added to the plasma clot in shich tissue
was planted directly

Pl = Plsmt medium Blood plisma diluted with two parts of
“\6” physiological solution for aorta tissue or with Z8
or “Z16” solution for shin tissue

4 Physical State of Substance 1 Medium

When no symbol appears the agent was 1 solution

G = The 1gent formed 1 gel

D = The agent was dispersed as 1 suspension or an emulsion

P = The agent was poorly soluble and settled as a precipitate
1n whole or 1n part

s = The agent was msoluble and was floated on the surface

IV EFFECT OF PROTEINS PHYSIOLOGICAL MATERIALS, AND
OTHER SUBSTANCES ON GROWTH

A Broop anp Tissur Cosstirurnts IncLuping Horasones (Tasce 1)

Severn] constituents of blood re important for growth nd mam
tenance of adult cells ;n vitro Onc of these the A Factor (Simms
and Stillman 1937c¢ Simms and Sanders 1942) appears to be indis
pensable to the mamntenance of adult cells It 1s present in plasma and
serum Serum ultrafiltrate contans the A Factor and 1s free from pro
teins® This 1s used as a basis for a standard medium for the mam
tenance of adult cells However serum ultrafiltrate alone 1s not sitis
factory for the imtiation of growth For this reason plasma protemns
were usally added to the tissue culture medium

A matenal contamed 1n the red cells was highly stmulating to the
growth of both fibroblsts and epithehnl cells when present m a very
low concentration The active substance cannot be hemoglobin for
both hemoglobin and hemin were wmert when tested 1n punfied form
Red cell extract was mcluded mn certamn of our media  An extract of
leucocytes was also very sumulating and sice this 1s the only agent
which has served as a substitute for serum ultrafiltrate 1n the mmun
tenance of adult cells over a period of time we have assumed that the
A Factor 1s produced by leucocytes An extract made from bloed plate
lets was also found to ymprove the growth of adult fibroblasts

2 The serum ultrafiltrate was obtamned from Microbtological Associates Bethesd:
Maryland  Unfortunately serum ultrafiltrate must be hept and used under an
atmosphere contamning 3 to 5% CO  Otherwise the loss of CO, causes a mse
PH with immediate complete destruction of the A Factor
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Most of the hormones had hittle effect on adult cells A fresh thyroid
extract crude dred thyroid and thyroglobulin were stimulating to
fibroblasts but nhibited the growth of skin epithehum and thyroid
epithellum  Thyroune has no simulating effect  Antenor pitwitary ex
tract (a standwdized 2queous preparation) greatly stimulated the
growth of norta fibroblists Other hormones ncluding crude postertor
prtwitary extract and 2 fresh adrenal extract had shight of any stimulat
mg effect A punfied preparation of estrone was mhibitory to fibroblasts

Extracts from some adult organs shmulated 1 growth of new cells
when added to evplinted aortr  Whole heart extract and fractions of 1t
were extremely shimulating to both fibroblusts and epithelial cells On
the other hand chichen embryo extract was inconsistent 1n 1ts action
on adult tissue  We found 1t to be unsatisfactory for use in adult tissue
culture Furthermore 1t 1s 1 mcdium unnatural for adult cells Doljansha
et al (1942) state that embrvo extract 15 far less stmulating for adult
fibroblasts and epithehal cells than extracts of adult bram heart, and
smooth muscle However for embryo tissues Davidson and Waymouth
(1945) find sheep embryo extract superior to adult tissue extracts

Egg white (both fresh and dried) contains a substance which s
very stmulating to the growth of both fibroblasts and epithelhal cells
It has been used as a substitute for serum 1n one of our basic culture
media but docs not gne as consistently good results It appears also
to contain the factor which produces cohesiveness of cells (Simms
1936)

B Protens anp Dicestep Proremns (TasLe IIT)

Hemoglobin and certain tissue proteins have already been discussed
under “blood and tissue constituents (Table II)

The mmportance of protems and thewr spht products to embryo cell
growth was observed by the Lewises (1911) who found that the adds
tion of amino acid and polypeptide mixtures to their media enhanced
the growth of cells Carrel and Baker (1926) observed that proteoses
and peptones from the pephc digestion of protemns were superior to
lower sphit products as growth stmulants Baker and Carrel (1928)
obtained embryo cell stmulation by hydrolyzates of egg albumin casern
edestn and fibin However the addition of glycne mmproved the
stimulation  Willmer and Kendal (1932) found that embryo cells re
quire plasma or embryo extract in addition to the proteoses

Adult cells as seen in Table III were stimulated by certain of the
plasma protems especially thrombin euglobuln gamma globulin and
fibrnogen @ Casemn after digestion by pepsin had a marked growth

3 These serum protemns all contain Lipfanogens and are not suitable for tissue
cultures where the preventton of fat granules is desired
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promoting effect on adult aorta fbroblasts and was also very sumulating
to the growth of shin epithelum Hanks (1955) reported that the eu
globulin frachon of serum contuns growth stmulants  Serum albumm
was not particularly stimulating i our tests although Waymouth (1955)
reported that albummn {Armour fraction V) added to a simple medim
enhwnced growth of L stram of adult cells

The growth promotng properties of tissue extracts have been as
scribed to the nucleoprotemns by Fischer (1946) and by Davidson and
Waymouth (1945)

C  Avuno Aaws (Tase IV)

Most of the amino acids which were tested with the exception of
argmne and an mpure prepuation of glycme, were found to have a
mild simulating effect when added to a medim consisting of a physo
logieal solution but gave no added stmulation when they were tested
m serum ultrafiltrate The small concentration of ammo acds present
m serum ultrifiltrate (only 14 millmolar) should pot account for this
difference It seems likely that the stmulating ction of most ammo
acids 15 mconspicuous m companson with that of the A Factor which
1s present m the ultrafilirate However aspartic acid, asparagwne, and
prohne greatly increased the rate of growth of skin epithehal cells when
added to a plasmr medium  Aspartic acid and proline had some stunu
lating effect on fibroblasts m the same medum

Efforts have been made by other workers to concoct synthehc tissue
culture media free from protens or other substances of unknowa chem
1cal structure Such media have contamed unmo acids m addition 0
salts glucose and vitammns (Evans and associates m Earle s laboratory,
19561 b) The amuno acid composihion of such synthetc rrledia h;:s
vaned widely (White 1946 Morgw, ef ol 1950), Eagle 1935, Hea())
et al 1655) Media having no other source of mirogen than the amxln
acids can be sufficient for cell survival However, protem molecu! elS
appear to be needed for cell dnasion  Armna acid muxtures are myar
ably mfertor to protemn digests as growth stumulants e

The dialysis of plasma serum and tissue extracts was found (Fisc] ;1
and co workers 1046 1948) to leate a residue madegunte for gm‘t‘her
They concluded that this was due to a loss of amino acn:l: angtomed
nutnents—espectally cystine White (1949) and Hamns (1932) };) a;
more favorable results 1 their tests with dialyzed serum on embryo e
tures However 1t has been our expenence that adult tissues requl;’;s e

A Factor that 15 removed by dulysis (Sunms and Stillman s
Simms and Sanders 1942)
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Baker and Carrel (1926) considered that amno acids stimulate em-
bryo cell diviston and mgration  Their results with the addition of
ghvene to digested proteins have alrendy been mentioned  On the other
hand Vogehar and Erhichman (1936) found that glyeine inhibited
human thyvroid fibroblists wlile Burrows aind Neyman (1917) reported
touc 1ction on embrvo cells of 2 number of amino 1ads Carrel and
Ebeling (1924) stated that 20-50 mg of glycine per 100 ml had no effect
on growth but aceelerated migration

Eagle (1935) reported that 13 amino acids were essentinl for growth
of two cell struns Errle s “L” strun of fibroblasts from the subcutineous
conneetine tissue of 1n adult mouse and Gey s Hela strain 1solated from
2 human utenne carcnomn The amino aaids histed all L 1somenie were
argimne  cystane glutamme  hustidme  1soleucme  lycine  methionme
phemyIrlinme  threonine tryptophan tyrosme and valine It 1s of
terest that although the author stites thit the amino acid requirements
of these two extreme]y different cell types proved remarkably smmlar,
there was 1 marhed difference 1 concentration for optimum growth
Glutamme 15 considered to ply an cssential metabolic role  Fischer
and co workers (1946 1948) had stressed earher the importance of glu
tamme s 1 growth stmulint Waymouth (1955} observed also that
growth was improved by the addition of glutamine hydroxanthine to a
modification of the sem: synthctic medium of Wilson et al (1942) m
which Whites 1mmo 1e1d mixture was substituted for Witte s peptone
Greatly mcreasing the phosphate and NaHCO; further mmproved the
medium  Glutamic aeid at any concentration failed to permut growth of
the “L” strain of fibroblasts It was effective for the HeLa cell m con
centrations ten to twenty times that of g]utamme

Eagle (1935) noted thet a medium contamning these 13 amimo aads
plus 7 vitimins found to be essential and glucose did not permut
growth unless a small amount of serum protemn (serum 1-5%) was
present  Attempts to analyze the function of the serum residue sug
gested to the author that trace elements bound to the protemn mght be
of importance  Human plasma fractions I II and III were mert and
IV and V only weakly actne separately or mn combmation Exhaus
tively dalyzed serum was mactive while fractions obtamned by simple
(NH,).S0, saltng out followed by 24 hour dalysis were all more or
less equally actve More recently Lockart and Eagle (1959) have re
ported that this mimmum growth medium supplemented with dinlyzed
serum which supported the propigation of hewily moculited cultures
of cell stramns was not satsfictory for regulir or opimum growth of
small numbers of cells or clomng from single cells The deficiency was
overcome by the addition of the 7 nonessential amino acids (alanine as
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partic acid, asparagme, glycine, glutamse acid, prolome and serine) In
most expeniments serine alone was sufficient These authors conclude also
that specific metabolites may be required for the cultation of mam
malian cells 1solated directly from the amimal which are not necessary
for the propagation of established cell hnes

Furthermore, Waymouth s (1956) serum free nutrient for “L” stran
mouse fibroblasts contains (1n 1ddition to salts sugars, vitunins 05%
Difco Bacto Peptone, and 003% Armours bovine albumin fraction
V) the amno acids hsted by Eagle as essential, but in different con
centrations L aspartic acid, L glutamie acid, glyeme and n-prohne
were also present and the total amino acid content was ten times that
m Eagles medum (m which serum 1s present) The presence of pep
tone was of paramount importance It was suggested by Winmck and
Winnick (1953) that the peptides themselves may be assmulated by the
cells, and perhaps even whole protem molecules

In cultures of chick tissues there was substantial utilization of protemns
m the presence of simultaneous amno acid uptake and mcorporation
(Franers and Winmieh 1853) Harns (1958) caites a number of expen
mental studies which indicate the penetration of cells by protems with
out prehmnary breahdown and evidence that in chick embryo tissue
cultures the protems are the preferred precursors of chich embryo tis
sues He felt that a mmmal synthesis of protemn from ammno acid pre
eursors may be necessary for the utihzation of media protemns by direct
ncorporation Thus a deficiency of lysme or other essential amino acid
may block both

‘Worhers 1n Earles laboratory have kept alive for several years strams
of cells from adult mouse monkey, and human tissue 1n the protem free
media of known chermeal compontion mentioned above {Evans, 1957)
However the addition of 10% gross globulm residue or 025% of horse
serum greatly increased prolferation and improved the conditron of the
cells These workers reported that all the protem frictions of horse serum
possessed growth sumulating properties mversely proportional to the
amount of mampulation required to separate the fractions They sug
gested that the growth promoting factor of serum s nonspecific How
ever ovalbumin was far less stimulating for these mammahan cell straws
than fractions of horse serum Evans m a discussion of the factor or fac
tors 1mportant to the growth of ammal cells associated with serum pro
posed that the serum protems may provide additional amounts of an
ngent present i growth hmiting amounts i synthetic medir, or may
have a protective action aganst tovic agents present such as txacesho
heavy metals The chemically defined media m use today although t! e})
have been satisfactory for the contnuous prohferation of some ce
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strains have prosed madequate for 1 titro muntenance of highly spe
cihized functiomng cells There 1s also mounting evidence that the cells
of stable cell struns are not representative of cells freshly isolated from
the amimal

D Vrrasins (Tanue V)

The only vitamm we found to have appreanble shmulating action
on adult hissue was ascorbic 2eid  This stimulated both fibroblasts and
epithehinl cells However ats effect was not sufficiently beneficial to war
rant ats incorporition m our standard media

Worling with embryo tissues Chambers and Cameron (1943) con
cluded that ascorbic 1cid 15 essentinl to epithehnl growth and should
be added to cultures i Tyrodes solution or scorbutic plasma  Von
Jeney and Toro (1936) clumed that ascorbic 1cd uded argyrophil fiber
formation

As for other vitamins tests on embryo cultures by Gordonoff and
Ludwig (1937) indicate that Vitamins A B, and B, stmulate growth
whereas dcficiency or excess of C D and E had no effect Baker
(1933) found no effcet of carotene on embryo fibroblasts However
she found stimulation from a small concentration of serum which had
been saturited with Vitamin A (from halibut liver o1l ) Greater con
centrations proved tonie  Our tests with similar matenal failed to stim
ulate adult fibroblasts

Yeast evtract reported by Heaton (1929) to inhibit the growth of
fibrablasts but not of epithellum had the oppostte effect m our cultures

E E~zywes (Tasie VI)

The stimulating action on fibroblasts of trypsin and papamn was very
marked when used to partially digest fresh adult aorta tissue The ad
dition of sulfadiazme appears to mcrease the shmulating effect How
ever conditions had to be so carefully controlled (to prevent over
digestion or underdigestion) that 1t was not practical as 1 routme pro
cedure Previous work (Stmms and Stillman 1937b) showed that the
proteclytic digestion removed an mhibitory matenal contuned 1n adult
tissue Digestion of shin inhibuted the growth of epithehal cells

I' Otner Oncanic Sunstancrs { Tance VII)

This group ncludes several substances of interest i relation to
wound healing The toxicity of rubber extracts presents a problem for
tissue culture workers since 1t necessitates that rubber stoppers should
never come 1n contact with solutions
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G Surrur Cortrounps (Tasre VHI)

Most of the SH compounds recommended as simulating proved to
be toxic to the growth of adult cells 1n vitro Cysteine and glutathione
had some stimulating effect on fibroblsts Hueper and Russell (1933)
found no shmulition with these substances when the medium was other
wise adequate  Baker (1929) reported stimulition with glutathione
especrally when hemoglobin was also present

Our tests with p thiocresol 1n the concentration recommended by
Remnann (1930 1931) showed complete toviaty for both fibroblasts
and cepithelal cells

The action of thiourrcil and thiouren on epithehnl cells 1s of interest
These substances are sud to produce thyroid hyperplasia (Ingle 1945)
Thiouracil stimulates the growth of thyroid epithelum and to some ex
tent shin epithehum  Thiourea 1n the same concentration also stimu
lates the growth of skin epithelium but on the other hand nhibits the
growth of thyroid epithehum

H  Pravt MatEnacs (Tapcr 1X)

These substances are of interest 1n relation to wound healing [Parsh
ley and Simms (1930) ]

I Inorcanic Cortpounps { TaeLe X)

Iron aluminum and banum salts i small concentrations improved
the growth of adult fibroblasts Ferrous chlonde was stimulating also
to the growth of skin epithelium  The addition of ron salts to our plas
ma medium has not proved advantageous A precipitate was formed
and the shmulating action was mconsistent

Lead cadmmm copper and zine salts as well as chromates were
lethal 1n our tests while tin salts were mert These obervations are of
interest n the choice of metals to be used 1n contact with hiving tissues

The tests on “Calgon indicate that 1t may be used safely for washing
glassware  Soaps have the disadvantage that they produce fat granules
(see Stmms et al 1947) Calg 15 sud to tain soap

Y SUMMARY OF SUBSTANCES FAVORING ADULT CELL
GROWTH (TABLE XI)

The word “stimulation 1s used 1 this chapter to mclude any process
which results 1n an increase in the number of new wisible cells greater
than 1n the corresponding control culture Concenably the shmulahng
achion of a substance may affect the tissue by one or more of the fol
lowing processes
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1 It may overcome the mhibitors present i dormant adult tissue
There 15 evidence that adult tissue cells are hept in 1 dormant state
because of the inhibitory substances present in the tissues Removal
of mhibitors (by enzymatic digestion or other means) results i cell
division  Agents that act m this manner may be looked upon as oppos
g the restrunt of growth”

2 It may furmsh nutrient or metibolic materals  Such matenals
m1 directh ud the cells in o ercoming the tissue mhibitors (process 1),
or they mny ncrease the cell metabolism and indirectly serve to counter
act the inlubitors or to promote mitosis

3 It may act directly on the cell to promote mitosts We have no
evidence that any agent acts in this manner

4 It may promote migration of cells either before or after division
In our experiments with adult 1orta the mugration of cells without
mitosis 1s not mustaken for the growth of new cells

Other observations tell us the length of the lag period before new
cells are scen and also the rate and extent of subsequent cell division
(with mgration) In general a short lag period 15 followed by rapd
growth while 1 long g penod precedes slow growth This seems to
hold true regardless of the nature of the stmulating agent

In Table \I we hnve summanzed the substances found to axd the
growth of adult cells when added to medin contaimng UF/3 or PI/3
We have not included those ammno acids that simulated i physiological
solution but wlich failed to stmulate in UF/3 It will be noted that
some substances may be sumuliting to one type of cell and also be
unfavorable for another type

VI SUBSTANCES RELATED TO WOUND HEALING
[TABLE XII)

Numerous substances have been advocated by others (see reviews
by Whipple 1940 and by Arey 1936) for the stmulation of wound
healing  Tissue culture tests on a number of these materials are given
in Table AII It will be seen that less than half of these alleged stimu
lang agents showed any stimulation of adult tssues i wvitro  Some
were defimitely toxic Of those that simulated none showed greater ¢
tion than adult serum and none gave promise of practical usefulness in
ading the healing of wounds

The substances 1n Table XII (1s well as those i subsequent tables)
were tested on experimental wounds by Dr Edward L Howes n the
Department of Surgery His findings were n general consistent with
our results 1n tissue cultures—except for the fact that sterihity 1s more of
a problem in wounds than in tissue culture An agent (such as serum
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TABLE XI
SummARY oF SUBSTANCES FOUND 0 BE STIMULATING TO ApULT Tissue GrowTae
Effect on the growth of
Aorta or shin Skin Thyrod
Substance Bbroblasts epithelum epithelum
Antibactenal substances
Sulfamlamde 0 005 and 0 05% +4+
Sulfaciazine 005 and 0 085% 4
Sulfadiazine 005% (1n P1
plus Z8)? ++
Sulfamethazine 0 05% + ++ +4
Sulfatiuazole 0 005 to 0 085% +
Vitarns
Ascorbic acid 0 01% (1n serum
or UF/3) 4 +
Enzymes (prelmmary digestion
of tissues)
Papam 0001 to 01% +
Trypsin 005 to 01% ++ Tovic
Hormones
Antenior pituttary 0015 per
ml (i S/4) 44
Thyrord (fresh chucken) 4 0% 4 Inlubitory
Thyroid (crude dred pig)
<03% + Toue Inhibitory
Other tissue extracts
Egg white (fresh or dned)
5% and 012% ++ ++
Embryo extract (chicken) 1/3
mn UF/3 +
Embryo extract (chicken) 1/3
n §/3 Inert
Heart extract 10% ++ +
Leucocyte extract 5% (m Ty) +4++C
Platelet extract 05% +
Red cell extract (laked)} 0 1% +
Red cell extract {laked) 5 0% ++
Chromatin 10% ++
(inconsistent)
a Degree of growth stmulation 1s ndicated as follows Growth ratings
+ = up to 2 times that of the control medium 100-200
~++ = between 2 and 3 times that of the control medium 200-300
+++ = between 3 and 4 tumes that of the control medium 300400
+-++- = between 4 and 5 times that of the control medium 4005‘330
>

++—++-+ = more than 5 times that of the control medium
Except where otherwise indicated the control medium was UF/3 or PI/3
» However sulfadiazine 0 05% m PI plus X6 was mhibitory
¢ Activity compared with Ty or X6 solution control
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TABLE \I {Centinued)
Ffcct on the crowth of

Aorta or shin Skin Thyrod
Substanee fibroblasts epithchum epithelium
Plasma {and lymph) constituents
Whole plasma Ivmph or ccrum e e L e
Serum ul rafiltrate (A Factor) R
Serum albumin 0257% Inert +
Fibnnogen 1/3 + +
Serum euglobulin 1/10 + ot
Serum grmma globulin 025 to
05% + +
Thrombun 025 to 0 5% ++ Inert
Ammo acyds and digested protetns
Casein (digested by pepsin)
1% ++++ ++
1 Aspartic ncid 7 5 to 15 md + o+
LAsparamne 15 mM ++
I Proline 75 to 15 m\f + +
Sulfur compounds
Thiouracil 00037 + +
Thiourea 00035 + Inlubitory
Other organic compounds
Aluminum monostearate
<003 +
Aluminum tnstearate
<003,
Inorgamic compounds
Aluminum chloride 0 003¢% +
Barum chloride 0002 +
Ferrous chlonde 0015, + +
Feme chlonde 001 +

ultrafiltrate or aspartic aaid) which mds tissue cell growth e also ud
bactenal proliferation

A \Watern SoLustl Owrvent Bases (Tanee NI}

Of the water soluble bases no wlibitory effect on the growth of
adult fbroblasts was produced by the gels agar nsh moss methyl

{tul and gum trag; th tested 1n a concentration of 1% or less
Insh moss nest for fibroblasts nlubited the growth of sk epithehil
cells The water soluble carbowaxes also had no inlubitory effect on
the growth of fibroblasts when tested 1 a concentration of 1% but
were less favorable for epithelial growth

On the other hand pectin frequently recommended in the hterature

~
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TABLE \11
Tissue CuLTUure TESTs ON SuBSTANCEsS REPORTED BY OTHERS TO BE STIMunA™NG
To Wounpss
Effect on Growth of Adult
Aorta or skin Skin
Substance fbroblasts epithelium
Pectin Touc
Glycerine Toue
Trethanolamine Taxic Toue
Cod hver o1l fractions Touc Toue
Ascorbic rad Stim + Stm +
Yeast extract Inert Touc
Trypsm ( prelunmary digestion) Stim 4+ Touc
Adalt serum (compared with
%6 solution control) St -+ Som 4
Embryo extract Stim 4
Adult tissue extracts
Adrenal {whole) Inert
Heart Stim 4+ Stn +
Thyrad® Stim -4 Inhibitory
Serum albumin Inert Stm +
Casemn digest Stm 44+ St ++
Glyane (unpure} Inhibatory Inhibitory
Allantoin Inert in 0 015
Touen 0 12%
Urea Inertin 0 05%
Inhibitory m 0 09%
Sodium oxalate Intubitory
o 'The degree of growth stimulation 1 sndicated as follows J—
4 == up to 2 times that of the control medium 100-20g
- = between 2 and 3 imes that of the control medium ?-00*'330
4 = between 3 and 4 times that of the control medium 3(;0;;0

4444 = more than 4 times that of the control medsm
The control medwm was UF/3 or Pl/3 1 each case excep

glutathione were tested o
» When tested on thyroid epithelial cells thvraid extract was inhubitory thioura

was stmulating (+) and thiourea was mhibitory

¢ when serom aod
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TABLE \II (Continucd)
Effect on Growth of Adult

Aorta or shin Skin
Substance fibroblasts epithelum

Sulfhvdnl compounds

 Thiocresol Toue Toxic

Cysteine Inhibitory

Glutathione (not tested in UF) {Stm -+ 1n\8)
N1 SO, Inhibitory
Thiouracal® Stim +
Thioureab Stim
Castilhan malva Toxic
Chlorophy 1l Inert to Touc Touc

for the treatment of wounds (Thompson 1938 Tomphuns et al 1941)
was completely tovic in vitro

A 109 concentration of glycernine reported as beneficial to wound
heahng by Kulkarm (1939) was found to be toxic for the growth of
fibroblasts as was “glycente” of starch The addition of glycerme to
wert tragacanth contaiming a nomnhibitory concentration of sulfathia
zole resulted 1n complete toxiaity Brush and Lam (1942) also report
no consistent healing of guinea pig wounds with exther pectin or gly
cenne although Robson nd Wallace (1941) described a sulphonamide
glycenne base as harmless n the treatment of burns

B Waren InsorusLe (Grrasy) Bases (TasLe XIV)

The only greasy bases tested which were well tolerited i vitro were
pure preparations of mineral o1l and vaselne and a mixture of vaselne
and lanolin (“Aquaphor”) These were tested by floating on the surface
of a protective medium contaming the tissue  Repeated heating of vase
hne rendered 1t toic  The importance of the quality of the preparation
1s evident from Table XIV which shows the vanability of results ob
tamned with different preparations

Of a large number of bases antiseptics and detergents tested on rat
wounds by Baker (1944) petrolatum motor o1l and boric acid omtment
were the only substances found not to cause necrosts Hawlng (1942)
commented on the undestrable tissue reaction to oily preparations of the
sulfa drugs used in treatment of wounds and recommended the use of
saline solutions
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{Reed and Orr 1942)  Several hundred milligrams per 100 ml of so
dwm sulfathiazole was required to anhibit the migration of leucocytes
m vitro (Herrell and Hellman 1843), and concentrations of 5 and 50
mg per 100 ml did not anhubrt the growth of young gumen pig fibro
blasts while concentrations of 100 mg per 100 m! inlubited growth but
did not Lill the cells (Reed cf al 1942)

We hue found (Table XVII) that concentrations of sulfamlimide
and sulfathinzole as low 15 5 mg per 100 m! will shmulate the growth
of adult chicken nrortn fibroblasts in tissue culture and that 1 concen
tration of 50 mg per 100 ml of sulfamlimide sulfadiazine, sulfimethn
zme or sulfathrazole usually had 2 stimulating effect on the growth of
both adult fibroblhsts and skin epathehnl cells  Marfaml and sulfimera
zme n the same concentrition nlubited these cells  Sulfimethazine
(50 mg per 100 ml ) was found to be ghly stmulting to the growth
of adult cluchen thyroid epithehum  The reaction of the tissues to dif
ferent concentrations of sulfadizine and sulfathrazole (5 to 85 mg per
100 m! ) vaned with the tvpe of medwm A reduction 1 bicarbonate
favored the stimulation of the growth of fibroblusts by the higher con
centrations of sulfrdiazine and sulfathrazole while 2 reduction 1n
calejum and an anerense n phosphate in the medium resulted 1n stmu
lation of shin epithelal cells by sulfadiizine However sulfadiazine
tended to inhibit these cells when applied in X6 solution which favors
the growth of fibroblasts

2 \Miscellancous Antibacterial Substances (Table XVIII)

In our cxpenence the following commonly used antiseptics com
Pletely mhibited the growth of adult cells 1 tissue culture borie acid
01 hydrogen peroude 001 to 10% 10odme <005% phenol 05%
“Zephiran™ 0025 zinc peroude <001% Baker (1944) found bonc
acid omtment to be harmless n the treatment of rat wounds but stated
that hydrogen perovide caused necrosis of the muscle Zmne peroxide
has been recommended as nomntating (Holmes 1942) and growth
stimulating (Connell 1940) 1n the treatment of wounds According
to Herrell and Heillman (1943) “Zephiran 1s hemolytic mn low con
centrations and although 1nferior to pemaillin and sodism sulfathiazole
compares favorably with gramicidin 1n regard to towicity for leucocytes
n tissue cultures We have found gramicidin to be relatively mert i
tissue cultures of adult fibroblasts and shin epithehal cells

In addition to completely miubiting growth p chlorophenol 10dine
Phenol proflavine and propamudmne delayed plasma clotting from 1 to
4 days p Chlorophenol r ded for use with pemallin by Me
laney et al (1946) because of its actnity aganst gram negative organ
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| INTRODUCTION

The demonstration by Magendie 1n 1816 of the unlike nutntive value
of the three major groups of foodstuffs (Magendie 1816) spearheaded
m the latter half of the minetcenth century an era of resewrch activity
relating to the influence of the nonprotemn calores of the diet on the
course of protein metabolism The litcrature 1s dotted with the names of
the great mvestigators of the period—Bischoff Rubner Voit Lusk At
water and many others It 1s not surprising that the work of men of this
cahber eulmnated 1n concepts that have been more or less generally
accepted even up to recent times  Many have the familiinty of textbook
statements For example we may read Protemn 1s metabolized less eco
nomucally as a sole dietary conshituent than 1t 1s i the presence of car
bobydrate or fat although both carbohydrate and fat hwe Pprotemn
sparng charactenistics carbohydrate 1s the more efficient of the two
the nonprotemn foodstuffs spare protemn by virtue of therr caloric prop
—_—
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erties, and the total energy value of the diet determines the level at
which the protein metabolism proceeds

A bringing together, however, of the old and the new literature sug
gests that many factors not appreciated by the early workers m the field
influence the effect nonprotein calories may exert on protemn metabolism
(Munro, 1951) As a result, the picture has been enlarged many of the
seeming contradictions cleared, and inconsistencies with the 1sodynamic
law explained But at the same time, new problems and new questions
have ansen

The better understanding that has come mn recent years of the role of
calones in the regulation of mitrogen metabolism has 1its roots m our
concept of the hving cell as a steady or dynamic system rather than as
one of equiltbrium (Schoenheimer et al, 1939) And as such 1t 15 an
open system materials enter and leave and the state 15 determmed by
Lunetic factors—a situation quite 1n contrast to the closed state of a ther
modynamic equlibrium (San Pietro and Rittenberg 1953) This dynamic
state has been viewed as an ebb and flow of mtrogenous constituents
from one hssue to another (Whipple, 1948) In thus system, both dietary
and tissue protems contribute amino acids to a metabolic pool which
supplies m turn all of the ammno acids needed for both anabohc and
catabolic processes Actually this pool represents the summation of pro-
temn metabolism 1n many centers mtegrated into the dynamic state of the
body as a whole (Allson 1957)

In addition, certamn tissue protemns notably those of the liver, m
testmes and plasma are more labile than others and have, addition,
the capacity of holding 1n reserve varymng amounts of protem In this
fludity of the protem metabolism and 1its immediate response to physt
dogeet detary and enveronmenhal varekles 1 fowd the bodys adaEf
tive abilities and 1ts power to shift the course and the intensity dlz
metabolic processes 1 response to normal subnormal, and surfeit con
tions of various origins

Within this conceptual framework 1t therefore becomes umperativé
to define observations relating to the mnfluence of nonprotem calories O
the protemn metabohsm 1n terms of the experimental condstions 1mp£0:;
—the age of the test ammal 1ts physwological condition the size O "
stores of protemn fat and glycogen within 1its body, the relative adequ! :
of the diet offered and the scheme of the dietary regime to which :h
test amimal 1s subjected including pre feeding techmques duraho}l: Ofs '
expenimental period and length of intervals between dietary phase:
the expeniment
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Il INFLUENCE OF TOTAL ENERGY YALUE OF DIETS ON
PROTEIN METABOLISM

Recent studies (Rosenthal and Alhson 1951 Calloway and Spector
1955 Forbes and Yohe 1935 Schwimmer and McGavack, 1948 Leverton
ct ¢ 1951) emphasize the unportanee of balaince between the energy
producing and protein components of the diet 1 protecting the ntegnity
of body tissue under normal conditions  Labile protemn n body reserves
through catbolic proccsses provides energy as well as amimno rads 1n
support of actmities both anabohic and eatabolic 1n the metabolic pool
In genernl 1 restriction 1n the energy value of the diet 15 assocrated with
an increased catabolism of Iabile protemn n the effort of the ammal to
corrcet the calone deficiency in the metabolic pool

Comversch increments mn food energy value permit improved utihza
tion of food mitrogen for svnthesis and conservation of body protemn but
there appears to be an optimum enloric intahe associated with maximum
retention at vanous levels of dietary protein (Calloway and Spector
1951)

Also an optimum level of ealories seems to cuist for the maimtenance
of an effiment balance between fat stores and lean body mass (Alhson
and Wannemacher 1957) For example puppies ganed essentially the
same body weight per gram of mitrogen ingested on diets contaning
ether egg protemn or wheat gluten as a source of protein  The puppies
fed wheat gluten however retamed only 008 gm of mitrogen per gram
of mtrogen mtike whereas those given egg protein retamed 05 gm per
gram of mtrogen consumed The gluten fed puppies were obese and
mnactive the egg protein fed ammals lean and active

Whether catabolism or anabolism predommates m the body following
calonic restriction depends on the degree to which the energy value of
the diet has been reduced the quantity and nutritive value of the dietary
proten the physiological state of the animal 1n respect to body reserves
of protemn and fat the age of the ummal and n some instinces the
dietary sources of energy It 1s not difficult to see therefore that no one
metabolic picture defines the response of an experimental amimal to a
reduction of food energy However the many and complicated metabolie
adaptations that an animal may make under vartous conditions of caloric
restriction are becoming clear as evidence accumulates m vanous lab-
oratones  Emerging concepts have been summanzed by Allson (1958)

A Errect oF ProtEm Contamnine Diers WHEN Fep o Apurt SusjecTs

When food ingested 1s of constant protemn value and body stores of
protein are filled reduction of food energy below the amount needed for
maximum protem anabolism results first m a state marked concomitantly



198 PEARL $WANSON

by an mereased eat1bohsm of body proten nd continued effiviency of
ubhzation of food prote for anbolism—as shown by negatw e itrogen
balance and no alteration m the value of the mtrogen balance mdex of
the duetary protemn (Allison cf al, 1946) Tissue synthess reflecting such
utshzation m1y occur even with evtreme reduction of caloric value when
the protemn content of the diet 15 low (Allison ef al , 1948 Swanson, 1951,
Benditt et al, 1948 Con et af, 1953) But the body will bun any add:
tionl protein added to the diet as fuel, if calane restriction 1s contnued
{Allison et al, 1946, Swanson 1951)

B Errrcr or VARMING THE PROTEIV STORES OF THE ANMAL

Thnt there are alternative pathwwiys i metabohsm 15 sflustrated by
diffrences 1 the way i which ammals wath full and depleted body
stores of protemn respond to a calore deficiency

Caloric requirements are maximum when protem stoves are filled
With restriction of food energy, m ammal possessing such stores will dip
deeply mto ats reserves citabolize them for energy, ehwmmate m the
urine mitrogen arising 10 the process, and thereby slip mto mitrogen
deficat even though there may be sunultaneous anabohsm of food pro
temn (Rosenthal and Allison, 1951)

As body stores of labie protem are reduced followng restrictions 1
the cnergy value of the food provided the caloric requirament seems 1
decrease permutting more effective ublization of ammo acids for anabohé:
processes (Rosenthal and Alison 1951 1956) Thus with contnue
himitation of ealones some adaptation seems to occur, as shown by dnfts
towrd equibbrivm 1nd even m some instances, attamnment of a positne
mtrogen balance

Indeed the first response of a protem depleted wnmal to protew
feeding and a deficiency of clories may be positve nitrogen balance .

However such adaptations as occur are but trwsitory Eventua vt
m sts search for sources of enesgy, the orgamsm 1s forced to bum ﬂ}‘:
only food but tissue protein for fuel as shown by an alteration m tes
nitrogen balance mdex and a markedly increased negatne mtrogs
balance The increased catabolism leads to wreversible tissue changes,
exhaustion and fnally death of the wmnl

Resistance to the );inal damaging response m whch both food 'g‘i
body mtrogen are used for energy purposes is much greater underﬂmm
stress of reduced calones when mmtial body reserves are full rather

leted
d(:‘PThe filling of reserves 1 the protein depleted animal presen‘tis ‘n‘?:;:zf
nteresting example of protem calone relationships Allison g?hn ot the
macker (1957) present clear cut evidence showing thit the g
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protemn resers es must be desenibed in terms of three dimensions namely
(1) the nutnitne value of the dietainy proten (2) the mitrogen ntahe
and (3) the ealorie intake”

C Errrcr or Proni i\ rrie Dirrs Wien Fep 1o Apucr Sunprers

The citabolism that follows the feeding of 1 protem free diet 1epre
sents after the mitia] adjustment an endewvor on the part of the orgamsm
to secure mtrogenous metabohtes essential for the muntenance of hfe
(Brush of al 1917) Labile stores of mtrogen are first drawn upon and
then upon thur exhaustion the more stable masses of body proten

When protem free diets are admmistered to adult rats mtrogen
balince docs not serve s 1 sensitive mdicator of the cnergy content of
the diet Altering the ciloric consumption of adult rats in a range close
to the muntenance requirement has very little mfluence on the quantity
of nitrogen excreted m the unine (Mitchell 1924 Treichler and Mitchell
1941) Onlv with marked reductions 1n ciloric value of the diet are there
increments in mtrogen output

With stindardized proten depleted rats 1 catabolism greater than
that charactenistic when the full calone protein free diet 15 fed does not
occur until the ealorics hive heen reduced by more than one half (Will
man ¢t al 1947) Humn subjects consuming protemn free diets respond
simlarly to decreises m the encrgy value of the food (Johnson et al
1947 Cillowny and Spector 1954)

The dog ~ppears to hwe the capraty to react favorably to super
mamtenanee levels of encrgy producing foods when subsisting on a
protein free ration (Alhson and Anderson 1945)

D Lrrrer oF Vamine e Sources oF Foop CALORIES

The relative efficiencies of carbohydrate and fat in the spanng effect
of nonprotein calones on the utihzation of protein and on the course of
mtrogen metabolism have been studied under a varnety of experimental
conditions over the years {Munro 1951 Maignon 1933} The adapuve
Tesponses and vanations 1n metabohe mect already d d as
funchions of the energy and protem values of the diet explam m part at
least divergence and confusion 1n data reported 1n the hterature con
cermng the respective values of carbohydrate wnd fats 1n protecting the
Protemn metabolism

The preponderance of evidence to date suggests that in general the
mtrogen conserving effects of carbohydrate and fat ealones are equiva
lent 1n normal adult amimals when diets contain proten providing meas
urements of retention are made for sufficiently long penods of time The
Increase 1n urinary mtrogen that has been observed when fat 15 ex
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changed 1socalorically for carbohydrate appears to be a transitory
phenomenon (Thomson and Munro 1955)

The equivalence m the protemn sparing effects of carbohydrate and
fat 15 apparent 1n rats at various levels of caloric mtake (Calloway and
Spector, 1955, French et al, 1948) and n dogs recewving 50% or more
of their food energy requirements (Allison et al , 1946 Rosenthal 1952)

In the case of the dog neither the utihzation of the dietary protemn
(mtrogen balance ndex) nor the rate of catabolism seems to be altered
with changes m the fat content of the diet when 1its caloric value 1
optimal (Rosenthal, 1952) However, when the intake of energy food
meets only 25% of the requirement, both the utthization of dietary proten
and the mirogen balance are affected unfavorably if the diet 15 rich m
fat—a response that 1s offset when dietary protem 1s increased

Some of the contradictions m the literature have been cleared by
observations that separation m time of eating the protem and carbo
hydrate components of the food results m a deterioration of the mtrogen
balance (Cuthbertson and Munro 1939 Geger et al, 1950 Munro
1949) Thomson and Munro write that the tial accelerating effect on
mitrogen metabohsm of the 1socaloric substitution of fat for carbohydrate
may be due essentially to removal of carbohydrate from the protemn
contamng meal and not to an adverse effect of feeding fat with protem
(Thomson and Munro, 1955)

These observations together with others on the influence of surfert
1sodynamic amounts of erther fat or protem supenmposed on adequate
basal diets, led Munro and Wikramanayake (1954) to conclude that
utilization of protem 1s affected m two ways by the carbohydrate present
m the diet The first effect 15 specific and 1s one not observed with
Lpds A close provuty 1 time of eatmg carhohydrate and protem 1
necessary 1if retention of nitrogen 1s to be nfluenced favorably The sec
ond effect 15 nonspecific carbohydrate and fat act interchangeably ai
energy sources m sparing protein and to exert this spaning action do nof
need to be trken along with dietary protem

It has been more or less accepted from hmted evidence reported 1
the early literature that when rations are deficient n protein mtm%eﬂ
metabohsm proceeds with less detrmment to the animal when high Cé" tl‘i
hydrate rather than high fat diets are ingested (Landergren 1903 3 "
cart 1922) However diets were madequate i many respects anc I
was not always recogmzed that response 1s a function of the total enel:gli
value of the diet and physiological reserves of fat glycogen and labi

tein
ProMore recent evidence ndicates that fat possesses under specific e}':
penimental conditions nutritive properties over and beyond the furnis
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mg of energy that are not exlibited by carbohydrate (Swanson 1951
Willman ¢t @l 1947 Swanson ¢t al 1939)

The response of protemn depleted rats to the simultaneous elimmnation
of dictanv protemn and restriction of food calories as observed in the
Towa State College laboratonies 1s providing evidence of the mextricable
mterweaving of the mtrogen and energy metabolism and an mteresting
opportumts to studs lterations in metabolic pathways which may oceur
when stress conditions are imposed

Il INFLUENCE OF NONPROTEIN CALORIES ON ENDOGENQUS
NITROGEN METABOLISM

A Exrmivestar CovpITions

Adult male rats of Wastar strun with body reserves of labile proten
reduced under standard conditions were the reactors mn the Jowa State
College expeniments to the triple stress of previous protem depletion
continued feeding of 2 dict devord of proten and ansufficient food
energy

Two basic diets were used—one contarming 209 of fat with the ipid
constrtuent 1n most cases providing about 36% of the total calortes the
other nearly fat free  Although the cilonc densities of the two rations
differed quantities of food consumed equalized the calorie values of the
food mgested cach day when the two diets were fed ad libitum (Table

TABLE I
Contpostrion oF Low Nitrocen Basar Diets
High fat diet Low fat dret
Dictary components {grums) (grams}

Destnn 73 a3
Lard 10 4
Butterfat 10 o
Oshorne & \Mendel salts 4 4
Sodium chlonde 1 1
Ruffex 2 2
Calories per gram 48 38
Average calones provided per day 49 (18 rats) 49 (36 rats)

ad Libitum mgestion

1) These basal diets were supplemented daily with all of the known
vitamins including choline and with 50 mg of cottonseed o1l as a source
of essential fatty acids

Varous sources of fat have supphed the fat molety over the course
of the expeniment We have used a mixture containing butterfat and lard
n equal proportions Wesson o1l butterfat alone lard alone, pure cot
tonseed a1l of known ongin and composition a low pressure distillation
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fraction of cottonseed o1l, a low pressure distillation residue of cotton
seed o1l and three preparations of a partially hydrogenated cottonseed
o1l A mxture of butterfat and lard served as the source of fat m the
first series of experiments

The rats were mantaned on the two protem free diets offered ad
libitum until stabihzation of nitrogen excretion showed adjustment to
lnch of detary protemn (Swanson 1951) It was believed that steady
excretion of nitrogen sigmfied a reduction not only m the size of body
stores of protemn but mn thewr catabolic activity Excretion of unmnary
mtrogen was fairly constant from the nineteenth through the thuty fifth
day of protem restriction Metabolism expenments mveling calone re
duction were conducted 1 this mnterval

The first mtrogen balance test, imhated on the mneteenth day, cov
ered a pertod of 5 days the ammals having full access to one of the
nitrogen low rations This expenimental interval 1s designated as Period I
i the tables m which data are presented

In many experiments the animals m both the high fat and low fat
groups were divided nto two groups at the end of Pernod I The first
group recenved daily a quantity of food that represented the average
amount consumed ad hbitum per day during the first balance test 1€
adequate calories The second group recerved a quantity of food reduced
to some fraction of the amount consumed m Period 1 1e restnicted
calories Each group was mamtained on the designated dietary regume
for 4 days—an nterval long enough to permit adjustment of the animals
on reduced caloric intakes to the new dietary manpulation Then nltﬂ;l
gen balances were agam determmed for exther one or two ntervals, €ac
5 days long (Periods IT and III)

The plan permutted comparisons of the performance of a sigle group
of rats receving Full or restricted calories {longitudinal) as well as com
parisons between different groups fed the two diets mn exactly the Sf:im:
interval of the expenment (cross sectional) Except in survival stu led
all evperlmental groups throughout the entire investigation coptame!
at least 6 rats

Due to the umformity of the mitrogenous composition of the fecal
excretions under the experimental conditions mmposed unnary m““gez
excretion only was used as the mdex of response to the test diets m som¢
of the expenments

B Dierary Fat aNp NiTROGEN CATABOLISM

c

That a mixture of butterfat and lard consistently exerts 2 SP?;tlf
spanng effect on the mtrogen catabolism of a standard protem dfe[:md
rat 1s clear from data presented 1 Table IT covering seven years 0 Y
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Restriction of the calones provided by exther diet to 25% of the requred
number 1s accompamed by acceleration of catabolic activibies as shown
by companson of excretions of urmnary mitrogen and mitrogen balances m
Periods I and II (Group A) But, at this calone level 1ncorporation of
fat in the diet mhibuts the extent of the acceleration For example the
mcrease 1n the negatiity of the mtrogen balance 1s 440 mg 1n the 5 day
metabolism penod for the ammals receving the low fat diet and only
145 mg for the rats maintained on the fat contanmg diet

In this connection, other data show that mitrogen balances vary only
the range of # 10 to 15 mg 1 Periods I and II when the expenmental
ammals are continued on the protein deficient diet without hmitation of
caloric consumption 1n Period 11

However, the possibility that the mtrogen catabolism reflects the
physical condition of animals subjected to these harsh expermental con
ditions rather than the diet can not be dismissed Some rats exubited
severe infections of the lungs at necropsy Qualtative apprasal sug
gested that size of fat depots varied Occasionally ammals lost weight
precipitously during the peniod of calone restriction

It seemed mmportant therefore, to restrict comparisons to the healthier
individuals 1 each group A plan was developed for scoring the phy steal
condition of the ammals

Data pertaming to any rat were withdrawn 1f two or more of the
following conditions prevaled moderate to severe lung mfection
marhed Joss 1n weight or absence of body fat (pentoneal subcutaneous
and mtramuscular) Data describing the remamng anmmals are sum
marized m Group B Table II ]

Comparisons of Groups A and B show that rats receving the restncte
protem free diet low 1n fat 1 Period 11 are affected particularly by ;hg
withdrawal pracedure However the distnchon between the fatl et
group and those relymg on carbohydrate for their food energy 1s not osf

Whether this screening of data 1s justfied m the mterpretation o
results 15 @ moot question 1t should be noted that certamn of the symp
toms on which the screemng was based represent advanced symP‘O“:s
of proten deficiency and that the screenmng especially affected thebr?is
fed the diet contuming carbohydrate only The tearmg down of body
tissue that occurs 1n these rats may be a true reflection of a difference 12
the nutritive value of the carbohydrate and fat diets as fed 1 thlls tmd
vestigation and may represent mabilibies of mdndual protem dep iio
rats to cope with the added msult of ommssion of dretary fat Dat}i‘] ot
show that mortality of the rats fed the high carbohydrate dret 15 gon
even on full calories than 1t 1s among rats recerving the fat diet (Swans! o
1951) We continue to note n recent experiments that the presenct
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fat 1n the ration 1n A1l instances delws death of the animal beyond the
expenmental perind
C Lt or Cavoric InTanr
There 15 1 level of cilone mtake associated with the spanng effect

everted by dietary fat on the endogenous metabolism when 1 mivture of
Inrd and butterfat 15 used i the ration {Tig 1) The mtrogen eatabolism

Energy Volus of Rotions in
‘_ % of Doys Requirement
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Fic 1 \strogen balances when protemn free rations of varying fat content are
fed to protein depleted rats at different calonc levels

1 not accelerated greatly when the caloric value of the days ration 1s
reduced to one half that of the full ad Libitum intale providing the
ration contains fat Such 1s not the case when the antmal must rely on
carbohydrate as its source of energy A 50% reduction n the number
of calanes furnished by the diet results in a marked increase m catabohe
Processes which 1s accentuated upon further reduction n the energy
value of the food intake (Willman et al 1947 Swanson et al 1959)

D QuantiTy OF FAT 1N THE DiET

Also the quantty of fat i the diet 1s important n the protectine
action exerted against the disintegration of body tissue that 15 induced
by severe calonc restriction protein depleted rats grven rations low 1n
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nitrogen (Willman et al, 1947 Swanson et al, 1959) Seemngly, the
diet must carry at least 15% of fat if 1t 15 to exert mitrogen sparmg actvity
aganst severe restriction of calones (Fig 2) In this case, a 1 1 mixture
of lard and butterfat represents the lipid component of the ration

Calories ingested in / of Normal Intoke
20 / Fat, 15/ Fot 10 / Fat 5 7 For
100755025 | 100755026 ] 100755025 10075 5025
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. ' ) .
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c © O O o © o
T

Nitrogen balonce per 100gm body welght
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-550

Fic 2 Nitrogen balances followmng the feeding of proten free rations of vary
ing fat content and of graded caloric value to protein depleted rats

E Patrerns oF CATABOLISM AND SURVIVAL

The shifting nature (Rosenthal and Alhson, 1956) of the mtrogen
metabolism 1n rats possessmg reduced stores of body protemn when low
calorie protein deficient diets are fed over a prolonged penod lsF“Iv
parent from the data depicted mn Fig 3 (Fox et al, 1959 (s;s
1954) However fat m the diet alters the general metabolic reSpfgloz
anmmals recerving this nutrient seemngly have a capacity to ad]\.lstI "
the caloric and protein economies in a way that delays the eventual 0
come death .

The mclusion of fat 1 the ration (Wesson o1l) mantams the }faha‘
ohsm at a fairly low plane over the entire remaimng hfe span of szh
Of nterest 15 the adaptation mdicated by the marhed reduction ]fqt '
over 1]l catabole actvity during the last 10 days of Iife Whelil el
absent from the diet, this final adaptation 1s not accomphshed  Int
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el mtrogen Josses are msurmountible and death ensues relatvely
quickly

Apparenth a total loss 1 body mitrogen in the neighborhood of 3500
mg cn be tolerated by the protem depleted ammal before death inter
venes after calone restniction (Table 11I) However, 1t 1s the rate at
which this loss occurs that determines length of hfe and in this etse
we note the fworable mfluence of dietary fat

1200
1120
1040
960
880
800

T

/7

Urlnary Nltrogen Mg per 5 day

n
2
o

T T T T T T

A

S day perlods § day perlods
Low fat Rotion 20/ fat Ration

Colorles Restricted
Tic 3 Mean quantihes of mtrogen excreted in unne 1n successive 3 day inter
vals by groups of protein depleted rats when the energy value of a proten deficient
dret 15 restnicted to 25% of the requirement (4 rats per group)

On the other hand the feeding of a protemn free ration at full calorie
value reverses the situation (Fig 4) and the spanng effect of dietary
fat on the endogenous nitrogen metabolism 1s lost (Fox ef al 1959a)
The quantity of mtrogen cyereted 1 the urine 1s greater for a fairly
long interval of time (about 70 days) when fat 15 included 1n the diet
than when it 15 omtted At the und of this penod however catwbolism
of the fat fed rats steidies and resembles that of the amimnls given the
carbohydrate diet

The greater catibohic actnvity occurnng m the imtial phases of the
test 1n depleted fat fed rats reccving ample calories but deprnved of
protemn 15 reflected m time of survival The records m Fig 4 are of
special interest in that they show the etent to which the metabolism
both encrgy and protemn 1s reduced with the passing of time as the
ammal attempts to maintamn hfe It 1s remarhible that an ammal with
limited body reserves of protemn can survive for as long as 200 duys
when protemn deficiency 15 imposed These dita also pomt up that due
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to the changing nature of the mtrogen metabolism wath the progression
of ime an\ statements regarding the relative mtrogen sparing properties
of carboln drates 1nd fats should take time mtervals in experimental his
tory mto consideration

PR B AN
$ 883 s
3 38 o
ST

20% fat({Wesson O 1) roton 4 ots
Low fat clon 4rats

~
o
S

>

N
2
k)

I
3

U inary nltrogen mg per 3 days

3
3

8

23 50 k) 100 25 150 175 200
Days
Fic 4 Mean quantities of nitrogen excreted i unne 1n successtve 5 day periods
by groups of rats fed different protein free rations ad libstum  The symbol ° denotes
that rats begn to die at this pant From the 155th day values are for surviving
rats A denotes that all rats recenving the high fat diet are dead

F  Bobpy SparinG ProperTIES OF VARIOUS FATS

Some of the divergence of opmon regarding the relative protein
spanng properties of carbohydrate and fat may be traced to the hind of
fat used 1n the formulation of the ration Fats as a group do not consty
tute a nutritional entity Sources of the fat components of an experimental
diet need to be defined as expheitly as sources of protem Failure of m
vestigators to recogmize this fact has clouded many 1ssues particularly
since specific fats obtamable mn local markets vary n nature and com
position from time to time

Early tests in this laboratory (Fox et al 1952) suggested that al
though certun 1regulanties in response were observed fats denived
from vanous sources may vary in their protemn sparng effect on the
endogenous nitrogen metabolism of a calone deficient rat

Repheation of the experiments using fats of known ongim 1n rations
for which heats of combustion were determined mdicated that while
body spaning activity 1s mherent 1n all fats certamn fats seem to possess
the property to a somewhat greater degree than athers (Table IV)
Butterfat and lard each appear to be more effcctive than either pure
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cottonseed o1l or 2 Wesson o1l purchased on the local market and of
unknown composition

The greater efficiency of these fats 1s not apparent immediately upon
restnction of ealonies to 255 of the day s needs (Period II) but builds
up with continued mamtenance on the low ealore diet Thus butterfat
and lrd each mauntan the increment 1n unnary mitrogen associated
with the prolongation of restncted calone feeding into Period 11T at 2
lower Jevel than 1s the ease when esther low fat or 2095 cottonseed o1l
rtions are fed (Table IV) Also the total mitrogen excreted during the
two penods of low erlone feeding (11 and 11T) by rats recerving erther
butterfat or Iard s about one half the quantity exereted by the rats on
the Jow f2t diet that exercted by ammls fed cottonseed ol 1s bout
two thirds this amount

But 1t should be noted that the total energy value of the diet mn
fluences the reltine body spanng properties of speaific fats For ex
ample ritions 1n wlich an o1l represents the ipid constituent ccelerate
exerction of unnan mtrogen to a greiter etent in Period I when full
calonie diets are fed than 1s the case when the rabion contamns no fat
(Table IV) These datr are mn accord with those depicted n Fig 4
The samples of pure butterf1t wnd lird used in these experiments do not
show thys aceelerating action eatibolism being of the same order as m
the carbohy drate fed rats

Thus 4s a result of properties possessed by butterfat and lard under
the conditions of adequate and restricted feeding imposed 1 this ex
penment the total cffcct of these fats appews to be somewhat greater
than that of oils n depressing rate of eatabolism

G Conrronents oF THE FAT MoLecuLE

The data presented 1n Table V may be mterpreted to mean that
both the sapomfiable and nonsaponifiable fractions of a cottonseed o1l
of known ongin are effective 1n reducing losses of body mtrogen under
condstions of semt starvation and protem deprivabion (Fox et el 1959b)
The nonsapomifiable matenal fed represented the first of three low
Pressure distillation fractions The amount provided m the rition
(125% ) was equivalent to the nonsapomifi ible substnces present m the
ration contmning 20% of cottonseed o1l The sapomfiable matenials were
1n the residuc remuming after the removal of the three distillation frac
tions This residue was wncorporated mto the diet so as to provide the
$2me quantity of siponifiable matenal s the 20% cottonsced o1l ration

Both fractions mamntan the excretions of mitrogen m the urine
Periods 11 and 111 at levels markedly below those charactenstic of the
1ats given the hugh carbohydrate diet 10 the same peniods Differences
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H Patawaxs or METABOLISM
1 Nitrogen

In a series of expenments 1 which the parhition of mitrogen
urme was studied (Hoover 1950 Hoover et al, 1949), rations
made mto slurries of the same caloric density and portions of ea
mumstered by stomach tube mn amounts that provided duly el
or 14 calories per 300 gm rt Also, groups were fed the full calor:
m Period I to permit compansons 1 the same mnterval of expenr
lustory The fat fed was a 1 1 mixture of butterfat and lard

Shifts 1n the relative imounts of the varous nitrogenous const:
present 1n the urme suggest that the use of carbohydrate 1 a rest
protemn free diet mtroduces blocks m metabolic patterns (Table
The calonie starved, protein deficient rat in the absence of dietary
unible to carry acdic intermediines, that arse m the catabole o
of amino 1aids, through the metabolic steps required for their utilz
The acadity of the urine was not measured but a 10 fold increase :
amount of ammomnt excreted 15 indicative of an excessive elimnatt
aadic substances, possibly organic acids

On the other hand, if the calonic value of the diet 15 adequab
presence or absence of fat i a protemn free diet fed to rats pat
depleted of body rescrves of mitrogen does not seem to alter apprec
the pathwavs of mirogen excretion (Table VI)

The deteniorating influence of the carbohydrate diet may be seer
1 the ncrease m the amount of creatimne mtrogen undoubtedl;
picting wreversible breakdown of funchionil nucler of the muscle 1

2 Carbohydrate

Glucose tolerance data presented m Table VII indicite that an
fed the high carbohydrate diets providing no protem seemmgly
mechanisms 1mportant m the metabohsm of carbohydrate even bi
the energy value of the diet 1s reduced That the mcorporation of
diets of adequate energv value preserves these mechamsms also 18
dent for utihzation of glucose by rats recenng these diets proceet
an approumately normal rate  But, when the caloric value of the
diet 15 reduced the metabolism of the sugar 1s retarded Thus not
the fat content but the energy value of the diet seems to control the
bohydrate metabohism of these protem depleted ammals (Hoover, I
Hoover et al 1919)

The disturbance 1 the abihty of the rats receiving restricted amo
of the low fat protem free diet to utilize carbohydrate may hav
parallel m the failure of diabetic ammals to handle this nutrent
known that diabetic like syndromes are assocrated with nutnfe 10
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tion Indeed 1t was observed 40 years ago that patients wath diabetes
mellitus fared better on huigh fat diets than on Iigh protem or normal
diets (Allen 1917, Newburgh and Marsh, 1920) It also has been shown
that rats made diabetic with alloan behave similarly (Burn et ol 1944)
One mterpretation may be that the diabetic orgamsm has lumited abihty
to synthesize fat—~a deficiency that 1s compensated for by ncreases m fat
mtthe This 1dea 15 supported by expenmental work showmg the pos
stbility that a major functson of msulin 1s to increase the synthests of fat
i the orgamsm (Drury, 1940 Pauls and Drury, 1942)

TABLE VII
AveRace Grucose ToLERANCES oF Grours or Rats FEp A Stock Ration anp
Two Low NITroGeN Digxs AT Two LevELS 0F CALORIC INTARES

}nergy value Mg % Minutes after injection of glucose

of diet 1n
Period H Diet fed 0 30 60 120 180 240
Ad Libstum Stock contro] 90 252 230 178 135 12
56 Cal /300 gm 20% fat a3 290 241 208 157 108
rat/day
56 Cal /300 gm Low fat 130 308 282 251 202 162
rat/day
14 Cal /300 gm 20% fat 150 305 281 236 209 176
rat/day
14 Cal /300 gm Low fat 140 290 272 243 190 170
rat/dav

3 Adrenal Cortical Activity

Adjustments made to the triple stress mmposed by this expenmel(lit i:
complex and all must be taken into account i trymg to understan Itt
adaptations made by the experimental amimal Recent studies m our 12
oratory show that hyperemic enlarged adrenal glands and low conCe!‘
trations of adrenal cholesterol are coupled with the ligh ev(crehorfls ;
urmary mtrogen characteristic of rits recerving limited quantities © th
diet 1n which carbohydrate 1s the source of energy be

Decreased concentration of cholesterol 1 the adrenal glands 15 .
Tlieved mdicitive of mcreased adrenal cortical actwity (Long 19471):1‘e
appears that the presence of fat m the low calorte, protemn deﬁcwnd o
Jessens at least 1n part the stress to which the ammal 15 sub]ectt; o
cause the adrenal glands of rats receiving this diet have normadmmﬂ
centrations of cholesterol If the markedly lower values for @ o
cholesterol observed mn the rats fed the ligh carbohydrate et S;g ro)
hyperactivity this m turn may explatn the mcreased c.]taboh(simtcofpm
temn that occurs when fat 15 ehminated from a protem free di€
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adequate energy value However 1t also 1s possible that the adrenil
response 15 secondary to the stress of large losses of body mtrogen Or
agam fat may provide precursor substances for the synthesis of adrenal
hormones
I RoLE oF MrTHIONINE

The effectiveness of methiomne 1n the spanng of body tissue of the
rat when added to a protemn free ration contuning 20% of fat was re
ported from our laboratories m 1947 (Brush et o, 1947) Nevertheless,
the obseriation that methionine may serve 1 lieu of fat in averting the

Energy Value of Rations in / of Doys Requirsment
450 100 75 50 25

o amg [N ) No amg | Mo mg
[Supptement M th N IS ppi ment Meth N |5 poiement Merm N |S ool ment  wetnN
v

100 |-
150
200 |
250

300

350 b

Nitrogen Bolance mg /100qm Body Wt

~400 &~

D20/ far Tow fat
Fic 6 Nitrogen balances when protemn free rations of varymng fat content are
fed to protemn depleted rats at different calonc levels with or without methionine
as a dietary supplement

catastrophic effects of feeding proten free diets of reduced calonc value
to rats with low reserves of body protemn came as more or less of 1 sur
prise In these expeniments methiomne 1 a quantity equivalent to 4 mg
of mtrogen each day was offered to rats at the begmning of the second
metabolism penod

The data depicted in Fig 6 show that methionime n amounts pro
viding only 4 mg of mtrogen per day exerts some protective influence on
metabohism when supplementing esther of the low mitrogen basal drets
when calones are adequate (Hoover 1950 Hoover et al 1949) But 1t
15 even more potent under conditions of calonc restriction It behaves
Like fat in depressing the excretion of unnary mtrogen when the food
consumed provides only one fourth of the needed energy
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The amehorating mfluence of methionme 1n rats fed the vanous prc
tem free diets used 1 these mvestigrtions can be detected m vanou
phases of the metabolism

Its presence 1n the diet 15 associated with a reduction 1n the excreto
of urea by rats fed restricted amounts of exther the 20% fat or the low
fat diet (Fig 7) but s particularly effective i preventing the tremen
dous outpouring of urea that occurs when dietary fat 1s absent Very
mterestingly, although dietary methionme alleviates the high productior

Urea N in Urine Ammonia N i _Urine

@

o

o
T

O 207 fat diet
Low fat diet

@

o

o
T

Mg Nitrogen /5 days / 300 gm Rqt

400 349
234
200 207,
135 97
42
Proten free Protein free Protein free Proten free
plus tus
Methionine Methiorne
Diets Fed

Fic 7 Urea mirogen and ammona nitrogen 1n unnes of rats fed protem fr
diets of restricted value {14 calories per 300 gm rat per day)

of ammonia by rats m the low fat group 1t augments 1ts Pmduc?o?u :
rats recerving fat As a result the proportion of urinary '\mm;)lma l(l) v
nitrogen remams abnormal dunng methionine feeding 1n both group!
1cted feeding regime

the];?::lry methlomxge agpears to modify the course of the carIboh)dﬁl:
metabohsm under the conditions of the present evperiment i t tma,z[es
sigmficant that 1t does not seem to exert 1ts full regulating e t;C Il;cos‘
fat 15 present in the diet Hoover for example has show]? Wi thglomm
tolerance tests (Hoover 1950 Hoover et al 1949) that when }x:1e o
1s added to the full calone protein free diet contaimng hf'it t ehr o
glucose tolerance curse matches that of normal rats fed the reguli



FOOD I NFRCY AND THI METABOLISM OF NITROCTN 219

colom rtion But of greater interest 1s the fact that supplementary
methiomne nearly completel ciminates the partial black - earbo
hvdrate utihzation that oceurs when this same fat contuning deet 15 fed
in amounts providing only one fourth of the needed ealories Dictary
methiomne also mmproves utihzation of carbohydrate m the ammnl de
prived of fat and recenang 1 restnicted diet

These obsers ations in rdation to the carbohydrate metabolism make
attractine the hvpothesis that the retardation in mtrogen catabolism 1n
duced by supplementary metiionine reflects an improvement mn utihza
tion of carbolydrate for 1t has been shown that sulfhydryl compounds
allevitte expenment iy induced  dinbetes  {Gnffiths 1950 Lazarow,
1946)

On the other hand methionme may act in some other eapaaity being
important as 1 whole molecule rather thwn by virtue of constituent
groupings As such 1t m1y enter a Lev plice m some enzyme or hor
monal sistem We for example have observed that ethionine acts like
an antigonistic substince when it replices methionme as 2 dietary sup
plement 1ncreasing the total catabolism wath the excretion of urea re
mumng constant (Turnbull 1948)

But we cnot lose sight of the possibihty that methiomine and fat
may be contnibuting independently to the production of certamn body
constituents the phospholiptds being an important example Ordinanly,
the diet provides precursors for their synthesis But in the stress of com
bined protein and calone restriiction metabolic patterns may be changed
so that excess e requirements for these precursor substances are created
Choline although present in the ration may fall in this eategory also

IV SUMMARY AND COMMENTS

That the energy producing components of the diet have a role
promoting utihization of food protun and mn protecting the mtegnty of
body tissuc in the adult ammal 15 clear But no one metabolic picture
desenbus the 1esponse of an expenmental ammnl to vanations m food
energy value since the proten metabolism 1s 1 function not only of the
energy value of the diet but of other simultancously eperting factors

Whether catabolism or anibohsm predominates i the adult animal
following caloric restriction depends on the degree to which the energy
value of the diet has becn reduced the quantity wnd nutritwe vilue of
the dictary protemn_the siz¢ and nature of Inbile body reservcs in respect
to protun 1t and glycogen and i some instinces dictary sources of
cncr[.’)

‘There has been 2 renewed interest of Iate n the specnl roles plyed
by carbolydrate and fat n the reguhtion of protun metabolism as
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The amelioritmg nfluence of methionine 1n rats fed the vanous pro
tem free diets used m these mvestigitions can be detected m vanous
phases of the metabolism

Its presence m the diet 1s associated with a reduction in the excretion
of urea by rats fed restricted amounts of exther the 20% fat or the low
fat diet (Fig 7) but 1s particularly effective in preventing the tremen
dous outpounng of urea that occurs when dietary fat 15 absent Very
terestingly although dietary methionine alleviates the high producton

Urea N in Urine Ammonia N in Urine

875

@

o

o
)

[ 207/ fat diet
Low fot diet

@
o
o

Mg Nitrogen /5 days / 300gm Rat

400 349
200 s
! 97
42
Protein free Protein free Proten free Proten free
plus plus
Methiomne Methionine

Diets Fed
Fic 7 Urea gen and gen In umnes of rats fed protemn free
diets of restnicted value (14 calortes per 300 gm rat per day)

of ammoma by rats 1n the low fat group 1t augments 1ts production by
rats recerving fat As a result the proportion of unnary ammonia to wed
nitrogen remamns abnormal dunng methionine feeding both groups on
the restricted feeding regime "
Dietary methiomne appears to modify the course of the carbohy dr‘;;e
metabolism under the conditions of the present expenment It may ;
sigmficant that 1t does not seem to exert 1ts full regulating effect unlesc
fat 15 present m the diet Hoover, for example has shown with g]“cose
tolerance tests (Hoover 1950 Hoover et al, 1949) that when met}uom?e
1s added to the full calone protem free diet contaiming fat the :nel‘-’iiL
glucose tolerance curve matches that of normal rats fed the regular sto
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colons ration  But of greater mterest 1s the fict that supplementary
methionme nearh completely chmunates the partial block 1 carbo
hvdrate wtilization that occurs when this sume £it contumng diet 15 fed
i amounts providing only onc fourth of the needed ealomes Dictary
methionine also improves utthzation of carbohydrate m the il de
praved of fat and recening a restricted dict

These obseryations m relttion to the earbohydrate metibolism make
attractine the Inpothesis that the retardaton m mitrogen eatabalism m
duced by supplementar methionine reflects an improvement m utihza
tion of carbohvdrate for it bns been shown that sulfhydry1 compounds
allevite evperimentlly induced dinbetes  (Gnffiths 1930 Lazarow
1946)

On the other hand methionine m1y et m some other capicity bemg
mmportant as 2 whole molecule rather than by virtue of conshituent
groupings  As such 1t m coter 1 kev plice m some enzyvme or hor
monl system We for example hne obscnved that ethionme acts hike
an wtigomstic substance when at replices methionine as 4 dietary sup
plement mereasing the total eatibolism wath the exeretion of uret re
muning constint (Turnbull 1948)

But we cunmot lose sight of the possibility that mcthiomne and fat
may be contnibuting independently to the production of certun body
constituents  the phospholimds bemg m mmportint example Ordinardy
the dict provides precursors for thur synthesis But m the stress of com
bined protem and ehlonie restriction metilolic patterns my be changed
so thit excessie requirements far these precursor substinces are created
Choline although present n the ration my fall in this eategory also

Iv  SUMMARY AND COMMENTS

That the encrgy producing components of the dict have a role
promoting utilization of food protun and i protecting the mtegnty of
body tissuc n the adult animal 1s clear  But no one metabolic picture
descnibes the sesponse of an expenimental ammnl to vanons n food
energy value since the protein metabolism 1s a function not only of the
energy value of the diet but of other simultaincously operting factors

Whether catabohsm or anabolism predommates 1n the dult ammnl
following caloric restriction depends on the degree to which the energy
value of the diet has been reduced the quantity and nutntive value of
the dietary protan the size and nature of labile body reserves in respect
to protun fat and glycogen and i some mstinces dietry sources of
energy

There has been 1 renewcd intercst of late 1n the speci] roles plyed
by carbohydrate and fat in the regulition of protemn metabolsm as
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The amelorating mfluence of methionine 1 rats fed the vanous pro
tem free diets used m these mvestigations can be detected m vanous
phases of the metabolism

Its presence 1n the diet 15 associated with a reduction 1n the excretion
of urea by rats fed restnicted vmounts of exther the 20% fat or the low
fat diet (Fig 7), but 1s particularly effective in preventing the tremen
dous outpouring of urea that occurs when dietary fat 15 absent Very
mterestingly, although dietary methionme lleviates the high production

Urea N in Urine Ammomao N i Urine

O 207 fat diet
Low fat diet

Mg Nitrogen /5 days / 300 gm Rat

349
234
207,
2004~ s
I3 97
a2
Protein free  Protein tree Protein free Proten free
plus plus
Methianine Methionine
Diets Fed

free
Fic 7 Urea mirogen and ammoma nitrogen m urmes of rats fed proten

duets of restricted value (14 calones per 300 gm rat per day)

of ammonia by rats i the low fat group 1t augments 1ts production hZ‘
rats recewving fat As a result, the proportion of urmary ammoma to uren
mtrogen remams abnormal during methiomne feedmg m both groups ©
the restricted feedmg regime "
Dietary methionme appears to modify the course of the carboh}d“‘b "
metabolism under the conditions of the present expenment It ma}l :
sigmficant that 1t does not seem to evert its full regulating effect 1% E:e
fat 15 present n the diet Hoover for example has shown with ghued ¢
tolerance tests (Hoover 1950 Hoover et al , 1949) that when mcdnomi:e
15 added to the full calorie protemn free diet contuning fat the av era;,L
glucose tolerance curve matches that of normnl rats fed the regular sto



FOOD FAFRCY AND TH! METABOLISM OF NMTROGTN 219

Jonv ration But of greater mterest 1s the fict that supplementary
sthionne nearly completel, (himmates the partial block m ewbo
drate utihzation that occurs when this syme fat contumng dhet 15 fed
amounts providing only one fourth of the needed calonies Dictary
cthionme also amproves utihzation of cubolindrate i the ammal de
ned of fat and recening a1 restricted diet

These obseryations 1 relation to the earbohy drate metabohsm make
tractive the hvpothesis that the retardation 1n mitrogen catabohsm 1n
wced by supplementars methnonme reflects an improvement 1 utiliza
m of cirbolndrte for it has been shown that sulfhydry] compounds
levitte expenmentilly mduced dribetes (Grffiths 1930 Lazirow
M6)

On the other hand methionine may 1ct m some other capaaty being
iportnt as 1 whole molecule rather than by wirtue of constituent
oupings As such 1t mv enter 1 ey plice in some enzyme or hor
onil systm We for exumple have observed that ethiomine cts like
1 ant igomistic substince when at replices methiomne as a dietary sup
lement increasing the total eatabobsm with the excretion of uren re
aning constant (Turnbull 1948)

But we cinnot lose sight of the possibulsty that methiomne and fat
11y be contributing mndependenthy to the production of certun body
onstituents  the phospholipids bemng n important example Ordinanly
ie dict provides precursors for their synthesis But in the stress of com
med protein and cione restrichion metabolie patterns may be changed
» that excessive requirements for these precursor substinces are created
holine lthough present 1n the ritton may fall n this citegory lso

v SUMMARY AND COMMENTS

That the cnergy producing components of the diet have a role n
romoting utihzation of food protemn and in protecting the mtegnty of
ody tissue i the adult ammal s clear  But no one metibolic picture
escribes the response of an cxperimentil aumal to variations m food
ncrgy value since the protein metabolism 1s a function not only of the
nergy value of the diet but of other simultwneously operating frctors

Whether catabolism or amabohsm predominates in the adult animnal
ollowng calonc restriction depends on the degree to which the energy
alue of the diet has been reduced the quantity nd nutntive v ilue of
he dietary protemn the size and nature of Ibile body reserves in respect
o protetn fit and glycogen and m some mstances dietary sources of
’nergy

There has been a rencwed mnterest of lite 1 the specinl roles plyed
v carholiydrate and fat 1 the regulition of protein metabolism™ as
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appreciation of the mterdependence of nutrients m nutrition has de
veloped And, as 15 the case i regard to the total energy value of the
diet the response of the ammal to erther the dietary inclusion or omission
of either nutrient reflects physiological dietary, and environmental con
ditions

In general when normnal adult ammals are used n expenments of
suffictently long duration carbohydrate and fats supphed i adequate
mixed diets evert equivalent effects on the utilization of protein and the
retention of mtrogen They behave simlarly also upon restriction of the
energy value of the diet providing that the hpid content of the fat con
taming diet 15 held within reasonable lmits This response has been
called the nonspecific effect of calories upon mtrogen retention But car
bohydrate may also exert a speafic effect upon protem uthzation as
shown by feeding carbohydrate and fat simultaneously with and apart
from, the protein mosety of the ration

However, carbohydrate and fat are not equally effective m the man
tenance of the endogenous mitrogen metabohsm when a stress i the
form of restricted food energy 1s imposed Fat exerts a defimite sparing
effect as shown by decreased excretions of mitrogen n the urme and
deferred death Its protectnve influence 1s demonstrable in rats adapted
to protein free diets and fed rations of low energy value erther con
tamnmg or devord of fat

As the calonc value of the diet 15 progressively decreased the sig
mficant role played by dietary fat i reducmg the rate of catabolism
becomes apparent The ncorporation of fat m the ration prevents the
marked 1ncrease 1 the quantity of nitrogen excreted m the urme tha:it
occurs when carbohydrate provides calores m one half the neede
amount When fat 1s present there are no mncrements m urinary nutrogen
uatil the calories are testricted to one fourth of the requrement and
then ncreases are of defiutely lower order than they are when carbo
hydrate 1s the source of energy

But 1t 1s important to note that when the period of protem depl‘lvae
tion 15 prolonged without restriction of calores fat loses 1ts prote';}tlﬂ
mfluence as measured by rate of catabolism and tune of survis al Thus
the effectiveness of fat 1 sparing the endogenous metabolism appears t‘:
be a function of the amount of energy provided by the protemn deficren
diet
N In regard to the efficiency of fat n spanng body protemn the qum':;)'
of fat present i the caloncally restricted diet 15 :mportant Lipid ;Z;sm
tuents should represent at least 15% of the ration 1f the rapid catab ”
associated with the feeding of low fat low calone rations 1s to be
tarded
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Also 1ndinadunl fats seem to possess the nitrogen sparing properties
m varving degree Although all fats wall retard mtrogen catabolism solid
fats scem to have 1 greuter protectine effect than the oils espeally 1
tests of long duration In general it 1s behet ed that even though dictary
fats and combimations of hpid components may differ in their effectve
ness in depressing protemn losses the presence of fat per se seems to be
of greater mportance than structural charactensties If any friction of
the {2t molecule possesses greater actuity than another the nonsipom
fiable portion 1n the case of pure cottonsced o1l would be so designated

The nature of the ndaptation associated with prolongation of hfe, of
which the protem depleted rat 1s capable when fed fat contuning drets
of low caloric value 15 not clear at the present time Since the fat con
tumng diet has been consumed or rdmimistered m quantities 1socalone
with rations devaid of fat it seems that s protective role must be
deseribed 1n terms other than the provsion of calories mn this instance

This role undoubtedly bears an itimate relation to the phystological
state of the ammals used i the expenments 1e  rats with greatly re
duced stores of labile body protein  Normally enzymes represent a Inrge
part of the labile protemn reserves i the hver (Miller 1948) With de
pletion concentrations of many tissue enzymes are ltered so that im
balances i proportions of one to another wise (Allson 1957) Also
there may be mnhibition i the production or activity of vital hormones
(Samuels 1946)

The ammal bodv has mechnmisms of adaptation to wide vanations m
the intake of the three major foodstuffs (Swmuels 1946 Russell 1957)
As a result many adapttions hwe occurred before calone restriction 15
mmtiated Thus the fit fed rat may enter the pertod of calorie stress with
a body better equipped to handle the emergency than does the carbo
hydrate fed rat Preliminary experiments suggest that dietary fat pre
vents the increasc m cvtochrome ovidase activity that has been associated
with an absence of fat in the diet (Swanson and Artom 1950 Kunkel and
Williams 1951) and with madequate protan (Allison 1957)

How then in this expenimental situation does fat function 1n retarding
body breakdown® At this pont we cn only conjecture In some way
the fat component of the diet seems to confer economy of utilization of
food energy It myy be sigmficant that ntthzation of carbohydrate 1s
approvimately normal i rats fed fat in diets that meet the energy needs
Closely associated 1s the observation that dietary fat promotes the trans
formation of intermedinte mtrogenous catabolites to urea and eliminates
m large part the necessity for excretion of some of these intermedintes
as ammonium compounds

The nature of the carbohydrate metabolism 15 being explored further
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appreciation of the interdependence of nutnients 1n nutntion has de
veloped And, as 1s the case in regard to the total energy value of the
diet the response of the animal to exther the dietary inclusion or omission
of either nutnient reflects physiological dietary and environmental con
ditions

In general when normal adult ammals are used n expenments of
suffictently long duration carbohydrate and fats supplied n adequate
mixed diets exert equivalent effects on the utilization of protewn and the
retention of nitrogen They behave similarly also upon restuiction of the
energy value of the diet providing that the hipid content of the fat con
taning diet 15 held within reasonable lmits This response has been
called the nonspecific effect of calories upon mtrogen retention But car
bohydrate may also exert a specific effect upon protemn utihzation as
shown by feeding carbohydrate and fat stmultaneously with and apart
from, the proten mozety of the ration

However, carbohydrate and fat are not equally effective in the mamn
tenance of the endogenous mitrogen metabolism when a stress m the
form of restricted food energy 1s imposed Fat exerts a defimte sparng
effect as shown by decreased excretions of mtrogen mn the urme and
deferred death Its protective influence 15 demonstrable 1 rats adapted
to protem free diets and fed rations of low energy value ether con
tammg or devoid of fat

As the calonc value of the chet 1s progressively decreased the sig
mficant role played by dietary fat i reducing the rate of catabolsm
becomes apparent The incorporation of fat m the ration prevents the
marked ncrease in the quantity of mtrogen excreted mn the urie tha{;
occurs when carbohydrate provides calomes i one half the needet
amount When fat 1s present there are no mncrements mn unnary mtrogeg
unh] the calones are restncted to one fourth of the requirement an
then 1ncreases are of defimtely lower order than they are when carbo
hydrate 15 the source of energy

But it 1s 1mportant to note that when the period of protemn depr:We
tion 1s prolonged without restriction of calones fat loses 1ts prott;gh le
mfluence as measured by rate of catabolism and tume of survival Ut
the effectiveness of fat 1n sparing the endogenous metabolism appears ‘:
be a function of the amount of energy provided by the protein deficient
diet
In regard to the efficiency of fat i spaning body protemn the gum}lfs’;}’
of fat present m the caloncally restricted diet 15 rmportant Lpi lc:)hsm
tuents should represent at least 15% of the ration 1f the raprd catab o
associnted with the feeding of low fat low calone rations 1s to be
tarded
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Also mdinadut) fats seem to possess the mitrogen spaning propertics
nvanang degree Althongh all fats waill retard mitrogen eatabolism sohd
fats scem to hne 1 greater protective effect than the oils espeenally n
tests of Tong duration In general 1t s believed that even though dietarn
fats and combinations of lipid companents may differ m their effective
ness i depressing protan Iosses the presence of fat per se seems to be
of greater mportance than structural charactensties 1f any friction of
the {at moleeule posscsses greter activats than another the nonsapom
fiable portion 1 the crse of pure cottonseed o1l would be so designated

The nature of the adaptation assocrated with prolongation of hife of
which the protan depleted £at 1s capable when fed fat-contuning diets
of Jow cilone value 15 not clear at the present ime Since the fat con
tumng dict has been consumed or admimstered 1 quantities 1socalone
with ritions dovord of fat st seems that ats protective role must be
deseribed 1o terms other than the prosision of ealonies in this mstance

Thss role undoubtedls bears an inimate redation to the physiological
stite of the ammals used i the cxpeniments 16 rats with greath re
duccd stores of labile body protun Normalls enzvmes represent a lrge
put of the Iinle protan rescnves an the iner (Miller 194S) Wath de
plction coneentrtions of mny tissuc enzvmes are altered so that im
bHalmees w proportions of onc to wethir anse (Athson 1957)  Akso
thare may be mhihition i the production or actinaty of sital hormones
(Samucls 1916}

The wmmal body his meehmrsms of adaptition to wide vanations n
the mtike of the three myor foodstufls (Sumucds 1916 Russcll 1957)
As 1rosult mamy udiptitions hune occurred before calorie restriction 1s
imtrated Thus the 1t fed rait may enter the penod of elorie stress with
a body better equpped to hndle the cnergeney than does the earbo
hydrate fed rat Prchmman cypanments suggest that dictary fat pre
vents the mere e in eytochrome ovidase etivaty that has been assocnted
with an absence of £1t i the dict (Sw mson ind Artom 1930 kunkel and
Williams 1951) ind wath madcquate protun (Allison 1957)

How thicn in this expenimental situation does fat functson in retarding
bady breahdown® At this pomnt we ¢ only conjecturc  In some way
the fat component of the diet seems to confer economy of utihzation of
food encrgy It muy be sigmficant thit utilization of carbohydrate 15
approumately normal in rats fed fat in dicts that mect the energy needs
Closely 1ssociated 1s the obscnation that dictary fat promotes the trins
formation of intermediate mitrogenous catibolitcs to urea nd eliminates
m large part the necessity for exerction of some of these intermediates
as ammonium compounds

The nature of the carbohydrate metabolism 1s bang explored further
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| INTRODUCTION
Dctermination of the nutntional value of proteins 1s nherently non
speafic In the case of vitamins or essential minerals one deals from
the assy standpoint with the eviluation of 4 single essential nutrient at
atime In the assay of protun vilue comverscly one must be concerned
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sth the quahitative and quantitatne adequacy of at least 9 amno acids
There are also problems of amino acid balance wd utihzation to be con
sidered  Thus, lthough blood carries ammo acds to all tissues only
one of the protems of blood 1s nutritnely balanced The lertms of
skm feathers, and haw on the other hand, which have fair balance of
ammo aads e lugely mdigestible

It 15 mevitable that dsfferent 1ssay methods differ m classfymg pro
tems s to muintve value  The different assav methods have differng
parimeters of measurement and quite different endpomts Despite the
vaganes mherent m this type ssay protemn evaluation methods hae
chissified most food protems 1 the same general order of adequicy The
balanced protems of meat mill, and eggs hwe been used as standards
of cxcellence By the same tohen the major grun protesms, low 1 one
or more essential amuno acds are generally improved i feeding value
by appropriste 1mino ned fortificabon  Balance of amino acids 15 usually
aclieved m man by a suffciently vared food mtihe Balance cin also
be purposefully achieved, as mn the case of manufictured feeds for
poultry and swine, by mmor fortficaton of a single protem sousce
sovbewn meal

We now know the approumate ammno acid needs of several species
Knowing the essential amuno acsd compositien of a protem one
predict ats feeding value with fair 1ccuracy One cannot predict how
ever fadures i digestthility or effects of processmg some of which are
not revealed by composition analyses Protemn methods which reflect
true feeding value continue therefore to provide the ultimate bmd
logical evaluation Indirect methods of protem evalutton confirm an
complement the direct feeding methods -

The pattern of amno 1cid requirements 1s much more simlar than
dissumlw for groving rats (Rose ef al 1948), for adult mrn ( ROS:‘
1949), for adult protem depleted rats (Cannon 1948), for adult 1l }Sl
(Bendutt et ol, 1950), and s evemphfied wm the Natonal Iiesearcd
Counct] nutrient requirements for swme (Natl Acad Ser, 1953) alxexd
for chickens (Natl Acad Sci, 1954) Albntton {1954) hns compr
requirements also for mce turkeys, dogs, various mvertebrates, a:;
microorganisms msofar as these we known In the search for :Xﬁm
amud dwersity” the nutrifive quility of protesns has equal cmmo‘:n o
for many species Muscle and tissue protemns duffer h!tI? as to b
aced composstion between species  Generally chowce of one pence
evaluation method over another 1s made ;!n the batsxs eosf com enis

ton to 1 gren speces, or set of curcumstanci

* ;\L;gf;::: (1957) hg';:s prole)ded an excellent treatise on the bt{.)ch:;llsg)"
of amino acids mncluding therr nutntne role The nutntive value of P
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tesns was reeently reviewed 1n a1 eollaquinm of <iv papers (Cuthbertson
1957) On of these by Bender reviens recent biologieal methods of
viluatimg pro an qualts . Bender desenbes among others s own
Abhrevited protan retention assn (Bender and Doell 1957) the 2dn
nitrogen restitutson method of Vardi and Tatar (1931)  the smgle dose
mtrogen retention test of Silber and Porter (1919) for proten hydrol
Az ites nd the microbil 1ssvs of Fernell and Rosen (1936) Halew
and Crosunsyez (1933) and Homn ef al (1952} Onlv the methods of
Bender (1959) md Bender and Doell (1937) are reviewed here  In this
wme collogumm hoth Carpenter and Tlhinger detul the accomplishments
wd mans of the It thons consequent to processing protems for use
w ammil fecde Tmportnthy aka Henr and hon (Cuthbertsan 1937)
strine to bring the whole matter of protein evalustion into perspectine
ponting, the necd for reiable assessment of dicts as eaten

In m ey review of the cune title (Frost 19301) clissic methods
of proton ey dintion sere discussed pertment to evaluation of the rit
repletion method The Titter was new 1t that time and ws extensinely
apphicd to sy hguid pratom Indrolvz tes Weanhng rts cumot con
sme cnonph ighh ddute protam hvdroh 2 ite solution to support max
mum growth - Neg adult protom depleted rats of need be consume
volumes approachm,, thar own body wer bt cach dy - The specd and
preasion of the method plas the Bt that the same andmals are used
for repatitine sy savng to some degree s thur own controls
proved umguey valuable for this purpose

The basic replcion micthod ws dovddoped s 1 tool by Cinnon
(194%) m his ddisac studies of the pathologicl consequences of protun
dcficiney  particulirly the loss of mtural resntinee to disease The
method stscif proved so mtngume thit Canon nd his students went
on to cstiblnh the caentinl wmo aewd requirements to support riprd
repletion m the adult protan depleted it This provided the same
preesse basis for sy of protans by the replction technique s Rose
and hiy co workers (1945) had cstabhished for growth  Cannon (1954)
raviewed the advantiges ind seope of the it repletion method desenib
ing ats floubilities ind broxd applicition to medieal problems

In the carhier review questions were rused s to the effects of amino
aad bilance the role of other than cssentinl amino acd mitrogen and
the mlulstion by p ammo 2eids  The nature and consequence of amino
aad imbihmce 1s rapidly unfolding (Flveljem 1956 Harper 1958)
The same 15 true for cffccts of p-ammo acids (Berg 1933 Wrethind
1936 and Womack et @l 1957) These we areas i which the repletion
mcthod can be used conveniently with precision 1nd at relatively low
cost
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Fisher (1956) has rused the mteresting question whether excessie
mtake of essential amino acids which are all quite touc guen md:
vidually may hmut hée span This 15 1 imely queshion to which Fisher
suggests an expenmental wpproach  We can only conjecture now, how
ever, on such pomts Presumably the highest nutntive value proteins
place least metabohe stress

Studies 1n rats 2t the National Institutes of Health with chemscally
defined water soluble diets (Greenstetn et al, 1957) clearly show that
mixtures of only the naturil Lammo acids are ndeed superor for
growth 1 rats to ones contumng vinous pL ammno acids  As previously
noted {Frost and Sandy 1950) the avidity of protein depleted rats for
muistures contamng pr ammo acids was always markedly less than for
protemn hydrolyzates This was true even when a two fold excess of
essentinl ammo acids was supphed Sources of mtrogen ather than
essentinl amuwo 1aid mtrogen such as ghyome, glitamic aad arginime,
ammonia silts, and even urea proved superior to n excess of essential
ammo acids Because the muture of essential ammo acads contawned
some pv forms at least part of the mhibition was suspected due to the
p o aads Recent studies by Rechagl ef al (1957) bear on ths
pomt and, hike the reports of Greenberg and hus co workers, rev eal the
precision n terpretation which 15 only possible when ¢ ammo acid
mctures e used

In tme re evaluation of the essential 1mno acid requirements for
repletion should be made m terms of only the natural wsomers When
this can be done 1t wall agun be worth while to determmne the substt
tution value of various nonspecific forms of mtrogen

In a precise seres of mestigabions Schultze (1956) has show;n that
cherteally defined duets suffice for reproduction m rats The 10 “essen
twal amino 1eids did not support hctaton as well as a mixture of 18
amino acids, sumlar to the findings for both growth and repletion m
rats This work supports the general notion that the nutntve qﬂﬁhz
of protems 1s reflected alo m therr ability to support reproduction an
Iactation

it PROTEIN EVALUATION METHODS — GROWTH AND
NITROGEN BALANCE
A Growrn Mernop anp Provemy Erficmncy Ratio

The way m which different protems support growth in young ;J‘S
his been the most general 1nd widely used exsterion of protesn vailue
In 1919 Osborne and his co workers mtroduced the concept of protem
efficiency ritio” 1s 1 refinement of the simple growth method The gtaxmnz
wesght gun per grum protem mtike were measured for several prote
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and 1t wae found that vanang Tevels of protein in the dict gave different
protem dfhaeney rabios A rather definite Jevel was found for each
mdiidnal proton which produced the greatest gamn per gram protem
mgested Thew levels for easemn and Tetalbumim were 125¢ and 79%¢
respectngy In general at has been found that the better the protemn
the Jones the Jevdd m the diet required to produce the highest protem
cfficeney rtio Thisas a dlear reflection of the importance of the proper
nutritn e balinee of all of the 1mino aaids to produce ophmum metabolic
dhacney In practice however at beeame furh customany to determme
pratan fhiacney tatos at a lesel of 107 of dietan protein \btchell
(1911) cntiazed the method on the baas of certun of the weaknesses
swhich were recogmzad by ats enginators

Barnes and Ine wwoates working with mice made 1 eareful study
of the proton dhaeney method wlich led Bosshardt ef al (1916) to 2
now amprosed and shortened techimgne Tt may be mentioned agun
however that Blodd and Mitchell (1946) have entictzed these refine
ments m the methad 1w bang toe cambersame to be generath followed
The Titter entiasm man of course I vored for the nitrogen balince
methods s well dependimg, on one s expenience and accommod tions
He,sted and Worcester (1997) apparr to have brought the most cogent
i of the protan dfhaonay ritio method s ordinandy practieed
They hne ostabl Bed that o Toge senics of oxpeniments the protan
cficdienay rtios Almost axvicth pardled the rates of waght gun Thus,
m the ordinary companson of protans by the growth method nothing
mny be gained by the Gleahition of protan diiccney ritios over and
above the nformtion obtuncd from dircet compinson of the growth
maements themsehas and the ey effort of meiwsunng duly food
mtihes 1 wonded

Nitrogen cfhiaeney rittos hine been aalenltted 1n this hboratory
under the conditions of the rat repletion method wherein the rats are
allotted 1 definte ymount of ymmo acd mtrogen duly  In nstances
where rats do not tihe the complete llotment of nitrogen the figure
for mitrogen cfhicieney ritio provides 2 uscful reflection of the net nutn
tine values of v inons prepinbions Inanstanees where animals consume
the full allotment of mtrogen companson of weight ncrements alone
1s suffiient It may be mentioned that the basis of feeding levels used
m this hboratory 15 mtregen rather than protun  This seems appro
priate n view of the considerable difference in mitrogen content of dif
fcrent protans ind even between different samples of the same protein

The growth method of 1ssay obviously clssifics protuns according
to their adequacy to mect the needs for tissue synthesis and 1s generally
considered 2 entical ndex of protan value  The method 15 most eritical
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Fisher (1956) has raised the teresting question whether excessie
intake of essentral amino acids which are all quite tovic given mdi
vidually, may hmit ife span This 15 a timely question to which Fusher
suggests an expenimental approach We can only conjecture now how
ever on such pomts Presumably the highest nutritve value proteins
place least metabolic stress

Studies 1n rats at the National Institutes of Health with chemically
defined water soluble diets (Greenstemn ef al 1957) clearly show that
mixtures of only the natural, r.ammo acds are indeed supertor for
growth 1n rats to ones contaming various oL ammo actds  As previously
noted (Frost and Sandy 1950) the awidity of protemn depleted rats for
mxtures contamning oL ammo acids was always markedly less than for
protem hydrolyzates This was true even when a two fold excess of
essential amino acids was supphed Sources of mitrogen other than
essential amno acid mitrogen such as glycine, glutamic acid, arginne
ammonta salts, and even urea proved superior to an excess of essental
ammo acids Because the mnture of essential amino acids contamed
some pL forms at least part of the mhibition was suspected due to the
pammo acids Recent studies by Recheigl et ol (1957) bear on this
pomnt and like the reports of Greenberg and his co workers reveal the
precision m mterpretation which 1s only possible when 1 ammo acid
muxtures are used

In tme Te evaluation of the essential amino acid requirements for
repletion should be made m terms of only the natural 1somers When
ths can be done 1t will agamn be worth while to determme the subst:
tution value of vanious nonspecific forms of nitrogen

In a precise series of mvestigations Schultze (1956) has shown that
chemucally defined diets suffice for reproduction 1n rats The 10 essen
tial amino acids did not support lactation as well as a mixture of 18
ammno acids sumilar to the findings for both growth and repletion
rats This work supports the general notion that the nutntie quahi?i
of protens 1s reflected also in their ability to support reproduction an
Jactation

I PROTEIN EVALUATION METHODS — GROWTH AND
NITROGEN BALANCE
A Growrn MErtHOD anp ProtEIN EFFIciENCY RATIO

The way mn which different proteins support growth 1n young ;’ﬂls
has been the most general and widely used criterion of protem value
In 1919 Osborne and ks co workers mntroduced the concept of protell;l
efficiency ratio as a refinement of the sumple growth method 'l;he gl;ﬂﬁs
weight gamn per gram protem mtake were measured for several prote
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pomted to the independence of the conversion of creatin to creatnme
by dictany amino acds 1s 1 case in pont Berg (1948) has resolved
the argument over the actuality of endogenous nitrogen  and concludes
as follows “The change needed 15 one of viewpomt Vhat was once
considered static 15 now proved only to have appeared so  The state
which actualls obtuns 1s one of equilibrium involving the summation
of 1 complex asswy of interdependent equilibrin between opposing
dynamie forces” Murlin ef al (1948) hwe made the nteresting obser
sation that the per cent of total mitrogen excreted s ereatnine varies
for different protems and that close correlition e be drawn between
this percentage figure and the biologieal value of the protemn fed
Creatimne mtrogen 1s remarkably constint on 1 creatine and creatinine
free dict and this constaney adds workable credence to the concept of
“endogenous mtrogen excretion

D Exremience with THE NITROGEN BALANCE MrTHOD

Early 1n the work on intravenous protein hydrolyzates mn this Inborn
tory Risser et al (1946) concluded on the basis of short term mitrogen
balance studies i dogs that there was no difference 1n the biological
value of partial aeid hyvdrolvzates of both easem and fibrin over 1 wide
range of hvdrolvsis extending to complete hydrolysis Later work 1n
which dogs were muntuned over very long penod of time (Frost and
Risser 1946) and in wlich severely protein depleted dogs were used
(Frost et al 1946) led to somewhat different conclustons and demon
strated the need for considerably more heroic measures than the simple
4 or 5 day mtrogen balance method to provide 1 final answer Results
of this study are shown in g 2

Allison and co workers (1949) reported thit wide vartions n the
degree of enzymatic hydrolysis of casein did not sigmificantly lter the
mitrogen balance index s determined 1n 4 day periods  The dogs were
consistently 1 negative balwce at an intake of 120 mg mitrogen per
Lilogram per day  Loetalburmn was fed dunng the 3 day penods before
and after mjection The findings are comparable to the erly findings in
this laboratory except that our dogs were essentiilly m balince Our
subscquent findings however would eust much doubt on the real sig
mificance of such short term experiments

We may also make general note of the expenence of the six Ibora
tories which collaborated in the U S T study of the mitrogen balnce
method for the standardization of intravenous protem Iy drolyzates
The study was carried out under the churmanship of J B Alhson and
the author and the method used was essentially that of Allison et al
(1947) The results of the general study showed great v ntion both
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fed ammal requires much more mtrogen from a gven source to mam
tamn equilibrium than does the depleted, or standardized, anmmal The
well apimal remains m obvious health and buoyant sprits, and 1n so
domg, appears quite prodigal of food mitrogen The depleted animal
on the other hand, has great avidity for mtrogen and this avidity 15 not
ordmanly satisfied except by a prolonged period of high protemn feedig
This situation 15 difficult to reconcile with the esact analytical require
ments of the nitrogen balance methods as appled to the assessment of
protem value

3 Egg Replacement Method

This method 15 essentially the determmation of biologcal value as
proposed by Thomas and by Matchell, and has been carned out chiefly
by Murln and his co workers m studies with adult humans at Rochester
Sumner et al (1938) observed that egg protem 1s of outstanding value
for muntenance of nitrogen balance Egg protemn was found to have a
buologietl value near 100 that 1s, the protemn was almost completely
absorbed and there was no urmary loss of mtrogen over the normal loss
on protem free diet This led to the concept of determmning “brological
value relative to egg” It also led to the practice of standardrzation of
test subjects on mamtenince levels of a high biological value protewn,
rather than on nonprotemn diet Values for “endogenous mitrogen excre
tion obtamed when the subject 15 on a very low level of protemn are
cert unly as reliable as values obtained when the subject 1s on nonprotein
diet Furthermore protemn depletion 1s avorded by the first procedure
The last of a seres of six papers from the Umversity of Rochester gmllllz
(Hawvley et al 1948) 1s concerned with the determation m adud
hamans of the biologieal value of the six reference protems distributel
from Rutgers Unwversity (1946 1950)

C Enpocenous NITROGEN

It 1s generally agreed that Folins theory of endogenous and fg‘(so(;g)
enous protem metabolism 1s no longer tenable n toto Borsookf( o
has recently reviewed the question of protem turnover and rate ol m:h "
acid ublization As he pomnts out it has become mcreasmgly clear "
the rate of turnover of body protem mn apimals 1 mtrogen balanfceen
far greater than was emusaged by Folns theory The effects oc i)
docrine stimulation of mtrogen excretion and retention are dynam\deter
mAy 1t any tume serve to jeopardize the value of mirogen balance

1018
mmlgllock and Mitchell (1946 47) have defended the concept of sn}(};{i
enous mitrogen 1s appled 1n the calculation of biological value an
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pomted to the mdependence of the conversion of creatin to crettinine
by dietanv ammo acaids as 1 cse m pomnt  Berg (1918) has resohed
the argument over the actuality of endogenous mtrogen and concludes
as follows The change needed 15 onc of viewpomt What was once
considered static 1s now proved only to have appeared so  The state
which actually obtuns 15 one of equlibrium myolving the summation
of 1 complev assm of mterdependent equihbrin between opposing
dvnumie forces” Murhn et al (1948) have made the interesting obser
vation that the per cent of total mitrogen evcreted as creatimne vanes
for different protems and that close correlation can be drawn between
this percentage figure and the biologieal value of the protemn fed
Creatinine mitrogen 1s remarhably constant on 1 erentine and creatinie
free diet and this constancy vdds workable credence to the concept of
endogenous mitrogen” excretion

D Exrcrucr wrrin THE NiTROGEN Bavance Mernon

Larly 1 the work on mtruenous protein hydrolyzates m this lnbora
tonn Russer et al (1946) concluded on the basis of short term mitrogen
balance studies 1 dogs that there was no difference m the biological
value of partinl aeid Indrolyzates of both casemn and fibrnn over a wide
range of hydrolysis extending to complete hydrolysis Later work 1n
which dogs were muntuncd over very long period of time (Frost and
Risser 1946) and 1in which severely protemn depleted dogs were used
(Frost et al 1946) lcd to somewhat different conclusions and demon
strated the need for considerably more heroic measures than the simple
4 or 5 day mtrogen balince method to provide a final answer Results
of thus study are shown m Fig 2

Allison and co workers (1949) reported that wide varations m the
degrec of enzymatic hydrolysis of casemn did not significantly alter the
mtrogen balnce index as determined 1n 4 day periods The dogs were
consistently 1n negative balance at an mtake of 120 mg mtrogen per
Lilogram per day  Laetalbumin was fed dunng the 3 day penods befere
and after mjection The findings are compirable to the erly findings m
this Inboratory except that our dogs were essentnilly i balwce Our
subsequent findings however would cast much doubt on the re1l sig
mficance of such short term experiments

We may also make general note of the experience of the six Inbora
tories which collaborated mn the U S P study of the mtrogen bilwnce
method for the standardization of intravenous protem hydrolyzates
The study was carried out under the charmanship of ] B Allison and
the author and the method used was essentially that of Allison et al

(1947) The results of the general study showed great vanation both
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within and between laboratores although some clasaification of the
different products could be made 1n a broad way The study clearly
demonstrated the need for careful standardization of the test amumals
but failed to provide a hughly eritical and practicable method of stand
ardization A primary enticism of the method was the nadequacy of
the 4 day perzod to allow a good resolution of differences
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on nonprotem diet and regenerition on massive ntravenous therapy Th; gh‘:\?ls
corresponds to the data mentioned m the text (Frost et ol 1948) an svere
the method of companng the ability of two different hydrolyzates to correct s¢

1

exp mduced hypop

A further pomnt of interest 15 found i the report of Silber and Pox:;:
(1949) who have described the resulty of therr own laboratory 1m o
above collaborative study These authors reported a zero bx(la og:an
value for one preparation when mjected as opposed to good utd l:ntllm!
when the product was given orally The general concluswfn ;;«\ ol
there was a significint loss of peptides following jection of 2}1} ltjxhzed
hy drolyzates and that certam products were markedly less wel t:a "
by mjection than by oral dosing These results are quite co}x: gu ¢
those of Allison et al (1947) In the authors opumoen 1t 1s ratner
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less to draw final conclusions on such pomts of difference without
recourse to more ngorous criterra such as long term balance studies at
mmmum nitrogen levels and the correction of mduced hypoproteinemn
As shown by Weech (1942) the rate of plasma protein regeneration 1s
a useful enteron of protemn value m the latter type study

In the expenence 1n this Inboratory  the short term method of deter
numng brologaenl value or mitrogen balance indey 1n adult dogs 1s not
as uscful for resoluing differences 1n protein and proten hydrolyzate
values as are the rat repletion or rat growth assay methods The large
quantitatne differences between requirements for growth and mam
tcnance my account 1 part for the differences in discerning power of
the two types of 1ss1v  Hegsted et al (1945) hawve estimated that the
tryptophan requirement per lalogram body weight for growth of rats
versus mtrogen balanee 1n dogs are 94 and 16 mg  respectively and
for 1soleucine 850 and 15 mg  respectively  In the normal adult ammnl
there 1s clewrly 2 reserve however small of proten which makes for
equibibrium  In the depleted or growing ammal conversely there 1s no
reserve and All of the dryving mechamsms of the body are in the direc
tion of protemn storage The quantitative day to day requirements for
equilibrium are not nearly so enihieal 1s are those for growth or repletion

E  Ner Proter UtiLizaTion AnD ProTein RETENTION EFFICIENCY

Miller and Bender (1953) describe 1 10 d1y method to estimate that
fraction of the food mtrogen eaten which 1s retuned by weanling rats
The net protem thus used (NP U ) 1s ealeulated from 2 formula which
Iike the caleulation for mtrogen balance accounts for the amount of
mitrogen needed for muntenince A group of rats on nonprotemn diet
provides the endogenous or mamtenaince N correchon The body
mirogen deposited 1s new tissue by the test group 1s thus esumated with
refcrence to the total mitrogen consumed Body water 1s determmed
n place of body nitrogen m the shortened method This procedure 1s
based on the assumption that the ratio of mitrogen to water 1s constant
In vanious assays calculition from the water content of rats appeared
to agree well with values calculated from nitrogen content

In a careful companison of the above method with measurement of
protemn efficiency ratio Bender (1936) reveals certain hmutations of the
latter Thus rats accepted vanous ammno acid mixtures to varying
degree This failure of acceptince has 1 more profound effect 1n calen
1atmg protan efficiency ratio than for net protein utilization Despite
this variation values obtaned by the two methods for various proteins
agrecd well
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Bender md Doell (1957) recently describe a further modification of
the method for protem efficiency ratio, s follows pawred litter mate
groups are fed 109% of a test protem or nonprotem dict for 10 days
the difference betwcen the gams m weight of the two groups diided by
the weight of protemn eaten 15 termed net protem ratio, this yalue,
multiphed by 16, 15 called the protemn retention efficiency The latter
encompsses the mamtenance needs of the test anumal as well as the
growth requirement Protem retention efficiency correlates n turn with
values determimed by creass analysis for net protemn utihization As final
conclusion the authors state It 15 concluded that body weight 1 a
reasonbly accurte mdex of body protemn m young growmg rats

This series of mvestigations thus 1n a sense completes a full circle
to reveal that meqsurement of growth rate alone may suffice to differ
entiate protemn value If ndeed, growth rate closely parallels proten
efficiency ratio (Hegsted and Worcester, 1947), hitle may be gamed m
practice by these more complex methods

Rate of growth at low protemn level clearly classifies protems as to
adequacy balance and availability of ammo acids Varous protem
feeding levels can be used with the growth techmque This helps to
estabhsh the extent of the pnimary imitahion  When the essential amwo
acid composition 1s known, one can readily estimate, which amno acds
hmit growth Stepwise amno acid fortification then completes th:
picture  Calculation of protemn eficency may provide a useful ched
prticularly 1 mstinces where farlures m digestibibty or absorption are
suspected

Athough Bender (1956) studied response to 1mino acid mixtures
no attempt was made to establish the method for net protemn utilization
m terms of precise ammo acid needs One mav conjecture that fadure
of rats to consume the ammno acid mixtures used was due to mhibition
by p amino acids Here agam, assay, based on response to only 1. amuno
acids, would have finite value

Interpretation 15 difficult and one can easily become immersed u;
semAntics when too many methods and too many shghtly amblg“‘;“e
terms re compared Bender (1958) 1 measuring the numtxvedVﬂ;
of bread protem attempts to correct errors m interpretation mce é',
other workers Despite these differences three imvestigations cﬂmeSed
the simlar conclusion that about half of the protem of bread l;dunon
for growth and that atilization 15 mcreased at least 10% by addr

of lysine



ACASURING TIHE NUTRITIVF VALUL O PROTEINS 239

Il ASSAY METHODS BASED ON PROTEIN REGENERATION
A Recrnenamion or Lasir Livrr CyTorprasyvt

Addis and Ius collhborators (1940) examined the relitionship be
tween dietary proten mtake and protemn content of the Iiver and found
1t to be 1 fur measure of proten value hosterlitz and Campbell (1945)
devdoped rapid methods based on the estimation of labile Tiver cyto
plasm following bnef fasting 1n rats and Harnson and Long (1915)
confirmed the genural method  The methods are based on the fct that
adult rats fed protem free diet lost practically all Jabile ver eytoplism
m a few duyvs and that the rte of regeneration 1s 1 fur measure of the
nutntne value of 2 test protein The method has been eximmed
statistically and reduced to 1s stmple 2 form as possible by Campbell
and Rosterlitz (1945) The method ¢ven m simplest form however
rcquires several determimations on the exeised hvers of ighly stand
ardized 1ammals and therefore appears somewhat formdable s com
pared with methods based directly on body weight gun under equally
closely defined conditions

Mendes and Waterlow (1958) hwe reviewed the recent hterature on
the effects of protemn deprivation on the deoxyribonucleic 1aid (DNA)
content of tissue They determined that 1 low protemn high carbohydrate
diet, ssmuliting that eaten by the poor people of Jamaica completely
arrests growth m weanling s The ratio of mitrogen to DNA was
reduced 1n both Iiser and muscle On re feeding new protem and DNA
appeared rapidly mn the lver more slowly i muscle Although this
techmque 15 not posed as 1 protem assay method 1t was suggested s a
method to hedp assess the cffects of proten malnutnibon . human
wfants

B Mantenance or Proroin DepLrtep RaTts

Tomarelh and Bernhart (1947) have descnbed 1 method which
measures the amount of mtrogen from any protem which 1s required to
mamtan constant weight 1 protein depleted rats  The method cnlls
for a one week depletion of adult rats on nonprotemn diet  Separate
groups are then fed varying levels of the test samples and standard
protem and the effects on weight e observed for one week The weight
change plotted aganst mtrogen mtake provides an index to muntenance
requirement which 15 evaluated by companson wath the cisen standard
Neuther of the above methods have been widely studied Nor hwe they
been standardized m terms of the requirement for each of the induidual
essential ammo acids Both methods wppear nevertheless to offer cer
tan advantages 1n specinl situations which my recommend them for
mare thorough nvestigation
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C  RerreEmion MEetHOD

Cannon et al (1944) devised a fauly rapid method of protem assay
as a tool 1 therr studies of the relationship of protemn metabolism to
antibody production and resistance to infection The latter relationshups
and the pathologic consequences of protein and amimno acid deficiencies
have been reviewed by Cannon (1948 1945) As pomnted out by
Cannon, the prnciple utthzed 1s simidar to that used often n biolagy,
viz, the production of a blologlcal defiait 1n order to measure the
replacement value of a material to be tested The method can demon
strate vinations m protem quality in 1 to 2 weeks Adult protem
depleted rats show great avidity for protem supplements, and typiy
the clcal conditions wherem the use of protein and balanced amimo
acid feeding 1s most clearly mdicated Accordmg to Cannon (1945)
also, the method has shown excellent agreement with the rat growth
assay m unpublished experiments for the Quartermaster Corps

In the early work (Cannon ef al 1944) on the rat repletion method
a close parallehsm was noted mn the capacity of protems to promote bath
weight recovery and plasma protem regeneration The specific effects
of the essential amuino acids for the two functions were exactly shown
m two concurrent papers by Frazier and his co workers (1947) and by
Benditt and associates (1947) In the first piper, the requirement mn
the dult rat for each of the 9 amino acids, previously shown by Rose
to he essential to the growng rat, was established The omssion of
any one of the 9 essential ammo acids led to prompt loss m appemg
and weight The promptness and clear cut effects on appetite 3:1
weight gamn upon restoration of the individual missing amino acids 1 81
wise leave no doubt as to therr essentrahty and profound phystological
effect The findings clearly demonstrated also the surprising fact thhﬂ
food acceptance by protem depleted rats may be determmed by 1 e]
presence or absence of only a few milhgrams of a particular essentia
amino acid Cannon (1948) has tabulated the approxumate daily l:
qurement n muilhgrams for rapid weight recovery for eiwch of the
9 essenttal ammno acids and has shown that the ratio of these requm;
ments 1s very close to the ratio m which these ammo acids occur ¥
whole e; rotetn

The %qu:mements for maintenance and for repletion m the ad;&g;t
have been shown to be qualitatively smular by Wissler et al { o
The quantitative requirements for mamtenance of mtrogen ba]anf‘eo by
of weight have been reported by Frazier ¢t al (1949) ‘The mtances
these requirements are of mterest and differ only m a few ms! lmun;
one from the other as shown m Table I Roses (1937) mn
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requirements for rat growth are nlso shown The difference 1n rtios
of requirements for the mdnidual amino acids 1s not large enough m
v of the three situations to be considered sigmficant, except possibly
1 the case of lysine n which the ratio of requirement for growth and
repletion 15 Iugher than for mamtenance These dat provide a better
foundation for the comparison of methods based on growth, repletion
and mamtenance than has obtuned heretofore

1 Assay of Dry Proten Hydrolyzates

The assty of various protemn hydrolvzates by the rat repletion method
has been reported by Wassler et al (1947) The following pomts were
histed by the authors as advantages of the ndult protemn depleted rat as
a test anmal to measure the potentin] value of protesn hydrolyzates

(1) Its quahtative essential amino acid requirements parallel closely
those of man

(2) Such ammals sumulate condihiens of protem depletion seen m
many sich patients

(3) The small size of the rat and its ready consumptian of synthetic
rations mahe the assay relatively simple and mexpenswe

(4) Proten depletion provides an ncreased stimulus for the fabn
cation of tissue and blood protems Consequently m a relatnely short
evperimental penod, one c1n measure much larger increases m prote
than those found in physioclogical growth

{3) It 15 possible to measure refilling of several protem compart
ments stmultneously The authors point out further that werght recoi\lf
ery alone 1s sufficient as a measure of protem value, as this parallels the
regeneration of plsma protemn, hemolysin hemoglobwn, lver proten
and total carcass protem 1

The ammo acid requirements of rats for growth mamtenance, 2;18
repletion may now be compared with mamtenince requiremnents for “d
adult human The ratios of requirements of Table I muy be compare!
with the mmimum requirements for muntenance of mitrogen b?)ance]lz
adult humans recently reported by Rose (1949) Comp mson may 3;
be made with the caleuluted human mamtenince requirements of Hﬂit )
and Travers (1947) and of others Albanese (1947) hs further ‘Ie\sxes
mated the amino acid needs of mfants and of children The lat}txcr va o
obviouslv provxde 7 less secure basis for comparison than do the e:’)}; s
mentally determined values An objective should be to z(iletermld o
exactly as possible the amne acid needs for grow th n chil ri‘nI “;n .
optimum rate of protemn regeneration m dult protem depleté” c“;tnml}
however such 1 program 1s beset with great dificulties and will ce
not be accomphshed m the near future
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As 2 pomt of mterest i Table 1T we hnve compared the ratios of
the rat repletion requirements of Cannon and the mumma for nitrogen
bilance n humans established by Rose and ealeulated by Harte and
Travers It 3¢ important to pomt out certun of the pertinent differences
i the wav an wlich the respective mimma were established s these
differences have 2 beaning on certnin of the requirements  Tor nstance,
the human mmma (Rose 1949) were estabhshed n absence of cystine
and tyrosine so that the methiomne and phenylahimine requirements
are absolute  The rat repletion requirements were established on the
other hand with 2 16 ammo 1exd minture {Frzier et @l 1947) contun
g small amounts of evstine and tvrosine so that the methionine and
phemIalimne requirements 1re not absolute In each case it would
appear that there was sufficient mtrogen other than essentinl amino 2ed
mtrogen to spare the latter fully for tissue synthesis Thus the relative
rtos of rcquirements for methiomine ind phenylilinne s determined
for the human would be evpected to be somewhat greater than that for
the rat as 1s indeed the case

Companng the ritios of requurements m Tibles T and I one has
little to choose m selecting 1 method wiich 1s most representative of
human nceds In generl one would sy that methods based on growth
muntenance or repletion would be of equal value and that the choice
of method m1y rest with the mherent and desired accuracy of the
mcthods themselves

2 Assay of Liquid Proten Hydrolyzates

The assay of hquid protemn hydrolyzates presents a varety of prob
lems as follows (1) hydrolyzates contaimng dextrose cannot be con
venently dned without loss of nutnitnve value (2) dried hydrolyzates
are hygroscopic and, therefore difficult to blend into dry rttions (3)
weanling rats cannot or do not ingest sufficient volumes of dilute
hydrolyzate solutions to meet the needs for maximum growth

Macller {1845} reported the assty of bqud protems hydroly »ates fod
m dry or hqud form to weanling rats  Although the method was not
emmnently sucessful 1t provided the first working basis for a rit assvy
Frost and Sandy (19482 b) adapted the “rat repletion method to the
assay of liquud protein hydrolyzates in protem depleted rats  The
method had a marked advantage over the growth method previously
reported by Mueller m that adult protemn depleted riats are able to
consume very large volumes of liqud and show a much more uniform
appetite for hquid protan hydrolyzates than do young rats

The question of hiqud balance nd hquid tolerance 1s an nteresting
one m 1tself with regard to the way m wlich amimals of vanous ages
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cm and will tike hqud nutrients  Robinson nd Adolph (1943) have
established that 2 deficat of water reltive to other body components
provides 2 signal which imtiates drioking 1n ordinary hife  The amount
of water drunk to correct the immedinte deficit 1s ordinarly about 05%
of body weight Under extraordintry urges to drnnk i order to obtain
nutnents however adult rats m1y drink more than their own body
weghts of wter every 24 hours  Adolph (1947) has reported that adult
rats muntuned werght on milk diluted to as low s 26% sohds but
only by dnnking very large volumes sufficient to meet calonic needs
McCance and Willinson (1947) hive made the further pertinent obser
vation that very young ammals are less capable of handling large
volumes of hquid than adult ammals  These combmed observations
suggest that the 1dult protem depleted rat 1s well adapted to the assay
i question wherets weanhng rats are not as well adapted

Duttr and Thadam (1957) reported the repletion value of horse
fibrin hydroly zate greater than that of 2 similarly prepared acid hydrol
yzate of casemm or of Amugen The method of Frost and Sandy
(1948a b) was used but with essentully ad hbitum feeding of the
hvdrolyzates 1e 50 ml per rat day The standard error of the compan
son was not reported thus leaving the companson with Amigen open
to question Where companisons of this type are undertiken one may
urge assay at controlled levels of nitrogen mput and full report of the
data

Suitability of the repletion method for assay of amino acid solutions
was studied by Cannen ef al (1950) They emphasized the speed with
which catabolism ensues in acute deficiency of any one of the essential
ammo acids They demonstrate also the sensitvity of the method to
reveal shght ammo acid imbalnce

3 U S P Method for Protem Hydrolyzate Injection

An advantage of the repletion method particularly from the control
standpomnt 1s that rats can be used repeatedly for as many as five ass1ys
The “Pharmacopea of the Umted States” (15th rev ed 1935) described
the method as a standard of nutntive adequacy for Proten Hydrolyzate
Injection The method has been used for routine control of production
lots of aqueous 5% protem hydrolyzate i our laboratory The U S P
method 1s modified so that water 1s supphed ad Lbitum throughout
the assay This has given less vanation m rate of gam than restricting
water intale, as outhned m the U S P method

The method 1s a rapid convernent and accurate means to determine
nutnitive adequacy and balance of ammno acsd mixtures and protemn
h)dmlyzates m solution As discussed elsewhere mn this review the
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method may not reflect the true mtravenous feeding value of partul
hydrolyzates of protems The method 1s more directly adaptable to
complete hydrolyzates and ammo acid mixtures With appropriate
allowance, correcting for peptide loss on mjection, the method may
approumate the true mtravenous feeding value A further compheation,
only recently recogmzed, 1s the apparent failure of oral assay to detect
the presence of ammo acid hexose reaction products Further research
1s needed to establish the sigmficance of this reaction both for mtial
stenhzation by autoclaving and as induced by normal aging

4 Other Applications n Rats

Cox et al (1953) used the repletion method effectively to measure
rate of recovery of rats fed suboptimal amounts of protem hydrolyzate
dextrose mixture as compared to n 1socaloric amount of dextrose They
showed that the greater need for protemn the greater the use of protem
hydrolyzate This applied when calorie intake from dextrose was greater
than 25% of estimated need The implication was made by the authers
that such response to protem hydrolyzates should apply equally for
parenteral feeding On the other hand, Chnstensen (1956) has ques
tioned the full utihzation of partial hydrolyzates given parenterally

Data by Chnstensen et al (1946 1935) leaves httle doubt that
peptides and reaction products of partial hydrolyzates and particularly
those with dextrose are excreted mn part when given parenterally 10
humans Unpublished experiments by Lambert and Frost n dogs are
m accord This hmuitation was not revealed m extensive studies by
Overby and Frost (1952) using the rat repletion method The Iatt;
work clearly showed mecipient reactions 1n fibrin hydrolyzate heat
with dextrose In accord with the eather report by Friedman and Klne
(1950) increase m fluorescence was noted as perhaps the earhest evi
dence of complex formation Decrease m nutritive value was not 1
vealed however, until there was some disappearance of L amino mtﬂ’ge:‘
and also of tryptophan These changes m turn did not oceur unh% he:e
mg was sufficient to produce obvious browning of the hyt_i{o }'ﬁz‘:m
detrose solutions By repletion assay (Fredenchson ef al 1935} o
hydrolyzate with glicose lost nutritive value on heating falsie}l" e
fibrn hydrolyzate with fructose This loss appeared to parallel the

color formation
o As reported by Silber et al (1946) the metabolic fate of amu;vhi;:g
muxtures orally or parenterally m1y be simlar The evidence a g

f complete hydrolyzates an
suggests however that retention and use of comp ' vor the
amimno acid muxtures autoclaved or aged with dettrose wi o o
oral route This problem may logically be resolved by admuxing
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acid and sugar solutions just prior to injectton or by separate injection
Thus more research 1s needed to estabhsh the optimum m parenteral
amno 1ad feeding  The problem and the gml are, however, now well
defined and aw-ut technol

The acute metabolic disturbance which attends deficiency of potas
swim 1n protem depleted rats was first shown by Cannon et al (1951,
1952) This was clearh venfied by Frost and Sandy (1933) who stuched
also effects of deprnation of sodium caleum phosphorus and mag
nestum on rate of replehion Very httle sodium appenred necessary under
the test conditions When phosphorus was withheld repletion was
slowed but fulure and death did not occur 1s with potassium depriva
tion  As with sodium deprination of calewm or magnesium did not
appear to imit recoveny to any marked degree  Magnesium deprivation
had greatest effect of these three  Requirement for potisstum for max-
mum recovers was established at more than 7 mg—up to 14 mg
potisstum per rit d

Alhison and Wannemicher (1957) pomt to the vanety of metabohe
effects wiich may be brought about by protemn depletion Scientific
effects hmiting antibody formation and phagocytosis are reviewed by
La Via et al (1956) Faulure of testosterone to influence rate of exther
depletion or repletion was reported by Geiger and El Rawa (1952)

Cannons group 1t the Unnersity of Chicago have systematically
apphed the repletion method to vanous aspects of protein metabolism
For instance Dittmer et al (1950) showed the suitabihity of the protein-
depleted rat for study of amno acid antagomsts The work 1n this case
was done with bet 3 thienylalanine 2 phenylalinme ntagonist  Use
of mtrivenous fat emulsion as a calorie source was also studied
connection with the rite of ammo acid utthzation (Cannon et al 1954)
These expersments show the dynamic nature of the body fat reserves
and therr eapacity to contribute calories to the metabolic pool for a
considerable period of tim¢  Amino 1cids were used to some degree
even with a subealortc diet mtake at least until the fat depots were
exhausted After exhaustion of fat depots ammo acid utilization was
markedly impared and was corrected by supplying fat emulsion by
mjection  An mmportant continuing contribution by this group has been
the clear defimtion of the need for potassium to support ammo acid
utilization (Frazier ¢t al 1956) Cannon et al (1953) and Rahman
et al (1957) have further described the toxic effects of excess sodium
mn potasstum depletion These expertments support the pomnt of view
that excess sodium may lead to an mtricellular displicement of potas
sium In the last mentioned experniments growing rats were used The
repletion method wns used throughout most of these studies however,

sgrenl acec
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because of the speed and dramatic effects which were obtamed by ths
technique

Evaluation of the protemn quality of foodstuffs has not been a major
aspect of the studies by the Chicago group As pomted out by Cannon
(1954) clamms for assay value of the repletion method must obwviously
be supported by evidence that 1t possesses quahties of rehability, ease
of performance and a reason ible quantitativeness A number of reasons
are presented why the principle of repletion 15 sound from the nutn
tional standpoint

The Rutgers collaborative study (1950) showed good correlation
between the repletion method and all other protemn evalution methods
used The method has, however, not been applted to a wide range of
protemn foods, nor has 1t been extensively studied in companson with
other protemn evaluation methods

5 Repletion Method in Chichs and Pigs

Proten assay n individual protemn depleted chicks (Beaty et af
1957) provided the first application of the repletian method m this
species The basal diet consisting of cerelose, corn oil and punfied
vitamins, and salts, 1s comparable to that used effechively i rats Chicks
lost 25% of body weight n 6-16 days on nonprotemn diet The chicks
were repleted for 2 weeks on diets made to contun 635, 9, or 12% pro
temn Some chicks were used for three assays There appears no reason
why this method should not be applied to small groups of chicks using
standard equipment Interestingly casemn pmved superor to lactal
bumin for weight recovery m the chich Also a 1 1 mixture of feather
meal and lactalbumin performed better than exther alone

The repletion method as apphed to baby pigs (Peo et al 1957), also
appears highly reproducible Pigs were used for three 7 day asbi‘}f
during thewr most rapid growth Graded responses were l'eportem‘v
six levels of protein with greatest response to the highest level re 220
Frost and Sandy (1949) reported average responses for 5 rats r:mg;;;g
from 20 to 28 gm 1n ten consecutive repletion assays, a remarl;l ¢
umformty of response to a lactalbumin standard Sumlar to thela 0\0f
work m pigs, greater resolution of differences and reproducibil “)nen
response came when protem feeding was hngh 1e 024 gm m*mdbm
per day 1n rats and 22% protein mn pigs Two or four pigs were l:semo
each assay m the Towa work Dried shim mulk proved supenor l;, ood
soybean meal diets i rate and efficiency of repletion Effects on Ton
components were also studied (Peo ¢t al, 1957) Although the re[:J (euent
response was reflected 1n the albumn/globulin ratio blood cons

for
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measurements cid not appear to offer advantages over weight gun as 1
ententon of protem repletion

D Crmour or RirLeTion Mernons
1 Depletion—Length of Depletion Period and Type of Diet

The method of assay of hqund protemn hyvdrolyzates (Trost and Sandy,
19481 b) differs m certun particulars from the method as ongmally
developed and practiced by Cannon and lus colltborators (Cannon
ctal 1944 Frazier ot al 1947 Benditt et al 1947 Wissler et al  1948)
One of thesc differences 1s the time and conditions of depletion The
Intter work was first cirned out (Cannon et al 1944 Wissler et al
1946) wath 2 protemn low diet (3E) based on natural matenals including
curots brewers veast and Iner concentrate In Inter studies (Frazier
et al 1947 Benditt et al 1947) adult rats were depleted for approu
mately 3 months on the protem low diet (3E) and then transferred to
protun free diet (4E) dunng the repletion penods  In still later studies
(Benditt ef al 19481 b) the protem free diet has been used for the de
pletion and repletion pertods In the first mnstance (Frazer et al 1947),
male rats (220-244 gm ) were depleted on rahon 3E about 3 months
Animals were then chosen for repletion on the basis of uniformity 1n
mitial weights percentiges of weight loss (23-33%) and concentration
of serum proteins and hemoglobin  In the Inter studies 2dult male rats
weighing mtially 288-350 gm were depleted of 15-25% of their body
weight mn 1 peniod of 5 weeks on the proten free diet

Expernience n tlus laboratory (I'rost and Sandy 19482) was that male
rats (140-220 gm ) lost 21-28% of body weight m 12 d1ys on protem
free diet The ongnal weights of the rats m this range did not appear
to have any marhed influence on the per cent weight loss during deple
tion or the magmtude of the repletion response The 12 dvy depletion
period appeared cntirely adequate to ehicit a umform and mavimum
repletion response  More recently 1 method has been developed (Frost
and Sandy 1949) for routine control purposes with an 1mproved basal
protein free dict wheremn rats are used repeatedly with intermittent
7 day depletion periods between assays

Optimal conditions of protemn depletion for the purpose question
have as yet not been determmed by direct expcriment One may assume
that the object would be to thoroughly dcplete the test animals of resene
protein wathout causing serious damage nd without deplenng to the
pomt where edematous changes would mask true tissue weight loss The
fu]lo“mg reports from the literature appear to hune a f:url) direct bear
mng on this question

-
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Addis et al (1936) showed that the hver 15 the prumary organ t
suffer a serous loss of protem, 40% bemng lost 1w a weeks fastig
Kosterhtz (1947) states that rats fed protemn free diet lose practicall
all Iabile hver cytoplasm 1n 4 days Laver losses become much less rapic
after the first few days, and thenceforth, according to Campbell anc
Kosterlitz (1946), follow an exponential curve as proten starvation pro
ceeds Thus, the methods (Kosterhtz and Camphell 1945 Campbel
and Kosterlitz, 1948 Harrison and Lang 1945) based directly on regen
exation of hiver protem are of partrcularly short duration allowing for
only 2 to 7 days fasting or depletion on protemn free diet

The complete study of Wang and his co worhers (1949) 15 perhaps
most pertinent to the question at hand It 1s apparent from these studies
that the major changes in the liver mtrogen oceur withm the frst 12 days
of protein depletion  From this ime on subcutaneous edema appeared
m a few of the animals, although the tendency toward edema was only
shght After about the 25th day of depletion the hver returns toward
normal, both 1n chemical and cytologic character The authors mterpret
the latter phenomena as representing an attempt within the animal body
to conserve hver tissue after the first primary loss of more or less dis
pensible material  One may judge from these data that the depletion
period on proten free diet would certanly not need to be more than
25 days, and that a period of 12 days may actually serve as well to
accomphsh the desired protemn depletion
A of

2 Methods of Feeding Nurogen Supplements and R
Dhet

A second question 1n the mechanics of the rat repletion method lscl‘)\l‘e
manner of feecding the protein supplement The procedure of themq19
cago group (Cannon et al, 1944 Cannon, 1945 Frazier et al 1947 "
Benditt ¢t al, 1947 1948a b Wissler et al, 1948) 15 as follons the
ration 1s 50 constructed that 135 gm of protem 15 obtamed m‘15 g;:t
of ration, which supphes 48 calories Consumption of the total al o‘j\!““Q "
15 reported to be complete for the better protem supplemE:;ts,“hssler
quite incomplete when an amno aad mbalance 15 presented ( Pl
et al, 1947) The awidity for the ration s, ndeed 2 for measu-\':!l Ot
value of the amino acid muxture which 15 meorporated m the Xender

The protem supplement may be fed separately from the rem:: s
of the det as reported by Frost and Sandy (1949) This prlaC\lCe o
an outgrowth of the separate feedmg of hquid proten hydrol yzat“ e
was found to work equally well for dry protemns The pn:itemie[’s‘de
ments are weighed daily mto cups which are then attached to

to
walls of the cages 1 such a way that the adult rats have easy access
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them but cannot upset them Dulv protein feedings on the order of
012 02 024 and 036 gm nuitrogen per d1y have been used  The level
of 012 gm mitrogen per dy s Iughly entieal representing only ~bout
15% of the total diet consumed

Figure 3 sllustrates the reproducibility of response to lactalbumin
over eight 5d1y 1ssmvsan 5 rats In practice i this Ivboratory rats are

Lactalbumin Standard <> 02 Gm N/Day

2701
\\
260 \ \ I
250} A \\ \
a y \ \ \

240 \ \\ \ 20gm
e 230} A \\ \ Jo 15 24gm
S \ \ 1i-24
_ 220} v l 23
E \ \ 20 17-28
w 210 A \ \ 11-27
= \\ \
~ 2001 \ \[ 25
3 \ 17 32
m 190}t \

21 31 —~——= Depletion

180

2‘%53' Repletion

170 Stock Diet

Ave 28gm
160} Range 22-~33 gm
150 s . . : " L o
[o] 20 40 60 80 100 120
Days

Fic 3 The reproducibility of response to lactalbumin over eight 5 day assays
1 5 rats using the rat repletion method

generally not used for more than three or four repeat assays Unless
response 1s mear mammal undeswrable vanations develop between
groups It 1s desirable also where repletion rate 1s vanable or poor to
replete all groups 9 days prior to redepletion and assay

The avidity for protemn 1n general 1s very great and after a bref
learming period the protem supplements are immedittely and regularly
consumed ‘The nonprotemn diet 1s fed ad ibitum as 1t 1s felt the appetite
for the remawmnder of the diet should be m no way limited but should
reflect the full effect of the supplement on the capacity for recovery
It 1s very clear that protein depleted rats will not take unbalanced amino
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acid mixtures exther added to the diet (Frazier et al 1947) or fed
separately from other parts of the diet (Frost and Sandy, 19482} In this
type of diet then, in which all other components are presumed to be
adequate, the most important appetite conditioning factor 15 the qualty
of the protemn component For this reason 1t appears desirable to it
the feeding of the protein component at some desired critical level and
to allow ad Iibttum ntake of the bulk of the diet

Hegsted and Haffenreffer (1949) have provided experimental ew
dence th1t nutritional deficiency automatically limits appetite presum
ably by some mechansm related to total metabolism which can ar
cannot proceed at mrumum rate, depending on the balance and supply
of all nutnuve factors One argument agamst paired feeding of the
entire diets 15 that no pertinent information 15 guned over and above
what 15 learned from experiments wheremn ad hibitum feedng, partic
ularly of calories 1s practiced

Ad Libitum feeding of both the protem and nonprotein components
of the diet m the rat repletion ass1y was practiced 1 a few begmnmng
experiments by Frost and Sandy (1948a) This type of expeniment 15
applicable 1 assessing the general nutntive value of a protem and
particularly the practical feeding value of a muxture of protens The
procedure of Cannon and his co workers, as described above supplies
an abundance of calonies The level of protemn added to the basal diet
1s relatively low only 9% however, an mtake of 15 gm daily would
supply 135 gm of protemn equivalent to about 02 gm of mtrogen The
Intter level 15 at least twice the mimmum required for 2 half mawmum
rate of regeneration One may judge that n practice, this method allows
essentially ad hibitum consumption of calones, but a controlled fet:zmg
of the protemn component The pomt at question 1s whether or not there
1s advantage m lmiting the calonie antake 2t 2ll by tymgat to the protemn
mtahe

3 Effects of Different Feeding Levels of Nurogen

Frost and Sandy (1948b) have studied the response to \ano;s (;Toor;
trolled levels of nitrogen The dose response eurve for 1 fibnn hydr o
yzate was linear i the range 012-03 gm mnitrogen per rat day ;‘E:S
of 012 and 024 gm mtrogen per rat day were used ({Frost :mdf ;Ioo)d'
1949) m the assay of the Rutgers reference protemns and of bee "
fibrnin and lactalbumin  Table III shows the rat repletion responstz ot
these proteins 1t the two feeding levels together with the Pl}f:’ C:;tem
requirement supplied by the most hmbing amino acd 1n each p o
The fact that m each case at least one of the essential aml;w agf g
supphed 1t 2 level below the maximum 15 sufficent for the failure
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of these protems to give a maximum response at this very low feedm
level 1t 1s obvious also, that at the 0924 gm mitrogen level such pro
temns as egg albumin and whole egg will supply more than 100% o
the requirement, but wheat gluten and peanut flour still fall far shox
There 15 evidence that the methionme of casemn 15 not well utize
(Frost and Sandy, 1948b) so that the apparent superiority of casemn ove
beef muscle appears s an artifact The differences 1n protems fed a
levels which supply more than the full requirements of all ammno acid
for maximum perform ince may be accounted for on the basts of ammn
acid balance, a subject duscussed later i this paper

4 Use of Thyroproten

Cabell and Earle (1951) reported that protemn depletion could be
hastened m rats by addition of 01-0 15% 1odinated casem to the basal
ration It was their feeling that use of thyroprotemn speeded up the
repletion without effecting rate of repletion The nse of thyroprotem was
apphed first to the onginal method of Cannon, m which a nonpurified
moderately low protemn ration was used for slow (about 3 month)
depletion  Cabell and Earle (1954) later used a punfied nonproten
ration as described from our laboratory, but contmnued to use 01%
Protamone during the much shorter 3 week depletion  The authors
reported general correlation for the results of their repletion assay with
the three other methods compared but failed to reach the desired pre
asion They nevertheless, pomt to miny distinct advantages of ‘tlhe
method and suggest that greater precision mlght be obtained at a higher
level of mtrogen feeding than they used 1e, 01564 gm mtrogen per
rat per day

Considerng the relatve speed of the repletion method and the le
found metabolic effects of thyroproten one may question the advisabi! i:y
of 1ts use to hasten depletion  Thyrotoaicos:s 1s counteracted m paﬁe n):
dietary lipids particularly by bile acds and fats Thus 1t would ng
that more should be hnown about the effects of thyroprotem feeding
before adapting this techmque as part of the method

As reported by Cabell and Earle (1954) consumption of the PTZ:}‘:
supplement was prompt and complete as offered 1t the same ;met -
day This corresponds with the experience i our laboratory ( ﬁ;sment
Sandy 1949), but agam raises the guestion whether a single supp! fmum
during each 24 hour peniod provides optimum opportunty for m:v;‘ e
nutritive performance It would be interesting to determm; “s *ch
the same total supplement fed i two or more well dwidt;d tusee e
day would lead to greater weight recovery than when fed all at on
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IV METHODS OF CHEMICAL SCORING
A Discussiov or MeTiops o 1950

Evaluation of the nutnitive value of 1 protem from knowledge of ats
amino acid composition still lewes much to be desired  Nevertheless at
provides 1 real challenge and 1s capable of disclosing many useful
correlitions It 1s particularly uscful when considening the supple
mentary effects of mintures of proteins or protemn denvatives The early
work of Osborne and Mendel (1913) established the great improvement
m the nutntne value of ghadin by the 1ddition of lysine and of zem by
the addition of both lysine and trvptophan  More recent findings have
established many other himting deficiencies in speaific proteins such as
the deficiencies of 1soleucine and methiomine in hemoglobin or 1soleucine
and tryptophan in blood albummn and of methionme m peanut and
soybean

Mitchell and Block (1946) and Block and Mutchell (1946 47) have
tabulated the essentinl ammo acrd content of many of the common food
proteins and have compared them with whole egg protemn as 1 standard
of excellence  According to therr formultion the biological value of a
protemn (y) may be roughly estimated from its maximum percentage
deficit 1n 1n essential amino acid (x) by the equation y = 102 — 0634z
As pointed out by the authors although correlation between the expen
mental and denved values are farly good 1 general there are nstances
m which agreement fuls Tor mstance the nutntne value of cereal
protemns may be greath impared by heat although no change in the
content of essential amino acids 1s apparent by analysis

There are many other factors which operate aganst the clear apph
cation of the 1bove method particularly for comparisons between pro
tems of intermediate or Ingh nutntive value (1) the composition of
whole egg protein cannot be assumed to be 1n the exact ratio of mm
mum requirements for each ammo acid (2) analytical values for ench
of the essental amino acids are not irrefutable and (3) mn 2 few m
stances whole egg protein has appeared somewhat nferior to certun
other protetns

One may also compare the composition of proteins with the estab-
hished ratios of requrements as 1s done to some extent in Table HI
The ratio of the essential ammo acids of whole egg (Mitchell and Block
1946) has been calculated as a matter of interest and 15 as follows
tryptophan 1 phenylalanine 42 leucine 61 1soleucine 53 methionine
37 threonme 33 lysme 48 hisidine 14 and valine 49 The corre-
spondence of the above ratio to the ratios of requirements of rats nd
humans (Tables I and II) 1s probably no better nor worse than the
correspondence between any of the other sets of ratios
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There 15 rather general agreement following the classic work of Rose
that the essential amino acid composition of a protemn provides the
master key to protemn quabty It 1s clear also that protems of gh
nutritive value contam all of the essential amino acids m good amount
and 1 ratios not greatly different one from the other Analytical data
(Frost and Sandy, 1949) on the Rutgers reference protems showed that
the essential ammo acids accounted for about 60% of the totl weight
of the better protems, but only about 40% of the poorer protemns Both
bio assay methods and methods of chemical scoring were eastly capable
of separating the better from the poorer proteins m this series as shown
m Table X1

On the other hand the problem of differentiating the better proteins
one from the other, on the basis of thesr essential amino acid composttion
{Frost and Sandy, 1949) as related to requirement 1s not clearcut, as
seen m Table IV~ Although peanut flour and wheat gluten display easily
discernible hmiting deficiencies, this 15 not equally true for defatted
whole egg egg albumin casen and defatted beef muscle The defi
clency 1n casem 1s undoubtedly that of the sulfur ammo acids, methio
nine plus cystine Egg albumin appears to have shghtly better compost
tion to meet the needs of the protem depleted rat than does whole egg
and this 15 borne out by the experimental results of Table III Eg[g
albumin 1s particularly nich 1 the sulfur amino acids, followed by whole
egg beef muscle, and casemn on

In any event, none of the protems appears to have 2 composlll
which closely matches the ratio of rat repletion reqmrememsl ne
dentally also the ratio of essential ammo acids outlined for \;ho e;;i%
protem by Mitchell and Block (1946) vanes considerabls mf; p
determmed for defatted whole egg m this laboratory (Frost and Sandy,
194?1‘)he uncertainties 1n methods will undoubtedly become less i tl!:'l:s
and this coupled with the mereasing knowledge of averzflge‘;I:::ma
requirements may be expected to provide more exact means g efs lllctjon s::
the ability of a protemn or mixture of proteins to fulfill specific fu !
Even with the attamment of this go1l however, there wall l;e CO’:eIame
dependence on ammal assay methods 1f only because of therr
simphaty and directness

B Discussion oF MerHODS Since 1950

has been
to the nutritive value of protemns
e Growth rate of Tetrahymens

ht using various mreroorgamsms Wl
Z(;lllegu was ugsed to evaluate protemn hydrolyzates (Anders;;&a)ndﬁm
Iams 1951) and whole protems (Pilcher and Wilhams
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et al (1956) attempted full evaluation of protems by enzymatic Libera
ton of wmmo acids, followed by microbiological assay and chromato-
graphic nalysis  Sheffner et al (1956) w somewhat different context
determined the pattern of wmno acids released by pepsin This together
with the amino acid pattern of the residue, was used to estunate the
physological wvalability of the essentinl amino acids The values thus
obtuned far several protemns show remarhable agreement with hiological
values determined by Mitchell and Beadles (1950) n adult rats There
was, however, poor agreement for many protemns with the chemcal score
calculated by Oser (1951)

The fact that Wological value of pratewms 15 expressed as per cent
has facilitated mathematical correlations between this method and the
methods of chemical scormg  As stated elsewhere, the simple rat growth
method 1s hard to beat for ease and reliability to test ammo acid ade
quacy of proteins Perhaps growth value of any protemn can best be
calculated as per cent of the response given by an 1somtrogenous level
of whole egg  Even more 1deally the response can be 1n rato to response
to an optunum misture of L ammo acds In 2 thorough analysss both
the chemical score, such as Osers (1951) (see Chapter 10) essentsal
ammo acid wdey, and bio assay should prove complementary Combina
tion of the two approaches should provide a clewr picture of true feeding
value, with indication as to which amino acids are himiting and to what
degree
To be fully used, amno acids must be hiberated m the digestie tract
at a rate permitting mutual supplementation  Thus, the rate of n vitro
digestion of proteins by pancreatin appears to provide a useful mdex to
1 vwo availability (Ingram et al, 1949)

Lyman et al (1953) reported good correlation between solubnlity
of cottonseed meal n 002N sodium hydroade and chick growth rate
as measures of protemn quality This method accounted also for lht;
gossypol content an important factor lumting the nutritive value 52
cottonsced meal More recent experiments (Green and Stephenson, 19
Eagle and Davies, 1957) have not found nitrogen solubihity of cotton
seed meal n dilute alkal: a rehable mdicator of protem gquabity .

Methods of chemical sconng can be more and more widely 'IPPI’(;3
with mcreasing knowledge of the essentinl amino acyd content of fo<>t S]
Wilkhams (1955) and Lyman et al (1956} for mstance st the essentia
amino aud content of a wide variety of feed mngredients

C Lnuring EFrFi crs oF AMING ACID IMBALANCE

The question of amina aad imbalwce 15 large and romplelmls
cannot be reviewed adequately here That ammo acid mmbalance I

|

< and
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nutrition and may even lend to severe disturbances in metibolism and
toucity 1s well known Methods of chemical scoring denl thus far only
with adequacy of each essentinl amino ncid and do not attempt to pre
dict the effects of overibundance of single wmno wds or the effects of
vantons i proportions  There 1s sufficient vanation 1n the dietaries
of ammnls and groups of people nd 1n the composition of mndividual
protemns which hve been used extensnely m nutntion studies to war
rant the idea that the body ndjusts well to furly lurge vamations i the
proportions of ammo aeids which are presented to 1t

The extreme 1mbalance of certun protems with regard to adequacy
of the indispensable amino acids s heightened n some cases by the
preponderance of certun ammo acids which are actually mhibitory at
Iagh Jevels in the diet  This 1s notably true of gelatin and 1s relted to
the ligh ghcine content of this proten as shown by Hier and his co
workers (1944)

Chnistensen and his co workers (1948 1949) and Chnistensen and
Strexcher (1949) have presented new experimental evidence showing
that the cells actually reject unbalanced ammo acid mixtures The
studies show that the 1mmo acid pattern of the cells can be upset by
unbalanced amino eid levels n the extracellular flmd leading to a loss
of amino 1cids from the ntertor of the cells This provides 1 rational
explanation as to why certamn acute amino acid imbalances such as that
reported for high levels of glycine or methionine work to the nutritional
disadsantage of the dict These phenomena are not wathin the present
seope of chemical scoring

D Axmno Acio InBaLance oF Broop

Previous studies d rating the 1sol 1e methionine deficit m

blood led Frost (1954) to test its repletion value Diluted whole human
blood rejected by depleted rats was readily accepted when fortified
with 1soleucine and methionme (Fig 4) Subsequently Perdue et al
(1957) reported the amino acid composition of human blood and plasma
as compared to dog blood Amounts of L 1soleucine and pL methionne
needed to support rapid repletion were established for whole human
blood Human plasma unlike blood supported a slow rite of repletion
but was also marhedly 1mproved by fortification with isoleucine and
methionime  Dog and human blood were shown to differ considerably
1n content of 1soleucine and methionine

The umque leucine 1soleucine mbalance mn blood plus the methio
mine defiit might be expected to lead to eventual nutntwe falure n
Ppatients requinng repeated transfusions The very slow entrance of the
ammno acids of transfused blood and plisma mnto body pools 1s recog
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The answer 1s undoubtedly direct assay mn species for which such mix
tures mught be used economicnlly  This 15 an example where agaun
however the plin of mntures for assvy 1s best guded by complete
knowledge of the amino acid patterns  Whether the amino acids are
hberated 1n the digestne tract to allow mutual supplementation may
also be indicnted by 1n tatrn digestion expeniments Most experiments
with mndirect methods of evaluation hve been conducted to date with
single protemns The cruv of therr usefulness must come, however, n
demonstrated abilits to predict the value of practieal muxtures

Y SPECIFICITY OF AMINO ACID REQUIREMENTS
A EssentiaL Ao Actps

Rose defines an “essentinl amimo acid  1s one which cannot be syn
thesized by the ammal orgamsm out of matenls ordnanly avalable
at a speed commensurate with the demands for normal growth This
concept was based on rat growth studies extending over many years
A final classficition based on this work was presented by Rose
et al (1948) The classificition for the requirements for maintenance
of mtrogen balince 1n normal adult man as described by Rose (1949)
differs 1n that listidine and arginine do not appenr to be needed by
adult man The adult dog differs from adult man only mn the require
ment for lustuidine cf Rose nd Rice (1939) According to Frazier et al
(1947) the dult rat requires the same 9 amino acids as the adult dog
The requirements of the chick for mamum rate of growth are more
fastidious than that of either man or the rat nccording to Almquist and
Grau (1944) The 8 kev amino 1a1ds requured by all species under all
conditions are leucine 1soleucine lysine methionine phenylalanine
threonine tryptophan and vahine In addition to these the chick re
quires for masimum growth hisidme argimne glycmne and glutamic
aad

B Tur RoLe oF NOVESSENTIAL AMINO ACIDs AND OTHER SOURCES
oF NITROGEN

The fact that glutamic acid and proline like argimine will shmulate
growth rate in weanmng rats fed a mixture of the 10 amino acids was
ndicated by the work of Womack and Rose (1947) Later Rose et al
(1948) showed that removal of glutamic acid from 2 mixture of 19 amino
auds resulted mn only shght mhibition of growth rate which was sta
tistically of doubtful sigmficance Stll more recently Rose and s
co workers (1949) reported the abihty of diammonum citrate glutamic
acid glycine or urea to provide the extrn mitrogen 1n addition to the
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10 essential amino acid muture, required for synthesss of the nonessen
t11l ammo acids

The work of Lardy and Feldott (1949) 1s very clearcut, even though
lumited to only a few rats m showing the complete dispensability of
all but 10 amino acids for the growing rat In these studies, an 1sonitro
genous amount of diammonium citrate was used to effectively replace
the 8 nonessential amno acids of the complete ammo acid mmture
(Mxture MXIIT) of Rose et al (1948)

Work 1n this laboratory by the method of hquid supplement feedng
to adult protem depleted rats confirmed the above reports as to the
ability of diammonum atrate to replace the nonessential amino aads
Unlike the young rat the adult protem depleted rat requures only 9
ammo actds responding maxuimally to 1somtrogenous supplements of
argmne or glutamic acid or diammonum citrate  In agreement with
the findings of Rose et al (1949) for the growing rat our findings m the
adult protem depleted rat place glycine m a posithon of mtermediate
effectiveness and urea least effcient of all Rose et al (1949) reported
that ammomum acetate was fully as effectne as dammomum citrate,
thus ruling out mvolvement of the citrate 10n

In our studies (Frost and Sandy, 1951), the muxture of 9 essential
ammo acids 1n the proportions used by Steffee et al (1950) was fed at
a level to supply exactly twice the mmmum amounts of each ammo acd
required to support a maumum rate of repletion Ths 1s still a very
Jow level of mtrogen amounting to only 138 mg mitrogen per rat day,
of which 36 mg was p amino acid mtrogen of the unavailable isomers
of 1soleucine threonine, and valine Thus the amount of mtrogen phys:
ologically available for repletion n these studies was only about 100 mg
per rat day well below the level required for maxumum rate of reple
tion Despite this enitical feeding level of total mtrogen there was a farr
response to the minmma mixture alone However when about one third
of the total mtrogen of the mmma mxture was replaced by diammontum
citrate argimine or glutamic acid the rate of weight gain was mereased
more than 50% One third 1sonitrogenous replacement with urea gave
about a 25% weight mncrease over the mmma mixture alone Thus 1t
would appear that the ability of rats to convert the essential to non
essential ammo acxds 1s Tather poor and that the other sources of mtro
gen mentioned are much more readily used by the body for this pul'PO:)E
Results of replicement of part of the essential ammo acid mitrogen by
g]utamlc acid argimne urea or diammomum citrate are shown m
Table V

Foster et al (1939) had clearly demonstrated that dietary ammo;xum
N15 35 rapidly ncorporated mnto rat tissue protems The above findings
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establish the utility of ammom mtrogen m m entiely different way
In Ius general review of the role of the 1sotopes to revenl the dynimic
state of body constituents Schoenhaimer (1942) reported the virtually
complete excretion of dietary uren N'* 1 unchanged form It 1s revenl
ing then from the above work that under conditions of stress, the body
can actually use urea to some extent 2s a source of mtrogen and cin
use urea mtrogen cven more efficiently than essentil amino 1eid mitro

TABDLE V
Resronse OF ApuLT Protery DerLrtep Rats To THE 9 ESSENTIAL AmiNo Acip
Mana Mrxrune Fep AT Twice e Minnone Levers  EFFecr oF Rerracing
Part or The EssextiaL Avmo Ao N Y Vantous Nowsrectric NImroGen

SouRCES
Av 12 day
weight Standard

Mixture fed gamn gm error gm
Minima misture alone (1st ass1y) 19 o
Afimma mixture (Repeat assay n same rats) 22 *22
\inima with 19 3¢ arginine N (1st assay) 34 .
\Mimma with 19 3¢ arginine N (repeat ass1y) 32 +20
AMimima mixture lone 21 *+286
Minima with 324¢% urea N 28 *24
Minima with 324 argimine N 35 +23
Minima with 32 4% glutamie aad N 36 *19
Minima micture alone 232 *19
Mintma wath 1055 ammonwm acetate N 34 +=35
Minima with 20¢ ammoniam acetate N 36 *43
Minima with 307 ammonium acetate N 43 =84

Four sets of evpenments are shown Groups of S to 6 rats were used mn each
expenment  All solutions were made to contamn 055 to 065% mtrogen Standard
nitrogen allotments of 0138 gm N per rat day i 25 ml were fed throughout This
level of mitrogen provided twice the amounts of Cannons mmmma for each of the
essential ammo acids in the case of the minima muxture alone Replacement of
part of the nitrogen of the miuma mixture by other mitrogen sources was made
as shown

gen for general synthetic purposes In the adult proten depleted rat
as1n the growing rat there 15 a wide range of nitrogen compounds other
than the nonessent:al amino acids which would need to be synthesized
from duetary mitrogen These compounds must all be synthesized phys:
ologically from ammoma nd carbon residues demved from normal
metabolism cycles

It 1s well established that two chief reactions occur m the tissues
with regard to changes 1n the mtrogen morety (1) transammation and
(2) oudative deammation and subsequent uren formition It 15 also
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fairly well established that alamne and glutamic and aspartic acids ente
most readily mnto transammation reactions with the « keto acids know:
to occur m the body Glutamic acid 15 an efficent source of nitroger
to replace all other nonessentinl amino acids, and by the same token
alanine and aspartic acid serve well in the same capacity On the othe
hand none of the essential amino acids enter readily mto this reactior
and, therefore, must be degraded by decarboxylation or by oudatn
deamination  There 15 evidence that the latter reaction occurs m th
hver and leads directly to urea formation In the body economy one
mught expect that reaction mechamsms would be 1 the direction o
conserving the essential amino acids, rather than degradmg them rapidly
and this indeed, appears to be the case

The beauty of the 1sotope techmque to trace the metabolic fate of
amno acid mtrogen 15 exemplfied m stucies by Wu and Rittenberg
(1949) m whuch the metabolic fate of L aspartic acid 1s descibed The
findings suggest that aspartic acid 1s so rapidly deammated that its
ammo group behaves metabolically like ammonia In regard to the
1sotope studies 1t may be worthy of note that the first broad mterpreta
tion was that all L ammo acids are readily deammated This 1dea 15
apparent m the extensive review of the role of the dicarboyylic au:s
in mtrogen metabolism by Braunsten (1947) On the contrary the
nutritional studies n this laboratory with protemn depleted rats clearly
support the 1dea that the deamination of essential amno acds 15 quite
hmited One deals both with equlibria and rates of reaction and
coupled with these factors m utihzation from the nutritional ue\vpomfl
15 the factor of renal excretion For example normal ammals on norm?
diets excrete urea almost quantitatrvely whereas ammals recerving only
the assential ammo acids use urea to farly good advantage Further
more 1n balnce studies these ammals did not evcrete much more ureg
than did rats recewving only the 9 essentials Rats recewing onedﬂmt
of their total nitrogen mtake 1 the form of diammonium citrate v n:n
excrete apprectably more ammonia and urea mitrogen than rats
normal diets

C TuE ROLE OF ARGININE

The situation with regard to argimme requires special consxderzszl;’
As first reported by Frazier et al (1947), rats recewving only 5(91 essmure
ammo 1cids did as well as amimals receiving a 16 amimo acy mmme
patterned after casemn or the 10 amno acid misture contamm{g arg‘;l ot
Thus 13 contrary to our expertence as we have consistently om;:1 g
almost any source of other than essential ammno acid mlrcgfex; “;senmls
to ymprove the response over that shown by the muxture of 3 e
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alonc  Following the work of ¥razier et al (1947) 1t was noted in the
jomt work of Wissler ¢f al (1948) that the addition of wrgmme to 1
9 amino acid mnture did stmulate appetite m normal adult anumals

A possible explanation of the fulure of Frazier et al (1947) to show
an effect of the nonessentinl ammo acids over and above that of the 9
essentitls 1s found 1 the comparitn e amino wad mixtures used by these
quthors The mixture of 16 amino acids patterned after easern contuns
a rather low level of methiomne and only 1 trace of cystine  One would
expect the sulfur amino aaids to be limiting 15 1 casem  In the com
prritne feeding expeniments howerver the rats recenved 1 much hgher
level of methionme from the 9 than from the 16 amno aad mixture
Thus the nutntiont] advantage related to higher methionine level 1n
the mixture of onlv the essentinls may have balaneced the nutritional
advantage which we would asenibe to the presence of the nonessentinl
amino 1cids 1n the 16 mimo 1aid mixture

The role of argimine 1n the nutrition of the growing rat had been a
subject of continued study at the Unwersity of Ilhinois for many years
The results of comprehensive studics of Borman et al (1946) confirmed
the earlier evidence as to the requirement of argmme for mavimum
growth i the 11t The dict used was much mproved with regard to
punty and 2dequacy of vitumin supplements over diets formerly avail
able so that nverage growth rates were greatly ncreased and the effect
of argimne was clearcut  Finally Womack and Rose (1947) demon
strated the fact that either glutymie acid or prolne could partly sub
stitute for an 1somtrogenous addition of argmme The findings were
mterpreted “as evidence that the three ammno acids are mutually mter
comvertible 1n the orgamsm of the rat but at different rates as exemplt
fied by therr different influence upon growth In view of our recent
findings 1n the adult rat one would say that glutamic acid and arginine,
at least are readily used as sources of \mmonia mtrogen for conversion
to all other nonessential amino acids  Emphasis was placed in the report
of Womach and Rose (1947) on the essentiality of argimine nd the
relation of glutamic acid and prolime to argimne  The requirement of the
growing rat for arginmne appears to be well established from the work
of Rose and his collaborators It would be of interest mn the hght of
Tecent work to determine whether or not there 15 a sparmg effect of
fau—ly high levels of glutamic acad and dinmmonmum aitrate for argiimne
1 the growing rat

D Tue Rote oF Gruranmic Acm

Concluding expenments of Rose ct al (1948) showed that 1n 28 duys
Tats recening only 10 amino acids gamed about 70 to 755 as much as
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Litter mates which recerved 19 ammo 1c1ds Although addition of glu
tamic acid to the 10 ammno acid mixture stimulated growth, removal
of the glutamic cxd from the 19 ammo acid muture did not have s
statistically sigmificant effect The nuthors stated further that under s
ilar conditions the influence, 1f any, of glutwme acid upon growth is
much less than that mamfested by argimine  In view of these facts
glutamic acid was classified as a dispensable dietary component for the
rat and thus conclusion 1s well supported by the work cited from other
laboratories

Estabhshment of the complete dispensabihty of glutamic and aspartic
acids for the nutrition of the rat 1s of nterest with regard to the prep
aration of intravenous ammo acid mixtures, wheremn the presence of
high proportion of these ammo acids 15 undesirable

E Ramio oF EsseNTIAL AMmNO Acip NITROGEN TO NONSPECIFIC
NrITROGEN

On the basis of expermments 1n this laboratory (Frost and Sandy,
1950) 1t would seem that the ratio of essental to other than essential
ammo 1cid mitrogen 1s of primary mportance when studymng the eff
ciency of any given source of other than essential amno acid mtrogen
Although the optimum level of other than essential amino acid mitrogen
has not been determined accurately 1t 1s clear that one third substitution
of the total mtrogen n the form of glutamic acid, arginme or diammo
mum citrate supports 1n excellent response  The effect of these sources
of mitrogen 1s pronounced at the above level Very sigmficant eﬁect;
were noted also for argimmne, glyeme and a mixture of glycne an“
alanme at one fifth of the total mtrogen Thus, 1t 15 clear that sm2
additions or substitutions of various sources of nitrogen to the essential
amme acid muxture would all be expected to produce a supplememnry
sparing effect, up to an undetermined optimum ratio

F Thg condleorlfs used by different Iaboratories mn showng the utiliza
tion of sources of other than essential amino acid mtrogen are all quite
different and are, therefore difficult to compare Rose cf al (1949)
measured the stmulation of growth of young rats when other scurc;:
of mtrogen were added to the mixture of the 10 essential ammOUac(;er
fed at the predetermmed mmmum levels 1, 882% of the diet num
these conditions of additive effect, glutamic acid and diammont #
citrate produced the greatest growth glycine was next, and urlefaﬂf:gol:n
In another type of experiment, these authors fed only one hal fonts
1mum levels of the 10 essentials to 3 young rats and measured tlu; ; o
of additions on the muntenance of weight and mtrogen equll;l:he
Only the L ammo acid forms were used m this expeniment, an
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misture compnsed only 346% of the dict Supplements of urer or
dismmonium crtrate were made to supph n mount of mtrogen equl
to that of the ammno 2eid misture  Under these condstions both supple
ments mduced strong mtrogen retention nccompanted by some weight
mereast

Lardy and Feldott (1949) compared weaight gun and mitrogen reten
tion of young rats on (1) the 18 ammo rerd mixture (Mixture XXIIT)
of Rose ¢t al {1948) at 103% of the dict (b) the 10 essentinl wmmo
acid moture 1t 8¢ of the diet and (c) the 10 essentinl amino aad
muture t 85 and dinmmonium ertrate (215%) to equal the non
essentinl amino aid mtrogen of the 18 amino acid mixture  Mixtures of
the 10 L nmmo aeids and the syme plus dinmmomum citrate were also
studied The level of essentinl physiologicnlly active amino 1eids 1n the
diets was 64% The data presented showed that the dinmmonium
caitrate replaced all of the nonessentil amino raids in stimulating growth
rate above that shown with the 10 amimno 1cids alone The balance data
further showed that urinary ammoma mitrogen loss followng dixmmo
nm atrate feeding was not far greater than that following umino acids
alone  With regard to the ratios of the different forms of mitrogen it
was of interest to crlculate that 199 of total mitrogen of the micture plus
d citrite e d of NH;— N nd 307% of total mitrogen
ws present a5 NH; — N plus argimine nitrogen

The expcnments 1n this Inboratory wath adult protemn depleted rats
as compared with the experiments with growing rats, mvolved controlled
rather than ad libitum ammo acid feedng The essential amino acids
were offered at twice the levels required for rapid re covery  Substitution
of a part of the mtrogen of the essentials by vanous other sources of
nitrogen elieited a much greater response than that given by the essential
amino aads alone Thus 1t became clear that the essential ammo acids
themselves are not readily avalable s sources of mtrogen for conversion
to other mtrogen components of the body The conversion of methionine
fo cystine and of phenylalanine to tyrosine nppears as an exception to
this generalization  This farlure mn ready conversion of the essential
ammno auds to ather general forms of mitrogen may represent a real
difference 1 metabolism of the two clssifications  There 15 of course
good reason for the body to conserve essential amino acid nitrogen 1f
one wishes to invohe purely teleological rensonmng It 1s nevertheless,
surprising that the body can utihze urea even more efficiently as 1 non
speafic nitrogen source than it can 1 complete misture of the essential
ammo acids
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VI RACEMIC AMINO ACID MIXTURES

A major problem m both the experimental and developmental u:
of mixtures of synthetic ammo acids comes 1n the fact that the unnatur:
b forms of certamn of the essential amino acids are not uthized Unfo
tunately this 1s true for certamn of the most expensive and rare amm
acids namely, threonine 1soleucme and valine

Tryptophan presents a special problem n that the pw forms are bot
used by the rat and the dog although the p form may be Jess we
utthzed than the L form Only L tryptophan 15 used by the huma
according to Rose (1949) and Heber and Berg (1949) Thus, assays ¢
protem preparations with rats may not give a clear prediction of the
value for human use with regard to the content of this ammo acid Th
circumstance deserves special consideration because of the relative 1
stability of tryptophan to chemcal treatments such as acid hydrolys:

Rose (1949 1938) has discussed the activity of the p and L forms ¢
each of the essential ammo acids for the rat and the human A revie
of the literature pertinent to the actvity of the optical 1somers of eac
of the ammo acids for various species will not be attempted here (se
Chapter 4 by Berg) It would appear, however from the results to dat
that the only sigmificant discnminatory difference 1n utilization by rat
and man 1s found in the case of tryptophan, as discussed above Neithe
species according to Rose can utthze the p 1somers of valme leucine
1soleucmne, threonme and lysme Both species can use racemie metht
onne fully and can make partial mversion of p phenylalanine

A THE QUESTION OF INHIBITION BY D AMINO ACIDS

One mught expect that the unusable 1somers of the ammo actds
would show some interference m the normal metabolism of thew usable
enantiomorphs  That thus s ndeed true, at least m the case of p valne
and b leucne has been shown by Flmg and Fox (1945) i expetiments
with bacterra p Aliune was not mhibatory, and ths was explamed
theoretically on the basis that the methyl group of alammne 1s sutﬁment}ljy
small that 1t would not intervene or ctuse steric hindrance as 1s thought
to be the case for the larger side chans of leucmne and valine Tl]lg
antipodal specificity of pmteolytxc enzymes 1s well known and 1t wouds
not be surprising if the whibition caused by certam of the b amino ac:ed
comes at that pont The further lllumlnatmg finding has been Iepoim
by Prescott et al (1949) that pr tryptophan 15 not as effective m x;lfecls 5
the growth requirements of certamn microorganisms as & one (};a o e\:rl o
of L tryptophan The presence of p tryptophan m this case made rany
mcreased requirement for L tryptophan a situation common to m
reversible competitive mhibitions
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Ewvidence for the mhibitory effect of p amio 2eids m ammnals 1s less
clear than that for bacterm however the preponderance of evidence
mdieates that competitine mhibition does take plice Wrethnd (1948)
reported that 1 mnture of 10 pL ammo acds patterned after Roses
mmmum requirements for the rat gve 4 greater growth response at 2
Jevel of 205 than at 30 or 40 m A punfied diet The results were
mlerprctcd 2s meng, that complctcl) ricemie substinees contun touc
substances  Because Wrethnd did not supph any source of other than
essenttal 1mino acid mitrogen 1n the diet there remuned the possiahty
that the inhibition w1s caused by an overlondmg of the epreity of the
body to comvert essentinl amino acid mitrogen to nonessential amno
acids and other mitrogenous compounds necessary for growth

The presence of racemic valine 1soleucine threomne and phenyl
alanme 1n three of the mxtures studicd by Lardy and Teldott (1949)
did not appear from their data to intubit intike or weight response as
compared with mntures of onl\ L amine aerds On the other hand
Brand and Bosshardt (1945) reported that 1 mixture of L amino acids
dupleating the composition of f lactoglobulin supported the same
growth 1n mice 25 2 corresponding ymount of the whole protem whereas
use of certun hL amino acids m the mxture mpured the growth re
sponse It has been repettedls obsersed m this Iiboratory 1 the afore
mentioned rat replction studies that amino 1eid mixtures contuning the
racemie forms of valine 1soleucine 1nd threonine are accepted with
much less 1adity than wre complete hy drolyzates of fibnin supplemented
only with pL trvptophin  This 1s true even when adequate sources of
other than essentinl 1mmo 1c1d mtrogen re supphed A very stnking
difference 1s the slow rate at which the rits consume the ammno 1cid
solutions compared with the eager and rapid drinhing of hydrolyzate
solutions  The crucinl expennment to finally answer this pomt must wwaut
the preparation of 4 mixture of the 10 essentinl L ammo 1cids m faur
quintity The suggestion 15 clear however thit certan of the p-imino
acids exert inhibatory effects on metabolism 1 varous forms of life

Albanese (1949) has recently presented the thesis based on certun
mndirect eyidence 1 work with human infants that oL try ptophan may
have some untoward effects not shown by L tryptophan when used s
supplements to tryptophan low diets There 1s need for a entical and
fundamental study 1 humans of the effects of L. tryptophin as com
pared with 1 try ptophan The addition of L tryptophan to parenteral
amino acid solutions 1s now common practice and no gross aberrant
effects have been noted The question 1s 1 complex one however and
may require more basic study than it hns recenved

In comparing rat growth on mictures of 1mino acids with casemn and
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casem hydrolyzates, Ramasarma et al (1949) noted slower growth on
the former One possible explanation winch they advanced for the
slower growth on the ammo acid muxtures was the presence of b amino
acids Asstated at the levels used, they may not produce any symptoms
of touicity but may cause a shght depression of growth

A paper by Van Pilsum and Berg (1950) bears drectly on the effects
of the o and x forms of amino acids on growth The authors reported
that the 1 forms of the 10 essential amino actds as components of a
oL mixture constituting 224% of the diet grew less well than control
rats fed only the 1 1somers at a dietary level of 112% However, when
only half as much pr phenylalanme tryptophan, methionine, and argi
nme and an intermediate level of pL histidine were mcluded the result
g 186% of pr ammno acids promoted as good growth as that attamed
on the L mixture

The nteresting finding was then made that removal of half of the
pL niethiomne overcame the growth retarding effect of the 224% oo
muture Comparative tests showed that the growth retardation pro
duced by the natural risomer of methionme was greater than that
produced by erther the pL or the b modification  The touaty of excess
methionme 15 well known Both forms of methionme can be used and
1t 15 possible that an excess of L methionine everts more oxicity than
the p form This situation of course may not apply for those ammd
acids for which the p amino acid 1s not used

Van Pilsum and Berg concluded that contrary to the often repeated
conjecture that the p forms of the essential amino acids may be towc 1
the rat, proportionately large amounts can actually be fed as components
of pL amino acid mixtures without producing any apparent growth
retardmg or other deleterious effect  Although 1t 15 clear from these
expermments that the p ammo acds are for the most part nert, Cefta;"
questions require mnvestigrtion before the argument can be emﬁg)t
closed regarding their reputed mhibitory effects It will be noted ¢ Z:i
m the above cited work, growth rates were slower on both the L an
pL ammo acid muxtures than on properly fortified casem hydrolﬁﬂ\;es

An mportant constderation mn mterpretation of the work of ﬂ‘;
Pilsum and Berg 1s the absence of nonspecific nitrogen from therr ammd
actd muxtures Although these authors added ammonum atrate ggx
glycine to their essential ammo acid mixtures m a few studres, the ‘rlwas
tions did not appear to have any effect on growth, and the quesh?ﬂ g
not exammed further The absence of a sufficient concentration of ot
than essential amino acid mitrogen would however be expected to :;l
hibit response to a measurable degree judgmng from the work of L:rss{
and Feldott (1949) as well as the work mn ths Jaboratory ‘The p
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ility appears therefore that there may have been 1 second vamnble at
work other than the optical form of the amino aaid groups Judging
from all of the evidence 1t would seem desirable to have present in such
- studs n adequate source of other than essentinl amino aad mitrogen
so that synthesis of nonessentinl mtrogen compounds could proceed more
readily than s the case when only essentinl ammo acids are present
The excellent study of Van Pilsum and Berg points up the need for this
additional expenmental approach to the effect of p-amino aads

VIl RECENT STUDIES WITH L AMINO ACID MIXTURES

Rechaigl et al (1957) studied the value of single nonessentinl
Lammo aaids dinmmonium citrate urea or bruret to promote growth
m weanhng rats when ndded to « mivture of essentinl 1L ammo acids
patterned after the rat carciss L Glutamic acid ws the most effective
single supplement for gronth feed conversion and net mtrogen utihza
tion followed by L alamme L aspartic ned Lo asparagime L proline
L glatamme ditmmonium citrate uren buret glyene wd 1 serme In
addition to measuning growth rate the ripid procedure of Miller and
Bender (1955) and Bender (1936) was used for eshmating net utiliza
tion of these nonspecific mtrogen sources  Both measurements placed
the mitrogen supplements m the same relative order of efficiey Inter
estingly, in this study an evcess of the entire group of essentinl . ammo
acids proved almost as effective as L glutamic acid when judged by
growth food efficiency and net mitrogen utilzation This finding ndi
cates that the presence of several pL amino acids 1n the essential amino
acrd mixture may have accounted for thewr poor repletion response as
compared to nonspecific mtrogen sources

The abovc results together with those of Greenstemn et al (1957)
provide final answers to miny questions which complicated the earlier
use of bt mixtures 1n rats  As stated by the latter, “Ammal tissues are
geated to handle metabolicnlly the natural © forms of the ammo acids,
and although some of the b forms can be more or less rapidly nverted
(BErg 1933), they may n mixtures interfere mn each others mmversion
This has been clearlv shown n the expeniments of Wrethnd (1936)
and the peculiar behavior of p valine m the presence of the p-1somers
of other amino acids such 1s leucine and 1soleucme (Womack et al
1957), fves mse to the typieally confusing situation evoled by the
Presence of apprecrable amounts of unnatural matenals 1 an exper
mental diet It should hardly be necessary to press this pomnt but the
substitution of financial economy for quality of experiment has httle to
Tecommend 1t ”

Although practical apphication 1s still far off the time may come
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vwhen essential & amino acids can be used econommcally for mnravenous
feeding 1 Glutamic acid and 1. aspartic aaid are poorly tolerated mtrz
venously Thus the search may well go on to establish a sutable loy
cost source of nonspecific nitrogen to supplement the 10 essentials
(counting histidine and argmmne) Whether 1 tryptophan can replace
oL tryptophan to advantage i 1 v protemn hydrolyzates should also
be determined

Birnbaum et al (1957) suggest that, No ammne acid 1s nonessential
for mauimum growth  The capacity of the body to bwld purines, pyn
midmes porphyrins etc 1s clearly dependent on adequate supphes of
metabolizable mtrogen Just how well simple combimation of nonessen
ti1l L vmuno acids with ammoma sources can fill specific needs has yet
to be determmed Work i mtermediary metibohsm has shown many
common pathways for mterconversion between amino acids carbohy
drates ind hpids One can safely generalize that hormonnl control of
metabolic patterns differs greatly between mdividuals and particularly
1n those who are 11l Thus 1t may come to pass that most of the tissue
ammo acxds do have nutritional import  Use of massive doses of glutimie
acid 1 mental disease states and the use of arginme (Fahey et al 1958)
to reduce ammoma intoxication are examples

Conversely Frost and Sandy (1951) concluded on the basis of their
studies that nbout 20-30% of the mtrogen, supphed with an amino acd
muxture, should be other than essentral amino acsd mtrogen for maumum
repletion This 1 much less nitrogen mn the form of nonessentiil amlmo
2cid mitrogen than 1s present mn protemns of the highest biological val l:ie
The question still appears to remam open as to whether a manma i
mixture of Lammo acids will actually surpass the highest brologicd
value protems in nitrogen efficiency It 1s quite concervable and of so(m?i
mport particularly for mntravenous feeding that 9 or 10 essen “:1
v ammo acids supparted by other easily available sources of mtrofae1
may yet be shown to be the most efficient source of nitrogen 1A W:mm
mg expermment now will be to test solutions of the 9 essential L& o
acids fortified with argmme and an ammonmum salt Awidity fm"; .
mixtures, as compared to that for protemn hydrolyzates will mFl‘;‘ .
whether such simple mustures supply the full physiological need Fa o)r
et al (1958) have clearly shown the value of argmme ormthmemre
atrulline to prevent ammoma mtoxication m dogs receving ° munon
mtravenously of the 8 essentiil L ammo acids plus L ~lanine as ‘fi -t
speatfic source of mtrogen Fmal proof of the over all value o
muxtures given miravenously is 2 worthy objective
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Vil AMINO ACID ANALOGS

The oL hydrovy analog of metlnonme represents thus far the only
commercial application for hydroxy or heto analogs of amino 1ads
Hydroxs pL methiomne substitutes ¢qually for metliomne m chick
ritons (Bird 1952 Machin ind Gordon 1957) Wwhen 1 low level of
sov protemn was fed methiomne proved supenor to methiomne hydroxy
amtlog s 1 supplement to promote growth (Sullnvn and Burd 1957)
When 1 nonspeaific source of mtrogen was also supplied growth response
for methionine hvdrowy analog cqualed that for methiomne addition
This demonstrated utiizion of nonprotein mtrogen by the chick pre
sumibly for amunation of the hydroyy aed

Gordon nd Sizer (1955) found pL methiomne less efficient than
equmolar supplements of L methionme p methionne or methionine
hvdrovs amlog (el o 2 Indrovy 4 methylthiobutyrate) for chick
gronth Resolution of optical 1somers 1s often an espenswve and 1mpon
derable one for the chermst The body may expedite this job given the
proper metabolic fragments  Thus 1t 15 concewvable that appropnate
mutures of the hydrovy or heto nalogs of many or all of the essential
ammo acids with adequate sources of nonspecific nitrogen sources m1y
m tme prove advantigeous for parenteral feeding

Rose et al (1949) made the sigmficant disclosure that the o keto
analogs of valine and 1soleucine promote excellent growth n rits as the
sole sources of these 1mino 1cids  The suggestion 15 made that they
undergo asymmetric mnition tn vivo to supply the corresponding
Lamino 1aids  If the a heto anilogs are less costly to synthesize stra
tegic use might be made of them together with 2 source of ammoni
m dealized mixtures

IX  SUMMARY

There 1s obvious need for general acceptance official or otherwise
of methods to measure nutrnitive value of protems Such methods should
be simple and low cost for wide apphcation  Requirements for maximum
performance should be known 1n terms of each ammno acid ultimately
the L.amno acids Requirements for nonspecific sources of mitrogen
to support maximum use of the essental L tmino acids should Iikewise
be established The growth ind repletion methods satisfy many of these
cuteria  Amino acid requirements s presently established are quite
sumilar  Both methods clearly measure the adequacy balance and
availability of the amino acid composition of proteins for tissue synthesis
Careful compansons are needed to estiblish their relative rehability
and convenience for speaific applications

Determination of biologicl value has been precisely studied but has



274 DOUGLAS V FROST

obvious hmutations for broad appheability It 1s nevertheless the
method of choice to mesure mantenance and reproduction require
ments m adults The nitrogen balince techmque can pass final judgment
also as to utihization of protem hydrolyzates on mjection

These methods, properly standarized and extended to varous species
appear to provide a reasonable base for broad evaluation and compart
son of ammo acid muxtures, individual protemns, proten hydrolyzates,
and protein foods

The growth and repletion methods may be supplemented by calen
dation of protem effictency ratio, or, gomng further, net protem uthzation
There 15 considernble doubt, however, whether these refinements confer
preciston over the basic methods alone In any case, finil defimbon 1m
terms of L amino tcxds appears so close at hand as to preclude specula
tion on these ponts

Space has not permitted full consideration of a1l of the hterature and
methods which deserve attention The rat repletion method 1s most
extensively discussed Although highly sensitive to amino acid adequacy
and balance, this method does not fully predict the value of partial
protem hydrolyzates given intravenously It serves well as a production
control method due to 1ts rapicity and low cost

Methods of chemical scoring provide theoretical support for bio
ssay, but are now no less complicated or less costly than bio assay The
same holds true for amuno actd liberation from intact protemns by en
zymes Thus far direct assiy of proten value by mucroorganisms
appears to offer madequate correlation with antmal assay

Vanous nonspecific forms of mtrogen support anabolism n presence
of the essential amino rerds  The question remains whether ammonium
salt can effectuely replace all or part of the nonessential amio acids
Most studies are clearly complicated by the use of pr ammno acd mu<d
tures The alpha hydroxy or keto annlogs of some nmino acids may av}(lnn
this complication These basic questions will be resolved only whe
sufficient L amno acids and switable analogs are avaible for precxss
study By the same token ammo acid requirements require re evaluatio
1 terms of only the v forms
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I INTRODUCTION

The utihzation of dietary proteins for growth and mamntenance 1s
dependent on the presence and relative amounts of the essental ammo
acids and on the degree and rate of digestion The solubility and sus
ceptibility to enzymatic attack of protemns are determined by therr struc
tural orgamztion as well as by the presence of protective cellular tissue
especially 1n foods of plant ongin The coefficient of digestibility of
proten 1n foods 15 1n general umformly lgh However the biological
value of a proten or proportion of absorbed mitrogen retamed for
utilization by the ammal orgamism vares to a considerably greater
degree The biologieal salue might by analogy be called the coefficient
of utilization It1s a function of the avalable (1e absorbed) content of
essential amino acids the ammo aeds which the ammal cannot syn
thesize at a rate commensurate with the demands for normil growth
{Rose 1938) 1n the complete absence of any of the ammo acids indis
pensable for an ammal species normal mamntenance growth and sur
vinal are not possible The over all adequacy of 1 diet with respect to
protemn depends upon the extent to which the component proteins com
plement each other in filling the cssential amino acid needs of the indi
vidual and collectively furmsh enough of the ammno auds nonessential
as well as essential to replace catabolic losses and to satisfy anabolic
requirements

Swce the advent of modern microbiological and chromatographic
methods for the assay of ammo acids 1t has become relatwely simple
to determine all of the essential amno acids Instead of focusing atten

281
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tion on the one or two imiting acids m protems as a basis for therr nutn
tional assessment, 1t has become possible to consider the content of all
of the essential amino acids as an wntegrated whole

I EMPIRICAL RATINGS OF PROTEINS BASED ON ESSENTIAL
AMINO ACID CONTENT

Matchell and Block (1946) devised a system of chemical scores
based on the amount of the essential ammo acid greatest deficit in 2
protein compared to the level present m a reference proten selected for
its nutrtional excellence Despite the empincal nature of this system, the
chemcal scores were shown (Mitchell, 1954a) to have a Ingh degree of
correlation (r = - 095) with published biological values for a senes of
protens  However, as Mitchell has pomnted out 1 his excellent reviews
(Mtchell, 1954a, b) on the dependence of biwological values of food
proteins on their content of essential amino acids the chemical score 15
an ndex of the value of protemn for growth only smce 1t assumes that
the absence of an essential ammo acid renders the protemn completely
unavailable even for tissue mamtenance, an assumption not consistent
with reported observations (McCallum 1911, Mason and Palmer 1935)

Each essential ammo acd may be considered s the Leystone m an
arch, without which a stable protemn structure cannot be built It would
seem more reasonable that the rating of a protemn for nutritiona! quality
should take mto account 1ts entire contnbution of essential ammo acids
not merely the one i greatest defieat with respect to a nutritional stand
ard Hence the wnter was intngued with the possibilty of dewising 3
means of representing the entire essentinl ammo acd spectrum Ofﬂl\
protemn by an mteger which might be correlated with expenmentaily
determimed coefficients of utihzation, such as the biological svalue of
Mitchell or the mtrogen balance index of Allison (Allison nd Anderson
1945)

Stadies m proten utihzation have directed attention to the ;mporhimce
of the time factor 1 absorption  For example 1t was shown that tooh Ot;‘]g
delay in supplementation of an mcomplete ammno acid mzxtur’e th] ane
mussing factor failed to improve retention (Berg and Rose, 1929 E. I}'; N
1939 Henry and Kon, 1946 Geiger 1947) This led to the wor o ﬁ
hypothesis that for optimum utihization of foad protemns all esslsl?n te
ammno acids must not only be avulible for absorption but must also o
hberated during digestion n vwo at rates permitting mutual s“tPcI;n
mentation” (Melmck et al 1946) In other words for most efficren b
struction of the protemn arch every essential building block mus
available at the site and at the time of synthesis bsa

The probability of two or more events occurnng simultaneously
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function of the product of the probability of their mdwidual occurrences
It follows therefore that the probablity that all of the amuo acid buld
ing blocks will be v ulable nt the site of synthesis (that 1s to sty for
brological utihzation) 15 2 function of their product and not their sum
Ruhnaw (1949) propoesed 1 method of rating proteins according to the
sum of the percentages of essentiil amino 1cids A protem completely
Incking one of the essential ammo acids and hence neapable of sup
porting growth should theoretically at lewst be assigned 4 rting of
zero An mndex based on the product of these percentages mstead of
their sum would vield the theoretieal value of zero 1 the case eited

However even the most deficient protemns like gelatin or gluten yield
low but not zero biological values under experimental conditions This
probably anses from the fact that the mtrogen balwnce procedure
valves the use of short test periods dunng which amino acids Incling 1n
the test protemns m1y be picked up from intestinal debris or from the
products of tissue catabolism albeit 1n trace amounts but suffictent to
permit some utiization of incomplete dietary protemns Hence mn order
to correlate observed buwological values with an integrated essential
armuno acid mndex 1t 1s necessary to assume the presence of a small con
tent of even the missing essential amno acids

il THE STANDARD OF REFERENCE

The nutnitional value of any protem or mixture of essential amino
acids for an ammal must be related to 1ts ndividual needs for
growth and mamtenance The age sex and status of an ammal with
respect to pregnancy lactation disease convalescence nutritional Ius
tory and so on are sigmficant factors m the determmation of indivadual
requrements In view of the many vanables 1t 1s obviously mvald to
make the general assumption that the ammo acid requirement of -
specific segment of the population can serve as a unmversal yardstick for
the evaluation of dietary protems For this reason it seemed preferble
to adopt as the standard a food protem of optimal nutritional value
according to biological entena  In the entire gamut of foods the only
one specifically designed (one might say divined) as food for man
namely human milk would appear to be a logical choice This has indeed
been recommended as the standard by Kuhnau (1949) Nehring and
Schwerdtfeger (1951) and others However the author has preferred
to follow the example of Mitchell and Block (1946) and adopt whole
egg protewn as the reference standard It 1s as nearly completely utilized
by the rat the dog and man as any food protemn and 1s not sigmficantly
enhanced 1n biological value by supplementation with any of the amino
acids The adoption of an “ideal protemn as a standard mvolves the
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corollary assumption that the percentage of an essential amino acid 1 a
protemn i excess of its percentage n the standard can be ignored In
other words the value of the food protem i this respect 15 regarded as
equal to, but not greater than the standard

IV DERIVATION OF AN INTEGRATED ESSENTIAL
AMINO ACID INDEX

Thus the two more or less arbitrary assumptions upon whch the
calculation of an integrated essential amino acid index 15 based are that
the mummum ratio of essential amino acid content relatve to that of
standard protem 15 1%, and the maximum 100%

The Essential Ammo Acid Index (EAA index) may be defined as the
geometric mean of “the egg ratios 1e the ratios of the essential ammo
acids 1 a protem relative to their respective amounts m whole egg
protemn

?Lys, Try, His,

EAA Index = \/-—Lys’ - X o
mn which the subscript p refers to the food protem s, the standard pro
temn (whole egg) and n, the number of ammo acds (counting pars
such as methionine and cystine as one) entering into the calculation Itis
generally of mnterest to nspect the mdividual egg ratios and hence these
are recorded m the computation of EAA mdexes

Amino acid contents are usually expressed on a mtrogen = 16 hasis
However EAA mdexes may be computed from the amino acd content
reltive to the total mtrogen in both the food protemn and the steindartsi
This avoids the necessity of applying the conventional factors 625 63
or 57 for converfing nitrogen to protemn The sumphaity of the campu&’:i
tion as conducted Joganthmically 1s iflustrated by the model table use!
mn the authors laboratory shown in Table I The figures entered m
roman type are printed on the form whereas those shown m italics n-;e
entered by hand Occasionally certain amimo acid values are not avallabbe
but reasonably close approximations to the EAA mdexes may be o
tamned even omitting these values provided of course, that the appro
poate value for n1s used When data for cystine and tyrosine are lackmg
as 15 not nfrequently the case, methionme and phenylalanme, respe
twvely may be considered ndividually

In the ongmal paper on the EAA index (Oser 19! e essen
the analytical values reported by Block and Bolling (1951) for the esbse
tial amino acid content of whole egg protemn This practice was U ")
quently followed by Mitchell (1954a) However the values summi;l:ed
recently by Orr and Watt (1957) which were derved from imp!

51) the author used
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ind more numerous microbiological ass 1ys have been used as the basis
for computing the mdeses tabulated mn the Appendix to this presenta
ton In Table II are shown the assumed values for the essential amuno
acid content of whole egg protemn according to both sets of published
data It 15 of meidental mterest to note that the Orr and Watt data for
whole egg are 1n closer agreement than Bloch and Bollings with the

TABLE II
ESSENTIAL AMINO ACih CONTENT 0F WHoLE Ece PRoTEN
osa o Data of Orr and Watt {1857)
Bolling (1951) Number of
Per cent samples Per cent

Amuno acid {N = 16} assayed gm/gm N (N = 16)
Lysine 70 26 0400 640
Tryptophan 15 27 0103 165
Isoleucine 77 16 0415 660
Valine 72 18 0464 742
Arginine 66 21 0410 656
Methionine 40 M 0196 314
Cystine 24 24 0146 234
Methionme

Cystine * 64 0342 548
Threonme 43 27 0311 498
Leucme 92 16 0550 8 ?g
Phenylalanme 63 26 0361 i s
Tyrosme -— 18 0268
Ph?;ﬁlifi?“ * — 0630 1008
Histidine 2 26 0150 240

‘best average values selected m the Rutgers report (Allson et al, 19[52)6
The differences m any case are small and fall well wathm ﬂlebxiepfn "
range of vartation for the amino acid content of w hole egy Table EAA
mtended to demonstrate the small magmtude of the differences 1n e
index as affected by the selection of amino acids regarded e;s ets;g: he
or by the source of assay data for the ammo acid content ol t}?t o or
standard or the food protuns It 1s evident from thus table tam iy
Block and Bolling s or Orr and Watts data for the reference pro eno o
be used 1 computing EAA mdexes For all practcal purpoSfesca]umns
ferences were found 1 this senies of typical food protems [
d) and (e

( )It 15 sfxg?g]ested that pending possible future agreement onds;é;;lgz;‘:
values by the Food and Agnculture Organization of the gmtezmd Watt
or a sumilar official agency the data summanzed by Orr
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and more numerous microbiological assays, have been used as the bass
for computing the mdexes tabulited m the Appendix to this presenta
tion In Table II are shown the assumed values for the essential amio
acid content of whole egg protemn according to both sets of published
datr It 1s of incidental nterest to note that the Orr and Watt data for
whole egg are i closer greement than Bloch and Bollmgs with the

TABLE 1T
EssENTIAL AMINOG Actb CoNTENT OF WHOLE EcG PROTEM

B?oacl]: :nfd Data of Orr and Watt (1957)
Bolling (1951) Number of
Per cent samples Per cent
Ammo acid {N = 16) assaved gm/gm N (N = 16)
Lysine 70 26 0400 640
Tryptophan 15 27 0103 165
Isoleucine 77 16 0415 660
Valine 72 16 0464 742
Arginine 66 21 0410 656
Methionme 40 34 0196 314
Cystine 24 24 0146 23
M. 64 0342 518
Threonine 43 27 0311 498
Leucmne 92 16 0550 8 gg
Phenylalanine 63 26 0361 iao
Tyrosine —_ 18 0269
Phenylalnme +
Ty{osme — 0630 12 23
Histidine 24 26 0150 =

best average values selected in the Rutgers report (Allson et al lz:toe)d
The differences 1 any case are small and fall well wathin the hr;fpm "
range of vanation for the ammo acid content of whole egg Table A
intended to demonstrate the small magmtude of the differences 1 e
mmdex as affected by the selection of ammo acids regarded :25 e:}izr e
or by the source of assay data for the ammo acid content o t}elt o hor
standard or the food protems It 15 evident from this table ]?e &y
Block and Bollng s or Orr and Watts data for the reference pros ; e
be used m computing EAA mdexes For all practical purposfe s
ferences were found 1 thus seres of typical food protems [c
(d) and (e)]

It 15 suggested that pending possible future agreeh
values by the Food and Agnculture Orgamzation of t P
or a simlar official agency the data summarized by Orr

ment on standard
e Umited Nation$
d Watt
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(Table II) be used since these are derived from the most up to date
and extensive senes of assays

Mitchell has modified (1954a) the authors origmal proposal for cal
culating EAA mdexes (Oser 1951) by disregarding argimme, as being
nonessential, and including tyrosme together with phenylalanmne (1n
analogy with the panng of cystine with methionine) because of 1ts par
tial replacement value The neghgible over ll effect of these modifica
tions may be seen by comparing columns (b) and (c) mn Table III Even
restriching the essential amino acids to the eight shown by Rose ef dl.
(1954) to be required for nitrogen balance 1n young adult males (but
including cystme with methionme) has little influence on the indeves
[column (a))

The author 15 mchined now to accept Mitchells recommendation to
melude tyrosine with phenylalanine but not to consider argmne as dis
pensable until further data on human bemngs m various phystologieal
states indicates this to be justified [cf columns (d) and (f)] Inany
event the differences n indexes are not greatly influenced by whether or
not argmime 1s included

It 15 of interest to compare the values for EAA indexes calculated
with reference to egg protem to those based on human mlk protem a5
the standard This comparison 1s shown m columns (f) and (g) of Table
III It will be noted that somewhat lugher mndexes are consistently ob
taned 1n relation to human milk protemn, the mcreases m the foods listed
ranging from 8 to 15% ed

A Iigh degree of correlation between EAA indexes and reporte!
biological values are obtamed regardless of whether human mlk or egg
protein 1s used as the standard Mitchell has reported the followmg re
gression equation based on 48 such compansons with a correlation
coefficient (r) of 4+ 0948

Buological value = 10747(EAA mdex) — 1374 0]
The author s smaller sertes (Oser 1951) comprised 29 comparisons and
yielded the following equation

Brologteal value = 11403(EAA) — 8415 @

On the basis of the foregoing discussion indicating that the meﬂlofil‘l’;
computation employed both of these seres of data yeld essenlf
the same results, the following equation weighting the two series O
compansons 1s derved

Biological value = 109(EAA) — 11 73
As Mitchell has pointed out the correlation between the EAA mndex

(3
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and the brologicl value 1s so consistently high that estimates of the latter
m1y be made from essentinl amimo acid assny wath 2 degree of relabihty
greater 1 the long run than 1s obtamable i the usunl brological assay
emplovmng 10 rats per group However it 15 necessary to recall that this
method of esttmation 15 predicated upon the avulibility to the anmal
orguusm of the microbiological or chromatographieally determined
ammo acids  Factors such as msolubility or heat treatment which impair
the degree or rate of digestibibty and <bsorption of proten miitate
aganst the use of this procedure i all cases Protems Iike hemoglobin
and keratin are poorly utilized and the utilization of certun food pro
tewms lthe soybean or casemn are ffected by processing conditions It 15
not valid to assume that the entire ammo 1aid content of these proteins
as estimated by nonbiological methods 1s physiologically wvailable

The table shown 1n the Appendix 1s based on the analytical data of
Orr ind Watt and the apphication of Eq (3) above the resultant values
being rounded off to the nearest whole numbers Whereas biological
values for many of these food protems are to be found scattered in the
literature those cited in the last ¢olumn were taken from Mitchell s paper
(1934a) merely to illustrate the general agreement between cilculated

and obsen ed estimates even though the samples upon which these estt
mates are based differed

Y LIMITATIONS OF THE ESSENTIAL AMINO ACID INDEX

As has been previously pointed out factors which affect the degree
or rate of digestibility of protewns nfluence not only their over all nu
tritnv e value but speaifically their biological value n the Mitchell sense
Hence any mdex of utilization based on the total content of essential
ammo acids 1n a protemn may tend to overeshmate the true value

Sheffner and associates (1956) have attempted to overcome this dif
ficulty by basing the computation of the index on the pattern of essential
ammo aads 10 enzymatc digests of protemns rather than on the total
essential amino content in complete hydrolyzates For this purpose they
used peptic followed by tryptic and ereptic digestion for periods of 24
24 and 72 hours respectively The essential amino acid content of these
digests 15 computed according to the authors method as modified by
Mitchell [cf column (b) Table III] and the result 1s expressed as a
PDR imndex (Protein Digestion Residue index) The data for eight series
of companisons show that the PDR mndex corrected for digestibility, cor
relates quite closely with the biological value However 1t 15 questionable
whether the improvement i this relationship over that of the EAA index
wself jushfies the considerably greater volume of work 1nvolved Only in
those cases where there would appear to be reason for believing that
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digestibihty or utilization were sigmficantly impaired would this tech
mgque be warranted In only two instances (Labco casem and white
flour) ated by these authors did this appear to be the case (Compare
also the values for casein shown in the Appendix )

It 15 of imterest to pomt out that hutken and Lyman (1948) observed
m metabolic studies that 1l of the essential amino acids were completely
available 1n roast beef, wheat and peanut flour whereas the ammo acds
1 cottonseed flour were less available values rangmg from 64% m the
case of lysme to 94% 1 the case of arginme If the entire essential amino
acid content of cottonseed flour were available the EAA mdex would
be approuimately 71 whereas that of the available fraction only 15 58

Vi SPECIAL APPLICATIONS OF THE ESSENTIAL AMINO ACID INDEX

A useful property of the EAA mndex as a tool for predicting bological
values 1s that 1t permits estimates to be made for combinations of proteins
or for protems supplemented with individual amino acids or combina
tions thereof For mstance 1t has been computed that the addition of
055% lysme to white flour would affect an increase m the mdex from
60 to 69, correspondmg to an increase 1 the evpected bxologlcal value
from 54 to 64 or approumately the value for whole wheat In making
such calculations 1t 15 of course necessary to express the essential ammo
acid content of the final mix or supplemented protems on an 1sonitro
genous basis

Another example of the use of this procedure 15 the estimation of the
EAA mdex for mixtures of protemaceous foods such as that employed by
Scrimshaw for the prevention of protem malnutrition n Guatemals
(Behar et al 1957) This consists of corn sesame meal cottonsee
pressed cake and torula yeast mived m the proportions of 50 35 9 3 The
EAA mdex of these components are 72 75 72 and 80 respecmely
whereas that of the mixture 1s 79

The EAA mdex for corn flahes according to recent analyses 15 60
(predicted BV = 54) Ordmanly one ounce of this breakfast cereérll!hls
taken with 8 fluid ounces of milk which has an EAA 1ndex of 83 3
protemns from these sources are m the approximate ratio of 135 an
the EAA wmdex for the combnation 1s calculated to be 84 with a pre
dicted biological value of 80 ,

In computing the essential ammo acid wmndeves of combmaht}:')nirofe
proterns therr full ndividual contributions are taken 1nto account ecess
disregarding that proportion of the egg ratio of the combmation m ex
of 100%
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Vil SUMMARY

A svstem of rating dietary protems has been deseribed based in part
on the rtionale that the efficiency of utihzation 1s 2 function of the
product of the essential amno 1ads made wulble at the site of syn
thesis Designated the Essentinl Amino Acid Index (EAA mdex) at s
the geometric mean of the ratos of the essential ammo acids 1n the food
proten relitnve to thar content 1n 2 lughly nutntive reference protein
viz whole cgg The basis for the choce of this staindrd” and of the
pertment analytienl daty 1s discussed  Appliention of the regression

t
+quation Brological value = 109 (EAA) — 117

yiclds close agreement betw cen predicted and obsersed biologieal values
The EAA ndex not only mtegrates all the essentinl ammo 1ads nto
the caleulation but permits estmation of the effect of amino acid or
protem supplementition on biologieal values
Certamn hmitations in the use of the indes are discussed particularly
those cases where the utilization of amino acds 15 mfluenced by factors
which affect the rate of enzymatic rclease of essential ammo acids
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APPENDIX
EssENTIAL AMino Acib INDEXES AND BroLocicaL VALUES oF Foop Proter
EAA Brological v:
Ttem number and description® Index® Predictede Ob
Mk
1 Cow whale nonfat evaporated or dry 8% 84
3 Human 87 8
Milk products
5 Buttermilk 88 84
6 Casem 88 84
7 Cheese cheddar other npened cheeses ¢
and processed cheese foods 86 82
8 Cottage 86 82
9 Cream cheese 82 1
10 Lactalbumn 89 85
11 Whey dned &9 61
Eggs chicken
12 Whole raw or dried (100} 97
13 Whites raw or dned 95 92
14 Yolks ruw or dried 93 89
Meat
15 Beef culs © fresh or canned 84 80
16 Lamb cutse fresh or canned 84 8
17 Pork cuts fresh pork ¢ raw or canned 83 9
26 Mam and other cured pork raw
cooked or canned 81 7
22 Veal cuts fresh or canned 83 9
Poultry
23 Chichen muscle without shin 82 8
24 Duch muscle without skin 82 78
Fish and shellfish
26 Fish raw or canned 80 76
27 Shellfish shnmp cluding prawns raw
or canned 67 61
28 Other shellfish 76 71
29 Bramns 85 81
81 Fish flour 77 73
32 Gelatin 25 16
33 Gizzard chicken 5 72
34 Heart 86 8:
35 Tadney 86 gg
36 Laver 89 .
41 Sausage contamung lver 83 ;2
42 Other sausage 77 e
43 Tongue fresh or smoked 82
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Biological value

EAA
Item number and descriptiont Index?  Predicted® Observed
Legume sceds and their products
Beans includes hidney navy pinto red others
45 Raw 80 75
46 Baked with pork canned ki 68
47 Baked with tomato swuce canned 65 60
4% Blach gram (Phascolus mungo} 80 78
49 Brotd beans (\icia faba) 70 65
50 Chickpeas (Cicer arictinum) kid 72
51 Cowpeas (Vigna spp ) 79 T4
53 Lentils (Lens culimars) 71 65
54 Lima beans (Phascolus lunatus) 78 74
57 Mung beans (Phascolus aurcus) 70 65
58 Peanuts flour meal peinut butter
(Arachis hypogaca) 69 64 57
59 Peas (Puum satieum) 81 7
61 Sovbeans and flour (Glycine max) 83 78 75
63 Sovbean milk 86 82
Comnton nuts
65 Almonds {Prunus amygdalus) 64 58
668 Braz nuts (Bertholletia excelsa) 69 84
67 Cashews {Anacardiwum occidentale) 64 58
68 Coconut and other palm farmly nuts
and meals/ 68 63
69 Filberts (Corylus spp ) 68 62
70 Pecans (Carya illinoensis) 76 71
71 Walnuts English or Persian (Juglans
regia) 70 65
Seeds and seed meals
78 Cottonseed flour and meal (Gossyprum
spp ) 72 67 64
83 Sesame seed and seed meal (Sesamum
indicum) 3 559 k%
84 Sunflower setd meal { Helunthus annuus) 7 66 65
Grams and therr products
85 Barley (Hordeum culgare) 66 60
86 Bread white made with refined wheat
flour and 495 nonfat dry milk flour
basis 64 58
88 Buckwheat flour ( Fagopyru L 73 68
83 Com cornmeal gnts (Zea mays) 67 81 62
Com products
94 Flakes 60 54
95 Germ 73 67 8
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APPENDIX (Continued)

Biological value

EAA
Item number and description® Inde®®  Predictede Observed
96 Gluten
$7 Hommy gg 2-2[
100 Tortlla 66 60
101 Zem 31 22
105 Pearl millet (Pennwsetum glaucum) 75 70
107 Oats oatmeal rolled oats (Atena satina) 72 67 65
109 Rice (Oryza sativa) brown converted
whte 73 68 0
112 Rye (Secale cercale) whole gram and
flours of different extractions 68 62
113 Sorghum (Sorghum vulgare) 70 65
115  Wheat { Triticum aestivum) whole
grain and whole gram flour 64 58 67
117 White flour 61 54 52
Wheat products
118 Bran 71 66
122 Germ T4 69 75
123 Gluten 60 54
124 Macarom or spaghetty 55 48
125 Noodles (contan egg solids) 67 61
128 Shredded wheat 65 59
Vegetables 1immature seeds
146 Corn (Zea mays) 72 66
147 Cowpeas (Vigna spp ) 79 74
148 Lima beans large and small seeded
vanetes (Phaseolus lunatus mclud
ng var macrocarpus) 84 79
149 Peas raw or canned (Pisum satiwum) 64 58
Leafy vegetables
152  Brussels sprouts ( Brassica oleracea var
gemmifera) 64 58
153 Cabbage (Brassica oleracea var capitata) 56 49
157 Rale (Brassica oleracea var acephala) 61 54
161 Spwmach (Spinacia oleracea) 82 7
162 Turmp greens (Brassica rapa) 76 71
Starchy roots and tubers
165 Cassava root and flour (Manthot
esculenta) 54 47
166 Potatoes (Solanum tuberosum) 63 59
167 Sweet potatoes (Ipomoca batatas) 82 78
168 Taro (Colocaswa spp ) 81 76
Other vegetables
171 Asparagus {Asparagus officinalis) 62 56
172 Beans snap (Phaseolus vulgans) 66 60
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APPEADIN (Continucd)

Eax _ Prologeal vale
Ttem number and descriptione Index®> Predictede Observed
173 Beets {Beta vulgars) 39 31
174 Broceoh { Brassica oleracca var botrytis) (] 60
175 Carrots (Daucus carota) 59 52
176 Cauliflower (Brassica oleracea sar botryts) 73 68
182, Eggplant (Solanum melongena) 57 50
166 Okra (Hibiscus esculentus) 63 59
190 Pumphin {Cucurlita pepo) 54 47
195 Tomatoes and cherry tomatoes { Lyco
persicon esculentum and L esculentum
cerasiforme) 48 41
Muscellancous food 1tems
199 Yeast Bakers 80 76
200 Yeast Brewers drned 83 9
201 Yeast Pnmary dned (Saccharomyces
cerevsac) 82 77
202 Tomlx yeast (Torulopsis utihis) 83 85

¢ As listed by Orr and Watt (1957)
* Computed from data of Orr and Watt (1857) cf Table II column (f)
B\ = 109 (EAA) — 1173 Sce page 298
¢ Includes such hinds as Blue Limburger and Swiss
¢ Based on data from many cuts
! Including coconut (Cocos nuctfere) babassu (Orbignya speciosa) palm
cohune (Orbignya cohune) and palm nut (Elacs guincensis)
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graphien] or economic background It 15 generally agreed that m
and dietary habits or customs play an important role 1 these con
Limited intake of good quality proteins has long been held resp
for the occurrence of substindard anthropometric patterns  This
ticululy true if we consider the view held by some that low mt
protemn i countries ike China and India (m contrast to Austral
the Umted States, where protem consumption 15 high) 1s respc
for eusting differences n stature longewity, and general health .
nese, 1956a) For example, life expectancy mn Australia and the 1
States was about twice that of the populations of Chma and
(Table 1) Recent improvements 1 sanitation and medical care

TABLE 1
ReLATION OF NaT10NAL DIETS TO STATURE AND LONGEVITY®
Umted
Australn  States China
Total calories per day 3128 3249 2201
Laivestoch % calones 40-45 3540 15
Cerenls and potatoes % calones 30-40 3040 70-80 €
Total protemn itake gm per day 90 88 68
Animal protemn per cent 65 57 7
Averige height cm 172 170 158
Average weight Lg 772 700 543
Life expectancy yr 85 64 30
Total calonies per gram of
protein intake 35 37 32

¢ From Albanese (1956a)

shown that these are important factors m longevity (UN Secref
1958) However, 1t 1s well known and amply supported by stab
evidence that racial differences with regard to height and weight et
readilv with an improved nutntional environment Many evidenc
this phenomenon in natwe populations of Afriea nd Asia hve
presented also by Flodm (1953}
The occurrence of nutritionally related changes i anthropor
1s mdicated by exammation of some of our own vital statistics
enerally conceded that compared with those of other t:ounmesyE
1n the United States are generous and that the range variety o :
products 1s unusually large Improvements mn stature and body
among unmigrints to the United States have been attributed statish
to the hetter diets obtamnable here To wit the second geneArﬂhC
Japanese in Calforma and of Central Europeans m the Iarge m:sl
cities are of larger stature and better physique than their paren
the same time American women entering colleges are found to ave
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more than an mnch taller than those n the same colleges thirty years ago
The average stature of Hanard men has increased about twe inches 1n
the Jast sity years

A STANDARDS

Figures on the relationship between body weight and other body
measurements of North Amencan adults go back scarcely 2 century
According to Marks (1956) the first table prepared 1n 1897 was based
upon 74 162 male applicants accepted for hfe insurance m the Umted
States and Canndn The first extensne tables for women appeared 1n
1908 and were based upon measurements of about 60000 cases nsured
1 the previous decade  Such data collected at arregular mtervals since
those vears mdicate that averige weights speafic for height and ge
were furly stable over long periods except s noted above at the younger
ages Mortahty and morbidity statistics suggest that the standards of
weight long n vogue m thus country and stll widely used are too
generous A new study of lfe insurance experience now under way,
will provide the basis of new standards

Growth patterns are frequently employed m the evaluition of the
quantitative and quahitatiy e nutnient needs of chuldren To expedite and
quantitate these evaluations at 1s helpful for the investigator to have a
graph or table showing the norms of growth for infints and children
Several compilations are now 1n use mn this country Wetzel (1946)
through his widely used gnd based on heterogeneous dat: has mide 1
distinet contrbution to the climeal nterpretation of physical measure
ment of height and weight Meredith (1949 1933) has devised growth
charts based on the distibution of height ind weight mensurements
made between 1950 and 1940 of Iowa City children  Rueda Williamson
(1958) has recently reviewed the avulable methods for assessment of
growth and development of children with special reference to a modified
form of the Wetzel Gnd Nammark (1957) has collected the avalable
data on Amencan children into 1 comvement Growth Spectrum® This
chart visually emphasizes by colored weight and height zones differ-
ences m growth patterns

1 Applications

Anthropometric standards of reference are particularly useful in the
objective interpretation of nutntional survey data from economucally
underdeveloped areas Thus the problem of ascertuning the preferable
adjunct to a predomnantly cereal diet can often be determined 1n the
human where ats solution 15 of the greatest importance (Widdowson and

1 Copues of this chart may be cbtamed from the White Laboratonies Inc heml
worth New Jersey
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often results in such severe dehydration that restorative flud therapy
must be apphed Masstve mnfections also reduce the normal water con
tent of tissues Cardiovascular diseases m advanced stages cause edema

Evop Evoy
D D
ret MK Wheat gluten milk e
25{mf g 30mo 44kg
20 lo—*
Thiocyanote
space %
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refention
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Fic 1 Effect of a wheat gluten diet and lysme supplementation on mtrogen

retention and thiocyanate space

Malnutrition arssing from a suboptimal overall intake of food or star;:
ton at first induces a loss of body water, and 1f prolonged an A "
mulation of water n the hssues—genemlly referred to as numhona
edema In some phases of convalescent malnutrition this edem:«1 ‘t‘}‘u)t
be subchinical i nature Higgons and Albanese (1957) reporte! ”
measurements 1 44 adult convalescents, recetving a fugh protein suep[}:l -
ment for 21 days without overt signs of edema showed Jl‘}: ;\V e
decrease m thocyanate space of 1686 ml (equivalent to 37 ) o
ing the same period of time the scales mdicated an average )?:ems rad
gross body weight of only 20 Ib whereas m fact these pa

d.
expertenced in average ncreise of at least 37 Ib physiologre body

mass
P f bod,
Advanaing years have been found to cause a progressive IDS:SZ “l: fa)(
witer which 15 associated with an almost proportionate mtclge e
deposition Although no accurate figures on the magni ubeen ade
dehydration m man are av ailable some approxmations have
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from water balance measurements (Brozek, 1932) The proclvity of
mcrensed fat deposiion with nge 15 well known and it seems to tihe
plce 1t the expense of Josses 1 body water (Fig 2)
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Fic 2 Relabonship of body fat and antipynine spice to age of man  Adapted
from the data of Brozek (1932) and Wathin (1958)

C  Suaniamy

The know ledge and consideration of the factors which mfluence body
composttion have long troubled this author m the mterpretition of
nutntional data denved from his own studies and those of other ves
tigators This concern has led to many s yet unpublished efforts on
the mesurement of body tissue compartments during the test pre and
posteontrol periods of many dietary studies  Smce most of these studies
have been performed on human subjects only nondestructive pro
cedures could be employed This limnation permitted the consideration
of only the speatfic gravity or dilution techmques The speaific gravity
methods so well investigated and reportcd by Behnke (1933) cannot
be applied readily to young children the aged or convalescent adults
Of the reported dilution methods we have had extensne expenience
with the thiocyanate Evans blue 1nd antipyrine vamants but not
heavy water In our nveshgitions serial measurements with these
agents wlich are necessary i metabolic studies have proved too bother
some for our citegory of subjects who are typical of any envilian hospital
population  Furthermore the interpretation of the data obtuned by
these methods m terms of mnter or ntracellular body water chnges
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cnnot be made readily w hock lly or physiologically abnormal
subjects It 15 obvious that newer techmques must be explored to facil
ttate the determmation of changes m body composition which are clearly
50 mmportwt a factor i the measurement of gross body weight The
lack of such modaliies constitutes a serious obstacle in the further
advance of nutritional knowledge

Il BLOOD PROTEINS

The laboratory methods most widely used 1n appraising nutritional
status are the determintion of the plisma protemns and the hemoglobin
content of the blood The use of these criteri as 1 mensure of protem
mtike and metrbolism derved early support from the stadies of Holman
and his assoctates (1934), who postulated that blood proteins take part
1 the dynamic equilibrium existing between all the body protems Their
findings have agreed 1n the mam with the observations of Weech (1835,
1942) and of Melmck et al (1936) The direct mcorporation of mgested
amno acids nto plasma protemns has also been shown by Schoenhetmer
and s co workers (1942) by the feeding of 1sotopic amino acids By
this techmque these workers demonstrated that the varous plasma
protemn fractions participate 1n genertl metabolic reachions to about an
equal extent Hemoglobin anabolism 15 known to suffer under certan
conditions when the protem ntke 1s inadequate (Youmans, 1945) The
Ortens (1943) found that chronic anemia could be produced m rats by
feeding them 1 diet low 1 protem Albanese nd co workers also
demonstrated that dietary deficiencies of tryptophan (1943) and metht
onne (1946a) produced marked anemin and hypoproteinemia 1 young
and mature rats Subsequent studies by Shemm (1948) have demon
strated the participation of glycine and other two or three carbon c(;‘m
pounds 1n the formation of hemoglobn It 15 clear from this and other
av-ulable evidences that the blood protemns participate dynamucally 1
the metabolic pool and should therefore reflect by thew amount a
measure of the nutritional state of the orgimism d

Unfortunately, 1 an attempt at techmical simplhfication wxdesPIEtal
use has been made of concentration measurements 1s an index of to }?e
arrculating plasma protems or hemoglobm This usage ts based g;t'm
false assumption that the circulating fluids of the bodv are cons e
volume Swmce as noted 1n the previous section the volume of cuc; ﬂa eg
plasma 1s subject to considerable variation 1n relation to growt 1ﬁcagnt,
health and acute and chromic disease 1t 1s evident that sigm ]
changes 1n total quantittes of circulating blood protens may be (Tifl‘n o
if protemn concentration 1s measured without regard for e'(%nn " gthal
contracting blood volume Peters (1942) has aptly ponted o
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three dimensiona} functions cinnot be evaluated by two dimensional
measurements and that hence alterations 1n total circuliting proten
and plasma volume cannot be estimated from percentige protemn con
centrahions It 1s obvious from these considerations that the circum
stances under which plisma proten and hemoglobin levels my serve
as cnternn of protem ntthe or nutrbional status will have to be re
evaluated m the hght of newer knowledge

A Brosyvthests Avp Dierany ProtEry Quanm

1 Expersmental Ammals

The efficiency with which dietary proteins are used for the formation
of blood protems has been employed extensively by Madden and
Vhipple (1940) ns 1 measure of their nutntive value The techmque
as developed by thus group at the University of Rochester, 15 bisically
simple  Dogs are depleted of thew blood protews as rapidly as 1s con
sistent wath ther well bemng A zero protem diet plus frequent blood
removal achieves depletion of both hemoglobin and plasmn protemns
within a3 to 4 week peniod The dogs are then pliced on a test protein
diet weighed duly and ther protemn intike accurately cleulated
Plasma protein and hemoglobin levels and total blood volume are deter
mined and corrected for the 1mounts of blood protemn actually removed
by bleeding From these figures the amounts of plisma protens and
hemoglobin produced weekly can be calculated and compared with the
dietary intake A number of test protemns were fed These included beef
heart and muscle casein egg yolk egg white whole egg lactalbumm
pork lner peanut flour ¢inned “pink Alaska salmon  and wheat gluten
The results of these studies are given 1n Table III These figures are
averages of the data obtained from 2 to 5 dogs fed the several proteins
and they are hsted in the descending order of total blood protem forma
tion 1n terms of output per week It will be observed that considerable dis
crepancies exist between blood protemn production values and gun or
loss of body weight This 1s particularly true of wheat gluten which
ranks fourth 1n the production of blood proteins and yet produced the
greatest weight loss  This weight loss may be associated with excessive
loss of body flwds (Fig 1)

In a serses of studies sponsored by the Bureau of Biologie1l Research
of Rutgers Unnersity i which five reference protemns {egg white
lactalburmn whole egg casen and wheat gluten) were evaluated by
different methods of assay swtmlar paradoacal findings were obtained
mn regard to the nutritional value of these protemns and especily with
wheat gluten (Alhson 1949) Chow (1950), working with protemn
depleted dogs found a marked lack of correlation between mtrogen
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proteins was slowly restored to the norm from the aberrant values of
70-92% argmme No significant alteration 1 the albumin globulin
rahos was observed throughout the course of these studies From this
1t would appear that the compositional change mvolved both major
plasma fractions The nitrogen retention of all infants was restored ’to
normal values when the wheat gluten diet was supplemented so that the
lysie intake ranged from 185220 mg per kilogram daly Since the
Ppercentage plasma protein levels were not altered by this dietary sup

Eva
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o
10 LArglmn 8 {70)
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Totat sl 4 ,)- \;rf.l::ne methos
Plasma /’ ~.
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“Kjeldah! method
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Fre 3 Effects of a wheat gluten diet on the mtrogen retention plasma protem
levels and argimine content of the plasma protems The values in parentheses denote
calculated argimne content of the plasma protemns

plement 1t must be concluded that measurements of these blood com
ponents do not constitute an adequate cnterion of lysme intake 1 the
nfant

The dietary lack of tryptophan (Albanese et al 1947b ), methionine
(Albanese et al 1949a) or isoleucme (Albanese ef al 1948) has been
found to cause a drop 1 mtrogen retention as well as a decrease of 20%
or more m plasma protemn levels of mfants within 10 to 16 days The
finding that plasma protems are formed at an apparent normal rate m
the face of an madequate lysme mtake (Fig 3) suggests that synthesis
could be mamtained by one of two processes (a) substitution of arg
nime 1n these protems or (b) an mcrease n 2 plasma protemn fraction
or fractions rich m arginme On the bass of available collateral evidence
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decidedly below normal levels In studies on women m Rochester,
York, he found further that 204 chmec patients showed conszs
Ingher plasma protemn Ievels throughout the pregnancy period thy
210 private patients This occurred in spite of the fact that the !
mtake of the private patients was approumately 10% higher than
of the chme patients

Recent data of Albanese and co workers (1958) on adults shows
there eusts relatively poor correlation between total plasma pr
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PER GENT OF STANDARD BODY WEIGHT
Fic 4 Blood protem levels and body weight vapations of adults 40-73 y
of age

levels and deviation from desuable body weight (% S), but good co
lation between hemoglobin concentration and body weight in
100-70% & rnge The expenments of Madden and Whipple (19
suggest that thy obsersed dwergence of hemoglobm content and be
weight m the 70-60% S range (Fig 4} may constitute an expression
the hemoconcentration effects of severe milnutrition

Depletion of plasma protem specifically albumin occurs frequer
m the aged (Rafsky et al, 1952) Chesrow and co w orhers (1938) b
shown that the total serum protemns of 41 adults (70-94 years) +
significantly lower than that of 13 younger adults (20-35 years) T
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was cansed pnmanh by 1 decrease in the albumin level of the aged
group The explination for this difference 15 not clear Chinn and his
assocates (1936) were unable to demonstrate any discrepancy between
the ratc of digestion and absorption of an 1'3t Iabeled alburmimn test meal
m aged nd young people However both Kountz et al (1931) nd
Albanese ¢f al (1937) hwve demonstrated that negitne nitrogen bal
ances mav oceur subclmieally i the elderly

In the heht of the foregomg the question anses as to what nutn
tional eignificance ean be gnen to plisma protemn and hemoglobin
concentration values  The chinieal value of plasma protein concentration
Ievels and albumin globulin ratios 1n some diseases has been well estab
hshed (Pohi 1951) In the nuthors evperience these measurements are
an myaluable ud n following the nutntional effects of nephrosis n
children (Albawnese et al 1949b) Stululy the hemoglobin determinn
tion hs proven atself n indispensable tool 1n the study and treatment of
anemins (VW antrobe 1949) In most of these mstances where the climenl
and nutnitional state of the patient correltes well with the blood protein
picture the problem of mterpretation and therapy 1s clexr  The para
doueal findings scem to occur predomimantly m malnounshed ndi
viduals but they are not assocrated with any specific disese  Available
avidence suggests thatat 1s this subelimeally 11l group who might benefit
most rerdily from dietotherapeutic measures (Cannon 1944) Unfortu
mately we have no reidy means at present for detecting the need for
such masures  Natrogen balince or fluid space determinations which
m conjunction with blood protemn concentration measurements might
aid 1n the detection of dietiry defects are not always practicable

C  Sunmamy

Tt 15 abundantly clear from the evidence that concentration levels of
hemoglobin and serum or plasmn protems are not always dependable
cntena of the nutnitional state i some individuals  Exammation of the
avatlble evidence indicates that this lack of correlation may anse from
(1) hemoconcentrition or hemodilution effects (b) compensatory com
positional changes of the blood protemns nd (c¢) an assymetric rate of
synthesis of various tissue protuns e feel that the eustence of these
phenomena should be more generlly recagnized and that basic studies
should be undertahen to attempt 1 resolution of the anomalies
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il NITROGEN BALANCE

The simplest and oldest chemical method used to evaluate the nutn
tional properties of protems m an anmal 1s to determme the difference
between mitrogen mtahe and mitrogen excreted This difference, called
mitrogen balance, shows whether an antmal 1s ganmg or Josing bodily
mitrogen  If the mitrogen ntake equals the total mitrogen output, the
balance hovers about zera and the ammal 1s said to be 1n mitrogen equs
hibrium  This condition 13 attaned i the normal well fed adult In the
well fed immature organism which 15 endowed with 1 growth potential
wvelving the formation of tissues the mtrogen balance 1s always post
tive, that 15, the mtrogen ntake exceeds the mtrogen output This
mdicates that mtrogen 15 bemg retamed for synthesis of body tissues
In man, a maximum positive v ilue 15 achieved durmg the first sxx months
of Iife, and decreases steadily m n loganthmic manner with age

A  Tmory

A very useful mathematical exposition (Fig 5) of the theory of the
mtrogen balince method was set forth some thirty vears ago by Martin
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Fic 5 Mathematical evpression of the theory of mitrogen balance Adapted
from Martin and Robison {1922)

and Robison (1022) This relates the nutntive value of detary protemn
ta changes m mitrogen balance with classic luadity

Let y be the output on a mtrogen free diet of adequate fuel value
then y; 15 equal to the mitrogen mmmum  Suppose that an 1deal protem
(biological value = 100) 15 fed m gradually mcreasing amounts and 15
utlized without waste So long as the mtake (t) remuns Jower than y
the output will reman constant and equal to ¥y, since the food protemn
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saves an equal imount of bods protein When the mitrogen mput equals
the nitrogen output (x, = 1) the body will be 1n mtrogen equlibrium
This point (13 451) wall represent the mmmal protemn needs of the body
If now the mntahe of the 1deal proten be further incrensed equilibrium
wall agumn result (unless the body 15 1n 2 growing condition or has been
previously staned of mtrogen) and its graph will follow the line to
x_y= at an angle of 45° to the axes

With protems of biological value (BV) less than 100 muimal
mitrogen equlibrium will not be attuned on an intake equal to gy but
on some greater amount defined by the pomnt x3y;  On all amounts less
than this the output will exceed the mput and the graph will follow
some line joiming the pomnts y; md x4, Whether this Iine 1s straight
or curved will depend on the conditions sct out 1bove viz  (a) umform
calone cconomy with varying nutrogen intahe (b} wmino 2aid pattern of
the mitrogen requirements of the body If these conditions obtun the
Iine iy x5 y2 will be strmght and its equation will be y = 4, 4 x tan @
where ¢ 15 the real output corresponding to any real mtake x less than
x5 For Ingher values of x the graph will follow the lne joimng the
pomnts x3 y3 ind x -

In this frame of reference Thomass formulas (1909) can be very
simply expressed 1n terms of 6 thus

Unne N 1n N free diet 4 N balance

BV =100 X N mtike

BY =100 x LEE=Y (:_V)
becomes

Bv:mxy,+x—(i.+xmn6)

or
BV = 100 X (1 — tan 4)

1f the above conditions do not obtain eg 1f certan of the amino
acids are required for specific purposes which are distinct and can be
separately satisfied the graph of a protem diet rich i these neids but
poor 1 others would be a curved line such as the dotted hine joimmng
pomts y; and x5 y; This cunvature would express the fact that 1 certan
fraction of the bodys needs could be satisfied by a smaller amount of
this protemn than would correspond with the amount required to obtam
equilibrium The angle 0 and the biological value would then vary for
different values of x

The graph of a proten (BV = 0) umble by utself to satisfy any
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portion of the bodys mirogen requirements would be a strarght line
/1, X4 Y, Parallel to the slope of x; ys, since the nitrogen output would
lways be equal to the intake - ¢ For this lme § = 45° and the
quation § = x tan § becomes y = y; + «, while the bologreal value —
00 (1 —tan 45°) =0

B EXPERIMENTAL DATA

The demonstration by Rose (1938) that anmmals could be grown and
namntained on mixtures of ammo acids as well as whole protemns has
reatly expanded the scope of the above theorem Recent studies have
hown that it may be employed to advantage n estimating the human
ieed for certain ammo acds n terms of ammo acd blood levels
(Albanese et al, 1958) Many experimental procedures based on corol
artes of the mtrogen balance theorem have been devised for the meas
wement of the nutnitive value of proteins mn terms of brologcal value,
orotein mimma  and mitrogen balance index (Allson 1949 also this
>o0k )

1 Amumal Studies

Most of the problems of application of the theory stem from the fact
hat the vahdity of the data depends on having an absolute mtrogen
nimmum value (E,} (Lang and Ranke 1950) The dependence of the
utrogen mmimum on the quantity and quality of protemn ingested prior
o the depletion pertod was demonstrated as early as 1866 by Voit He
ed a dog weighing 35 kg different quantities of meat and measured
he effect on urea output durmg the subsequent starvation perrod
Fig 6) By deducting the urea elmmnated on the sixth day when the
utput became constant at 120 gm per day from that excreted on
srevious days of starvation he obtamed the grams of urea derwed from
srevious food Bread fed m ad Libitum quantihes showed poor nutn
1onal value by this eriterion  In later experiments with hogs, McCollum
:nd Steenbock (1912) showed that the mmmum nitrogen expenditure
n a protem free starch diet was considerably lowered by feeding zemn
nstead of urea 1 the fore period

Mitchell (1923-1924) described the determination of the biological
alue of a proten by a method based upon mtrogen balance data
btamned under dietary conditions which provided sufficient carbohy
Irate and fat to sansfy the energy requirements so that the catabalic
rocesses were prevented The basic calculation of Mitchells buological

alue 15

Retamed food N
“Absorbed food N X 100 =BV
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Values for the two unknown functions of this equation re denved fror
the following considerations
Absorbed food N == I ood N — fecal food N
Fecal food N = Fecal N — Metabolic N of feces
Retamed food N = Absorbed food N — Dixereted food N
Enercted food N = Unne N — Endogenous N or urine

The 1tems metabolic N of feces” and  endogenous N or urnne  ar

obtamed by mesuring the mtrogen output of animals muntuned on

Urea Output

on toyt

Food Day

l Meat
16889 | 2500q

sop

JOL

Ureoa Output Due 1o N of Prevos Dvet ¢

20}
9889
ok
1279
4

Days of Starvation

Fic 8 Effect of previous dict on rate of nitrogen depletion of dogs (data ¢
Vot 1666)

mtrogen free diet until a true nitrogen minimum level (nmm Fig 1) hy
been achieved Unfortunately this value must be determmed for eacl
expenment since 1t varies not only from ammal to ammal but n th
same ammal 1t different times The possibility that the distinctior
between exogenous and endogenous mtrogen s envistoned by Folu
(1903) and denved from these calculitions by Mutchell 1s no longe
tenable according to the dynimic concept of protein metabolism 1 ne
way mvalidates the results secured by the method It 1s of more tha
passing mterest to note that Mitchell also found that the biological value
of protemns as determined by hus procedure increased with 2 decreis:
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in protemn content of the diet (Table V) This effect wppers to be
related 1 part to the biologieal vilue of the test protemns

Melmeh and Cowgill (1937) have demonstrated the linear relation
ship between nitrogen balance and per cent protem calores 1n the diet
On the basis of this relationship the nutrhonal value of protems wnd
ammo acid muxtures cin be estimated from the mimmum amount of
dietary mitrogen necessary to mamtun mtrogen equlibrum Alhson
(1949) and nssociates have further modified this techmque so that the
relationship of absorbed nitrogen and mtrogen balnce are measured m

TABLE V
RELATIONSHIP OF THE BIOLOGICAL VALUE ON THE AMOUNT OF PROTEIN IN THE DIET®

Biologreal Value

Protem 5% Protem 10% Protein
Milk 93 85
Oats 79 85
Corn 72 60
Potatoes 69 67

s Mtchell and Hamlton (1929)

the region of negatie or shightly positive balance The slope of the Ine
obtamned by a plot of these values, which are funchions of mirogen out
put and wput grven m Fig 5, yields the mitrogen balance index of the
foodstuff This 15 equivalent to a function of the angle §° (Fg 5) It
should be recogmzed that although these vanants do not add anything
essentially new to the theory of measuring buological value they do
sumphfy visualization of the processes, espectally in catabohe states

2 Human Studies

The dufficulties encountered 1n determimng brological values or mitro
gen balance mdexes 1 expenmentl ammals are also faced to an even
greater degree 1 studies with humans Hoffman and McNeil (1949)
appled the mtrogen balince index procedure to human studies and
found the following disadvantages (2) the need of 2 long and difficult
balance study, (b) ureducible error of the determination of the mtrogen
minwaum and (c) difficulty of secunng data having 2 linear relationship

These difficulties have long been ]knuwnf Me’\surenéentls) oft;he r:;;xy

m endogenous mtrogen metabolism of man made by the ¢
igrxl'l\ers n}‘:}a\%e been cxtedgb) Mullrd Smith (1926) The datr m Table
VI has been taken mamnly from his paper and from the recent findings
of Bassett (1045) Attention 1s called to the varntions mn the mirogen
yperiments on the effect of testosterone

er hilogram values Bassetts e
Py o ts that the hormonal state of the md

on the nitrogen mmmum sugges
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vidual may exert a more profound influence on the mmimum mtrogen
metabolism than has hitherto been realized

Aprt from the nutnitional lustory 1nd hereditary factors of the organ
1sm 1t has been found that while the endogenous mtrogen per umt of
body weight tends defimitely to decrease with mcreasing weight and
age the endogenous mitrogen 1s constant when relrted to bisal metab
olism (Terromne and Sorg Matter 1920 1928) Thus correltion seems to
prevail not only for man but also for pigs cattle sheep dogs, and rats
and m1y be due 1n part to hormonal or enzvme factors

TABLE VI
Arvsavnt Exeneriov oF Nrmrocen 15 Unive oF Apurt Husianst
Total Nitrogen
urnine per
mtrogen hilogram
Investigator (gm ) (gm) Day of experiment
Folin 260 00408 12
Klemperer 251 00395 8
Thomas 2908 00391 19
Graham and
Poulton 225 00366 9
Robinson 199 00344 11
Klerker 201 00319 6
Suen 184 00317 7
Smith 158 00242 24
Bassett 203 00372 41 to45
Bassett 139 00278 51 to 55 { Testosterone proponate)

o Albanese (1950)

Murlin et al (1946) have also measured the excretion of mitrogen
by man fed a protemn frec diet with the aimm to determine biological
values of proteins They too found that the mmmum mitrogen expend1
ture varied 1n man with (1) level of protemn m the pre experimental
diets (D) the position of the nonprotemn penod m the series of periods
(c) the nature of the protein (supporting protemn) immedntely preced
ing the protein free penod and 1ts level of itake and (d) conditions
antecedent to the supporting protuins which could influence the mitrogen
debt to the beginming of the protem free penod In the face of such
difficulties these mvestigators were able to ascertain that the biologienl
value of muxtures of ammo acids was alwiys 10-40% lower than the
natural protemns

The adaptive mechanisms of the body serve to further confute efforts
at a quantitation of the protein needs by the nitrogen balance method
As Tong ago s 1900 Swven showed that nitrogen equilibrium could be
mamntamed at a lower level than that ordinnly occurring 1n stary 1tion
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In this experiment, which was drvided 1nto five periods of about a wee),
each, a healthy man, weighing 60 Lg, who normally ate a mixed diet
contuning 16 gm of mtrogen was given a diet contammng 127, 104,
87,83,and 45 gm of mtrogen rich m carbohydrate and yielding 2444
calones per day, 1 each successive pertod  Nitrogen equilibnium was
established at all five levels of nutrition, albest 3 and 4 days, respectively
were required to achieve 1t at the lowest mtrogen mtake levels In a
subsequent epermment on himself Swven, who was 31 yers old and
weighed 65 kg, reported that he attuned mtrogen balance on an mtake
of 4 gm of protem mitrogen and 2717 calones (1901) Petren (1924)
mamtuned a diabetic patient 1 mitrogen balance for a month or more

so}-

45k

mg kg
w P
U (=]
[ i

Mimmum urmnary
nmifrogen oufput

30}

] ] 1 1 1 1
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Fic 7 Effect of age on muumum unnary mitrogen output of man Adapted
from Schulze (1955)

on a diet contamng 4 gm of protemn mtrogen Cluttenden (1904) found
that mitrogen equilthrum can be mamtamed on diets providing but
719 gm mtrogen per dvy and only 213 calories per kilogram It woulld
appear that amino acid and proten needs mndicated by these low Ieve;
of mtrogen or caloric mtake, are of lttle or no value as measures o
dietary requirements for optimal health (Terrome 1957) .
Schulze (1955) has collected and graphically symmarized the avar
able data on the effect of advancing years on the endogenous mitrogen
output of man (Fig 7) Adaptation of older subjects to protemn restric
tion has led to further discrepancies between the results of varous
mvestigators To test this mechanism Schulze compared the nutnmg
values of wheat and milk protems 1n elderly patients For the first 1
days they were kept on a mtrogen free dict then placed for 10 da)l's or:
a diet which was adequate 1 protein mtahe The physiological nel
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utihzation of milk protemn proved to be ligher 1 the older than in the
soung patients  On the other hand the net utihization of wheat protems
w1s much lower in the older age group than in the young group (Fig
8) These observations led Schulze to the conclusion that the rimmal
nitrogen expenditure an the aged decreases m proportion to the basal
metabolic rite and that the phenomenon was not due to mmparment of
mtestinal absorption of protemns 1n the clderly

ol D
wheat
€0
50~
40f-

30+

20~

Physiologicol net utihization /.

[[¢] of

0
oge young old
group (22-30yri {60-92yr}

Fic 8 Effect of age on human utilization of milk and wheat proteins

C DEPLETION STATES

In this connection 1t should be noted that Allison (1949) has found
nitrogen balance indexes of proteins to increase as the ammal 1s depleted
n protemns ‘This mcrease 1s illustrated by the data recorded in Table
VII which also show that the effect of depletion 1s more marked on the
mdexes of the poorer protemns Thus when there 1s greater need more
nitrogen 15 retuned and conserved n the body of the animal Silber
etal (1946) also found that depletion 1n protemns reduced the excretion
of amino mtrogen following ntravenous admunistration of mno acid
mixtures

It has long been known that 1n the anabolic phase of convnlescence
adults can store body protens at 1 rate which 1s wversely proportional
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TABLE VII
NITROGEN BaLance IvoExes nv Nomwiar ane Protain DepLersp Docse

Nitrogen balance index

otem source Normal Depleted
5 whte 096 12
e 080 093
em hydrolyzate 080 092
eat gluten 044 070
rotem 039 073

* From Alhson {1949)

the evisting depletion (Forsyth et al, 1955) The relation of the
urn of mitrogen balance and body weight to the norm 1s shown dia
mmatically 1 Fig 9 Other things being equal, 1t was noted m our
oratory that if the self selected dietary was suboptunal (Natwonal
search Council, 1953) m terms of total calore or protem content,
mnal mitrogen balance for the age of the subject was achieved slowly
decrements of an existing negative balance On the other hand, if the
Fselected diet was optimal 1 terms of total calorie or protem content,
rmal mirogen balance was achieved quickly by decrements of the
ishng posiave mitrogen balance

+80

Nitrogen batance
; droms per doy
+*
&
= o

&
=

~80
Fic 9 Normal balance y
boptimal and optimal self selected diets
In depletion states the need for a greater than normal allow ance
calones and protem has been amply documented by Pollack and
alpern {1952) Many evidences both chmcal and biochemcal, of &
1ange from a suboptimal to an mmproved diet have been found to occur
. undernounshed adult convalescents recewimg daily for 21 days 2
\etary supplement contaming approumately 35 gm of mulk protems
1d 650 calopies (Higgons and Albanese 1957) These ipvestigahons
wealed that 1 depleted individuals (70-80% S} with negative mtrogen

of it t adults
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balwnce, admmmstration of the milk protein supplement was mtnlly
associated with 1 marked shift to 4 repletion level of posiive mitrogen
balance (Fig 10) Wath continuation of the supplement posiive mtro
gen balee fell to the normal range for healthy adults (410 == 05 gm
N per day) Preliminary studies have revealed that excellent accord
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NITROGEN BALANCE
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PROTEIN and LORIE
UPPLEMENT
s} ! 2 3 &
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Fic 10 Representative nitrogen balance and fasting plasma amino mitrogen
changes observed m underweight adult 1 g a dietary supp

contaning milk protens 36 gm carbohydrate 64 gm and fats 28 gm ‘The
average duly intake on a self selection basis was approumately 2000 calones and
65 gm of proten per day Nitrogen balance is represented by the sold lne and
fasting plasma amino nitrogen by the broken line

with the metabolic mtrogen patterns shown 1 Fig 10 also chartctenzes
the nutntional improvement found to occur i adult convalescents
recewing daily lysme supplements (600-800 mg ) for penods of 1 or 2
weeks (Albanese et al 1957)

Unfortunately, the physiologicl decrease m positive nitrogen bal
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ance, which may often be reverled by detaled studies of this ku
be msmterpreted fo indicate an untoward effect of the test d
supplements Fulure to realize the dynamic nature of these pr
has Jed many a well intentioned mvestigator to cause metabolic
rassment 1 study subjects by excessive admiistration of protes
other nutrients for the purpose of enhancing an eusting low but
ologically optimal positive mirogen balance It seems evident fror
considerations that although the mitrogen balance method consti
useful tool for the detection of protem or specific amino acid det
states which mduce negitive bilances, 1t 15 less than a satis
procedure for the determmation of protemn stores and quality
undernounished with substandard positrve mtrogen balances Ind
15 this possible interpretative confusion of mitrogen balance datn
continuum of nutritional states of convalescents which led us to ¢
the use of other methods as criterra of protemn metabolism

The foregomng evamples may be regarded as a sampling of
available evidences of the operation of Liebigs law of the mn
(1855) As noted above, this phenomenon makes possible the
ment of positve mtrogen balances at planes of nutrition far below
which human experience and history show to be necessary for o
nutrition It 15 obviously difficult for many to accept doubts .
validity of mtrogen balance data obtamed with low protemn wtak
the grounds of nutritional history Dr McCollums recent boc
History of Nutrtion (1957), reveals that the battle of parsimo
generosity 1n nutrition has been fought with unlaggmg fervor s
days of the Venetian gentleman, Lmgt Comaro (1467-1566)

The ultimate benefits of each of these nutnitronal attitudes have
questioned Debate on the pomnt cn be long and futile Th
answers lie 1n the future Dr E V McCollum's comment (1939) ¢
subject 15 worthy of note In the United States for about three hu
years we have been trymng an expermment n human nutrtion on a n
wide scale with a dietary which 15 of 1 land which no people 1n ¥
ever tried to live upon before  There 15 no way n which the rest
such an experiment can be foretold ” We do hnow that our way of
has m the short span of three or four centunies produced a nation
15 the emvy and deswred haven of many people thronghout the

D Suanary

The foregomng discussion pomts up the view that the measure
of mitrogen balance per se 1s ot 1 sound or fallible criterion of pi
nutnition  Unfortunately, the serious shortcommgs of this measur
are not generally recogmized However they are well known to
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who hne employed this tool 1n metabohie studies ort cxpcnmenhl an1
mals or human subjects Interpretitions of mitrogen balince dita are
espeanlly fraught with imponderable hazards when derved from tests
on spontineously or awtificially depleted orgamsms  This consideration
applies i particular to expeniments designed to determine protein or
amino acid needs by procedures molving pror hmited intake of the
test nutrient  Improsements an mtrogen balance obtuned by stepwise
additions of the lmiting nutnient gne 1 measure of the need n a
speaifically depleted orgamsm It 1s not, as has been suggested by some,
a measure of the test nutnent requrement for normal healthy organisms

Iv  OTHER METHODS
A Cneatnme ExcreTiov

Tolin (1903) s a result of s clssic studies on protemn metbohsm,
came to the conclusion that the dulv output of creitmnime of 1 guven
person 1s more or less constant 1s nfluenced by the body weight and
15 independent of a diet which does not contun creatine or cretimine
At that time he mtroduced the term crettinine coefficient which 1s
defined s the amount m milligrams of creatimine or creatinme nitrogen
excreted per hilogram of body weight Also since the excretion of
creatimine 1s mdependent of the diet 1t was considered to represent the
“endogenous metibolism of the body 1s contrasted to the excretion of
urea which represcnts the “esogenous metibolism  In Schaffer s opinion
(1908) the creatiune output represented only a special phase of the
endogenous metabolism wlich took place lirgely 1f not wholly n the
muscles Shaffer and later Mjyers and Fine (1913), and Hahn and
Meyer (1928) adduced evidence that muscle creatne 1s the precursor
of uninary creatimne This transformation was proved conclusively by
Bloch and Schoenheimer (1939) and Block et al (1941) by 1sotope
tracer evidence wlich also showed that creatinmme was the only normal
unnary constituent contaiming any sigmificant amount of body creatine
mtrogen Insoftr as the biosynthesis of creatine 1s concerned 1t 15 now
well established that three amino acids are the precursors (Schoen
heimer 1942) The fatty acid chun 1s denved from glycine the guam
dwe nucleus from argimne and the glycocymme thus formed 1s methy
lated by transfer of the labile methyl group from methionine

1 Children

The creatinmme coefficient has been variously interpreted as prapor
tional to or an index of (a) the amount of active protoplasmic tissue
m the bedy by Fohn (1905) (b) the muscular mass and ¢fficrency of
the individual by Schaffer (1908) In infants where the muscular mass
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da tes the endog metabolism, the excretion of cre

been found by Catherwood and Stearns {1937) to be a i?ut:::lt?:nhﬁ;
weight with a correlation of 09 The correlation coefficient for creatime
evcretion to body weight 15 about 08 At burth the creatimme output
averages about 10 mg per kilogram Breast fed infants remamned at ths
level throughout the first year of life, whereas babies fed a formula of
undiluted cow s milk showed a mean value of 125 mg of creatinine
output per lalogram The amount of museulature very quichly rises to
a maumum m the mfants gven a higher proten det
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Fic 11 Mean creatimme per kilogram for boys of each age group studied The
fine lmes represent standard deviattan for the gnen age This figure ndcates
relan;e growth of the skeletal musculature in relation to total body growth {Steams
1858

Macy (1942) found that the preformed creatmne output of growing
children nises concomitantly with merease m body weight m such a way
that young children may show a creatuune coefficient comparable to that
estabhshed 1n normal adults The data m Fig 11 relates daily creatimwe
excretion to body weight for children (Stearns, 1956) In chuldren whose
weight and height are withw normal range, but whose nutrtion has
been somewhat substandard, except for calones, there are somewhat
lower creatinme values Apparentl) muscular development m children
 dependent 1n a large part on the amount of available dietary protem
Stearns feels that the dail) creatimne excretion 1s & very close measure
of the total sheletal musculature of the child, and that the protemn mtake,
permuting the quantity of muscle charactenstic for any age, closely
approumates the protem requrement for that age level

Talbot (1936) proved that urmary creatine excretion 15 directly
related to basal metabolism i children This relationship was amply



CRITERIA OF PROTEIN NUTRITION 325

confirmed by Macy (1942) Talbot and co workers (1939) have nlso
presented new creatinme standards for basal metabolism and climeal
application for children These data show that the creatnine standard
15 s 1ccurate as weight standards for children who are normal, and
suggest that 1t 1s of greater accuracy for those who are abnormal espe
anlly the obese because creatinme exerction 1s an index of muscle
woight

2. Adults
According to Hunter (1928), the creatimine coefBaient for males
vanies from 20 to 26 and for females from 14 to 22 Hodgson and Lewis
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Fic 12 Effect of age on creatimine coefficient Data are based on 259 con
steutive measurements on 22 individuals over a 7 year perod

(1926) consider the difference 1n creatimne coefficients of males and
females to be related to differences 1 muscular development rather than
sex differences since they found women with unusual muscular develap
ment to have creatimne coefficients comparable to those of males
Carpulent or even maderately corpulent subjects yield less creatiane
m the unne per unit of body weight than do lean ones Moderately
corpulent persons ehmnate daily 20 mg of creatinine per Milogram of
body weight while lean ones yield about 25 mg per hlogram
MecClugage and assouates (1931) found that upon weight reduction
through dietary control the creatinine excretion of obese persons re
mamed constant These observations on adults are m good 1greement
with those of Talbot on children

Serial measurements done 1 our laboratory on a group of women
(65-95 years of age) show that the creatinine coefficient falls with age
to the levels found n nfants (Iig 12) In the aged this fall
creatinmne coefficient parallels the drop in basal metibolic rate
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3 Creatne

In 1905, Fohn stated that creatine 15 1bsent 1 the urme of the normal
male rdult Despite mounting evidence to the contrary, this statement
continues o appear in many testboohs and reviews Albanese and
Wangenn (1944) nd Wilder and Morgubs (1952), using 1mproved
methods of analyss have shown that normal adult males regularh
excrete small amounts of creatine (60150 mg per day) Although the
great myonty of females everete about twice the crestne ontput of
males, 1 about one-fifth of the females the creatine evcretion 1s smilar
to that for the males The report of Milhorat and Wolff (1037) hns
shown that 1 progressive muscular dystrophv there occurs with dechn
g muscle function 1 proportionite decrease 1 creatimne and ncrense
m creatme output These changes are not specific simce augmented
crentinuna oceurs 1 starvation and hypothyroidism  From these obser
vtions 1t does not appear thit cretine output 15 15 useful an index of
protemn nutntion as the creatimine ecretion

B Prasma Aanno NrtroGEN

The free ammo acds of the blood anse from absorption synthesis
and tissue breahdown These processes contnually add and remove
1m0 aceds From the blood Consequently, the 1mma eid level of the
blood, like levels of blood sugar and other blood constituents, represents
the balwce between the rates of addition and removal The metabolic
and chncal sigmificance of free ammo aids of the blood has long been
studied The relntion of aminoacidermas to vanous disease entities was
reviewed by Re (1940) Within the st decade, appheation of the newer
chemical and chromatographic methods suggests that plasma ammo
mtrogen levels may provade a useful enterion of nutnibional status and
of protem nutntion m parheular Some of the sigmficant contributions
supporting this biochemical concept smclude the report by Man and s
coworkers {1946) which showed that Jow fastmg plasma levels of
amno nitrogen (below 4mg %) were anvanably associted with poor
nutritional status of preopuratrie patients The fnding of Bonsnes
(1947), that the plasm1 amuno acxd level of pregnint women 15 sigmé
icantly lower than that of nonpregnant women, has been amply con
firmed by Clemetson and Churchman (1955) Further the studies of
Everson and Fritschel (1951) revealed that a group of postsurgeal
undernourished patents had sigmficantly Jower plasmn Jevels for each
of the mdidual essential ammno acids  These investigators also
demonstrated that decreased levels of total and wmdnidual essential
amino acids {especially lysme) may provide 1n earhier biochemeal mdex
of malputrtion than the measurement of blood alburmn levels
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Levenson and Rosen (1954) have observed that i the plsma of
severely mjured soldiers the indnidual free amino acids prolme threo
nimne histidine and glyene stiyed near normal concentrations lysine
leucine 1soleucine valine tyrosine lwmne and taunne rose sharply on
the third or fourth day after injury (2 peniod of high eatabolism) and
fell below the norm about the tenth div  In addition large quantities
of an ammo aad conjugate appeared charctenstically m the plasma of
patients with injury or renal dysfunction  The strihing central fact was
the quintititne and qualitatine varbihity of the composition of this
fraction among pitients This conjugite contuned large quantities of
glyeme and glutumie aaid but was Iacking or poor 1n lysine phenyl
alamne and valine These mvestigators feel that ndequate food ntake
was one of the important fictors 1n the pathogenesis of the malnutrition
observed 1n these severely wounded soldiers

In order to determine the biochemieal sigmificance of plasmn free
ammo mtrogen levels Albanesc and co workers (1938) attempted to
correlate this mensurement with other criterir generally employed for
the ey 1luntion of nutntional status in population or climeal groups In
these studies despite some obsious pitfalls the observed body weight
deviations of our subjects s per cent of the standirds (% S) mdicated
by the Metropolitin Lafe Insurince Company Tables of 1951 was corre
lated with fasting plasma amimo nitrogen (PAN) levels The composite
cunve (Tig 13) for the adult subjects tested shows that the average
PAN level falls sharply to approumately 4mg % with the decline of
body weight to the 80-90% S level and remamns about 4 mg % from
the 80-60% S range In children however, the PAN level falls to an
average 364mg % i the body weight range 70-80% S It may be bio
chemically significant that the PAN values for children n the normal
weight range 1s shghtly higher than that of adults 1n the same S0 S area
and falls to a lower level in the nutritionally substandard states

It will also be noted 1n Fig 13 that a somewhat igher fasting PAN
level occurs 1n the 60-70% S than 1n the 70-80% § range This finding
tentatiy e until more data are accumulated suggests that the hugher PAN
levels found 1n the 60-70% S range are probably the result of ligh cata
bolic rates prevatling at this degree of overt malnutntion Further sup
port for this view 1s provided by two cachectic individuals (termmal
cancer ) whose body weights were m the 50-60% S range and had fasting
PAN levels above 5mg %— value sigmificantly lagher than subjects 1n
the 90-100% S range

Studies on the relationship of PAN levels to body werght change and
food 1ntake of 14 nfants (2-22 months of 1ge) recovering from a variety
of diseases and surgical procedures have recently been completed 1n
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our Iboratory The data on four of these studies, which are quute typcal
of the rest, arc shown graphically m Fig 14 It 1s at once apparent that
good correlation prevails between PAN Jevels and body weght changes
Furthermore, PAN and body weight changes reflect calone and protem
mtake with a remarkable accuracy In general, it can be stated that
protemn wntrhes of less than 50 gm per kilogram were assooated with
a downward shift in these two entena of nutntional status In one

112)
50~ 5-15 yra.
1 40-8yey
!
t (18)
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FASTING PLASMA AMINO NITROGEN
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a5 } } i L
[34] 10 80 90 100
PER CENT OF STANDARD BODY WEIGHT
Fic 13 Relation of fastng plasma amino mirogen levels to per cent desiation

from standard body weight (96 §) Values in parentheses mdicate number of sub
jects tested

mstmee R E (week &), a fall in PAN and body weight change accom
panied an mcrease i the per cent of protem calones

Further attempts to evaluate the significance of PAN levels as ertenta
of protem nutnition Jed to mvestigations of the effect of protem loads
on the ammo mtrogen content of the blood The results of this study
are shown graphcally m Fig 15 7The ordinate, PAN mdex of proten
utilization 15 empically defined here as the difference m PAN content
between the fasing sample and that found 60 munutes after oral adma-
ssteation of the protem load (AAg) tmes 100, dided by the fasung
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amuno mitrogen (Ar) As mught be expected from the biological prin
aple of dimumishing merements (Brody, 1945), the regressien lime of
our data clearly shows the tendency for a declne m utilization of dretary
protens swith improved nuintion, measured m this wstance 1 terms of
fsting PAN concentrations
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Fic 15 Fastmg plasma amino mtrogen levels and utihzation of protem load
i wdults 4077 years of age

C  SrecrFic Prassa AMINe ACms

Rather convincing evidence 1s on hand which shows that the pattern
of ammo acids in the diet markedly snfluences the level of some Iree
wno eids w the blood In poultry, Charkey and associates {1950,
1953), as well as Almqust (1954) have observed good correlation
between arno acd levels i chick blood and composition of dietary
protemns  Fisher (1957), using ammo acid muxtures, found that changes
1 blood levels of some amino acids serve as good wdexes of the detary
need of specific amino acids

Denton nd Elvehjem (19344, b) reported that the portal and radal
vein concentrations of mdvidual essential amino acids m dogs were
rapidly snereased m praportion to the levels supphed by the test pro
tews, casem and beef In the case of the imbalanced protem, zewm which
lacks lysne and tryptophan, an amtial drop occurred m the total free
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amino 1crd level This was followed by gradual ncreases m plismn
concentration of several ammo acids  particularly soleucine  leucine
and phenylalanne which are abundant in zemn  Lysine levels remamed
depressed  Tryptophan concentrations were well muntuned on the zen
dict s well as on proten free meals  Albanesc and Orto (1955) hwe
noted an accord between Iysine Ievels 1n the diet and free Iysine level
1n the blood of nfants

The ggregate of the foregoing observations have led the athor to
speculate on the possible mterpolation of fasting plsma levels of nd1
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Threonire
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Fic 16  Amino tad pattern differences of muscle protems and fasting plasma
ammo acids  The hatched areas represent the speaific ammo acid defist Mammnlian
muscle protans Fasting plasma amino acids — — —

vidual ammo acids and thewr dietary requirements as indicated by the
carcass theory discussed by Mitchell (1959) Pattern calculitions from
the available data on free ammno acids i fasting human plasma and the
average amino acid content of mammahan tissues (Steele et al  1950)
were done The pattern deficit of fasting plasmn amino acid levels with
reference to the 1mino acid contour needed for tissue synthesis 1s shown
m Fig 16 Further calculations on the amino acid contribution of van

ous foods to these deficits show that meats provide an optimal corrective
pattern cereals provide good corrections with the exception of lysmne
and possibly threonme In this frame of reference the amino acid pat

tern of diets of low economic groups in the United States was ¢ stimated
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ammno mtrogen (Ax) As mught be expected from the brological prin
ciple of diummshing increments (Brody 1945), the regression hne of
our data clearly shows the tendency for a declne 1n utilization of dretary
protems with improved nutrihon measured 1n this mstance 1n terms of
fasting PAN concentrations
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FASTING PLASMA AMINO NITROGEN
Fi¢ 15 Fastmg plisma amino mirogen levels and uthzation of protem load
1 adults 40-77 yeurs of age

C  SeecrFic PLasMa AMINO Acms

Rather convinemg evidence 15 on hand which shows that the pattern
of amino acids 1n the diet markedly mfluences the level of some free
ammo acids 1 the blood In pouliry Charkey and associates (1950
1953) as well as Almqust (1954), have observed good correlation
between ammo acid levels in chick blood and composition of dietary
protemns Fisher (1957) using ammo acid muxtures found that changes
m blood levels of some ammo acids serve as good mdeves of the dietary
need of specific ammo acids

Denton and Elvehjem (1954a, b) reported that the portal and radial
vem concentrations of wmdwvidual essential ammo acids in dogs were
rapidly increased mn proportion to the levels supphed by the test pro
teins, casem and beef In the case of the imbalanced protemn zen which
lacks lysme and tryptophan an mtal drop occurred m the total free
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amino eid level This was followed by gradual mereases m plsma
concentration of several amuno 1ads particululy soleucne  leucine
and phenylalimne wlich are abundant mn zen  Lysme levels remuned
depressed Tryptophan concentrations were well muntuned on the zem
diet s well 1s on proten free meals  Albanese and Orto (1935) have
noted an accord between lysine levels n the diet and free Iysine level
1n the blood of infants

The aggregte of the foregoing observations hwe led the nuthor to
speculate on the possible interpolation of fasting plismn levels of indi
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Fic 16 Amino acid pattern difierences of muscle protems and fasting plasma
ammo acids The hatched areas represent the specific amino 1cid defiet \fammahan
muscle proteins ——— Fasting plasma amino acids — — —

vidual ammo acids and therr dietary requirements s mndicated by the
carcass theory discussed by Mitchell (1959) Pattern calculations from
the available data on free ammo acids 1n fasting human plismt and the
average ammo aaid content of mammalin tissues (Steele et al  1950)
were done  The pattern deficat of fasting plasma 1muno actd leveds wath
reference to the anuno 1aid contour needed for tissue synthesis 1s shown
in Fig 16 Further calculations on the ammo acid contribution of van
ous foods to these deficits show that meats provide an optimal correctiy e
pattern cereals provide good corrections with the exception of hsine
and possibly threomne In thys frame of refirence the ammo acid pat
tern of diets of low economic groups in the United States was estimated
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to be poor i hysme and threomne Analyses of food cons
convalescents and the aged mdicate that tﬁeu diets may belllrzr;ﬁttlzzn fxf
lysine, threommne, 1solevcine and valine §
Prelinunary mvestigations by Albanese ef al (1859 b) mndicate that
the nutntionl adequacy of some brealfast patterns mdulged m by
young chuldren may be evaluated from differences in plasma ammo acd
levels measured mnmedately before, and 1 hour after the test meals

TEST
FROTEIN PLASMA LYSINE
MEAL MEMS TNTARE PER CEINT CHso\NGE
/g 5 >
RN
A WHOLE COW § MILK 035 ﬂ
B CEREALS AND MILK L

c CEREALS AND MILX PLUS & 5
109 MG L LYSINE

<] EGGS AND WHITE TOAST 04

£ WHIETOAST 04
LN
v WHITE TOAST pLUS
150 MG L LYSINE aa
G LYSINE FORTIVIED {0 5%)
WHITE TOAST 4
792

Fic 17 Summary of effects of test meals on plasma hsine Jevels 1n young chil
dren (average results)

These meals suppbed pratens nd calones (per kilogram of body
weight) 1 amounts normally consumed by young children, and were
tested on some 30 normal healthy children 25 to 12 years of age and
90-192% of standard body weight The results on the avalabibity of
lysine from the foods assayed are summarized in Tig 17 Bnefly, these
experiments show that ad lidntum consumption of fresh cow s milh caused
an morease m plasma lysme levels Ingestion of tvpical cereal mill
breakfasts mduced a decrease m plasma lysine which could be overcome
by small addihons of ©. lysie to the frust juice Sumtar studies showed
that egg and white toast breakfasts caused an merease m plasma lyswe
Yevels Toast alone mduced plasma lysme defiats wiich could be cor
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ted by additions of lysine to the frutt Juwice, or to the bread pnor to
ang

The studies of Longenecher and Hause (1958) on adult dogs dis
se that plasma ammo taid changes indieate that lysme s the first
tting ammno aad for wheat gluten tryptophan for gelatin, and ar
me for casemn

D  Urivamy Avino Acios

There are considerable variitions in the amounts of particular amino
ds excreted by different normal indidunls (Stecle ef al, 1950 Barry,
33) The causes of these varations are not entirely understood and
dently differ from amimo ncid to amino acid It 1s known however,
t differences n diet, genctic dufferences between mndividual people,
1 physiological changes such as pregnaney may contribute to such
rations (Withams, 1959)

In general 1t has been found that neither the total quantity nor the
tribution of the amino acids 1n normal urine can be correlated closely
th the dietary intake of protemn (Moore and Stein, 1951 Nassett and
lley, 1952 Rarsner ¢t al 1949) Ten to fifteenfold mncresses m the
tary protemn give nse m most cases to no more than 2 two or three-
d increase n the excretion of mdividual amino acids The one excep
n to this 1s L methylhisidine The excretion of this substance 1s
sely related to the amount of meat 1 the diet (Stem et gl 1934
tta and Harns 1951) and 1t 1s probable that this histidine dervative
largely derved from the dipeptide anserine often present mn quite
ge quantiies 1n muscle However apart from L methylhistidine 1t 1s
ar that the vanation encountered between different individuals 1n
ount and pattern of ammo acid excretion 15 greater than can be
:ounted for i terms of dietary differences Even n a sample of urine
lected 3 hours after feeding 50 gm of casein Stemn and co workers
054) found the usual amino acid pattern and the quantitative values
re no higher than those they had found 1n other mdiiduals on ordy
ry diets However Holt and Albanese (1944) have reported a
mficant decrease 1n the tryptophan output of normal young males
untained on a serisynthetic diet i wiich the pnincipal mitrogen
nety was compnsed of a tryptophan deficient cisein hydrolyzate The
retion of § ammoisobutynic acid appears under ordmary conditions
be little mfluenced by dietary vanations though it has been found
it complete fasting for 2-3 days may lead to an increased excretion
andler and Pare, 1954) It 1s possible that obsened differences 1n
cretion of this substance may be due to genetically determined differ
ces m the renal tubular capacity for ats reabsorption (Harrs 1933)
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During pregnancy there 1s an mcrease 1n the excretion of several
urinry ammo acids, histidine and threomine bemng the omes most
marhedly affected (Wallraff et al 1950) Threomne output mcreases
steadily throughout gestrtion, whereas histidine reaches a mavmum at
about 4 months and thereafter rem uns at more or less the same level
until term (Ruttinger et al, 1954) Dunng lactation the excretion levels
f2ll rapdly often to values below those found 1n the nonpregnant state

E EnzimE LeveLs
Under condttions of v mitrogen imiting dietary (specific or total)
1t 1s concervable that loss of body protemn involved mamly 1 structural
functions of the organism would not be so detrimental were 1t not for
TABLE VIII

CoMPARISON OF APPROXIMATE PERCENTAGE OF AMING ACIDS 1N SovE ENzyaEs AND
AVERAGE MAMMALIAN TISSUES

Average
Ribo mam

Yellow Chymotryp  nue Cyto Aldo  malin

Ammoacid enzyme Pepsine sinogens lease¢ chrome?  lasec  hssues
Lysme 1386 09 80 104 22 95 80
Arginine 81 10 162 52 2 B3 84
Histidine 28 08 12 42 3 42 30
Tyrosine 77 85 30 79 4-5 53 31
Tryptophan 48 24 56 0 1 23 13
Phenylalanme 56 64 36 36 31 40
Half cystine 10 186 33 65 4 11 22
Methionine 17 12 44 2 12 24
Serine 129 114 120 66 57
Threonime 96 114 90 71 47
Valine 71 101 73 74 52
Leucine 104 104 0 1ns 74
Isoleucine 108 57 31 79 51

@ Trstram (1949)

o Theorell (1941} Based on number of ammo acids per molecule of cytochrome
¢ contamning, a total of 98 amino acds

¢ Yelck and Ronzon: (1948)

the fact that tissue enzymes which are also protems are built from the
same essentiil ammno acids that are utlized m bwilding body protems
It 15 apparent from the data contaned in Table VIII that the most
sertous effects of specific amno acid or total protemn deficiencies may
arsse as a result of their himting effects upon the biosynthesis of enzyme
systems 1 the animal body

During the past ten years much experrmental evidence has been
veported relating levels of dietary proteins to tissue enzyme content In
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dus an orl protem load (02 gm protem per hilogram) with and
without 1 mixture of panereatm (300 mg ) and pepsin (250 mg ) The
pattern of amino acid hberation was determmed sem: quantitatively by
umdimensional chromatography  To date 13 children {55-12 yeurs)
ind 60 ndults (59-89 years) have been studied by this procedure The
clildren were henlthy and normal and s mght be expected showed
no significmnt change 1n PAN mdex with enzyme admmistration Results
on the adults disclosed that enzyme admimistration sigmficantly increased
the PAN index of 19 subjects These increnses were most frequently
assocrted with malnutntion and advanced age  Week long admunstrn
tion of the ¢nzyme munture with meals to 5 nutntionally substindard
adults showed that the increases m PAN index were associted with
mereases m posiive mtrogen balance  Aminograms revealed that post
tive responses 1n mtrogen balnce generally mcluded significant increses
m essential amino acid content of the blood, especially methionine
threonine and lysmme Chromatographic analyses of tn vitro enzyme milk
protem digests mdicated that the amino acid pattern changes of the
blood 1n the oral tests could be ascribed to the enzyme supplement

¥ Merasouic RaTes

Determmation of the rate of oxygen consumption 15 also a useful
criterion of protemn nutrition because 1t measures the sum total and rate
of all metabolic processes occurnng 1 the body The metabolic rate 1s
regulated by endogenous and evogenous factors The prncipal endog-
enous factors are age and sex (Lusk 1928) The effect of age 15 shown
mn Fig 18 The difference between sexes 15 greatest on a percentage
basis at the age of 19 where 1t 15 13% greater for males All the way
from the age of 12-21 years the basal rate 15 some 10-12¢5 less for
females than for males (Albntton 1953) It 1s sigmficant that the sex
differences appear not only 1n the average rate of development but also
m the mtrogen requirements at these ages

Climcal use of calorimetry was presaged by I'rederich Muller (1893)
who noted that patients with Graves disease lost weight with marked
mtrogen wastage m the face of diets dequate for normal nutntion
These findings were soon venfied by Magnus Levy (1893) who ascer
tamed the action of the thyroid i regulating the rate of combustion 1n
the body  Although other factors are now known to affect the rate of
heat production mn the majonty of cases vanations m basal metabolism
from the age sex norm can be safely interpreted as alterations 1n the
function of the thyroid gland Vanations 1n metabolic rate are generally
expressed in per cent of normal with = 15% of the DuBoss standards
(1916) being considered as normal Values from 40% below to 130c,
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older rats to those of more youthful rats This quantitative enzymatie
adaptation would seem to permit arbitrary adjustment by dietary means
of the activities of some enzymes from one age level to another {or from
one nutrttional state to another) without sigmficant changes 1n body
weight

Although these enzyme techniques hold promuse of offering a specific
and easily performed method for the evaluation of dietary protemns m
experimenth] amimals, thewr direct application to humans presents diff
cules  However, some indirect procedures for human studies embody
mg this very mmportant primciple have recently been described Wro
blewski (1958) has made some useful correlations between serum
enzyme alterations and tissue metabolic activity 1n vartous disease states
Though the efforts of thus group have been directed primanly to serum
glutam:c oxalacetic transammase (S GOT) changes 1n neoplastic entities,
their data also show good correlation with nutritional state of ther
patients

As mght be expected, the enzyme diet relationship affects not only
the enzymes of intermediary metabolism but also the proteolytic en
zymes Deficiencies 1n the latter category of enzymes may lead to gastro
ntestinal malabsorption It has been shown by Melnick et al (1946)
that the rate of enzymatic digestion of dietary protemns constitutes an
mmportant factor i nutntion and the relative biological value of various
food protemns Smce the rate of enzymatic digestion 1s a function of the
avallabiity of proteolytic enzyme the importance of the diet enzyme
relahonship to nutntional state 1s at once apparent It has been amply
demonstrated that exocrine msufficiency of the pancreas occurs mn all
degrees, and 1n greater frequency than heretofore suspected (Pollak,
1957) The enzyme content of exocnine pancreatic secretion by nature
of its ammo acid content, 15 probably very sensitively nfluenced by the
dietary protemn mtake Normally the daily quantities of enzyme protemn
synthests are enormous and the rate of uptake of labeled amno acids by
the acinar cells 1s very rapid (Friedberg et al, 1948) It 15 not surprising
then that proten malnutntion has been shown to suppress pancreatic
enzyme formation (Trowell et al 1954, Jachson and Lainder 1953)
Extreme protemn lack as i kwashiorkor eventually results m necrosis
and atrophy of the acinar cells

Since peptic digestion constitutes such an important determmnant m
the utilization of proteins, we recently undertook studies to quantitate
the nutritional importance of this biochemical function order to deter
mme the effect of digestive enzyme admunistration on the absorphon
rate of mill protewns 1 terms of plasma ammo nitrogen (PAN) change
Me'\surements were made on fastlng SUb}eCtS rscelvmg on successive
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dws an oral protein load (02 gm proten per hilogram) with and
without 1 mixture of pancreatin (300 mg ) and pepsin (250 mg ) The
pattern of amino ncid hberation was determined sem quantitatvely by
umdimensional chromatography  To date 13 children {55-12 years)
and 60 1dults (59-89 years) have been studied by this procedure  The
children were healthy and normal and, 1s might be expected showed
1o sigmficnt chnge in PAN mdex with enzyme admmstration Results
on the adults disclosed that enzyme 1dmimstration significantly incrensed
the PAN index of 19 subjects These mcereases were most frequently
assocrated with malnutnition and advanced age  Week long admimnistra
tion of the enzyme misture with meals to 5 nutribonally substandard
adults showed that the increases m PAN index were associated with
increases in posiive mtrogen balince Aminograms revealed that pos:
tn e responses 1n mitrogen balance generally mcluded significant increases
m essential 1mino acid content of the blood especiilly methionine
threomne and lysine  Chromatographic wnalyses of tn vitro enzyme milk
protemn digests indicated that the amimo 1cid pattern changes of the
blood 1n the oral tests could be ascribed to the enzyme supplement

F  MeraroLic RATES

Determination of the rate of oxygen consumption 1s also a useful
entenon of protemn nutrition because 1t measures the sum total and rate
of 2l metibolie processes occurning m the body The metabolic rate 15

gulated by endog and exog factors The principal endog
enous factors are age and sex {Lusk 1928) The effect of age 15 shown
m Fig 18 The difference between sexes 1s greatest on a percentage
basis at the age of 19 where 1t 15 13% greater for males All the way
from the age of 12-21 years, the basal rate 15 some 10-12% less for
females than for males (Albntton, 1953) It 1s sigmficant that the sex
differences appear not only 1n the average rate of development but alsa
m the mtrogen requirements at these ages

Clinrcal use of crlonimetry was presaged by Frederich Muller (15893)
who noted that patients with Graves disease lost weight wath marked
nitrogen wastage m the face of diets adequate for normal nutnition
These findings were soon verfied by Magnus Levy (1893) who ascer
taned the action of the thyroid in regulating the rate of combustion in
the body Although other factors are now known to affect the rate of
heat production 1 the majority of cases vanations i basal metabohism
from the age sex norm can be safely interpreted as alterations in the
function of the, thyroid gland Variations 1n metabolic rate are generally
expressed in per cent of normal with £ 15% of the DuBoss standards
(1916) beang considered 1s normal  Values from 40% below to 130%
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bove the norm may occur and are respectively mdicative of hypothy
roidism or hyperthyroidism  However, these disorders may arise as
secondary effects of thyroid controlling substances of the adrenal or
prturtary glands

The greatest single exogenous factor which regulates the basal
metabolic rite of the mdwidual 1s the plane of nutntion (Brody, 1945)
Regardless of how metabohsm may be estimated, whether on the basis
of werght or surfice area, undernutrition or prolonged fasting 1 children
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results 1n a definite reduction of metaholic rate  The exhaustion of wmfec
tious fevers produces 2 state somewhat analogous to that of fistng In
older children there seems to be no definite relationship between the
degree of underweight and the percentage mcrease metabolism  In
tis fasting man, Benedict (1915) found that there appesred to be a
speaific reduction 1 metibolism comadent with undernutntion This
expenience has since been bundantly confirmed Overnutrition {obesity}
ansing from exogenous or endogenous factors 1s assoctated with Jow
BMR 1 children and adults of both sexes

More than ample evidence has been recorded by Brody to show that
the 07 power of body weight 15 not only a good reference pomnt for
basal energy metabobsm but also for basal protem metabolism or
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ndogenous mitrogen and neutral sulfur excretion The creatmne exere
on however vanes not with the 07 power but more directly with umt
eight  Caleulttions from the parallehism between basal energy metab
Lism and endogenous nitrogen exeretion s functions of body weight
how that 1 ritio of 2bout 2 mg of endogenous nitrogen per calone
rev-uls for small or large amimals Tor the human Terromne and Sorg
fatter (1920 1928) reported 1 value of 232 mg nitrogen per calone
or tot1l endogenous mitrogen everetion which meluded fecal mtrogen

Determination of endogenous mtrogen excretion/calorie ritios during
rowth periods are complieated by the fact that muntenance of the test
1gamsm on 1 protem frec dict results 1n 1 cessation of growth One
an only speak therefore of apprrent endogenous mtrogen and basal
netabolism dunng growth It 1s interesting to note 1 this connection
hat Mitchell and Hamulton (1929) found that in growing rats the Jowest
atrogen excretion 1s attaned not on 1 proten free diet (05 mg mtrogen
er grams ur dried food) but on one contunming 5-6 mg mnitrogen, in
he form of egg yolk per gram of ur dried food Since the apparent
ndogenous nitrogen Jevel 15 mfluenced by many factors—dietary pro
em level and quality before ind during the pertod of specific mitrogen
tanation age nd other factors—it ¢an be readily understood that the
bservations on the value of endogenous mitrogen/calones may show
vide discrepancies

Lusk (1928) estimated that the mamtenance energy requirement 1s
setween 11 and 15% above the starvation mmimum  Maintenance bemg
Lifferentiated from productive hving i that mamtenince hving does not
molve the production of milk eggs wool flesh etc or muscular work
istde from that associated with carrymg out the normal nonproductive
ife processes The major maintenance energy expense 1s the basal
'nergy metabolism The “activity increment with respect to the basal
netabiohsin has been reported to be 50-75% wn humans under sedentary
ceupation (Orr and Leitch 1937 1939)

The decline in total metabolism with mcrensing age 1s associated 1n
art with dechining body weight ind 1n part with decreasing actrvaty
nidence bearing on the effect of 1ge on the decreased metabolic rate
ind uninary nitrogen found 1n some of our studies 1s shown 1 Table IV
These data indicate that aging from 23 years to 80 years 1s ssocrated
vith 2 15% reduction 1 “1ctive protophsmic mass (O ml /mn /hg )
This reduction 1s accompamed by a 43% reduction in urinary nitrogen
output

The foregmng considerations hnve long led to the impression that
measurements of metabolic rates with a careful interprettion of all the
spearfied factors could serve 1s a measure of protein needs { Terroine
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and Sorg Matter, 1620) This 15 particularly true in studies of the protem
needs of aging ndults Six year long serial metabolic measurements on
30 women (72-99 years) have shown us that restng O» consumption
per hilogram of body weight remams relabively constant for healthy

TABLE Ix
ErreCT oF AGE 0N OxveeN ConsunerioN AND Urinary NITROGEN

Average
Number Age body o, Unnary
of m Mean age weight consumption nstrogen
subjects years n years {kg) (ml/mmn/kg) (mg/kg)
26 21-30 25 83 338 170
22 66-93 80 63 292 97

mdwiduals 70 years of age and over The resting calorie per kilogram
per hour need, however, varies mwversely as the per cent of standard
body weight (Fig 19) Ths correlation suggests that the active proto
plasmic mass m the aged remams relatively constant through the range
of 50-150% of standard

125

100

o

Q2

o
)
iy

(=

o
=]
T

Colories 7kg /hour

(=]
0N
o
T

U R (RGN NN —
o0 25 50 75 100 125 150

Per cent of stendord body weight
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During the course of the metabolic rate measurements, analyses of

the chetary for total calone and protem mtake and of 24 hour urne

collections for total mitrogen content were also done These data re

vealed that the average resting metabolsm for these women, who (;ve}x;e
1 normal posiive nitrogen balance, was 1200 calories per day, and t]e
average mitrogen output 6 mg per calorie The measured average daily
calone intake was 1560 which provided an average of 58 mg of mtrogen
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per ealorie These ealculations revenl that 2 good accord evsted between
the protem/calone rato of the dict and that required by the metabohe
pattern of our subjects Furthermore 1t would appear that normal Lfe
activities of our subjects required but 360 calonies per day (1560-1200)
and 22 gm of protem mtrogen above the basal needs These observa
tions further disclose that the unnary mitrogen output of our subjects
wis approumitely four tmes greater than the averige endogenous
mitrogen mimmum of 20 mg of mtrogen per cilone (Schulze 1935)
It would appear worthwlule to explore further the usefulness of meta
bolic rte measurements 1 estabhshing optimal dictary patterns protemn
quality of dicts and proten needs

G ArrrTmme

Osborne and Mendel (1918) n therr rat feeding mvestigations with
synthetic rations contamng ighly digestible constituents and possessing
no pronounced flnors observed that there 1s a marked tendency for
expenmental anumals to eat spanngly of deficient or nutritionally 1mbal
anced diets and to increse food ntike when balance of the dietary 1s
restored Subsequent reports of ammal studies have amply confirmed
this phenomenon especially with reference to the essential ammo acids
—particularly lysine (Rosenberg and Rohdenberg 1952)

In 1947 Albanese and co workers noted that the volume of a serm
synthetic diet consumed by infants was markedly reduced by the removal
of tryptophan This decrense m appetite which was apparently not due
to an alteration 1n taste or odor disappeared overmght when dietary
amino acid balance was restored by addition of the missing component
—tryptophan

In a recent publication (Albanese ¢t al 1955) swe mentioned that,
when a lysine contaiming dietary supplement was given, an merease n
appetite was noted 1n underweight mfants who had a prior hustory of
suboptimal food intake The implications of this observation m terms
of possible amino acid 1mbalances which may anse n the diets of infants
under conditions of endogenous or exogenous nutrtional stress prompted
us to attempt a quantitation of the appetite simulating effect of lysine
supplements To tins end the daily dietary records were kept for 5
nutnitionally substandard infants mamntained on ad Libitum feedings of
the conventional evaporated mlk formula for a pre lysine control period
2 period on v lysine HCl and a post lysine control period These diet
records were then analyzed for average datly total calone 1nd protem
intake durning the lysine, and precontrol and postcontrol periods The
resulting data are shown grapically in Fig 20 and disclose that lysine
fortification of the infant dietary was associated with an average 195
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micreised consumption of milk, and n averge of 13% mereased smtake
af tot1l elories This ymproved nutriture was lost with the removal of
lysine supplement from the wiwnts diets More recently, this phenom
enon has 2lso been observed mn undernounshed older children and
elderly convilescents Smee it 15 generilly agreed that nutrtionally
better foods make for better appetites, the appette response must be
regirded s m overt physiologicdl crterion of improved nutrihonal

Average daily
wesght change
gm /day 10

o

=l o
Awverage mdk
infoke 40~
m! 21b /day
R0~
o
Lysine dar
supplement 2o}
ma sio /dsy o | (1 n
¢ 10 20 30 40 50 &0 70

Days
Fic 20 Effect of lysine supplementttion of eviporated mik formulas on iatahe
and body weight change 1 Bve nutntionnlly substandard mfants

H Svvaam

The foregomg discussion 1nd consideration of supplementary criten
of protemn nutrttion have left the author wath the feeling that with pm{;el}'
appheation and interpretation these enterra ¢ provide velry us; 1.
wformation 1egarding nutniional status  Because these supp imenm{)y
methods provide a measare of the more dynume parameters o n:e -
olism they would seem to offer some advantages over the com:len h‘ﬁ; "
assay procedures eg anthropometry mitrogen bmncle 1; | Do
protem levels The wulible evidence suggests to the wthor ]t nlcornd
Iations of creatimne ontput fastng phsma amino pitrogen levels, "
metabolic rate determmations may afford 1 mare useful nd conventen
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approach to the 1ssessment of nutnitional needs  Explorttion of these
modalities ppears to be particularly worthwhile 1n studies mvolving
children convalescent 1nd aging adults because of the ense of ther
application
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1 INTRODUCYION
For some time after 1t became possible to maintain and grow rats on
punfied diets the more phicated nutntive req of the chick
could not be met except by the use of some natural feedstuffs The chick
15 comparatwely sensitive to the lack of a number of dietary factors

319
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ARGININE

It hag been Teported thyy casem dqiq 70t contay sufficient argmme
for the Tapid prowp of the chyep nd that g, abilty of the chic}, 1,
Syntheg;zq Arginme vy 5¢ Drobably Jeg than thy, of the JOung rat (Arnord
et al 1936) With diets free Of arginme the Extreme 1y thty of the
chiek ¢ g, thesize MgnE yus demonstrated Rapid Jogg of ue:gbt’ was
complete]y Teversed by added Arginge but pop Y ormthipe (Klose
¢t al, 1938 ) Later %2as shown that 4 dret de&‘cxent m arginne could
be supp]emented equally ey argmme o Cltrulline (Klose and Alm
quist 1940) catng tha, the chyef Comerts the hitter ¢ argmmtz The
1mpossibihty, of the Fegenerition of Mgume fropn, Ormithine by the Krebs
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Henscleit cycle i chicks beeame obvious (klose and Almquist, 1940
Rlose ¢f al, 1938 Almquist and Mecchi 1942b) This result was an har
mony with the low excretion of urea and the relative absence of arginase
in the chick except for small 1mounts 1n the kidney which 1s probably
the site of the production of ormthme for the detouication of benzoic
aeid (as ormthurie 1aid) and the simultneous increase of urea output
(Benton ¢t al 1934}

It 15 well known that argimine 1s 2 precursor of creatine n the rat A
dietary deficiency of argimne will hmit creatne formation m the chick
(Almqust ef al 1941 Hegsted et al 194la) The feeding of creatne
creatimne guamdinoncetic acid or arginne 1mproved both the growth
rate of chicks and the tissue crentine content These results showed a
“spanng “chon” of the first three compovnds on argimne creatne being
most effective (Almquist et al 1941 1943)

A diet based upon 35% casein glucose and soybean o1l plus vitamin
and mneral supplements supported mmproved growth of chicks when
argimine or creatine ws added (Wietlike et al, 1954 Savage and O'Dell
1956) Argimne wis more effective for growth and for elevation of
muscle creatine content A similar diet contaming 25% casemn yielded
simulr results (Fisher et al  1956) indicating that creatine can spare
some but not all of the arginine requirement

In onc of the early pipers (Klose et al 1938) 1t was commented
“Evidently part of the rgimne 1 casemn eusts m such form as to be
unavarlable to the cluck  Diets based exclusively upon casemn as the
source of protein seem to require excessive amounts of supplementary
argimme (Wietlhe et al 1954 Fisher ¢z al 1956 Krautman et al 1936
Snyder et al 1956) On the other hand when the diets contam ap
preciable amounts of natural feedstuffs such as alfalfa meal (Almquist
and Memntt 1950) corn and soya meals (Snyder et al 1956) peanut
meal (Young et al 1953) corn 1nd soya and com gluten meals (hraut
man et al 1936, the argimine requirement turns out to be substantially
lower and close to 65 of the dietary protemn It was suggested that an
unidentified factor of plant ongin enhances the utihization of wrgimine m
casemn (Krautman et al 1956) The carbohydrate employed i the pun
fied chich diet whether sucrose or dextrin may exert a very sigmficant
effect on the utilization of argmme (Monson et al 19353) It has been
noted that thiouracil decreases the requirement of arginine 1 1 casemn
punfied diet while rodinated casemn mcreases the argimne requirement
(Flucliger and Anderson 1957)

Studies with 1sotopically Jabeled argimine comparable to work done
with rats have not been reported for the chich In pigeons arginine
labeled with N3 1n the amidine group 1s retamed to a much greater
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extent than 1 rats Synthesis of argmme from labeled precursors, as
the rat, does not seem to take place in the pigeon (Bloch 1946) Pigeon
hudney shices are comparatively mefficient 1n the synthesis of guanidino
acehe aed from glycme and arginme (Borsook and Dubnoff 1941)
Isotopically Iabeled arginine 1s employed for creatine formation distetly
less efficiently in the pigeon than n the rat (Block, 1946) While st 15
difficult to draw parallel comparisons hetween the chick and the Prgeon
from the work reported the mmpression remams that the metabolsm of
argmme differs appreciably mn these avian species

The growth response to an merease 1 supply of an essential nutnent
will often be found to follow a curve of constantly dimimshing mere
ment 1e, a loganthmic curve In such cases, plotting the data on a

7 30
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Fic L The telation of dady vate of weight gun of clucls and the qam/feed
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loganthmie basis will usually produce straight response lnes up to the
Limit of response Such himt may be set by physiological genettc, or
other nonnutritronal limitations When the Izt 1s wel) defined, as by 2
pliteau m the data the minunal requirement then 15 evident from thl;
mtersection of the response and plateau lines At a very low level o
nutrient mtake, the data may sometimes be seen to vary from the prn
aple but m ths case, largely because reserve stores of the nument nsx
the anumal or synthesis withm the ammal or small residual quanhhke
1 the basal dief are no longer neghgible 1n respect to controlled mtake
wst 1952 1953a)
(Al;::qFxg 1 are presented several examples of the applcation of th;:
prmeple to ammo acid requirement The left portion of this ﬁg\;re k“ :
constructed from datr on the argimine requirements of young chicken
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s affected by protem level at 15 20 and 30% n the dict (Almquist and
Mernitt 1950) Noteworthy as the inear relation of rate of growth to the
logarithm of the total arginine level n the dict over all protemn levels
The relation reached 1 plitewu of growth in each case as the protemn
level of the diet beerme 2 hmuting factor A deficiency of argmne gave
the same net results s 2 deficieney of protein The nght portion was
constructed from data on the lysme requrements of the young mg at
two dictary protemn levels (Brinegar ef al  19501)

B Histine:
Histidine has been established as wn indispensable amino acid for the
growth of the chick (Alose ct al 1938 Hegsted et al 1941a) On lusti
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AMINO ACID IN DIET PERCENT

Fic 2 The relation of the daily rate of weight gain of chicks to the percentages
of certan essential ammo acxds in the diet

dime deficient diets chicks did not lose weight nearly so rapidly as might
have been expected This observation may have indicated a low require
ment for small ts of lustidine in the diets or a
Luouted synthesis (Almquist 1947) (see Fig 2)

Solution of this problem requires a hisdine free diet which cannot
be attained with availible protems A diet based entirely upon punfied
amino acids 1 place of intact protemns was found to support good chuck
growth when contuning approximately 03% histidine (Rosenberg et al
1957) 1n agreement with previous estimations of requirement ( Almquist
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1956) Although a zero level wns not tned the growth data at Jower
levels extripolate toward zere lustidmne well mto the zone of negatne
gams sumilarly to the eases of other indispensable ammo acads for the
cluck {Almquist, 1947) and thus suggest that no apprecible synthesis
of histidine had trken place For a further discussion of this pomt see
Almquist (1956 pp 140 141)

C  Lysve

By using various combmations of proteins such as zesn edestin, and
casem smgle deficiencies of lysme were produced m chich diets The
caleultted levels of lysine as well as the levels produced by added
crystalline t-hysine pomted to an adequate mntake at 09% i the duet
(Almgust, 1947 Almquist and Mecchy, 1842) A number of later re
ports have confirmed this estimate. of the lysine requirement of the chick
and have been reviewed (Almquist 1952) Proten level of the chick
diet was found to have 2 direct mfluence on the lysme requuwement
(Grau 1948) (See Table I)

TABLE [
Rerarion oF THE QPTruAL PERCENTAGES OF Anyno ACIDS 1N THE PROTEIY TO THE
LevEL oF ProTem N e Diet oF Cicks

Approvimate
aptimal percentages for growth®
Peroentage of Methiomine
protemn m diet Lysioe plus cyshne Tryptophan
10 48 45 090
20 45 41 075
30 42 37 065
49 38 33 052

& The data were chosen ns examples only and were taken trom Almquist (1952)
and Grummger et al (1956)

The lysme requirement of the chick was gien further stady with
diets of 205% protem based upon wheat gluten and sesame meal s
protemn sources Lysmne content was adjusted over a range of 076-1 40%
of the diet by additions of L lysine The experiments, started with day
old clucks showed a need of 1156 Iysne when the chichs grew at thewr
best rates {Edwards et al 1956) Thus 1s somewhat lugher thau onigual
estimates made with mixed White Leghorn chicks that had been started
on practical diet for 12-14 days The hugher requirement m1y beduetoa
relatively ngher necd of day ald chichs and to the fact that the c}ucl;
were a faster growimng type than those origmally employed Optimal fee
conversion was also obtuned at abont 1% lysine w expeniments run
to 6 weehs age of the birds
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Requirements have been estimated for older chucks starting with a
normilly rused and fed 8 week old cluck and 4 16% protemn diet Op
timum growth and feed effictency were observed at 072% total v lysine
(Bird 1953) This 15 455+ of the dietary protemn the sime as observed
with the vounger chick fed a practical diet for 2 week or so  In utihzing
the cluch for the bio assa for lsine maaimal weight gains were obtamed
1t 091% 1 lysme in the diet which contaned 20 8% m total, of protemn
and amno raids (Tsien ot al 1957)

Diammopmelie neid was neffectne s 1 lysme substitute m chick
diets (Donovan 1937)

The quantitatine lysine requirement of young turkeys 13% of the
diet was found to be proportional to the ngher proten mtake which
was approumately 24¢; of the diet s compared to 20% for the chick
(Grau et al 1946) A summany of early reports on lysine requirement
of the young poult mdicited that this was about 55% of the dietary
protem {Almquist 1952)

Using practica] rations and calculated lysine contents the optimal
starting protemn content was found to be 285, and lysmne requirement
139 of the poult ration After 8 weeks the lysine requirement appeared
to remain nearly constant at 4 0% of the protemn (Kratzer et al, 1956)
although the Iatter decreased progressively More recent analyses in
dicate that the lysine content of several of the feedstuffs used 1s some
what higher than indicated at the time It 1s probable therefore that
the above figures should be revised upward by at least 01% lysine 1n
the diet

A senes of protemn levels in diets for poults 0-6 weeks age yielded
best gains at 27-3195 Lysine contents of the best diets were 57-59%
of the protemn A lysine supplement decreased the optimal protein level
to 25% the total lysine remaming at 59% of the protein From 6 to 12
weehs age the optimal protem level was 23-25% and the nunimal lysme
li({;ql_xll)rement was at least 52% of the protemn (Balloun and Phillips

5

The occurrence of a white bar decolonzation 1n the flight feathers of
young turkeys fed a lysine defictent diet depends upon the relation of
the Iysine level to the protemn level of the diet (Rratzer et al 1950)
D Lysme cannot replace the natural 1somer for growth or feather pig
mentation (hratzer 1950) Other compounds related to lysine as metab
olites or possible precursors have siumilarly been found mcapable of
replacmg lysine 1n the diet of the poult These compounds include pro
Ime ormthine homocitrulline prpecolic acid a aminchexanoie acid and
€ ammohexanoic acid € N acety] oL lysine was utthzed to some extent

{Vohra and Kratzer 1957a) The role of Iysine in feather pigmentation
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appears to be mediated through 1its function m protemn synthesis ex
clusively (Vohra and Kratzer 1957b)

A few studies have been reported on the availability of lysme m
foods Torula yeast was tested as a source of Iysime m a sumplified chick
diet contaning corn gluten meal and zemn as chief sources of protemn
At least 75% of the lysine mn the yeast appeared to be available on basis
of growth response feed effictency, and nitrogen retention, however,
greater responses with yeast were obtained than could be accounted for
by 1ts lysine content With rats, lysme of yeast was about 90% as effective
as the purified L Iysine (Tsien et al, 1957)

The lysine m blood meal was assayed with chicks and with poults
by means of a diet contamming corn 1nd sesame seed o1l meal On the
basis of growth observed lysine m blood meal was available to chicks
from 64 to 85% depending upon quahty of the sample The correspond
g availability of lysme to poults was 49-76% (Kratzer and Green,
1957)

Availability of ammo acids n foods 1s extremely difficult to measure
Growth responses are often affected by some properties other than the
amino acid mn question Retention of the fed ammo acid n the carcass
can yield only a mimmum value for avalability Balance studies 1
volving measurements of take and excretion are complicated by the
possibility of bacterial destruction of ammo aeids 1 the digestive tract
The 1n vitro effects of digestive enzymes m hiberating ammo acids from
protems can at best be considered only a rough approximation of what
can transpire 1n the Iiving ammal and may suffice to show only a rela
tively unavailable frachion with no guarantee that the dissolved ammo
acid would all have become available to the animal

Early studies on the effects of antibioties mn the diet revealed an
apparently favorable effect on availability of protems and amno acids

The general effect of antibiotics 15 not to decrease protein or amino acd
requirements but possibly to permit more efficient utilization  (Almquust
1952) Subsequent research showmg in essence that the antibrotic m
creases the permeability of the imtestinal wall has been concisely re
viewed In addition it was shown that the absorption of C* . lysme from
the gut of the chick was more effiient through the thinner mtestinal
walls of chicks fed pemallin (Draper, 1958)

When the ability of an animal to remove amno acids from the blood
by combming them mto body protems 1s impaired for any reason 2
surplus of an ammo acid may be more detrimental For example adding
tryptophan or methionme to a diet which was already deficient 1n lysine
further reduced the effictency of utthzation of the det (March et al,
1950}
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The relation of ammo acid intake and amino acid requirements to
the levels of free ammo acids n the blood of chicks has been reviewed
(Almquist 1954 1956)

One m7y find m the hterature reports of attempts to correct an ap
parent wmino 1e1d deficiency by adding at one time all the amino acds
n amounts to meet known requirements It 15 not surprising that these
atternpts hnv e umformly fuled to restore a full balance to the diet Um
versallh 1t 1s true that an mmbalance 1s not fully corrected by adding 2
balnce to 1t although the over all relative seventy of imbalance may be
somewhat dimmished It may be stated as 2 general principle that an
amno aaid mmbalnce s corrcetable only by 1dding the speafic com
ponents that are inadequately supphed or by adding 2 complementary
mmbalawce

D AIrmnosme CistINE HOMOCYSTINE AND SULFATE

Like mammahan species the chuck has the ability to grow well 1f
gnen only methiomne as 1 source of the sulfur contamming amino acids
and obviously can synthesize cystine under these conditions (Grau and
Almgquist 1943) Cystine 1n the diet will reduce the requisite methiomne
to a curtun pont but not appreciibly below one half the level needed
when cystme 1s not present (Almqust and Graa 1945 Grau and Alm
quist 1943)

The sumlanty n the sulfur contammg ammo acid metabolism of
mammalian and avian species 1s further carned out 1 the utilization of
homocystine This compound which 1s a demethylated methionine was
utihzed efficient]y as  substitute for methionine by the chick only when
a sufficrent level of choline was also present Efficient methylation of
homocy stine by choline or betamne requires also the presence of vitamin
B; (Jukes 1nd Stokstad 1952) In the absence. of a methylating agent
homocy stine may still serve as a substitute for cystne S Methyleystne
was found effective exther m the methylation of homocystine or the
lig];lla)cemcnt of cystine (Grau and Almquist 1943 Klose and Almquist

In all probahlity methiomne 15 the specific carner of methyl groups
for the conversion of guamdinoacetic acid to creatine 1n the clich It
has not been possible however to demonstrate more than a shght low
enmng of muscle creatime content by dietary deficiencies of methionine
or choline or both This 15 a marked contrast to the withholding of
argimne and glycme These results suggest that the methy htion stage
of creatine formation 1n the chick takes precedence over the other needs
for methionme

Work on the quantitatne methionine requirement of the chick has
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been reviewed mn detail (Almquist, 1852) As 1 the example of lysine,
methionine requirement was found to increase or decrease with protem
level of the chick diet (Almquist, 1949 Grau 1nd Kamey, 1950) A good
deal of effort has been expended recently m relating methionine require
ments to energy levels Simce the chick eats prinerpally to satisfy calonc
requirements, it will eat less of diets that are more concentrated m
energy It 1s obvious that for most rapid and efficient growth the igh
calorie diet must contan lugher mmmum levels of essential amino acids
as well 15 energy, vitammns and minerals This was demonstrated m the
case of methionine, with diet energy varniations from 800 to 1000 calones
per pound adjusted by means of added fat (Baldin: and Rosenberg
1955) 'The requirements observed at the ligher calonc level agree with
some of the earhest estimates of methionine requirement which were
determmned with high energy diets Simlar further results were reported
with practical diets The improvement noted on addition of methionine
was especilly in reference to feed efficiency (Rosenberg et al, 1955)

The principle demonstrated here 15 a broad and generally recogmzed
one It does not imply any specific relation between methionme and
energy mtike Of wnterest m this connection 15 a recent report that the
Iysme requirement of rats mcreases with mcrease m calonc content of
the diet (Rosenberg and Culk 1955)

On the basis of recorded data on sulfur amine acids and lysme re
quirements of chicks, 1t was pomnted out that the percentage of mndis
pensable ammo acid required 1 the protemn fraction of the diet showed
a consistent trend downwards as the protemn level increased Since the
frachion of the protein which 1s metabolized for energy must mcrease
with the level of protem fed and such ubihzation does not require the
mdispensable ammno acids 1t may be that lower but properly propor
tioned levels of indispensable wmino acids will suffice i assoctation with
the fraction of protem that 1s utihzed for formation of protems of the
growmng ammal (Almqust 1952) (Table I)

It 15 of mnterest to note indications that at the higher caloric mtakes
the percentage of essenttal ammo acd (methonme) required 11 the
protein remamns more constant 1 relation to protem level (Rosenberg
and Baldim 1957) and shows less of the dnft downwards at mcreasing
proten levels that may be noted with lower calorsc intakes

1t 15 becoming apparent that the addition of extra calories to diets
(as by fat) will tend to accentuite ammo acid mmbalance 1n the protein
These observations are no doubt related to more complete diversion of
the protem for protemn purposes and less for energy purposes when the
dret 15 well supplied with calories from sources other than proten As
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the degree of uthzation of protem for growth and production 15 en
hanced essentral ammo aeid balanee assumes greater importance

Among fowls the very young are required to divert a particularly
Targe proportion of their sulfur Amno 1cid intake to the ripid growth
of feathers wlich may contun as much as 10% of cystine The rate of
feather protein svnthesis as compared to body protemn synthesis may
determime the sulfur amino 1a1d requirement for maamal growth It 1s
possible that the sulfur 1mino aaid requirement may be more ntense
smaller fowls which hve relatnely more surface area per unit of body
werght (Almquist 1952) (sce also chapter by H H Mitchell) The
presenthy, walable dath on sulfur amino aeid requirements indiente the
relitine needs of voung fowls s seen 1in Table 11

TABLE 11
Cosmrantson of RELATIVF REQUIREMENTS OF SULFUR AdMino ACIDS IN THE DiET OF
Youne Fowrs

Approvumate requirement as per cent of the protein
1n the diet at optimal protem levels

Tonl Methomne Cystine Total
White Leghorns 25 20 45
Heavy meat chuckens 23 17 40
Turkeys 20 13 33

This comparison of relitne requirement of sulfur ammo acids 1n the
protem fraction of the diet indicates that smaller fowls need higher pro
portions of sulfur amino acids 1n the dietary protemn On the other hand
some evidence has been reported which suggests 1 genetic difference
among strains of chickens 1 the abihity to utihize methionine (McDonald
1957)

The presence of an antienzyme 1n raw legumes such 1s the soybean
1s well known The apparent interference with methionine awailability
m the example of raw soybean meal has long been recogmzed It was
ponted out that this apparent mterference was probably merely com
adental with the fact that soybean protem does not contan enough
methionine to meet the needs of fast growing ammals (Almquist nd
Merntt 1951)

Subsequently 1t has been shown by proper choice of protems fed 1n
conjunction with an effective level of rww soybean enzyme inhibator
that a partial deficiency of lysime or Arginine or 1soleucine or tryptophan
may also be made more severe by the presence of the intienzyme from
the raw soybean (Almquist ind Merntt 1951 1952) Itis evident there
fore that the methionme case 1s only prt of a more general phenomenon
which may be demonstrated with other amino acids There 1s no evs
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dence nor reason to assume, that the methionine 1n raw soybean meal
15 unavailable

Synthetic pr. methionine appeared to be essentrally completely uti
lized 15 a supplement to natural feed diets moderately deficient m the
ammo qcad (Grau and Almqust 1943) The hydroxy analog, pLa
hydrovy y methylmercaptobutync acid, and the corresponding amide
were well utihzed by the chick for growth (Bird, 1952) It has been
reported that the racermc hydrovy analog was shghtly more effective
than ricemic methionine but equal to L methiomne m satisfymg the re
quirement of the chick, while b methionine was less effective than any
of the other compounds (Gordon and Sizer 1955a) This was taken to
indicate that the hydrovy analog was capable of a more complete con
version to natural methionine

oL Methionine was more effective than its hydroxy analog for pro
moting growth of chicks fed a sumphfied diet which was based on
ssolated soybean protem to provide a total of 11-13% protem This low
protem diet did not provide sufficient extra mitrogen to permit efficient
conversion of the analog to methiomne m which process 1n amino group
must replace the hydroxy group Uren and ammonium crtrate 1mproved
the growth response to the anilog apparently by providing the required
extra ammo groups (Sulhvan and Bird 1957) A subsequent report on
expertments conducted sumlarly has indicated no difference n the
relative efficiency of utthzation of pr methionine and 1ts hydroxy n2log
(Machhn and Gordon 1957)

Early stadies on methionme requirement of the turkey have been
reviewed (Almquist 1952) Results to 12 weeks age with turkey diets
of 24 26 and 28% protemn and methionme supplements of 005 and
010% have shown that growth mcreised directly with protem level
When caloric content of diets was mncreased 100 calones per pound by
fat additions, growth was depressed however there was a marhed
growth response to 005% added methionme and httle further mcrease
to the higher level Feed conversion improved progressively with both
supplementary additions (Ferguson ef al, 1957) It may be calculated
that at least 05555 total methionme was needed at the 28% protemn level
n agreement with former requirement estimates This work furmshes a
stnkang 1llustration 1 support of the prior observations concernng the
mfluence of calonc mntake on amino acid halnce

Poults kept on diets of 28% protem to § weeks showed best growth
at a level of 051% methionine For the period 9-16 weehks the protem
level was 22% and best methionine level 041% From 16 to 24 weeks
the protem level was 17% and best methtomne level about 0349% (Don
ovan et al 1955) At all protemn levels the optimal proportion of meth
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1onme 1 the protemn tended to reman the sxme (The above estimates
are based upon caleultions by the reviewer )

At 2 constant level of protemn, 26% of the diet, the methiomne re
quirement of the poult vaned directly with the energy content of the
diet (Baldim et al, 1957) A loganthmic anlysis of the datr (Almqust,
1952 19534} ndicates that at the higher calone intahes the methionne
requirement for best rates of gun and feed efficiency became constant
at nbout 05755 of the dict The cystine content of the diet was not rused
and 1t seems possible that some of the supplementiry methionime could
have been repliced as well by supplementary cystme

Reports on the utilization of Iabeled S m sulfate by clucks have a
beanng on the sulfur amino naid requirement. Whle such sulfate 15 only
to a neghgible evtent ncorporited mto ammo aads it does appear
certun body constituents 4s twunne nd n the chondroitin sulfate of
cartilage (Machlin and Pearson 1956 Machlin et al 1953a Gordon
and Sizer 1955b) It therefore meets part of the total sulfur requirement
of the chich a part wiich would have to be secured from the sulfur
amino 1aids af from no other source Data showing growth promoting
effects of sulfate ndded to a low sulfate low methionine diet for chicks
have been presented (Machlin and Pearson 1956 Machhn et al 1955a)
It appears that demonstration of the effect requires a diet low 1 total
sulphur and 1 sulfate

After mjection of cystine contamng % into the mcubating egg the
labeled S was recovered from the hatched chich An average value of
109 was present in taunne 12% as sulfate 13% as methiomine and
49% as cystine When S labeled methionme was njected 91% was re
covered as taurme 109 as sulfate 43% as cystne and 33% as meth
1omne (Machlin et al 1955b)

It 15 quite possible that sulfates are present mn some crude sources of
“unknown growth factors Fortunately many of the sumplfied diets
used to estimate amino acid requirements were well supplied with sul
fates used as conyement forms to provide certam requred metallic ele
ents such as magnesium manganese etc

E TryprorHAN

The essential nature of tryptophan in the diet of the chick has been
well demonstrated (Almquist and Mecchy, 1941 Grau and Almquist
1944a Klose ef al 1938) In contrast to the rat and mouse the chick
did not appear to utiize the unnatural form and ricemic tryptophan
was therefore only half as active for the chick as the natural form
(Grau and Almquist 1944a) With other types of diets and chicks evr
dence has been obtamned that the chuch does utilize the b 1somer to a



362 H J ALMQUIST

vanable degree, possibly with the assistance of microorgamsms These
studies have been reviewed (Almquist, 1952)

In further studies of tryptophan requirement chicks were fed diets
contamning acid hydrolyzed casein 1n which tryptophan has been largely
destroyed The diet w1s supplemented with adequate amounts of
arginme glycine methionine, and mnemn The testing mvolved growth
studies starting with 10 day old normal male chicks fed diets of 10, 20,
30, and 40% protein Various levels of L tryptophan were added The
authors concluded that the total tryptophan for maximal gam was 009,
014, 018, and 020% at the respective protemn levels (Gnminger et al
1956) This agrees with findings with other essential amino acids that
the requirement mcreases with the protemn level, but usually at a slower
rate { Almquust, 1952) {Table I)

It 15 evident that the birds did not grow well—m fact retarded growth
with hydrolyzed proten and ammo acids diets has been known for
years (Luckey ef al, 1947, Stokstad 1941), and 1s possibly due to phys
10logical causes not to any deficiencies Among such causes may be the
mereased caloric requirement noted with amino acid diets by Rose and
co workers (1954), and appehte factors (Almquist 1947) There 15
some question whether requirements measured 2t anything below good
growth rates will represent the full requirement of the ammal

The reviewer has anilyzed the data from the standpomnt of feed
efficiency versus log tryptophan content of diet Feed efficiency 15 some
times more consistent than growth rate when diets permit only sub
normal growth The datn fall on a plot which shows as have former
examples with arginine and lysine (Almquist 1953b) that feed efficiency
15 a contmuous function of the log tryptophan ntake over all protem
Ievels, with plateaus m feed efficiency attamed as the gross proteu level
of the diet becomes the miting factor 1z each case While the data are
not satisfactory for assessment of practical tryptophan requirement they
do fit remarkably well mto the concepts already 1llustrated n the cases
of other amino acids

By means of a diet contuming 0036% tryptophan 1t was shown that
b tryptophan 15 very poorly utilized by the oral route but much more
efficiently utihized when given to the chick by subcutaneous injection
This work suggests that meficient absorption 1s a primary ciuse of poor
utilization of dietary p tryptophan (Mornson et al 1946)

Tryptophan which 15 a precursor for macm synthesis m mammals 15
also effective n counteracting the pellagnc syndrome induced 1 macin
deficrent chicks (Brggs 1945 Briggs et al, 1946)

In agreement with an earher report (Grau and Almquist 19]:146)
L tryptophan was found twice as actve as the pL form i the chick for
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growth and also for mcin replcement when the crbohydrate m the
diet was glucose  Replicement of glucose by starch permitted sigmficant
utihzation of the o 1somer apparcntly through the ud of microorgamsms
(Anderson ct al 1950) The replicement of sucrose by dextrin 1n a
punified chick diet was also found to enhance the cfficiency of 2 trypto
phan supplement (Benton et al 1951}

The reltion of men to tryptophin i the chick was further nves
tigated with a dict of corn 1solated soybean proten gelatin methionne,
plus vitwmins and minerals The tryptophn added was the b form
which mntroduces an uncertunty mvolving the mignitude of utiization
of the p1isomer The basal diet apparently contuned 015% tryptophn
(clculited 01995 ) At this Jevel approumately 13-15 mg of nacin per
pound of diet were required for optimal growth When 01% o trypto
phin was added the mran requirement decreased to 8-9 mg  (Patter
son ¢t al 1936)

Stucies on the tryptophin requirement of the poult have been re
viewed (Almquist 1952)

I' PocvivAranine anp TYROSINE

Chuicks lose weight rapidly on diets which do not contam phenyl
alanmne (Almquist nd Gran 1944 Hegsted 1944) Phenylalamne may
meet 11l the requirement for these wromntic amino acids but tyrosme hs
a growth promoting effect only when the phenylalanme level 1s not op
timal (Almqust and Grw 1944 Graw 1947) The relaton between
these amino acids 1 the chick 1s similar to that already hnown 1 other
species

A first estimate of the phenylalanine requirement of the chick placed
it at pot more than 09% of the diet (Almquist 1947) A later report
placed this requirement 1t 06-08% of the diet but the growth rates of
the chicks were much below optimal (Grau 1947)

Further studies on the phenylalanne requirement of the chick have
been reported (Tisher 1936) The first expeniment was conducted with
a diet of approumately 209 protemn provided from wheat germ meal
gelatin and amino acids so as to contun 05%% L phenylilinine Weight
gans were about half those to be expected from the type of chick used
However the average data show a response of weight guns to additions
of 1. phenylalanine up to a total dietary content of 09% A plot of the
feed efficiency data agamst log L phenylalanine shows 1 close hnear
telation up to 09% In a second sumlr experiment best results were
agam obtamed with 09% phenylalanne

The phenylalanine requirement was further studied using a diet con
taming about 18% of amino acids including 07% v tyrosme 1n place of
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timated to mcerense the total wsoleucine content to approumately 08%
of 1 27% protem dict © Isoleucine appetred to be mactive (kratzer
et al 1952)

1 Vaune

Ve requirement of the chich was proven with ammo naids diets
(Almquist and Grau 1944 Grau and Peterson 1946 Hegsted 1944)
As with other essentinl ammo eids the ek of valine in the diet caused
an immedite loss of weight and ewly death Vahine requirement was
estimated as 0 765 (Grau and Peterson 1946) and 08% of the diet (Alm
quist 1947)

] Timeowmne

An 1mino acids diet was used to demonstrate threomne requirement
of the cluch (Almquist and Grau 1944) Optimal threonine content was
estimated 1s approximately 065% of 1 20% proten diet for chicks (Alm
quist 1947) A few other reports having a bearing on the threomne re
quirement have been reviewed (Almquist 1952) without change 1n the
estimate of requrement

K GuLcNe

A dietary supply of glycine 15 necessary for optimal growth of the
young chich (Almquist and Grau 1944 Almquist and Mecchi 1940
Almquist ef al 1940 Hegsted et al 1941b) A deficiency of this simplest
of ammo acids in the cluck results i poor growth reduced creatine
formation 4 generalized weakness and muscular attenuation (Almquist
and Mecchi 1940 Almquist et @l 1941) and poor feather formation
(Hegsted et al 1941b Jules 1941) The requirement for glycine and
argimne appears more acute m a more rapidly feathenng breed of
chickens since feather protemn contams lrge percentages of these amino
aculs (Hegsted et al 194La) The chuck has 1 lunated ability to conduct
synthesis of glycine (Almquist and Gran 1944 Almquist and Meccht
1942b Hegsted 1944) Tius 15 unaffected by the omssion or inclusion
of senne (Almquist and Grau 1944) glycolic acid betame B alanmne or
choline but 15 apparently favored by the addition of acetates to the diet
(Almquist and Mecclu '1940) The glycne requirement of the young
chick was found to be approxmately 15% of the diet when provided
as free glycine or 10% when provided in combined form (Almquist and
Mecchi 1949b)

A remvestigation of the glycine requirement of young chicks con
firmed the estimated requirement of 15% of free glycine in a 20%%
protein diet The growth effect of the glycine was apparently not due to
mitrogen alone as it was not replaceable by ammomum compounds
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growth ancrersed mortehty and cervieal paralysis all preventable by
folacin {hratzer wnd Lantz 1957)

L Orrr Avino Acios

Proline, hydrovyproline and glutamie taid have been given no fur
ther study since 1n carly report on temporary or shight grow th retardation
following their omssion from chick dicts No such mfluence could be
attnibuted to 1ack of alanine or aspartic acid or senine The chick ap
peared to require glutimic aeid for best growth (Almquist and Grau
1944) (Table 111)

TABLE 111
Tic Fssextiarm of Avino Acios ror Citicas
May be
absent Required
without under
detnment certun
to click conditions Required for normal growth
Alamne Cvstine Arginine Lysine
A partic aard Tvrosine Glutamic acid Methiomne
Hydroxvproline Glyoine Phenyllanine
Proline Histidine Threonine
Serme Tsoleucme Tryptophan

Leucine Valine

Certun aspects of carcass analyses for amino acids and of free amimno
acids 1n the blood which have a bearng on ammo acid requirements,
have been reviewed (Almquist 1956)

Il ADULT FOWLS
Information available on the requirements for ammo acids by adult
fowls 1s mostly of a quantitative nature The early phases of this work
have been reviewed (Almquist 1952)

A METHIONINE

Supplemental methionine 1n a_com soybean meal diet for laying
chickens was carefully tested for effects on egg production egg weight
shell thickness feed required per dozen eggs hatchabihity and bird
weight There were no appreciable effects attnbutable to the methionine
The methionine contents of the diets determuned by analysis agreed very
closely with contents that may be calculated from modern tables and
were on an average 028% methiomne 1n a 15% protemn diet (Hey
wang 1956) Ths 1s the same as the estimate of the optimal methionine
content based upon reports previously covered by the reviewer (Alm
quist 1952)
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Reduction of canmbalism wn laymg hens fallowed addition of syn
thetic methionine to 1 Iying mash The total content of methionme re-
quired to prevent these vices appeared to be 030% of the diet (Neal
1956)

A duet of peas glucose, gelatn, etc was employed with laying hens
(Welch wnd Couch, 1955) The methiomine assay on the peas indicated
042% which 15 much gher than has been reported elsewhere The
total diet w s caleulated to contain 026% methionine this ctually may
have been less Production was poor with the basal diet Homocystine
or vitamm By alone did not affect production, but the combmation m
proved production  Choline 1ddition with homocystine w1s much more
effective, but not equal to methionine The best production was ob
served mn groups supplemented with methionme and especially with
methionine, chohne and vitumn By,

B Levcine

Laying rations high mn wheat, but contumng commonly used amounts
of fish mel meat scrap, soybean and alfalfa meals, dried whey, and
other supplements may be deficient m leucine This was shown by
small but prachcal improvements m egg production, feed efficiency
and body weight when corn gluten meal (rich n Jeucine) was substi
tuted for soybean meal or when 03% r leucme (techmical grade) was
added to the ration It would appear that a diet of 175% protem with
126% leucime and one of 153% protein with 114% leucine, were both
muldly deficient m this ammo acid (Anderson and Draper, 1956) Itas
not known whether all of the 03% x. leucine addition was required

C  THREONINE

A prelmmnary report has mdicated that the laying hen needs x threo
nue at a level of 042% of the diet for good egg production and mam
tenance ot body weight (Adhms c# al 1957)

D  Orner Avino Acms

The formulation of a successful wmno actds duet for laying hens and
a more complete classification of essential ammo acids for laymng hens
have been reported (Fisher and Johnson 1956 Johnson and Fisher,
1956) Good production was mamtamed and 1 a lunsted experiment,
good fertility and hatchability observed The essential amimo acids ft;\r
egg production were found to be the same as those of the growing chick,
with the exception of glycine Glutamic acid was semi essenhal 1€
required for best production It has been found ta be required for bes;
chick growth (Almquist and Grau 1944) Deletion of any other essentia



THE AMINO ACID RFQUIRIMENTS OF ANIMALS 369

amio 1ad caused mmediate cessation of production The hens ap
peared to hue only very small reserve protemn wiich was quiekly ex
hausted on the deficient diets

Barred Rock pullets 1 Inving eages were fed 1 basal synthetic diet
adequate 1n Al nutrients except argimine and glyeme Most efficient pro
duction was obtuned only when both argimine wnd glyeme were restored
to adequate Ievels in the diet The body weight gun was influenced to 1
certun degree by ghame but not by arginme or 1 combimation of the
two This preliminary report mdicates a jomt need for glyene and ar
gimine 1 the dict of the lnying hen (Menge ¢t al, 1956)

In Table IV recent datr on amino acids 1n poultry products and
dietary requiremnents have been compared With the exception of lysine
the cgg 1s marhedly ncher n the indispensable amino nads as com

TABLE 1V
CortraraTive AMino Acip CovrosiTioN oF PouLtny PropucTs®
Ieg Ege Hen
edible Chicken edible dietary?
parts® muscled parts Tequirement
Arginine 67 67 42 +4
Histidine 24 20 15
Lysine 61 84 38 33
Methionine 33 24 21 19
Cystine 23 10 14
Phenylalanine 58 41 36
Tyrosine 41 27 26
Tryptophan 16 10 10 10
Threonine 50 40 31 30
Leucine 92 82 57 80
Isolencine 60 42 37 33
Valine 74 41 486
Glyeine 38 57 23 +4

8 For complete tables of amino acid analyses see Block and Weiss (1956)
b As percentage of the crude protemn (% N x 625)

© Per unit of trvptophan

¢ Indicates a positive requirement mimumum level not yet determined

pared to chichen muscle When the egg composition 15 recalculited on
basis of tryptophan content as umty the same as 1n muscle 1t 1s evident
that the agreement 1 proportions of most indispensable vmno acds 1s
quite close with the exceptions that the egg protewns are relatively lower
i arginine and lysine This may mdicite that the hen 1s better adpted
to utihze protems in cereals and many seeds which are deficient 1n
lysine for the growing bird

Companson of the third column with the fourth indicates that the
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relative proportions of sndispensable amino acxds 1 the egg agree ap
proumately with those requred in the hen chet with the evception of
leucme Vahne requirement of the hen could be expected to be ap
proumately 50% aod phenylalwne requirement approumnately 35%
of the dwetary protem

¥  YOUNG SWINE
A MEerHIONINE AND CASTINE

A 21% protem diet, based on ovidized casem and gelatin as the sole
source of protem and 03% oL tryptophan, was found by microbological
analysis to contun 0 1% methiomme and 0 01% cystne  Poor gams were
but shghth 1mproved when cystine alone was added (Shelton ef al,
1951b) In the case of diets contuning 0319 cystine or more, the re
viewer has plotted the observed gun feed ratios agamst the logarithms
of the methiomne levels of the diet This treatment mdicates an optumal
methionme level of 038%

Data from another study (Curtin et al, 1952) hase been similarly
analyzed Two expenments were reported one of which 1s m close agree
ment with that discussed above (Shelton ¢f al, 1951b) Both expenments
mndicite an optimal methionme content of 041% 1n the prescnce of an
ample level of cystine (038%) for a 22% soyhean proten diet

Another report (Curtin ¢t al |, 1952b) of results, with a diet contam
g ssolated soybean protem and yeast as the sources of proten was
subjected to sumlw nalysis This indieated a methionine requirement
of 045% 1n 1 ration contaming 026% cystine wnd 22% protem It s
probable that the cystine level could have been raised to 030% to good
effect, and the metiioniee carrespandingly lavered ta 041%

The methionmne and cystine need of the young pig was further
studied with chets which were based upon isolated soybean protem,
starch, deitrose, and com otl, plus mineral and vitamun supplements
Analysis indicated methiomne 015 cystine 017, and lysmne 071% m a
126% protem diet Approumately 010% rdded pr, methionine was suf
ficzent for maximal rate of gan  However the next level added 020%
of pL methiomne or of methionme hydrosy amalog yielded best feed
efficiency (Becher ef al 1955a) The reported cystme content seems
unusually hugh m view of the fact that the cystne content of this protemn
preparition as reported by the manufacturer 1s much less than the
methiomne content

B ILasne

A 106% protemn diet m which the nitrogen was furmished by hinseed
meal with supplements of methionme and histidine, was vaned by the
addition of L ysme Maumal rate of gamn and feed effciency were at
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tuned at 05895 total lysine A 226 protemn diet based on scsame meal
required fortification to 1 17% lysine for the attunment of maximal rate
of gun nd best feed efficiency A thurd diet based on meat and bone
seraps zem and wheat gawve maumal results 2t more than 100% but
not more than 1209 totl lysine (Brinegar et al, 1930b) In this diet
the reported lysme content 1s approxumately 02% higher than would be
expected from published analyses of similar ingredients  If corrected on
this basis the data from the third experrment are m close agreement
with those of the second All three expeniments on a1 plot of gain feed
ratio agunst log total lysine form one continuous line with pliteaus de
veloped as the lmiting effect of each proten level 1s attained (Fig 1)
The lysine content of the optimal diet appears to be approumately 12
or 55% of the protemn This report 1s 1n agreement with findings with
other species m that the essentill ammo nad requrement 15 closely
related to total protemn ntke

A ration contuning 23 8% of protemn furnished as zem gelatn and
ammo acid supplements was fed to young pigs (Shelton et al, 1951a)
Lysine was vaned from the assayed basal diet content of 050%% up to
140% Maumnl guns and best feed efficiency were apparently attained
at 10% total hysme however the data beyond this pomt are not suf
ficiently consistent to define 1 plateru of gam

Lysine requirement of the suckling prg was studied using a ration
wath dry skam mulk and sesame o1l meal s sources of protemn  Lysme in
the ration was assayed to be 053% and protein 143% pr Lysine was
added Maximal gamn and feed efficiency were attamed with a total of
093% vrlysime (assuming the pisomer mactive) This 1s equivalent to
669 of the protemn and may ndicate that the requirement of the very
young pig 1s higher than that of the weaned pig (Hutchinson et al
1957b) A further study with the weaned pig fed a corn and sesame o1l
meal thet indicated that the mimmum requrement was not over 932%
Llysme in an 11 7% protemn diet equivalent to 45% lysine in the protem
(Hutchinson et al 1957a) The pigs were fed twice daily rather than
ad b and gawns were not as good as normally expected

C Histione

The essential nature of hustidine for the young pig was further studied
with a ssimplified diet of mixed ammo acids Pags recerving ne histidine
supplement grew poorly or not at all When hisidine was added to ther
diets the pigs showed improved appetites and fair rates of growth Evi
dently histidine 1s needed for normal growth of young prgs (Rggert
et al 1935)

Histidine requirement of baby pigs has been further studied by use
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of dried whey and ammo aaid mixtures At an equivalent of 20% pro
tem, weight gams 1mproved when 1. lustidine was raised up to 030% of
the diet while a 16% protein diet showed improyements up to 020%
L hustidine  Defimite depressions were noted at higher histidme levels
The optimal levels are equialent to 12-15% hishdine m the protem
It may be added that i both expeniments the gains were a hnear func
tion of the log of the histidine m the diet, up to the levels cited (Rechagl
et al, 1956)
D  TrRypPTOPHAN

A zem and gelihin combmation plus ammo acids was used as a pro
temn source for the study of tryptophan requrement Microbiological
analysss of the diet indicated less than 01% tryptophan L Tryptophan
was added by 01% stages to 04% As good a growth was attamed by
02% added pr. tryptophan as at any hugher level while 01% was clearly
madequate (Shelton et al, 1951c) Swmce 1t has been shown that other
spectes can utilize b tryptophan to some extent, 1s 15 probable that the
pig can do so  Nitrogen balance studies with young pigs have indicated
that some utihzation of » tryptophan does take place (Thompson et al,
1952)

1t was concluded that no more than 0115% tryptophan was needed
m a pig det contuning 15 3% proten, provided principally by corn and
fishmeal (Becker et al, 1955b) The datx are too vanable to justify an
exact estimate of tryptophan requirement In particular results with
the 0115% tryptophan level are so out of line with adjacent results as
to appear unrehable The data more consistently indicate that the re
quirement 15 higher than 0115% The value of tryptophan assigned to
the basal diets was 0075-0078% which 1s surprismgly low m view of
the ingredients used Calculation from modern tables of ammo acid
composttion mdicate that the tryptophan content may have been as much
as 018% of the diet

Further studies on the tryptophan requirement of the baby pig bave
been reported Unfortunately this work employed a hydrolyzed casemn
diet and pr tryptophan  In the absence of macin more tryptophan was
required Since the utihzation of the p 1somer 15 undoubtedly affected
by many factors mcluding the level fed, 1t 1s difficult to imnterpret the
data m terms of natural tryptophan requrement (Firth and Johnson,
1956)

E IsoLEUCINE

Requirement of 1soleucine was estmated by means of a blood flour
diet with ammo acid supplements Blood flour 1s relatively deficient 11
1soleucme The diets contamned 208-2219% crude proter and the 1so
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leucine was supphed 1n the form of prasoleucine  Smee no ammals are
known to utihize b 1solcucine 1t ws assumed that only the 1. component
was actine Maumal gun and feed efficiency were attuned at more than
0585 1soleucine but not more than 0707 (Brinegar ct al 1950a) The
1soleucine content found by analysis of the diet compares closely with
that obtmuned by calenlation from eusting data A log plot of these data
mdicates 2 maumum requurement not much more thain 063% of the
diet or rpproumately 28¢ of the protemn

A further study of the isoleucine requirement of the weanling pig
was made with the two diets of 134 and 26 7% protein based on soluble
blood flour and supplements of Lisoleucine Mimmum 1soleucine levels
for optimal results were 046% of the 13 4% protemn diet and 065%, or
shghtly more of the lugh proten diet As 1 percentage of the protemn
less 1soleucme was required at the higher protemn level An isoleucine
deficiency appenrs very unbihely in practical diets (Becker et al 1957)

I' Levcne

A prelmmary mention of results on leucmne requirement studies with
the very young pig (Sewell et al 1933) dicates a requirement between
4 and 5% of the dietary protem

G THREONINE

Requirement for threonine was demonstrated with diets contaiming
an amino acid mixture i place of protemn Pigs grew on the diet con
tamng 10 ¢ssential amno acids but lost weight when threonine was not
included With a com and amwo acds diet contamng 132% crude
protemn 1t was shown that the threomne requirement was not more than
045 of the diet (Shelton et al 1950)

Studies on the requirement of the very young pig for threonmmne were
conducted with a lated mulk duet e g 1solated soybean protemn
and ammo acids (Sewell et al 1953) When placed on a log plot the
data show a Iinear relation between gain feed ratio and log total 1. threo
nme 1 the submaximal zone The maximal 15 not well defined The re
qurement 1s probably between 073 and 092% of the diet which con
tained approximately 25% protein

H Vaune

A 128% protemn diet based upon corn and amino acids as sources of
Protemn was supplemented with pr valine The daily gam of pigs reached
a well defined plateau at 04% 1 valine (Mertz et al 1933) Smce there
was only one clearly submaximal datum the response line cannot be ac-
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curately placed and the requirement may, possibly, be less than 045
1 diets of this protein content

I PHENYLALANINE

Dats on this wmno acid e not yet sufficient for more than a rough
estumate that the requirement 1s not more than 05% of a 20% protemn
diet (Mertz et al 1954)

J  Ormer Annivo Acos

A diet contuming only the 10 indispensable amine acids and diam
monum citrate as sources of mtrogen was fed to young pigs Pigs re
cenmg all 10 ndispensable amino acids showed good average daly
gams of 112-129 1b Pigs receving no argmmne showed much poorer
gams Those receiving no leucine or valine lost weight Ammals receving
no added phenylalinine barely mant uned weights however their duets
contaned traces of phenylalanme In addition to other ammo acids al
ready mentioned argimine and phenylalamne may be added to the st
required by the young pig for good growth (Meriz ot al, 1952)

After anlyses of pig tissues for amno acids, and using lysine as the
common standird of comparison, cilculations were made of the amino
acid dietry requrements (Curtin ¢ al, 1952a) The agreement of
estimates from tissue analyses and actual growth requirements 1s faly
good 1n the cases of 1soleucine, leucine, threonine, and valme but quite
divergent mn the cases of methionine and tryptophan

Essential Amino Acid Inden” was calculated from the ammo acid
composiion of practical p urees wnd yelated to biolagueal value
of the protemns as determmed with pigs A correlation of 077 was found
(Armstrong and Mitchell 1955) The essential amimo acid andex amounts
to an average of the degrees of 1dequacy of the supply of each essential
amino acid By such calulation an ammo acid, only moderately de
ficzent has an effect on the index despite the fact that another wmuno
acid may be more acutely defictent It remuns to be seen whether 2
protemn source of low biologieal value because of one senous essential
amtno acid defictency, 1s affected at all in respect to this biologeal value
if another essential ammo acid 1s vamed from adequacy to moderate
defictency

A diet of comn soybean meal tankage and wheat shorts as protemn
sources was fed to weankng pigs Additions of lysine tryptophan and
methsomine wnproved growth rate and feed efficiency The requirements
of the weanling pig appeared to have been met by 50 lysme 35 meth
ommne plus cystine and 10 tryptophan expressed as a percent of the
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protem Protem levels were 14 16 and 18% (Pfander and Tribble
1955)

Practical dicts contuning 0135 tryptophan 023% methionme and
063% hsine in 1 total of 14-1650 protem were adequate for the pig
from 40-100 Ib (Becker ¢t al 1931) The reported tryptophan contents
of the diets appenr to be much lower than ealeulations would indicate

The addition of either tryptophan methiomine or lysine to a 159%
protemn diet for 70 1b migs did not improve the mtrogen retention pre
sum1bly becnuse thus level of protemn 1s m excess of needs of pigs of the
size used (Meade 19561)

The mtrogen balince of the voung pig fed diets of approuimately 12
14 and 16% protemn was studied with methionine lysine and tryptophan
vanables In general best mtrogen retention and weight guns were
observed at 16% protein At this level of protem results were not sig
mfcanth smproved by rusing the methionine level above 175 of the
protemn although an upward trend may be noted Tryptophan at about
1¢% of the protem appeared to be adequate Lysine was adequate at the
mmmum level fed 46 of the proten (Meade 1956b Meade and
Teter 1936)

vV  SHEEP

The sulfur requirement of lambs was estimated with a simphfied diet
of starch glucose straw wood pulp vegetable oils mmerals and wita
muns together with 45 urea to provide 92% of the total mtrogen Sulfur
was provided as the element as sodium sulfate and as methiomine An
optimal requirement for each form was found with the grow th efficiency
mcretsing mn the order sulfur sulfate methionme Only the latter 1m
prored wool yield The total requirement for methionine was 06455 of
the diet (Albert et al 1956) In practical diets cystmne would be ex
Pected to equal to replace m part or perhips to exceed the efficiency
of the methionme

VI FISHES

The formulation of a successful amino teids diet for salmonoid fishes
has been desenibed (Halver 1957) Small Chinook s1lmon were found
to require for good growth the same 10 1mmo acds required by the
young rat and the young pig (DeLong et al 1956) However the fish
showed no abilty to synthesize argmine so 1t may be sud that they
resemble the chich qualitatinely m ammo acid requirements

Vil SUMMARY

Comparative amino 1c1d requirements of varous spectes as indicated
n the reports reviewed have been summanzed i Table V
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Ammo acid supplementation of foods and feeds brings about many
beneficial results Of practical importance 1s the attamnment of a better
balanced protein and thereby of a better balanced diet an extension or
saving of the available protemn supply and an improvement in the effi
ciency of protemn and food utihzation In general in order to be success
ful amino acid supplementation of foods and feeds must not only be
effectual but also economical

Ammno aaid supplcmentation of foods and feeds has been practiced
for a number of vears All the mmport it amino 1cids are commercially
available The two most cnitical ones methionine and Lysine are manu

381
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factured by total synthests pr-Methionme and its o hvdroxy anilog
which ¢ replace methionine m the presence of an amino nitsogen
donor are low cost ingredients for food and feed supplementation
Lysme marheted as the monohydrochlonide 15 no longer the expenste
chemic 1l which 1t was only 1 few years ago When the demand for Ivsme
will merease to the point of Jarge seale production further price redue
tions ¢ be visnalized

The world wide shortage of protemn and the success enjoyed m over
coming specific protemn defi y suppl wion with
ammo acids has created the need for a broader understandmg of the
scientific ritionale of 1mmo aoid supplementation of foods and feeds
and of the benefits which may be derived therefrom 1t 15 the purpose
of this chapter to discuss the priciples governing successful utihzation
of ammno acds m foods and feeds ind to comment on some of the
methods vailable to demonstrate the nutrnitional improvement which
can be attmned by ammno acid supplementation

H  GENERAL PRINCIPLE OF AMINO ACID SUPPLEMENTATION
OF FOODS AND FEEDS

A Tue ConcePT OF ESSENTIAL AMINOG ACIDS AND OF REQUIREMENTS
FOR THE EssENTIAL Avino Acms

Ammo acid supplementation of foods and feeds 1s based on the
results of over fifty yeurs of reseirch on the nutntional quabty of pro
tems and thew constituent amino aesds  Much of the fundamental work
was evrned out by Osborme nd Mendel who stadied the growth pro
moting qualities of 1solrted proteins and recogmized that specific amno
acids were mussing or present m low concentrations m those protems
which did not support adequate growth of the animal Rose (1937, 1938)
divided the amno acids found m protems mto two main categones, the
essentin] and the nonessential amino acxds Essential are those amno
aaids which the body cannot synthesize at all or not at the rate com
mensurate with mavimum growth and which, therefore must be supphed
m the food Nonessentinl 1s the term applied to those ammo acds which
the body can synthesize from normal food constituents On the basis of
this chssificition Rose (1937, 1938) suggested tentative fgures for the
requirement of the mdividual essentrl amino acids by the rat and by
the dog (Rose and Rice 1939) and proceeded then to study the human
requirements for the wunmno acids (reviewed by Rose 1957) ROS‘GIS
amino aud requirement data for the rat, modified only shghtly over the
years (Rose et al 1949) are stll 1n vse today bectuse no major devia
tins have been found Mimor adjustments will probably be made 1
amuno 1cid research continues to advance In the meantime the requure
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ments of other species of ammals particularly of the growing chick and
of the pg have been the subject of continuing research and are dealt
with m separate chapters as are discussions on the amino acid require
ments of mn at different stages of is Ife Because of the outstanding
mmportnce of such datt as guides 1 proper nutnition, the National Re
search Council has 1ssued tables contuning such figures as part of their
bulletns on the Nutnient Requirements of domestic animals and of man
A provisionl pattern of amino aad requrements for man has been
suggested by the Food and Agnculture Orgamzation of the Umted
Nations (1957)

Our understanding of the role amino acids play m metabolism, their
requirements by vanious species mterrelitions between amno acids
etc 1s the result of the work of many outstainding scientists It 1s on
the basis of their fundimental work that 1t has been possible to develop
theoretically sound and practieal prineiples for the supplementation of
foods nnd feeds with nmino acids Important portions of this accu
mulated body of information 1re reviewed at approprate places through
out this book Only = few references to specific background mformation
can be given n this chapter Some of the problems on ammo acid sup
plementation have been reviewed by Flodin (1953 1957) Howe (1938)
Rosenberg (1957) Scnimshaw et al (1958) and Waddell (1958)

B Tue ConcerT OF A ProTEINS Fmst Lnvimine AMino Acip

Following the discovery of defimte requirements for the various
essential amino acxds Mitchell and Block (1946) collected wmimno acid
analyses for various foods and protems from therr own and other lab
oratories and compared the pattern with the tentatne requirement
figures They found that there was no protem that conformed n ll
respects to the published requirement figures By comparing the ratio
of the various amino acids m a protemn with the ratio given for the re
quirements they developed the concept of the first lmiting ammo acid
the amino acid which 1s present m the smallest amount 1 comparison
with the required ratio This basic concept like that of the specific and
quantitative amimo acid requirements has been widely used and has
been found to be most useful and entirely vahd

C  GeneraL PrRINCIPLE OF AMINO ACID SUPPLEMENTATION OF
Foops anp Feeps

As a general prmaple for ammo acid supplementation the first
Iimiting essential amino acid should be added m such an amount that
the total of thus amino 1e1d i the proten of the diet balinces with the
amount of the second hmiting ammno acid 1nd the rest of the proten
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mentation 1€ of balncing the first hrmting amino acid agamst the
second hmiting ammo acid 1n 1 protem or dict evolved from studses on
ammal and especinlly on poultry diets (reviewed by Rosenberg 1957)
Apparently this general principle 1s finding rapid acceptance (Rosenberg
and Cull, 1957, Howard et al, 1958 Waddell 1958)

D Pracrical ArrricaTion OF THT PrInGIPLF OF AMiNO AcD
SupprracataTiov or Foops anp Feeps

In order to apply the generil principle of amino acid supplementa
tion discussed in the preceding paragraphs at should be necessary only
to know the amino 1ad composition of the food or feed to be supple
mented and the amimno acid requirement of the species that 1s to consume
the supplemented item From these data 1t 15 easy to identify the first
and second hmiting ammno acid nd to eleulate the amount of the first
hmiting amino acid needed to bring 1t nto balance with the second
himiting amino acid

An alternative procedure used frequently 1n the authors laboratory
has the advantage of giving 4 visual picture of the amino acid pattern
of the protemn to be supplemented 1n relation to the ammo acid require
ment of the species that 1s to benefit from the supplementation Actually,
the amino acid analysis of the test protem 1s plotted on a graph on
wlich the amino acids are arranged under a so called requirement hine ”
The latter serves also as a protemn requirement hne m the case of the
growing chich Figure 1 shows a picture of the graph actually in use
for the Jatter This arrangement represents the requirements for protem
and for the essential ammo acids according to the National Research
Council (The histidine requirement 1s plotted as determimed by Rosen
berg et al 1957 ) The ordinate 1s provided wath a scale to measure the
amounts of ammo acids as per cent of diet Separate graphs have been
prnted for the requirements of the various species and of man As an
example of the use of these graphs m Fig 2 the amino acid pattern of
bread based on the analyses published by Block and Wass (1956) 1s
plotted on the graph indicating the ammo acid requrements of the
growng rat After the value of each amino acid had been plotted 1t was
obvious that the pattern deviated m many respects from the “ideal” or
“balanced” protemn represented by the printed requirement Ime A new
line was then drawn from the ongin of the requirement line on the
absaissa to the ammo acid in shortest supply lysme This new line repre
sents the amount of “effective or “complete” protemn in the total protemn
In order to determime the approumate amount of the first lxmmng amino
aad Iysine needed to balince with the second limiting amimno acid the
rcquirement line 1s turned like the hand of a clock around the ongin of
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the hine on the abscissa unbl ot reaches the second «mino veid 1n shortest
supply This proved to be threomine The amount of lysine needed can
then be rexd directly from the graph

The amount of the first imibng wmino acid to be used for supple
mentahion and determned by caleuliton or from the graph showld be

L L AMINO ACID REQUIREMENTS |
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considered as a tentative figure only In the present state of our know}
edge 1t 15 necessary to test this amount epenmentally Especally when
1 new food or feed tem 15 1nvolved, and if new combmahons are mec;
the experimental test becomes ymperatve Such an experiment shmﬂt
be designed around the amount of the first miting ammo acid mos
kel to yreld balance with the second hmiting amune acd -
Other cxperumental groups recenmg shghtly larger and shghth
smaller supplementation as well as the basal diet should be tested {sec
the examples m Tables II III, and 1V) In our hauds the expenmen
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tally determined value often agreed with the cileulited value Apparent
discrepanetes e be triced usually to nsufficient or mcorrect knowl
cdge of the ammo aaid composition of 1 particular protemn or to
adequate datn of the species requirements for one or more of the
essentinl amino eids Of course there mny be other good reasons why
m any particular case 2 cleulated value my deviate maternally from
an expenmentally determined one It may be possible for example that
the experimental procedure used to test the supplementation may not be
suitable for the purpose Or the dict used to test 1 particulwr protem
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Fic 2 Amuno acd pattern of white bread in relation to the ammo acd re
quirement pattern of the growing rat

may be unsuitable For example the diet may not contan enough energy
to permut full utihzation of the supplemented protemn (see III A) Or
the diet may contain too much or too hittle proten (II1 B) Often how
ever, the problem of ammo acid availabihty may be wnvolved because
the nutntional value of a protem 1s a function not only of the absolute
amount of the essential ammo acids 1n the protein but also of the di
gestibility of the protemn and the availability of the amino acids from
the native protein for the synthesis of tissue protein (see III D)

Fmally there are differences m umino acid requirements due to age
and sex (HI C) which must be considered when testing for amino actd
balance The amount of any amino acid needed by an organism 1s m
fact dependent upon the requirement of the individual of each species
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This means that all the considerations given to requirement apply also
to the amno acid supplementation problem

The practical application of the general prnciples of amino aad
supplementation to protens and to ammal diets 15 a straghtforward
process which has created httle difficulty The major factors governing
or modifymg the amount of the imiting essential ammo acid which can
be used effectively are beheved to be reasonably well understood For
anmmal feeds there 15 always the opportumty for directly evaluating the
results of armno acid supplementation on the basis of imparted nutn
tional value as well as on the basis of strict economy

For man, however, there 15 no simple procedure for evaluating the
effect of an 1mprovement m the nutritional value of a protem or diet.
There 15, moreover, considerable uncertanty about the amino acid re
quirements of man Nevertheless 1t 1s reasonable to recommend the use
of the best possible protemn foods 1In the absence of a better procedure
1t 1s suggested that the results of ammal studies be used as gudes for
the nutritional evaluation of proteins for the human dietary

The 1dentity of the first miting amino acid 1 many common foods
and feeds 15 known There 15 httle mformation, however, as to the extent
of this deficiency and of the nutnitional value that 1s obtained after sut
able amino acid supplementation There 1s a great need for information
concerming practically every food item and every feed mgredient Of
course single food items are seldom consumed alone to any apprecable
extent Practical knowledge 1s required as to the ammo acid deficiency
of the total protem of a meal so that ammo acid supplementation can
be considered especially i those countmes where acute protemn de
ficiencies are a common occurrence

In the field of ammal feeds mixtures of feedstuffs are practcally
always used and the problem of dewvising satisfactory diets 1s m many
ways easier than for man Here again however, the amino acid pattern
of every item should be known as well as that of the final micture Only
then wall 1t be possible to assess the benefits attanable by ammo acid
supplementation of all types of mized feeds

E MurteLe AMINO ACD SUPPLEMENTATION OF PROTEINS

Systematic studies on multiple amino acid supplementation of pmf
tems have only recently been utiated after the general prmeiples Ol
amino acid supplementation had been recogmzed Rosenberg ef &
(1959) have presented evidence which supports the earlier stated (11 Cl)
general theory of ammo acid supplementation Accordingly multiple
ammno acid supplementation should be carried out m such a manner
that, 1n accordance with the requrements of the orgamsm, the sup
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plemented amino acids are present in the proper ratio to each other and
m balnce with the next hmiting ymino 1c1d or nutrient in the diet

These studies were cumed out with nee corn meal and bread and
their supplementation with the first two hmiting amino acids was
vestigated quantitatnely  For example m the cise of nce fourteen
Ievels of lysine were tested 1 varous combinations with seven different
levels of threonme The results of rat growth studies were plotted on
three dimensional graphs, the two amino acids forming the ordinates
and the gun or efficiency of food utilization the third dimension  The
graphs obtuned rescmbled pictures of mountain ridges Mathematical
equations were then developed which ndequately describe the observed
data The mathematical model chosen 15 1 sccond degree Taylor Senes
For details of this procedure s well as for other important observations
made 1n these studies the reader 1s referred to the forthcoming papers
which describe these experiments

I} FACTORS AFFECTING AMINO ACID SUPPLEMENTATION
OF FOODS AND FEEDS

A Exercy ConTeNT OF THE DIET

1t has Jong been realized that a proten can fulfill its nutritional value
only »f there 15 sufficient energy 1n the diet from nonprotemn sources to
sabisfy the requirements of the orgamsm for calories Recommendations
ranging from 11 to 15% of the total calones as protem calones depend
g upon the quality of the protem and the age of the consumer have
been made for man

That the available energy 1n a diet can be of critical importance for
the successful ammo acid supplementation of amimal feeds was not
reahized until recently when a direct relationship between the energv
and the protemn content was demonstrated mn broiler feeds In poultry
nutnition the energy content of a ration 1s usually expressed in calones of
productive energy or of metabolizable energy Metabolizable energy 1s
the gross food energy minus the energy contained 1n the excretr which
comprises the nondigestible part of the food and the fecal and unnary
end products of metabolism Calonies of productive energy are according
to Fraps (1946) who determimed most of the values 1n use today those
calones which are stored as fat and flesh 1e are available for useful
work mamtenance and production The difference between the two
expressions constitutes what 15 known 2s the speaific dynimic effect For
the purpose of supplementing diets with essential amino acids productive
energy 1s considered to be the preferred measure Metabolizable energy
values of supplemented and unsupplemented diets are 1dentical but pro
ductive energy values change when diets are made more complete by
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This means th1t all the considerabions gaven o requirement apphy alp
to the amino acid supplementation problem

The practical application of the general punciples of amwe acd
supplementation to protens and to mmol dets i a strayghtfarvard
process which has creited hitle difficulty The major factors governing
or modifying the amount of the miting essential ammno acid which can
be used effectively are beheved to be reasonably well understood For
ammal feeds there 1s 1lnays the opportumty for directly evaluating the
results of ammo ad supplementation on the basis of impasted nutn
tional value as well as on the bsis of strict economy

For man, however, there 15 no simple procedure for evaluating the
effcet of an improvement mn the nutntional value of a proten or det.
There 15, moreover, considerable uncertamty about the amino aad re
quirements of man Nevertheless it 1s reasonable to recommend the use
of the best possible protemn foods In the absence of a better procedure
1t 15 suggested that the results of wmmal studies be used as guides for
the nutritional evaluation of protemns for the human dietary

The identity of the first hmiting amino acid 1 many common foods
and feeds 1s known There 15 httle information, however, as to the extent
of this deficiency and of the nutntional value that is obtamed after st
able amno 2e1d supplementation There 15 a great need for wformation
concerning prachcally every food item and every feed mgredient of
course, single food items are seldom consumed alone to any appreciable
extent Practical knowledge 15 required as to the ammo aud deficiency
of the total protem of a meal so that 1o aaid supplementation can
be considered espectally mn those countries where acute protem de
fictencies are a common occurrence

In the field of ammal feeds muxtures of feedstuffs are practically
always used and the problem of dewising sabisfactory diets ss m many
ways easier than for man Here agan however, the anuno acid pattern
of every item should be known s well as that of the final mixture Only
then will 1t be possible to assess the benefits attainable by ammo acd
supplementation of all types of mixed feeds

E  Murtiee AMINO ACID SUPPLEMENTATION OF PROTEINS

Systematic studies on multiple wano acd supplementation of me
temns have only recently been mbated after the general prnciples ol
ammo acid supplementation had been recogmzed Rosenberg ;‘;‘ él
{1959) hwe presented evidence which supports the eatler stated (} 1)
general theory of amumo ~ad supplementation Accordingly mu upi
amuwo aud supplementation should be carred out an such a manné
that, i accordance with the requrements of the orgamsm, the sup
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plemented amino acids are present n the proper ratio to each other and
1 balnee with the net himiting amino acid or nutnent 1n the diet

These studies were crned out with rice corn meal and bread and
their supplementation wath the first two himiting amino nads was n
vestigated quantitatnely For example 1n the ¢ase of nice fourteen
levels of hisine were tested 1n various combinations with seven different
levels of threomne  The results of rat growth studies were plotted on
threc-imensional graphe the two 1mmo aads forming the ordinates
and the gun or efficiency of food utilization the third dimension  The
griphs obtuned resembled pictures of mountun ndges  Mathematienl
equations were then developed which adequately deseribe the observed
data The mathematicnl model chosen 1s 1 sceond degree Taylor Series
Tor detuls of this procedure as well as for other mmportint observations
made m these studies the reader 1s referred to the forthcoming papers
which desenibe these experiments

Il FACTORS AFFECTING AMINO ACID SUPPLEMENTATION
OF FOODS AND FEEDS

A Faincy Covtrvt oF THE Dier

1t has Jong been reahized that a proten can fulfill its nutntional value
only sf there {s sufficient energy i the diet from nonprotein sources to
sitisfy the requirements of the orgamism for calories Recommendations
ranging, from 11 to 15¢¢ of the tota] calories as proten clones depend
g upon the quahity of the protem and the age of the consumer have
been made for man

That the avulible energy 1 a diet ¢in be of cntical importance for
the suceessful amino acmd supplementation of ammal feeds was not
realized unthl recently when x direct relationship between the energy
and the protan content was demonstrated m broiler feeds In poultry
nutnition the energy content of a ration 1s usually expressed n calores of
productine energy or of metabohizable energy Metabolizable energy 1s
the gross food encrgy minus the encrgy contamed m the excretr which
comprises the nondigestible part of the food and the feeal and urmary
end products of metabolism Calonies of productive energy are according
to Fraps (1946) who dctermined most of the values n use today those
calorics which are stored as fat and flesh 1e  are available for useful
work mamtinance nd production The difference between the two
expressions constitutes what 15 known as the specific dynamic effect Tor
the purpose of supplementing dicts with essential amimno acids produchive
energy 1s constdered to be the prefurred measure Metabolizable energy
values of supplemented and unsupplemented diets are 1dentical but pro
ductive energy values change when dicts are made more complete by
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ammo aad supplementatton (Baldim, 1958) When protemn energy rela
tionships e considered, 1deally only the completely balanced portion of
the protem should be calculated as protem and the rest as energy The
amount of complete protemn can be expressed eastly m terms of the
amount of the first hmitmg mmo 1c1d It was through work on supple
menting chick diets with the first hrting ammo 1cid, methiomne  that
the energy protem relationship was discovered Using 2 corn soybean
meal diet httle or no response had been obtamned 1n chicks when a small
amount of methiomne w15 added to the ration 1n spate of the fact that

Y METHIONINE CONTENT (7)

ey
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Fic 3 Methionine energy content of various broiler diets and their resposse

to supplemental oL methiomne Y} = 0000736X — 02269 O = duets mproved
by pL methionine

the Rrst kouting amuno aeid i the diet s protem was methomne When
however, fat was added to the diet the chicks responded to supplemental
dietary methionine with better growth and mnproved feed efficency
(Rosenberg et al, 1955) This effect was due to mcreased energy, not to
fat per se as was shown later on when carbohydrates were used fo replace
the tat (Baldim and Rosenberg 1957) A survey was then made of over
fifty different diets which had been tested on chicks for their response
to supplementary methomine The diets were plotted according to therr
methionne and energy content A dividing line could then be drawn
(Fig 3) between those diets which responded and those which did pot
respond to methiomne supplementation Provisionally this ine was pro
posed as the line of ideal balance between the methionine and energy
contents of brotler diets at least within the explored area {Baldm and
Rosenberg 1955) The position and slope of thus lne was then confirmed
n & senes of specially designed experiments, usmg 1sonitrogenous dxeet;
and varymng the energy content over a 200 calone range The combm:
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results of two such evpeniments are shown n ig 4 A corn soyben o1l
meal diet modified to include 2 substintial amount of peamenl was
used This diet was adjusted to three different calone levels 800 900
and 1000 c1dories of productive energy per pound by interchanging cel
Tulose and fat As <een in Fig 4 optimum performance was obtuned at
different levels of methwomine for dicts of different calonic content Re
<ults from these and other evperiments show thit the methiomine require
ment of the growing male chich may be expressed as per cent of diet
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1

a strught hinc function of the energy content of the diet according to
formula (1)
Y = 0000736\ — 02269 (1)

in which ) represents per cent methionme 1n the diet and X the pro
ductine energy content per pound of diet

This energy mcthiomme rclationship has been explaned on the basis
that birds et primanly to satisfy their energy requirements, although
their food ntake 15 governed also by 2 number of other factors including
protemn concentration and composttion of the protein When the energy
content of a diet 1s increased birds cat less per unit of gain  Increase m
energy content of the diet results therefore 1n an crease i the efficiency
of feed utihization For cxample 1n a typical chick growth cxperiment
the birds consumed 285 gm of feed per gram of gun but after the wddi
tion of fat only 260 gm of feed was needed for ech grim of gun
Assuming that both dicts contained 045% methiomne the birds would
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have obtamed 128 mg metmomne per gram of gam on the regular duet
but only 117 mg on the lugher energy diet If the chicks on the regular
diet recewved the proper amount of methionine for optimum growth, the
chicks on the lugher energy diet would obtamn only about 90% of the
optimal amount As a result they would grow at a slower rate than those
which recerved an adequate amount of methionme It 1s obvious then,
that care must be exercised to provide the birds i the smaller amount of
high energy feed with all the nutnients essential for optimum perform
ance In other words, as the energv content of a diet mcreases the
amount of essential nutrients, expressed as per cent of diet must also
be mcreased
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PRODUCTIVE ENERGY OF DIET (CAL/LB)
Fic 5 Relationship of energy content of diet to feed efficiency of the chick

The relahonship of the energy content of a diet to the efficiency,
with which the diet 1s utilized by the growmg chick 1s shown m Tig 5
Whule the position of the line depends on varous factors such as strain,
sex and age of the birds the slope 15 considered a good approamation
of the feed efficiency energy relationship

There are of course lmitations to these relationships For example,
1f an ammal 15 physically unable to consume enough food to sahsfy 1ts
energy requirements because the ration 1s bulky and has a low enzrgl);
content the relationships obviouslv do not apply On the other han
the rations energy content 1s increased the ammo acid energy relahog
ship ceases to function as soon as one or more of the other amino acids
becomes lmiting (Rosenberg 1957) This occurs as discussed eaége:i,
when a sufficient amount of the first liriting amino acid has been adde
to achieve balance with the second hmiting amino acid
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This finding of the methionme cnergy relationship has many 1m
pllcﬂmm c(pccnll\ on the considerations concerning nutnibonal re
qurements Obuioush the methiomine requirement of the chick when
expressed as per cent of diet 15 not 15 constant s 3t was believed to be
but mereases with increasing energy content of the diet The same
prnaiple 1s beheved to apph to Al esseatial ammno acids This has been
found to be the case 1n other evpenimental studies 1¢ for the lysine
reqmrement of the growing rat (Rosenberg and Culih 1953 Rosenberg
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Tie 8 Iyune requirement of the growing rat consuming 24% protein diets
of differcnt cnergy content

1957} and of the cluck {Wilhams and Grau 1956 Schwartz et al 1958)
and for the methionime requirement of the turkey (Baldim ef al 1957)

As another cvample Fig 6 shows the results of a study on the lysine
requirement of the growing rat on dicts of 24% protem and various
energy Jevels ranging from 700 to 1500 calories of productive energy per
pound of diet The protun of the dicts consisted of wheat gluten to
which all ammo 1cids but lysine were 1dded 1 such amounts as to bring
the level to 15 times the rats requrement The only vanable i these
diets was fat and fiber which were mterchanged to obtan the desired
energy content Lich diet was supplemented with graded levels of lysine
and fed to groups of wemling rats After 5 weeks the gain and food con
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have obtained 12 8 mg methionne per gram of gawm on the regular diet
but only 117 mg on the gher energy diet If the clucks on the regular
diet recetved the proper amount of methiomne for optimum growth, the
chicks on the higher energy diet would obtan only about 90% of the
optimal amount As a result they would grow at a slower rate than those
which received an adequate amount of methonme It 15 obvions, then,
that care must be evercised to provide the birds m the smaller amount of
igh energy feed with all the nutnients essential for optimum perform
ance In other words, as the energy content of a diet creases the
amount of essentinl nutnients, expressed as per cent of diet must also
be imcreased
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PRODUCTIVE ENERGY OF DIET {CAL/LB)
Fic 5 Relattonship of energy content of dxct to feed efficiency of the chick

The relationship of the energy content of a diet to the efficiency,
with which the diet 15 utilized by the growing chick, 1s shown mn Fig 5
Whle the position of the line depends on various factors such as stramn
sex and age of the birds the slope 1s considered a good approsumation
of the feed efficiency energy relationship

There are of course hmitwtions to these relationshups For example,
1f an ammal 15 physically unable to consume enough food to satisfy 1ts
energy requirernents because the ration 1s bulky and has a low enzrgl){l
content the relationships obviously do nat apply On the other han
the rations energy content 1s increased the amwo acid energy relano;s
ship ceases to function as soon 15 one or more of the other amno a]c;
becomes hmiting (Rosenberg 1957) This occurs, as discussed ear ef{
when a sufficient amount of the first limiting ammo acid has been adde
to achieve balance with the second himitmg ammo acid
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This finding of the methionine energy reltionship has many 1m
plicttions  especinlly on the considerations concerning nutntionnl re
quirements Obviously the methionime requirement of the chuek, when
expressed as per cent of diet 1s not as constint as 1t was beleved to be
but mncretses with ncreasing energy content of the diet The same
prinarple 15 believed to 1pply to all essentinl amino acids This has been
found to be the crse w other evpenimental studies 1e, for the lynne
requirement of the growing rit (Rosenberg and Culik 1953, Rosenberg
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516 6 Lysine requirement of the growing rat consunung 24 protem diets
of different energy content

1957) and of the chich (Wilhams and Grau 1936 Schwartz et al 1938),
and for the methionine requurement of the turkey (Baldin: et al 1957)
As another example Fig 6 shows the results of a study on the lysine
requirement of the growing rat on diets of 24% protemn and vanous
energy levels rangang from 700 to 1500 calones of productive energy per
pound of diet The protem of the diets consisted of wheat gluten to
which all amino acids but lysine were added 1 such amounts s to bring
the level to 15 times the rats requirement The only vanable mn these
diets was fat and fiber which were imnterchanged to obtamn the desired
energy content Each diet was supplemented with graded levels of Iysine
and fed to groups of w eanling rats After 5 weeks the gain and food con
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sumption of each ammal on each diet was determmed and the mdex of
performance plotted against the total per cent lysine 1n the diet Fig 6)
Obviously the dietary lysine requirement mereased with ncreasing con
tent of the diet

Other aspects of caloric intake and mitrogen utiization and of the
protem sparing effects of fats are discussed n special chapters of ths
book

In amimal experiments with low protemn diets several amestigators
noted a shightly smaller ammo aaid requirement expressed as per cent
of diet, when dextrin made up the bulk of the diet than when sucrose
was used The difference wns due largely to the smaller mtake of the
sucrose contaming diets, yet it was stated that the effect was not due to
a difference 1 energy content of the diets The authors attuibute the
effect to the nature of the carbohydrate A summary of the data (Harper
and Elvehjem 1957) should be consulted if diets of low protemn and
ugh sucrose content are to be supplemented with ammno acids

B ProteiN CoNTENT OF THE DIET

That the amount of protemn n the diet may contro] the 1mount of the
first lmiting amno acid that should be added 15 evident from the dis
cussion on the energy content When there 1s a small amount of protemn
m the diet mn relation to the 1mount of dietary eunergy, the protem ob
viously, can be fully supplemented with the first imiting amio acid
as described under General Principle of Ammo Acid Supplementa
tion (II-C) As the per cent of protemn n the diet 1s mcreased at con
stant energy level the pont will be reached where the second limiting
amino aaid will be n balance with the diets energy content Upon fur
ther ncrease of protem level 1t will not be possible to supplement this
protemn fully with the first hmiting ammo acid because the amount of
energy mn the diet will homt the amount of balanced protem that the
body can use for protemn synthesis Any excess will be catabohzed and
used as 1 source of energy In accordance with this concept 1t was found
that diets for the growing chick required mereasing amounts of the first
hmiting arno acid methionme as the protemn content was mereased
This mcrease 1 the first hmitmg ammo acsd was proportional to the
ncrease 1n total protem as long as the diet contamed sufficient energy
to permut the bird to make full use of the balanced portion of the protem
for growth and mamtenance If however nsuficient energy was ma)lf
able from the nonprotemn sources apparently the ammal used some ©
the protein to satisfy 1ts energy requirements Under such conditions, the
noneffective part of the protem, i preference to the balanced portion
may be used for encrgy Thus interpretation 1s based on the finding that



ANMINO ACID SUPPLEMINTATION OF FOODS AND FEEDS 393

with restricted energy content the requirement for methionme did not
nerease i proportion to the merease in protein (Rosenberg and Baldim
1957)

This experimentally established relationslup may be expressed n a
different manner When the ratio of ealones to protein 1s held constant
the amount of amino aaids required by the body for best performance
and expressed as per cent of protein remauns relitively constant when
the concentration of protem n the diet 1s mereased When the rtio of
cilones to protem 1s mcreased the amino aad requirement as per cent
of protemn mncreases also When the ratio of calories to protein decreases
the amino aad requirement s per cent of protein decreases

T
M
Tovme 4 cvstive

20 30

% PROTEIN

Fic 7 Change i relative amounts of lysine methionne and methionme plus
cvstime 1n com soybean o1 meal diets as function of protemn content of diet
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The effect of a change m protun level 1s 1 problem of considerable
practical importance as feeds for domestic ammals range from 10%
protein for the fattening mg to 30% protem for the turhey poult In the
United States most diets are based on corn and soybean o1l menl Corn
contamns about 8-10% protemn while soybean oil meals ranging from
40% to somewhat above 50% protem are nwailable Eich of these two
matenals has 1ts own pattern of amino acids lysine bemng the first m
ing ammno acid 1n corn and methionine the first hmiting amino aaid 1n
soybean o1l meal As these two ingredients are mixed in different pro
portions to vield dicts of different protein concentration the relitive
amino acid content of the protein in these mixtures changes Ths 1s
Mlustrated 1n Fig 7 m which per cent proten m the diet 1s plotted
agamnst per cent of ammo acid in the protan for lysine methionine and
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that there are at least two levels below the calenlited optimum level of
supplementition and 1t least one level nbove Three levels below nd
two 1hove 1s much to be preferred The sequence of levels should follow
erther an anthmetic or 1 geometne progression The smallest amount of
added amino aaid that gnes maumum gun and feed efficiency 1s con
sidered the level at which the first iimting ammo 1e1d 15 m balance with
the sccond limiting ammno teid and with the rest of the proten For
practieal purposes 1t 15 often sufficient to select the level above which
there 1s no further sigmficant increase in performance Statistical evalua
tion of the data 1s desirable

To assure adequate control of A1l evperimental detuls 4 group of
rats on 1 standard diet should be included 1n each test A stock diet 15
often used for tlus purpose A special dict bised on the Ammal Nutri
tion Resenrch Counails speeral casen has recently been suggested for
this purpose (Chapman ¢t ol 1959)

Protein Efficiency Ratio (PT'R) 1s defined as the ratio between the
waght guned and the weight of the proten consumed For the purpose
of compirmg varous sources of protem for human consumption the
PER 15 usually dctermined 1n rat growth expeniments run at a 10-15%
protein lesel PER salues are used frequently to express the improve
ment of the nutntine value of a food attamned by ammno acid supple
mentation A recent sunvey (Derse 1953) showed that this procedure
ongmatcd by Osborne and Mendel (1919 1920) 1s still the method of
chorce for evaluating protein quality PER 1s a valuable tool provided
the following two himitations are kept n mind (1) PER vanes according
to the level and type of protemn m the diet Sure (1955) for evample
pomted out that the PER of wheat tended to improve with increasing
protem level in the diet rolled oats yielded cssentially the sume PER at
7t0 125 protein levels and egg and mlk proteins gave decreasing values
with nereasing protem level Mitchell (1944) had already called atten
tion to the need of finding the dietary level of a given protemn that would
vield maximum efficiency as visuahzed ongmally by Osbomne and Men
del (2) PER vanes with the length of the expenimental peniod A three
week rat growth for example yields 1 lngher PER than a 4 or 5 week
experiment Also the relative decrease m PER from week to week vanes
with the protemn

Nutrogen Efficiency Ratio 15 defined as the rahio between the weight
gamed and the weight of the dietary mtrogen consumed This ratio 1s
then almost ;dentical with the PER but mtrogen values are used rither
than protemn values It 1s more logical to use NER than PER when
ammo acids are prescnt mn the dict beetuse ammo acids are not protemns
neither physiologieally nor chemcally and the commonly used factors
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Lfficiency of Nutrogen Retention This 1s o procedure for meas
unng the actual amount of mtrogen retuned In principle 2 1t growth
test 15 performed and after an appropriate length of time 10 days 3
weeks ar 5 wecks the gun and food consumption 18 recorded And the
carenss composition s determined Irom the total amount of nitrogen
m the careiss 1s subtracted the total amount of mtrogen present m
similr group of amimals At the beginming of the expeniment The dif
ference constitutes the amount of nitrogen retamed by the amimals From
the 1mount of feed consumed and the nitrogen content of the feed the
amount of mtrogen consumed 1s eilenlited Finally the amount of
mtrogen retuned by the ammals 15 divided by the amount of mitrogen
consumed nd the quotient obtuned 1s multiphed by 100 This product
represents the per cent of mitrogen retuned This may be expressed 1n
formula (2}

Per cent of Nittogen G N Rt of semt .
Retumed (% NR) = N consumed by animnals X100 )
during test period

In the author's 1iboratory this method has been used successfully for
problems imvolving ammmo acid supplementation An example 1s given
m Table I Depending upon the purpose of the test the protem level xs
chosen with the same considerations as discussed under the rat growth
test It 1s deemed important for example to keep the protem level high
enough to avoid starving the test amimals for nonessential ammo acd
mtrogen Amino aads should in general be added on top of the test
protem not replace 1t If 1t should be necessary to determine mtrogen
retention at constant dietary mitrogen a source of nonessential mitrogen
should be added to the basal diet and this matenal should then be ex
changed on an equal mtrogen basis with the 1mmo acid to be evaluated
This method appears to be 1dentical 1 principle wath the mtrogen re
tention method used by McCollum and Shukers (McCollum and Sim
monds, 1929)

Net Protemn Utiization  Maller and Bender (1955) and Bender and
Doell (1957) define Net Protemn Utihzation by the formula (3)

Br — Ba + I

NPU = 5 (3)

where B 15 the carcass mtrogen of protem fed rats By the carcass
nitrogen of rats on a protemn free diet Ir the total dietary mitrogen and
Ir mtrogen from the test diet without the test protem Net protein
ublization according to the authors 1 the product of “bological value”
and digestiality This method 15 sumlir an many respects to the proce
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dure winch mesures the por cent mtrogen retuned The considera
tions gnen the Intter procedure in the previous paragraphs should lso
apph to the determmition of the NPU  In the example given 1 Table
I the values obtuned for the % mitrogen retuned and for NPU are
practically rdentical

Nutregen Balance Indcy Among the vanous mtrogen balance tech
mques we e particularly impressed by the mtrogen balwce index as
it gnes nise to fewer misinterpretations than any of the other methods
Using, thas method and si dufferent protems good correlation was ob
tuned m 1 colliboratne study between the values obtuned for the
growmg rit nd man (Alhson 1951 1933 1957) Whether or not this
good correlation will also hold true for studies volving amino 1ad
supplementation remuns to be seen Natrogen balance studhes on adults
are somctimes difficult to interpret as the values obtuned depend upon
the physiologienl state of the body 1¢ upon the amount of protein the
body stores There 1s 2 trend toward very raprd adjustment to any
change n protein intake by re establishment of mitrogen equiibrium

Protenn Utihization Index used for the evaluation of the proten
quahty of foods for cluldren 15 chlculated by multiplying weight gains
with mtrogen retention m milligram per hilogram body weight (Albn
nese et al 1936) A coefficient of utilization 15 then obtaned by cal
culating the ratio betw een the index from the test protem and the mdex
from a reference protemn evaporated milk “Expression of the bio assay
results 1n this manner has several advintages Fust it equalizes dis
panties bctween body weight changes and mitrogen retention values
which often anse 1n infants from transposition of body flmd compart
ments Secondly 1t directlv relates icrements i mtrogenous tissue to
qualitative amino raid differences of the test mitrogenous motety of the
dicts And lastly 1t provides a simple numericnl companison of the test
substance with 2 standard mfant feod—er porated malk

Performance Index This 1s used frequently 1in commercinl broler
production and 1n other ammal production as well a5 in expenmental
worh when groups of ammals are to be compared for weight gam as
well as for efficiency of feed utiization  In the simplest form the weight
gan 1s multiphed by the gam over feed ratio (Bird 1955)

Follow up Proccdures  There are many other procedures which have
been used for the evaluation of the nutntive value of protems No one
method can be eapected to answer 1ll the questions of the value of amino
acid supplementation Each problem of supplementition 1s different m
some respect from others and to answer that particular phase speafic
tests may have to be performed or devised The authors first choice for
the study of any problem 1s as stated above the short range (5w eeh)
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corn meal contaned very httle protem, 675% (N X 625), the ammals
respc;nded reachly to an mduced ammno acid imbalance (Rosenberg,
1959 '

TABLE 1I
SUPPLEMENTATION oF COoRN MEAL witH 1 Lysive HCle
Expenuiment R 268 E: ¥
1~Lysime HCl Total ¥ a xpenment B 904
added to lysime m Gam Feed Gam Feed
basal 137 (%) et (%5) (gm) Gain (gm) Gam
Q 016 36 1028 40 790
00125 017 41 931 —_ —
0025 018 45 793 44 756
005 020 51 745 55 859
010 024 34 991 35 804
020 032 26 1469 31 813
@ Five week data  Six male rats per treatment
B Rice

This example 1s taken from a publication of Rosenberg and Culk
(1957) Earher worhers had not been able to demonstrate a beneficial
effect from the addition of the first hmiting ammo acid (lysine) alone
since they added to the low (7-8%) protemn diet, the full requirement
of lysme 10% of the diet as suggested by Rose (1937) for the growing
rat Thus an mmbalance was created resulting m no improvement m the
growth rate of the animals Pecora and Hundley (1951) however had
made the unpartant discovery that the combination of lysme plus thre
omne mmproved growth considerably m short term rat expermments Ac
cording to ammo aad caleulations however, lysme should be the first
himbing amino aaid n nee ( Mitchell and Block 1846)

In this example precoched rice ws used rather than raw rice in order
to test this food in the approximate condibion 1 which it 15 consurned
The design of the expeniment in which the nice was fed as 90% of the
diet and the responses at 5 weehs are shown mn Table IIT Highly sig

TABLE 11
SUPPLEMENTATION OF Precooxep Rice wivn Lysing Esrecr ov Frve WEEKS
Rar Growrns

Males Females

L Lysme HCl Total 1
added to lysme Gam Feed Gam j_ef—
basal (%) s diet (%} {gm) Gam (gm) Gamn
000 025 83 582 81 578

005 028 108 498 114 503

¢l0 033 118 481 123 468
020 041 93 493 115 481

@ Twenty anmmals per treatment.



AMI\O ACID SUPFLEMENTATION OF FOODS AND FEEDS 407

mficant responses to L lysine HC supplementation were obtamed, best
guns and efficiency of food utihzation being observed at 1 level of 0 10%
of supplementary L lysine HCl for both males and females Over all
growth 15 roughly twice as good on the optimlly supplemented ration
as on the adequately supplemented corn meal ration yet 1t was only
about half as good as that obtuned with the fully supplemented bread
diet or wath the stock diet

In order to cary the evaluntion program beyond the imtial stage of
the short range it growth test, 2 larger number of ammals was studied
over a hlf year period The growth curves for the group of ammals on
the basal nice dict and on the diet supplemented with 01% v lysine HCl
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Fic 8 Growth response of rats on precooked nice diet to supplementation with
optimum level of 1 lysine HCl

are reproduced 1 Fig 8 The important observation here 1s that the
ammals consuming the proper]y supplemented rice diet have grown to
essentially the same weight as similar ammals do on a stoch diet On the
other hand the animals on the unsupplemented diet were distinetly ab
normal in size as well as in weight and appearnce with rough coats and
scaly tals

C Breap

This example 1s of particular interest because supplementabon of
various breads has been practiced commercnlly since 1954 This develop
ment 1s based on extensive studies over a ten year period on the im
provement 1n the nutnitional quality of bread by supplementation with
hysme the first hmiting amino acid It was realized from the start that
because of differences mn digestibility expenmental studies should be
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carpsed out with bread not with flour It was also known from the work
of earhier authors that Iysine 15 somewhat subject to destruction by heat
Imitially, therefore, a study was undertaken to learn the extent of the
destruction of the natwve lysime in the flour during the bakmg procedure
{Rosenberg and Rohdenburg, 1951) Next these authors (Bosenberg
and Rohdenburg, 1952) determmned the amount of lysine HCI which
when added to commercial white bread, would giv. ophlimum response
1n the 5week rat growth test Table IV shows the results of a sumlar

TABLE 1V
StrPLFMENTATION OF Wirre Breas witi 1 Lysine HCl Errpcr on Frve Werss
Rat Growty

L Lysme

HCl  Total Males Lysine Females Lysue
added lysme e eF gram " per gram

to basal m) chet Gata E‘ie_d, Pof gg;m Gan  Feed of g
(Se) (%) (gm) Gam {mg ) (gm) Gam (mg)
000 033 71 600 20 69 801 20
10 041 17 458 19 a3 492 20
020 049 159 370 18 130 399 20
030 057 138 330 18 140 361 20
40 065 228 297 19 139 360 23
050 073 203 304 22 138 358 26
060 081 174 324 28 134 362 29
070 089 223 2483 27 140 367 32
0380 097 188 313 30 140 362 35

Stock diet 218 292 137 376

expenument run almost ten years after the first experiment with ammals
from the same colony and with a commercial white bread containmg 5%
non fat mitk sohids (Roscaberg 1959) Addibion of 04% t lysme HCI
to the 90% arr dred bread diet give maximum response for the males
while 03% v lysine HCI was needed by the females It ss to be noted
that at these levels of supplementation the animals grew as well as or
the stock diet It seems justfied therefore, to repeat the earher conclu
sion  These results suggest that as far as rat growth 1s cancemed.”fhe
only important ammo acid deficsency 1 commercial bread 15 lysine
These mvestigators proceeded then to a sumilar growth study es
tended over 6 months the results of which are seen m Fig 9 Anothes
group of ammals not shown m this graph was fed the stock et and
grew as well as the animals on the bread diet fortified w 1th the largest
amount of lysme Of particular significance are, perhaps the results
obtamed from the additon of 02% lysme The ammals (muxed Se:}
grew dunng the period of early growth at an average rate of about 75%
of that of a ssmlar group of ammals on the stock diet This disadvantage
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was essentilly overcome by the time the amimals were 6 months old
Ammals recenving less than 0265 lysine supplementation after 25 wecks
growth did not nttun weghts comparable to those receving the stoch
diet It 15 also obvious that thus relatively small addition 02% lysine
to the basal diet was wtihzed very cffectively The protein effiaiency was
much mproved over that observed with diets of lower lysine content
and not greatly mfenor to that found with larger Iysine additions
Breads were then baked from flour to which 025 pounds of 1 Iysine
HCl had been added per 100 pounds The growth responses were
found simlar to those from bread to which the lysine had been added
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Fic 9 Twenty five weeks growth response of rats to bread diets containing
g amounts of suppl y lysine

after bahing On the basis of many experiments of this kind 1t scemed
appropniate to consider 0 25% L lysine HCI as a reasonable addition to
flour The lysine content of the supplemented flour and bread compares
favorably wath accepted standards (Fig 10) The flour thus supple-
mented may also be considered to have been reconstituted to that of
whole wheat as far as its amino acid pattern 15 concerned

The results of a reproduction and lactation study with rats have
recently been published (Culih and Rosenberg 1958) n which the
effects of commercial white bread contmming 6% milk solids were com
pared with a siimlar bread baked from flour supplemented with 0239
lysine HCI and with the stock diet The comparison was carrted out
with groups of animals maintained on their respective diets from wean
ing until death and bred until fertiity ceased The first htter of the
parent generation on each diet was raised to matunity and then mated
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and extended For example, 1t was shown that regardless of the level
of non fat mlk solids chosen as addition to commerctal bread, lysime 15
still the first imiting amino acid 1n bread and the nutnitive value of bread
can be improved substantially by lysme supplementation

200 ]

100

[} 2 3 4 5 6
GENERATION
W STOCK DIET
O  LYSINE-SUPPLEMENTED BREAD DIET
El  COMMERCIAL BREAD DIET
Fic 12 Growth resp of six g of rats on commercial
bread diets

D Annvar Freps Basep ov CorN AND SovBEAN OIL MEAL

1 Broider Diets

To 1lustrate the use of methiomne and of its hydroxy analog two
examples re given The diets are a 249 protemn commercial type 1958
broiler ration and the 21% proten Arkansas performance test diet
(Stephenson 1956) the compositions of which are shown i Table V
The results obtaned with these diets are seen in Tables VI and VII
Groups of 70 day old crossbred chicks (Vantress males X Nichols #12
emales) were raised 1 floor pens for 9 weeks With diets of this type
3 pound broilers are raised commercially 1n 8 weeks with a consumption
of a little over 6 pounds of feed per bird This would not be possible
sithout the methiomne supplementation which 1mproves both growth
ind efficiency of feed utihzation and 1s highly economical

2 Turhey Diets

This example has been chosen to illustrate the saving m feedstuffs
vhich can be accomplished by amno aexd supplementation (Baldim
t al, 1954) Turkey starter rations are usually formulited to contam
8-30% proten Commercially methionine 1s now added generally to
urkey rations to mmprove the efficiency The exwmple m Table VII
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and extended For example 1t was shown that regardless of the level
of non fat milk sohds chosen as addition to commercial bread, lvsme 15
still the first miting amimo -c1d 1n bread and the nutritve value of bread
cn be improved substantially by lysime supplementation

200

100

3 4
GENERATION

W STOCK DIET
1  LYSINE -SUPPLEMENTED BREAD DIET
E COMMERCIAL BREAD DIET
Fic 12 Growth response of six successive gemerations of rats on commeretal
bread diets

D ANmMAL FeeEps BASED oN Corn AND SoyBEAN O1L MEAL

1 Broder Diets

To 1llustrate the use of methionine and of 1ts hydroxy analog two
evamples are given The diets are 2 249 protemn commercial type 1958
broiller ration and the 21% protem Arkansas performance test diet
(Stephenson 1956), the compositions of which are shown m Table V
The results obtamned with these diets are seen 1 Tables VI and VII
Groups of 70 day old crossbred chicks (Vantress males X Nichols #12
females) were raised 1 floor pens for 9 weehs Wath diets of this type
3 pound broilers are raised commercially m 8 weeks with 1 consumption
of a little over 6 pounds of feed per bird This would not be possible
without the methionme supplementation which improves both growth
and efficiency of feed utihzation and 1s highly economzcal

2  Turhey Diets

This example has been chosen to illustrate the saving m feedstuffs
which can be accomplished by ammo acid supplementatton {Baldm
et al 1954) Turkey starter rations are usually formulated to contain
28-30% protemn Commercially methmonine 15 now added generally to
turkey rations to improve the efficiency The example m Table VI
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shows that a 20% turkey starter ratson supplemented with methionme
and lysine may give as good a performance as a 28% protemn diet sup
plemented with methionine The latter combmation was not mproved
by additional supplementation with Iysine Jersey Buff poults were fed

TABLE VI
SUPPLEMENTATION OF BroiLea RaTion wrs pL METMONINE

pL-Methionine

supplementation Nine week
to 1958 commercial gain of
type broiler rations broilers Feed Index of
(%) (gm) Gan performance

0 1536 245 627
005 1564 230 680
010 1596 230 691
015 1594 230 693

o When this diet 15 mixed commercially pr methionine 15 added at the rate

of 1-2 pounds per ton
TABLE VII
THE METHIONINE RESPONSE IN THE ARKANSAS PERFORMANCE TEsT Divt

Weight gan

Supplementation of brolers at 9 Feed Index of
to test diet weeks {gm ) Gam performance
— 1582 251 630
005% ot Methionme 1658 239 694
005% Hydan o 1640 238 692
3 Hydan — Du Pont s caleum methiomine hydroxy analog
TABLE VIIl
SUPPLEMENTATION OF TURKEY STARTER DIET WITH AMINO ACIDS
Average d
6 week ,F_ee_.
Treatment gamn (gm ) Gam
20% Protemn basal 671 230
20% Protemn basal -4 0 30% x lysme HCL 785 217
20% Pratein basal + 0 205 b methionme 749 216
20% Protemn basal 4 0 20% or methionme 7
+ 030% lysine HCl 807 255
28% Frotemn basal 764 22;
28% Protein basal + 0 20% pL methomne 812 2

he diets shown 1n Table V The saving 1n feed possible by reduction of
srotemn level to 20-229% and supplementation with both lysme and
nethionine has been confirmed (Fisher et al, 1936) There are great
spportunities for further improvements in turkey diets by mcreasing the
sroductive energy content, lowenng the protein level and careful ammno
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acid supplementition (Baldint et al 1957) This may become the first
practical use of two amno acids when the price of lysine should make
this more economically attractive

3 Pig Dicts
Cntron ¢t al (1933) have publshed the results of 4 study 1n which
pigs were gnen 1 12% corn soybean o1l meal diet (Table V) supple
mented with graded doses of lysine The results shown i Table IX,
TABLE IX
SUPPLEMENTATION OF Pic Dier witn L Lvsive HCIs
L Lysine HCl

as supplement Daly gun Feed
to diet (%) (pounds) Gain
[ 107 371

005 i 322

010 121 301

015 118 314

¢ Poland Cluna X Landrace X Durve pigs self fed from an average of 228
pounds to 100 pounds

illustrate the pont made earlier that corn soybean ol meal mxtures
tend to become deficient 1n lysine as the protemn level 1s Iowered Best
response was obtamed with 01% supplementary 1 lysme HCl These
data are of considerable practical mmportance as many farmers mn the
corn belt feed ther pigs probably no better diets than the unsupple
mented diet used 1n this test

VI CONCLUSION

It has been shown that the amount of “effective ” “balanced ” or “com
plete” protein 1 any food or feed can be wcreased by approprate sup
plementation with the first lmiting amino acid The amount of supple
mentation that can be used effectively 15 governed manly by the con
centration of the second miting amino acid present n the food or feed
and available to the orgamsm Proper supplementation s achieved when
the amount of the first 1s 1 balance with the amount of the second lim
tting amino acad and with the rest of the protem according to the needs
of the species All other nutrients must of course be present in the diet
to assure full utilization of the balanced portion of the protemn These
theorehca]ly sound principles are used presently by the lighly com
petiive feed industrv for formulation of vanous poultry diets Little use
has been made of the opportumities for the human dietary with the ex
ception of providing a superior bread which 15 commercially avalable
In some areas of this country Further development awaits the demon
stration that the improvement of basic foodstuffs such as rice and com
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can be of benefit As these data become available ammo aud supple
mentation will be used wherever needed to ymprove the health and
well being of people throughout the world
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The estimation of the protem and individual amino acid require
ments of man constitutes a recently opened field of biochemical mquiry
Its advance 1s hampered by the mcomplete understanding of the protemn
needs of the human at vanous life periods A survey of the hterature
reveals that despite many efforts (Albanese 1950 Rose 1949 Leverton
1953) there stll eusts a starthng insufficiency of data upon which
studies of specific ammo acid requirements from infancy to old age
must be based and pomts out the need for a further systematic filing
1 of these gaps

I THE FIRST YEAR OF LIFE
A ProtEIN Neeps

In attempting to assess the protem needs of the growing child we
have to judge protemn adequacy of the diet by the rate of mtrogen reten
tion and werght change Unfortunately exact values for normal reten
tion at different ages are not on hand Wide vanations of 1005 or more
are encountered m the data recorded mn the hterature These are due to
several factors cluef among which 1s the previous nutntional state of
the subject During convalescence an undernounshed child will retain
extraordinanly large amounts of protemn Apart from preceding illness

419
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diets vary 1n ther ability to mduce storige of reserve protemn If the
experimental diet 1s more conducive to this than the preceding diet high
mtrogen retention will be observed, wnd vice versa It 15 usually ac
cepted that the mereased mtrogen retention brought about by mereasmg
the mitrogen intake 15 a relatively temporary affair lasting a matter of
weeks only after which the oniginal retention level 15 resumed Never
theless observations have been presented by Nelson (1930) that some
merense of mitrogen retention continues indefinitely These serious hm
ttations should lways be borne m mund when evaluating the nutritional
charactenistics of experimental diets from mitrogen retention data of
growing subjects

Since the amino acid composition (Macy et al, 1953) and calonc
distribution of various mlks are reasonably well estabhshed, the amino
acid needs of the premature and full term mfants through the first year
of Iife can be determined approumately from theirr milk ntake

1  Prematures

The mitrogen requirements of premature mfants younger than 3
weeks (1600 gm ) have not been studied Several earher mveshgations
(Smuth 1945, Gordon et al 1937) have provided evidence that 1-2
months old prematures retam about 250 mg of mitrogen per kilogram
per day on an mtake of 360-500 mg of milk protemn mtrogen per kilogram
per day Gordon also found that, at the comparable level of feeding for
premature mfants, no difference could be detected between the mtrogen
retention of mfants recersing modified cows milk and that of mfants
recewving human milk for periods as long as 2 weehs The plottmg of
Gordon's data as shown m Fig 1 mdicates that mitrogen mtakes of less
than 450 mg of mtrogen and higher than 500 mg of mtrogen per Lalo
gram of body weight, result in retentions which are respectively below
or above the mean, thereby suggestng that 475 mg of mlk protem
mitrogen per hilogram of body weight per day adequately fulflls the
protemn requirements of the premature mfant Inasmuch as the mixtures
of cows milk were modified by the addition of Dextrimaltose, ohve o1l
and water so that they approximated the human mulk in protemn fat
carbohydrate and flud content the only remaming vanable resided 1
the amio acid composition of the protemn moiety Since human mlk
used 1n these experiments contained an average 144 gm protemn per 10:1)
ml or 230 mg of nitrogen per 100 ml 1t would be necessary to fee
206 ml of human milk to attamn the apparent required intake of 475 mg
of mitrogen per kilogram per day Calculations from these figures and
the data on ammo acid content of human and cows milk reported by
Williamson (1944) and by Soupart et al (1954), make 1t possible to
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estmate the indnidual amino 1ad ntake of the premature mfant per
kilogrun per day (Table I) These values of course do not represent
mmml quantities but gne 1 safe estimate of the range of the needs of
the mdiidual ammo aeids

In 1947 Gordon et al reported studies on 122 premature infants
with weights varymg from 1000 to 2000 gm, using three diets each
guang 120 calones per hilogram per diy plus vitimins A D, and C

Prematures Full - ferm Infants
Age 70 O Days Premacture Age ©0-90 Doys
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Body Weight of Infants in Kilograms
Fic 1 Relation of nitrogen retention to mulh protein mitrogen intale and
bodv weight of premature and full term infants The chart was constructed from
the data of Gordon et al (1937) on prematures and the data given by Czery and
Reller (1925) on the full term mfants They represent feedings of modified cow s
milk and the feeding of human milh The figures mscribed about these signs denote
milligrams of mtrogen intake per day per hilogram of body weight (Albanese 1947)

Diet No 1 consisted of breast mlk n which 755 of the total calones
were denived from proten Diet No 2 was modified evaporated milk
formula 1 which the protem furnished 16% of the total calories Diet
No 3 was a half shimmed powdered cow s milk formul1 m which 2056
of the total calonies were derned from protem Their results mdicate
that the infants fed cows milk formulis showed a more rapid rate of
gan than those fed breast mith (Fig 2)

Many chnical studies have been reported which amply support Gor
dons observations at the practical level Adams (1948) fed 56 pre
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matures on evaporated milk and water, equal parts (35% protem), with
good results indicated by adequate weight gain Smellie (1948} found
that marasmic and premature infants gamed weight normally and

TABLE I
Daiy AMiNo Aco INTARE FoR THE FirsT YEAR o Lire CALCULATED FROM
Mk ProTeiN REQUIREMENTs NECESSARY FOR OpPTIMAL NITROGEN RETENTIONS

P Full term ifants
{70-0 days premature) {0-90 days) (3-12 months}
Modified Modified
Amino acd cow s milk Human mlk cow's mlk
(mg amwo aad/kg body weight)
Alanime 76 59 89
Glycine 12 10 14
Proline 256 134 300
Glutamic acid 695 384 820
Aspartic acd 170 154 199
Serne 164 115 192
Threonine 156 105 183
Leucine 504 380 590
Isoleucine 170 125 199
Vahine 178 111 203
Cystine 29 69 34
Methionine 103 49 120
Tyrosine 176 122 204
Phenylalanine 188 129 210
Histidine 66 42 78
Arginme 131 112 154
Lysme 205 157 240
Tryptophan 44 52 58
¢ These figures are undoubtedly above the ts for the

q
particular amino actd i question and it might be possible to reduce the given
values for nonessential amino acids to zero It 1s obvious from the avalable data
that provided all the req for 1 ammo acids are met the remamder
necessary to make up the total requied quantity could be distnbuted among
different types of ammo acids with wide possible vanatons all of which might
be of equal nuintional valne Of course we must always bear m mind the

ility that the 1l ammno acids may become essential by virtue of 2
;peclﬁc nutntional need or by their spanng action of some essential ammo acid
eg the cystme methionmne or the tyrosme phenylalanme relationship (Albanese

1947 )

showed consistently hugher serum protemn levels when esther breast milk
or cows milk formulas were supplemented with 229 amno acids i
the form of casemn hydrolyzate Powers (1948) reported that feeble pre
mature fants did well chmeally on cooked cows milk formulas with
lower fat and higher protem and carbohydrate than breast mlk sug-
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the first month, and 17 times the control group m the second half of the
third month Rothe Meyer (1949a) compired prematures {1442 days
old) fed either a half shimmed eitric acid milk formula or breast milk,
and found that the infants ganed faster on the modified cow s milk mrx
ture He made the observation, however, that the blood urea Tutrogen
was lugher mn this group suggesting a possible increased functional stram
Further studies by Rothe Meyer (1949b) 1n prematures on breast milh
showed serum protemn and albumin levels to be less than those found 1n
prematures fed cows milk formulas Schreter (1949) observed that pre
mature mfants fed breast milk with a protemn hydrolyzate supplement
showed a defimte mcreise m mitrogen retention mn spite of mncreased
excretion of fecal and urnary mtrogen

In 1980 Young et al studied 203 prematures, weighing over 1600
gm each from biuth to 8 weeks of age A routime evaporated mulk for
mula was fortified by an enzymatic hydrolyzate of casein which supphed
55-60% of the protemn intake Weight gun mn the first 8 weeks of hfe
w1s approumately the same for supplemented and control groups
Satisfactory growth was obtamed 1n those receiving 7 gm of protemn and
128 calories per Mlogram per day However, those recewving formulas of
lower caloric value, 90-126 calones per hilogram per day, did not gamn
as rapidly nor could the growth rate be mcreased by rasing their pro
temn intake from 3 gm to 5 gm per kalogram per day It was suggested
that this poor response of the latter group mght be due to the use of
protemns for energy production rather than for growth Landucer (1950)
also reported that 20 healthy prematures who were not gaming weight
satisfactonly on the usunl routme, did better after adding 15-50 g
protem hydrolyzate

Schneegans (1951) reported that mn premature or weak mfants, sup
plementing the breast mill. feeding with 4 mixture of 05-10% ammo
acids improved the weight gam, and that amounts above 1% caused
gastromtestinil upsets Femstem and Smth (1951) published metabohe
studies 1n prematures on cows milk formulas using supplements of
whole proten aganst hvdrolyzed proten Therr results disclosed no
apprecable difference m mtrogen absorption or weight gam md:cann§
no mmparment of protein digestion m the premature nfant Stsson an
co workers (1951) carried out balance studies on premature infants l—n
volving variations in mtrogen fat caletum, phosphorus, and 1ron ntake
with observations on hemoglobm blood protens, growth weight change
and stools Thewr results showed that meat protem 15 retamed and
utilized as well as mulk protems but needs supplementation with cal
ctum, phosphorus and mumnerals
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In the following year, Andelman and associntes (1952) reported their
mvestigations on premature mwfants fed 4 modified milk formula mod:
fied mlk formul plus meat and breast milk The nfants were given the
same number of calonies per duy and ll had comparable hemoglobin
levels at 12 weeks of age The breast milk group showed a shghtly in
creased rate of growth Childs (1952) reported that the urinary excretion
of amino ncid nitrogen in premature and young infants 1s 045 mg per
Nlogram per dny, ns contrasted to 18 mg per hilogram per day in older
children De La Villv and Rodnguez (1952) treated premature mnfants
with amino qcid mitures bhoth by oral and parenteral route These
workers felt that fter the period of imtial weight loss the supplemented
group showed an improved weight gain and that the imtially smaller
babies gave better results The parenteral route of admimstration was
preferred 1n order to v oid intation of the gastromtestinal tract Levine
and Dann (1932) restited their earlier view on the greater duly protemn
needs of premature infants (Table IT) They emphasized again the greater
needs of the premature nfant for calewm wnd phosphorus which are
met better by the ligher mmeral content of cows milk Properly mod:
fied cows mulk 1n hus opinion 1s supenor to human milk 1n the feeding
of premature infants under controlled condiions of hospital cwe In
this connection 1t 15 mteresting to note that Ferrera and his associates
(1933) observed that premature infants fed breast milk supplemented
by a 1% msture of amino acids showed an improved growth cune
Chromatographic analyses showed a nise of the ammo acid concentration
m the blood LoBianco (1953) studied 48 mfants and found also by
means of paper chromatography that the premature showed an ncreased
mtrogen retention when compared with the full term infant He also
noted that formula fed infants excreted more amno acids than the
breast fed infants

Berfenstam and co workers (1955) compared the digestive capacity
of premature mfants 6-44 days of age with that of simlar aged full
term mfants They instilled mto the stomach fat free breast milk or
shimmed cows milk measured the degree of digestion m terms of the
Per cent amino mtrogen 1n the total stomach mtrogen and found indica
tans of supenor digestion of the cow s mlk protern Studies of lidney
function m the premature show a reduced imulin clearance and PAH
clearance with a relatively low serum bicarbonate and high serum chlo
nde thought to be due to an immature hidney This led Ragan and asso
Gates (1955) to the contention that the increased ash content of the
hugh protemn cow s sk formulns may produce water retention thereby
gving an apparent weight gamn mn prematures of 1000 to 2000 gm for
the first month of hfe which 1s not all due to an wncrease in body tissue
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Unfortunately data on the mmncral components of the ash content of
the formulis tested cntical to this concept, are Inching

From an extensive review of the hterature, Higgons and collaborators
(1957) found that there 1s considernble evidence m favor of the opmion
that premature mfants show a supertor pattern of growth and develop
ment when fed 1 high protein relatively low fat, cows milk formula
rather than breast milh It has been shown that the premature utihzes
cow s milk protemn 1 amounts up to 6 gm per hilagram per day, as well
as 1t does protemn 1 human milk  On the other hand, the evidence m
dicates that the premature handles fats with much less efficiency, and
that the fat intke should not exceed 2 gm per hilogram per day Carbo
hydrates are admttedly handled well by either the premature or the
full term 1infant The higher content of calcium and phosphorus in the
cows milk formuls 1s beneficial to the prematures need for rapid
growth of bone

2 Full term Infants

Mathematical analyses of mtrogen balance data (Czerny and heller
1925) for the first 90 days of hfe of the full term infant of normal buth
weght (Fig 1) indicates that an intake of 400 mg of human milk
mtrogen 15 required for normal mtrogen retention which agam appears
to be a function of weight rather than age Companson of the mtrogen
retention curves of the two groups reveals a greater gradient for the full
term nfant than for the premature infant suggesting a more efficient
mtrogen uthzation in the premature at the usual levels of protemn intake

Numerous determimnations have been made of the protemn mitrogen
needs of infants 3-12 months of age employmg humin milk and a
vanety of modifications of cows milk Some of the availble data have
been recaleulated to a umform base and are Lsted in Table 1II The
mtrogen retention values fail to mndicate any nutnhonal advantages of
the different modifications Although it 1s not evident from Table TII
exammation of the onginal data reveals that the quantity of mtrogen
stored tends to increase with well tolerated increases m milk intake This
phenomenon 15 not only apparent for short periods of time but has also
been shown by Nelson {1930) to lead to the development of larger babies
if continued for long penods of ime No doubt the maximal retention
which can be effected mn this fashion must be mited 1n magmtude and
duration Jeans and Stearns (1933) observed that the retentions of
nitrogen were larger below 20 weeks of age in the group fed fresh milk
and between 20 and 35 wechs m the group fed evaporated milk A
graphie companison of some of these dat1 with those obtaned by Al
banese (1953a) 1s shown m Fig 3 The mtrogen retention and bod,
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weight effects of severe reductions in milk protemn intake of nfants ob
served by kvye and associttes (1954) are lso to be noted

With due consideration of the restnctions on the sigmficance of
mtrogen retention values, 1t appears from the awv-ulable data that 500-600
mg of cow s mlk protein mtrogen per hilogrim of body weight should
be fed mfants of this nge group This 15 somewhat higher than the

No of Subjects
Koye of of (1954) ) 5

Jeons 8 Stearns (1933) & 9
s Albanese {unpub data) 32
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Evoporated Proten Milk Intake
Fc 3 The effect of evaporated mik protem ntake on mitrogen balance and
daly weight change of wnfants

average 475 mg of proten mtrogen fed the prematures and newborns
by Gordon et al (1937) Unpublshed studies from our laboratory show
that a proten intake of less than 50 gm per hilogrim per day 15 not
consistent with normal body weight gamn 1 sich or comalescent infants
(Fig 4)
B ProtEIN QuaLrmy Anp NEEDS

1 Species Differences

Numerous studies have been reported on the effect of protein quality
on the protemn needs of the full term infant Many of these investigations
have concerned themselves with the nutritional efficacy of the protemn
components of cow s milkh and breast mlk with and without vanous
nuitrogenous supplements
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Despite the quantitatnye differences 1n composition of the milk of
different species, man and most farm and laboratory anmals generally
thrive on cow’s milk Some mterchanges, however, have not proved com
pletely satisfactory While hids make the same growth per calore on
cow s as on goats milk (Gamble et al, 1939), calves are said to react
unfrvorably to goats milk, and while foals are said to react unfavorably
to undiluted cows milk, they thrve on undiluted goat's milh, eren
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Fic 4 The effect of protcin intake on weight change of convalescent mfan;i
This dirgrummatie representation s based on weekly measurements made on 12
nfants (2-15 months)} for pertods of 7 to 26 weeks

though goats and cow s mulk appear to have the same quanttative com
position Fresh cows milk 1s not satisfactory for feeding very youﬂg
puppies partly at least beciuse the concentration of protem, fat, ‘;“
mmerls 12 cows muk 1s so much lower and the sugar so much ug] wg
than 1t 1s 1n bitch s milk (Earle 1939) Young Littens have been obsexive
to reject and thrve poorly on fresh milk but accept and grow wfe; Og
evaporated mlk which contans protemns ;n double the amount o :;Sa N
milk (J O Albanese, 1950) Scott and Norns (1949) have shown
human rlk 1s enticely unsuitable as a food for the rat from
In addition to the hmiting nutnitional factors which my arise I:he
protem concentration and ammo acid composition of the protemns
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poor brological value of various milks 1 diverse species may be asso
cated with differences i permeability of the digestive tract himing to
protems of heterologous milk and consequent allergic reactions (Ratner,
1935}

A most interesting discussion of some nutnitional differences of vanious
adult mammals e be found m Willams monograph  Apprusal of
Human Dretanes by Ammal Experiments” (1947) Some pertinent ex
amples are worth mentioning here

Dr Jet C Winters reported at this conference that the growth of
rats muntuned on the so called Averige Amencan Diet approached
normal they mated 1t maturity but the females were often stenle Their
young frequently failed to survive and those that did so were usually
stunted at weaning There were many stillbirths and many young were
eaten by the mothers Lactition appeired poor A companion expen
ment with chicks indicated senous defects of such human diets for the
growth of that species also

Dr H E Robmson reported at this conference that considerable
mammalian species yanition i nutritional requirements for reproduction
presatls After dozens 1if not hundreds of experiments he concluded that
the rat 1s not a satisfactory test ammal for canned dog or cat food nor
15 the dog - satisfactory test ammal for the cat food

Obviously the physiological bases for the nutntional differences of
mammals are multiple Prime consideration must be given to vanations
m the net dietary energy required for growth of the young and sub
sequent mawntenance of the adult structure vamations in the rate of
growth of organs and ultimate relatve size of these organs and finally
the presence of special structures e€g har horns mammary glands

2 Breast Milk

Alhough some subjecve chimeal mvesngations {Gralee ef ol 1935)
have supported the claun that human breast milk has nutritne advan
tages over other types of infant foods the avulable objectne obsena
tions fal to support this contention Stevenson (1947 1949) recorded
that infants fed cow s milk formula showed an increase in percentage of
Titrogen content of the body at a rate about equal to the fetal rate
whereas breast mulk fed nfants held the percentage of body mtrogen at
about burth Jevels This effect was attributed to the higher protem value
of cow s milk and 1t was concluded that the usual artificial feeding proce
dures are adequate Jeans {1950} stated that a posiive mitrogen reten
tion must represent an ncrease i tissue mass as protein 1s not stored
elsewhere 1 the body Most of the increase in tissue mass 15 i the form
of muscle He observed that babies on cow s milk formulas of relatively
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high protein content developed 25% more muscle mass than did breast-
fed babues

Ross (1951) published chromatographic studies of the feces of 12
nursing 1mfants ind 14 nfants on cow s mulk formulas He noted that the
breast fed mfants showed more total mitrogen and free amino acd m
the stool with alanine beng predomimant, whereas the cows milk group
showed 1 predominince of valine and lysime He also found that dilution
of cows mulk formulas gave an ammo acid pattern similar to that of
breast milk. He further reported that, when the gastromtestmal tract 15
sterihzed by the use of antibiotics, more amino acids appear m the stool
Remlemn and Geering (1950) observed that breast fed babies showmg
nutntional disturbances improved chimcally after the addition of a sup
plement of beef serum which afforded 15-2 0% protemn

Evidence 1s also on hand which supports the view that, even on the
most Iiberal estimates breast milk alone provides a very meager margin
of nutritional safety during the early months of life, and that 1t does not
provide an adequate quantity of some essential amino acids in the latter
part of the first year if fed as the prmcipal source of protemn {Albanese,
1950) The most impressive of this evidence 1s that provided by the
mvestgations of Su and Liang (1940) on the growth and development
of Chinese infants m different nutritional environments A graphic anal
ysis of 322 refugee mfants on Wetzel Baby Gnids shows that a soybean
supplement was very effective i preventing retrogradation of growth
which befell (Hou 1939) those who recewved hitle 1f any dietary sup-
plements to breast feeding durmg the Iatter part of mfancy (Fig 5)

In recent years teleologicnl reasoning, with an incomprehensible neg
lect of the facts has led some to propose that the protemn allowances for
wfants be reduced from 35 gm per hilogram per day, currently recom
mended by the Food and Nutnition Board to 15-20 gm per kilogram
per day These latter figures are based on estimated mtakes of protemn by
breast fed fants A little thought will reveal that as yet no accurate
means have been devised for determining the quantity or quality of the
nutrients denrved by the mnfant directly from the breast Holt (1957) has
pomted out that the evidence for this proposal 1s largely mdirect namely,
intakes of milk have been measured by weight gaimns after feeding, and
average analyses of breast milk have been used to calculate the mtahe
This was done by a number of different observers back n the last cen
tury the most extensive ork being done by Emil Feer (1896) in Switzer
land Further, 1t 1s well known that the quantity of protem in breast mlk
may vary from 07 to 20% Changes in protein content also occur durmg
the course of a sigle feeding (Holt and Mclntosh, 1940) Data derne
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Glaser and Johnstone (1952) observed that newborn and young n
fants, showing evidence of cow s milk allergy, responded better charcally
to a feeding contaming meat protemn than they did to a feedmg with
soyben protem Rowe and Rowe (1954) studied 16 children from 2 to
18 months of age with vanous mamfestations of allergy mvolving the
shin, gastromtestinal tract, or respirntory tract The mfants were treated
with a meat base formulr containing strained meat, soy o1l sugar potato
starch, caleium carbonate salt, and water—equivalent to cow s milh—for
peniods varying from 2 to 27 months, with clinical improvement 1n most
of the cases Ziegler (1953) reported that lean meat formulas properly
supplemented with caleum phosphorus, and other minerals are adequate
as milk substitutes In connection with the foregomng observations, 1t
should be noted that Lyman and Kwiken (1949) and Block and Bolling
(1951) have noted a relative deficiency of lysme and other ammo acids
1 cow s milk versus muscle protems

5 Vegetable Proteins

The mmportance and need for studies on the nutrntive value of vege
table protemns 1n the detary of children can be readily appreciated when
1t 1s recalled that seed protemns of legumes and grams conshtute the
principal and sometimes the only, dietiry protemn of the major segment
of the worlds population Although many survey and clinical reports
on this subject are available, relatively few controlled investigations
have been done

Because of ready availability and widespread use, the nutntive value
of soybean protems has been intensively studied The efficacy of soybean
flour as an mfant food supplement has been amply demonstrated by
Stearns (1933) and others (Payne nd Stuart, 1944) 1n this country and,
as previously mentioned by Hou (1939) 1 China The hypoallergenic
charactenistics of soybean preparitions have also led to therr use 1n the
complete feeding of infants suffenng from allergy to mulk protemns
Glaser and Johnstone (1953) have found these products chmeally useful
1 the manigement of mfnt Ulergies However adequate growth and
mtrogen balance data are Inching for an objective evaluation of the
nutritive charactenstics of these commercial products In our prehm
mary efforts, the high stool bulk and poor acceptance encountered with
the feeding of the now commercially available soybean products Piie
cluded completion of the metabohe balance studies necessary to provide
such data the

Corn meal 1s employed as a supplementary and sometimes as
only infant food 1n many parts of the world—especially m Latin Amernca
The lysine and tryptophan deficiencies of corn protem are well known
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from the early rat studies of Osborne and Mendel (1911) In the rat
growth cvidences of these deficiencies were remedied by additions of
caleulted amounts of the 2 essential ammno acids Albanese and asso
ciates (1949b) reported therr findings on the biologrcal value of 1 com
protemn in normal male infants By means of controlled studies they
found that mtrogen retention ind weight gun of infants muntuned on
a synthetic diet 1n which tryptophan and lysme supplemented commer-
cnl zemn (Protein 3223) constituted the prinapal source of mitrogen
were mferior by reason of the poor digestibility of this zemn to those
obtuned on 1 casemn diet fed at the same flmd calone distnbubion and
mitragen levels Chemcal examnation disclosed that 50% of the zemn
protein fed daly was to be found undigested 1n the stools The poor di
gestibthty of this commercial zemn was attnbuted to processing since
many ammal expenments indicate that this 15 not 2 characteristic prop
erty of native zein (Rathmann 1954)

In a senes of studies sponsored by the Bureau of Biological Research
of Rutgers Umversity m which 6 reference protems were evaluated by
different methods of assay paradowcal findings were obtained m regard
to the nutntional value of wheat gluten Mitchell (1950) reported that
by the mtrogen balance method wheat gluten had a biologieal value of
40 as compared to 97 for egg albumin 1n the immature rat Frost (1930),
by the rat depletion method found a value of 9 for wheat gluten s
compared to 38 for egg albumin Chow (1950) on the other hand by
repletion tests m dogs obtamned a value of 135 for total circulating pro
tews with wheat gluten as compared to 117 with egg albumin after 2
weeks and 135 and 132 respectively after 4 weeks of repletion with
these protemns It 1s at once clear from the findings of this group of 1n
vestigators that there may ewst a lack of correlation between the nitrogen
balance maintenance and plasma protein regenerative properties of pro
temn foods Albanese (1953b) studied the protem value of lysme supple
mented wheat gluten for human mfants He found that with a wheat
gluten milk contaming no added lysine nitrogen retention fell precip
tately and leveled off at about 50 mg per kilogram per dvy Lysme
supplementation was begun at the ninth week of the study and mncreased
stepwise over 5 weeks at the rate of 15 of lysine per week Nitrogen
storage began to mcrease with supplementation and by the end of the
third week the lysine remnforced wheat gluten milk was yrelding nitrogen
Tetention levels similar to those found with the evaporated muilk formula

In general mixtures of vegetable protems as they are customanly
employed are claimed to support fairly normal growth Dean (1949)
found that m mfants under 3 months of age a normal growth occurred
when 60-50% of the milk was replaced by a malted mixture of barley
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wheat, maize flour, and soya me1l Diet surveys conducted 1 Mevico,
Jamaca, Central America, Chils, Ceylon and several parts of Afnca
show that the diets consumed by children 1n all of these places have a
striking sumlanty 1n the foodstuffs actually eaten protemn foods of am
mal ongm are practically never mgested The most prevalent combina
tions are beans and corn, nice and corn and whent and corn Growth and
development of children in these areas are subnormal by American
standards Recent studies by Gomez et al (1958), Senecal (1958) and
Behar and co workers (1958) on the nutritine ments of these mictures
will be discussed later

6 Protemn Digests

Possible therapeutic usefulness of protem hydrolyzates m the man
agement of malnutntion and allergenic states of mfancy prompted the
author and his collaborators to undertahe a systematic study of the
biological value of these products 1n the infant Albanese et al (1947b)
observed that the mtrogen retention and weight gam of 3 normal wfants
maintained on a synthetic diet i which a tryptophan and cystine rem
forced acid digest of casemn constituted the principal source of mitrogen
were respectively about 30 and 50% lower than those obtamed when
the same subjects were fed synthetic diets at the same flud, calonc dis
tribution and nitrogen levels 1n which enzymatic digests of casem or
Jactalbumin suppled the principal mitrogen component The biological
value of these latter two products, as mdicated by the eritena of weight
accretion and nitrogen storage appears for short periods to be almost
equal to that of diluted evaporated mlk formula and to that found by
previous mvestigators employmng various modifications of cows mulk

In 2 subsegnent mveshgation Albanese ef al | 1948b) found th;tt
cluldren, fed synthetic formulas with enzymatc digest of beel musc] g
as the pnncipal source of mitrogen, showed a mitrogen retention anf
weight gam somewhat greater than routine evaporated milk formula;i Os
equal mtrogen, calorie and flud content Later Albanese and co wor erl
(1951) studied male mfants on synthetic milk diets with the prmapz:i
source of nitrogen as enzymatic digest of bovmne plasma, as ccmpﬂred
wath wfants fed routine evaporated milk formulas of equal caloric zmd
nitrogen levels They found that the bovine plasma digest group S;:?\t‘;en
hugher mitrogen retention and weight gam, and noted that the a lfalt
of 1soleucine and methionine was yoithout benefit The authors then ?1 .
that nitrogen derived from a source which includes some pepudes g .
be of some mcreased nutrtional value when compared with 2 mu(;ur
of completely free amno acids On the bisis of these and ather stu w:
Cox and his associates (1947) reported that nitrogen retention m human:
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when 1l the mitrogen ws furnished by eisem hydrolyzate showed no
merease when Pr ited by mett (contrary to the expenience
with rats) They suggested that the increased amount of hur 1n the rt
my be responsible for an incrensed need of the sulfur contumng 1mno
acids

Clinical expentence hns indicated that protemn digests are s1fe and
therapeutically useful in sick or cansalescent cluldren Hartmann and
co worhers (1944) found that parenterally admimstered enzymatic di
gests of easen were nutntionally helpful to infants suffering from a wide
vanety of discases which prevented adequate intake of food Subse
quenth  Langlois (1947) and Young et al (1949) reported the use of
protein digests 1 sick mfants and found them climcally benefictal and
without untoward effects

In summary 1t appe-rs that the findings of the majonity of observers
agree with the allowances recommended by the Food and Nutntion
Board of the Nationn] Research Council (1958) for an mtake of protemn
of 35 gm per hilogram per day i a diet containing 120 calortes per
hlogram per day during the first vear of ife A search of the literature
reveals a Iach of quantitative observations on sufficiently Irge groups of
breast fed nfants as to the average quantity and averige composition
of the breast mulk consumed by an infint during the whole 24 hours
over a span of months under natural conditions of breast feeding This
circumstance and the numerous observations that growth and develop
ment of breast fed infants 15 greatly improved by supplements of meat
or segetable protemns preclude the soundness of clams for the use of
estimated 1ntakes of breast milk (16-22 gm or less of protemn per llo
gram per day) as a measure of the protem needs for the optimal growth
and development of mfants

C REQUIREMENTS FOR SPECIFIC AMINOG AcCIDS
1 Procedurcs

The need of precise knowledge of nutntional requirements 1s an ob
vious one Such knowledge 1s essential for the recogmtion and intel
Digent repair of defective dictary situations It 15 of particular importance
m disturbances of the digestnne tract where there are hmitations 1n the
amount of food that cn be gnen Becanse the production of an ex
penmental diet deficient i a single amino acid which can be supple
mented by known amounts of the wmmo acid in question mvohes
particular difficulties 1information in regard to human requirements for
ammo acids has been slow i coming In approaching this problem
several types of expenmental diets have becn employed
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2 Comparson of Available Data

Exammation of the Lterature indicates that on a body weight bass,
the mtrogen nceds of the mfant as provided by the usual cows milk
formulr re four to five times higher than those of the adult (Albanese
et al 1947a) The avulible data however, do not reveal whether these
Ingher protein requirements of the nfant anse from 2 proportionate
ncrensed need for All the amino acids or from 4 hmiting effect created
by greater demands of the growing orgamism for one or several of the
amino 1aids The Inck of and the need for, this information which 1s of
obvious 1mportance to practical infant dietetics and the physiology of
growth m general which mcludes proliferation of benign and malignant
neoplisms prompted the author and his collaborators to undertake some
years 1go 1 contnumg program for the study of the amino acid needs
of the infant and the growimng cluld In all of these studies the require
ment of an essent12] amino acid was estimated from the additional amount
needed to restore to phyvsiological levels the nitrogen retention and rate
of body weight gamn of subjects previously mamtaned, for varying pe
nods on diets poor 1n the test ammo 1cid The diets contamned approx
wmately 100 calones per 100 gm  the percentage calone distribution bemng
as follows protemn 14 fat 36 and carbohydrate, 50 The protein moiety
consisted 1n all 1nstances of protems or protein preparations lacking n
one of the essentinl ammo acids The observations were all made on
normal male children who were given the diets in five feedings daily at
the rate of approximately 100 calories and 056 gm mitrogen per Mlogram
of body weight and 50 mg of ascorbic acid together wath 15 drops of
Oleum Percomorpheum daily The diet periods were of 7 days duration
and consecutne The mfants were weighed daily dunng the course of
the expeniment The data on nitrogen retention were caleulated from the
results of mtrogen determinations of the 24 hour unne collections anal
1815 of the pooled feces for each period and from computations of the
dally mtrogen ntake based on food consumption records and the known
mitrogen content of the diets Measurements of the hemoglobin total
plasma protens albumin globulin and NPN were done dunng cach
period mterval

On the basis of changes 1n rate of weight gain and mtrogen retention
mnduced by fractional supplementation of the trvptophan deficient diet
it was estimated that the mfant requires approaumately 30 mg of 1.
tryptophan per hilogram of body weight per day (Albanese ¢t al 1947a)
This value 15 approumately five times the adult tryptophan requirement
previously reported by Holt and assoctates (1944) and suggests that
the lngh mlk protemn need of the infant 15 predicated m part by the
tryptophan requirement
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D Avtno Acio Partenns anp Nrmocrs Nrrps Fon GrowTnt

On the bisis of sy ulable evidence {Beach ef al, 1943 Mutchell 1950)
proposed that amino acid amlyses of mammahan carcasses mght prove
to be an effectiy e method for esimating the requrements of some 1f not
all of the essential 1ammno acids for growth From data on the ammo 1aid
requirements of mfants found under umiform and controlled dictary con
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Days
Fic 8 Lysinc intake body weight gan and mitrogen retentton of 1 5-month old
mfant  Adapted from Snyderman (1957)

ditions (Albanese 1950) a growth pattern of <mino 1cid requirements
was obtamed by assigning value of unity to the tryptophin need (Table
VIII) A sumilar calculation of the ammno acid content of mammahan
tissues recorded by Mitchell showed thit there eusts good agreement of
growth needs and hissue amino and patterns  Thas agreement 1s par
lxculzul} good for the lysine/tryptophan (L/T) and methmmne/trvpto
phan (AM/T) ratios of muscle proteins wlich constitute approumately
5% of the snfant body proteins

In the hght of these data and the Jvsine and trvptophan content of



e (1950)
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© relatiye Content of the Critic] ammo ae1q, of the €vaporatec

Th
mik apg test formuIas, as Compareq to the Measyred amung g0 needs
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? These relatiye values Were caleu]ste, '™ the begt ammo go,q analytica] data
Available € Products Cmployed In mogt 1nstanceg these data were found 1o
check, with triplieate analyses W our pap, £ by Mmethods Publisheq by the
author anq hus assoctates Differens Tatios ypy obtain When gipe, analyticaf g,
are Cmployed  py, the ifferenceg will e relatne Tather thap absolute (Albanese

1956 )
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tuned approuimately 1% tryptophan and were fed at the uniform level
of 35 gm of protein per hilogram per day the diets in these studies all
provided approumately 35 mg of tryptophan per Lilogram per day
This 15 1 amount of tryptophan which we have found to cover the
mesured 1nfant need of 30 mg per hilogram per day (Albanese et al,
1947a)

In order to armve at 2 relibve utihzation value of the test proten
products the following formult was 2pplied to our results

P = BW X N/1000

where P = protein utiization BW = body weight change in grams per
d1y and N = mtrogen retention 1n milligrams per kalogram per day

The coeficient of utihzation of the test products Py, 1s then expressed
as the numencal value of the ratio P test proten formula/P evaporated
milk formulh or P, = P;/Pen Expression of the bio assay results in
this manner has several advantages Tirst 1t equalizes dispanties be
tween body weight changes and mitrogen retention values which often
anse 1n nfants from transpositions of body flud compartments Sec
ondly 1t directly relates imcrements i mtrogenous tissue to qualitative
amino acid differences of the test mtrogenous moiety of the diets And
lastly 1t provides a sumple numerical companson of the test substance
with a standard infant food—evaporated mulk

An example of such caleulations for a male infant W M werghing
3327 gm at 15 months of age follows consumption of a standard
evaporated mlk formula at the average level of 311 gm mtrogen per
day for 2 weeks resulted m an average body weight change of 23 gm
per day and a mitrogen retention of 138 mg per kilogram per day Thus
P, =23 X 138/1000 or 317 During the subsequent 2 weeks this 1n
fant consumed an 1socaloric bovine plisma digest formula At the average
rate of 312 gm mtrogen per day This dietary resulted 1n an average
body werght change of 40 gm per day and a mtrogen retention of 180
mg per hlogram per day Thus Pr, = 40 X 18071000 or 720 Hence
the coefficient of utihzation (P ) of the bovine plasma digest formula 1n
thus single assay 1s 720/317 or 23 The average P, of ten of such bio
assays 1 nfants 1 5-9 0 months of age was 182

The details and results of this comparison are collected 1n Table \
These data clearly show that bovine plasma and beef muscle digest are
more effectively utihzed for growth by the fant than are cow s milk
protens or their products Reference to the data contamed in Tables
VII and IX leads to the impression that greater biological av ulabihty
of the bovine products may be associated with the approachming com
adence of their lysie and tryptophan content with (a) the lysine/
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tryptophan ratio needs of the mfant, and (b) the lysine/tryptophan rato
of the predommant infant tissues It 15 also clear from our studies that
the possible correlation of the L/T ratios of protem substances and ther
utihzation i mfnts prevails only for products which have over all
amino acid patterns not too greatly different from tissue protems, and
which provide 30 mg or more of try ptophan per 35 gm of protem, or
approumately 10% of tryptophan A substance Iihe gelatin, which has
an L/T of infimty, by wirtue of 1its lack of tryptophan could not be ex
pected to have exceptional nutritional values unless its prmary ammo
acid deficiencies and imbalances are corrected As a matter of fact,
TABLE X

Tue LysiNg/TryrropHAN (L/T) Rario oF Vanious ProTeN Propucts anp THER
UTILIZATION IN INFANTS®

Average

coefficient

Subjects of protemn

L/T of Age utihization
Protein source product No {mo) {Pr)
Lactalbumun digest (Edamin) 35 6 50-11 089
Casem digest (Amugen) 39 8 50-11 095
Evaporated mik 43 38 10-27 100
Beef muscle digest 59 5 2580 143
Bovine plasma digest (Travamm) 69 10 1590 182
Wheat gluten 21 6 30-80 052
Wheat gluten plus 20-30% v lysme 50-60 6 30-80 103
Evap milk plus 2 04 0% . lysine 60-80 8 10-27 175
Armgen plus 2 0-4 0% v lysine 60-70 3 60-90 165

o All diets were fed at the rate of 35 gm of protemn (N X 625) and 100 calories
per kg per day (Albanese 1956)

unpubhished studies 1 our laboratory have shown that the ammo acd
mbalance of gelatm 15 such that s nutritive value cannot be greatly
mnproved by supplementation of its deficiencies by crystallme amino
acids

The following observations also made during the course of these
studies seem particularly worthy of note mn the development of our
thesis
Supplementation of the casemn digest (Amigen) with 1% of oL
methionime was found not to mmprove the utihzation of this product
(Cox et al, 1947) In view of the carcass method concepts this result
could have been anticipated since the methionine/tryptophan (M/T)
ratio of Amigen closely approumates the average for mammahan tlSSUE;
(Table Ix) Also 1n retrospect, our fulure to 1mprove the uhhzatmlédo
the bovime plasma digest (Albanese et al, 1951) by the combined add:
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tion of 1% pr 1soleucine and 06, pL metliomne can also be ascribed
to the fact that the isoleucne/tryptophan and methionne/tryptophan
ratios of the commercinl product (Travamin) are in approumate agree
ment with those prevuhng 1n mammahan tissues (Tables VIII and 1X)

1 Effects of Lysinc Supplementation on Protein Utihzation

A careful consideration of the foregoing and in particular the data
contuned 1n Table X\ eventually led to the thought that infant utilization
of milk protemns could be improved by additions of lysine Calculations
idicated that ¢ lysme supplements of 50-100 mg per hilogram per day
might prove effectine with infants recenving 3540 gm of evaporated
milk protems per hilogram per diy Lusine supplements of this order of
magmtude would increase the L/T ratio of the evaporated milk formulas
from 43 to 60-80

Prelmmary studies on 15 infants showed that supplementation of the
diet of infants with poor appetites with 100 mg per hilogram per day of
L lysine was associated 1 most mstances with a marked increase m daly
mitrogen retention and body weight as well as sigmficant mncreases in
blood protemn levels (Albanese et al 1955a)

Examination of these and subsequently published data (a total of 27
fants) indicates that improved nutrition 1n terms of body weight
change (a commonly accepted cnterion of nutntional state) occurred
when L/T ratios of 6 0-7 0 were mamntamned by lysine additions to diets
offered at a mmimum of 100 calortes and 35 gm of protemn per Mlogram
per day Increased milk protemn utihzation as previously defined under
these conditions 1s shown 1 Table \ It will be noted that lysine remn
forced milk protemns attan a degree of utihzation comparable to that of
bovine muscle and plasma digests Our data further mndicate that the
nutnitive value of a casein digest (Amigen) a product often employed
n the feeding of milk allergic infants may also be rmproved by additions
of lysine (Table X)

Vargas Rubiano and associates (1958) and Vignec (1958) have re
ported studies which provide confirmatory evidence of the efficacy of
lysine fortification of evaporated milk dietary of nutntionally substandard
ifants

The sum total of these observations clearly suggests that the carcass
method for the estimation of the amino acid needs has some applications
m human nutrition One of the most promising of these applications may
be based on the apparent relationship of the LT ratios of proteins and
their utilization Accordingly 1t was of some interest to find on algebraic
analysis that the utihzation coefficient of dietary protemns (P,) as pre-
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viously defined, 1s linearly related to the lysine/tryptophan (L/T) ratio
of srx protem products by the equation,

P, =028 (L/T)—015
A graphic representation of the fit of the experimental data to the lme
of this equation 1s shown mn Fig 7 As previously noted these considera
tions apply only to protems which contain a mmmum of 10% trypto
phan, and present an amino acid contour which approxmates that of
the tissue protemns Further support for this relationship 15 denved

% y = mx +b,thence,

g 20 Pr- 028(L/T)-015
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Fic 7 Algebrac relationship of the L/T ratios of some protem products and
therr coeffictent of utilization m infants The products tested are designated as follchwst
WG wheat gluten ED Edamn AM Amgen EM evaporated mik WGL wi ::d
gluten with lysme MD meat digest AML Amigen with lysme EML evapora
mmlk with lysme BPD bovine plasma digest (Travamimn) (Albanese 1956)

from the findings that the mcrease in the value of P, for 1 lysie rel:lh
forced evaporated milk or casem digest formulas 15 1 good accord wi ]
that e\:pected from the augmemed L/T values of 65-70 Calcmatll?r"l'
show that the nutntional value of lactalbumin which has a low d/ q
value by virtue of its high tryptophan content might be greatly extende
additions of lysme

ki ;vrlecgﬁcahon of the }L/T ratio of a wheat gluten diet from 20 'tI? le
by additions of lysime was found to mprove 1ts nutritional \alu;: (1 9:911

X} to that of the mulk protem deets (L/T 3 5-43) (Albanese et a o oE
Hofiman and McNeil 1949) However, this improvement fell shor
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that expected from the equation (Fig 6) At first sight, this anomnly
seemed to pomnt to the euistence of 1 imiting level of some other essential
amimo aeid or acids 1 wheat gluten Reference to Table I shows that
methionine and 1soleucine 1re probably not impheated 1n this nutritional
shortcoring of lysine remforced wheat gluten However considerition
of the mvestigations of Willnms and co workers (1954) which lend
considerable support to the carcass theorv of amino aaid requirements
for growth in rats also suggests that the observed nutntional Iimitation
of wheat gluten probably anses from an amino acid mbalance created
by the presence of evcessive amounts of glutamic acid (Bhsh 1945}
The 1mportance of these possible relationships m attempts to umprove
the nutntion of populations of underdeveloped world areas, whose die
tanes are comprised largely of wheat and other cereal products, 1s
obvious

These evidences support the conclusion that the carcass analvsis pro
cedur¢ proposed by Mtchell may be a vahd method for evaluating the
human growth needs for some “essential” amino acids  In particular, the
available evidence indicates that the utilization of dietary protems n
creases as their lysine and tryptophan content approaches that of muscle
tissues This concept gams further vahdity from the fact that the nutn
tonal value of some protem products with low lysine/tryptophan values
can be enhanced by small additions of lysme In milk protein products
this increased utilization approaches that of bovine muscle and plasma
digests and appears to be a lnear function of the augmented lysmne/
tryptophan values Lysine supplementation of wheat gluten mcreases 1ts
nutntive value to that of milk protemn products

E Carores anp ProTein NeeDps

The mcorporation of a sertes of mdividual ammo aaids mto a protem
molecule requires energy and this energy 1s dernved largely from car
bohydrates and fats The actual transference of the energy to the syn
thesizing mect 15 pr bly accomplished by the mntermediation
of energy nch phosphite bonds It 1s probable therefore that tissue
protem synthesis can proceed efficiently only when there 1s a readily
available source of energy dernved either from dietary carbohydrate or
fat or from tissue stores particularly of fat But because a less than
optimal calone intake 15 often associated with an imparred utihzation of
ammo acids 1t can be reasonably assumed that for ammo acid utiliza
tion 1n general an optimal daily caloric mntake 15 also necessary

Also 1t has long been nown that mirogen balance can be achieved
without carbon equilibrium {Lush 1928) The carbon and nitrogen con
tents of the unmne gne sigmficant mformation on the physiological fuel
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value of protem, carbohydrate, and fat Normally, every gram of urmnary
nitrogen 15 accompamed by the ehmunation of 06-09 gm of carbon
Shifts 1n the urinary C/N ratio have been found useful 1n the diagnosis
of abnormal metabohc states {Macy, 1942)

1 Effect of Carbohydrate Calories

In 1856, Hoppe reported that carbohydrate mgestion lowered the
mitrogen excretion of dogs This finding was later corroborated bv Lusk
(1928) by a reverse experiment on himself which demonstrated that the
withdrawal of 350 gm of carbohydrate from the diet at two levels of
mtrogen intake (2055 and 923 gm per day) mereased his unnaty nt
trogen output by 4 gm above the usual values mn both instances This
Pprotem spanng achion of the carbohydrates was also found to occur m
the fasting dog (Rubner, 1883) and man (Landergren 1903) These ob
servations bear evidence that the carbohydrates can spare the mtrogen
needs of the mammahan orgamism at nearly all levels of protem intake
The practical implcations of this phenomenen were demonstrated by the
expernments of Keller (1899), Orgler (1908), and Rosenstern (1918},
which demonstrated that the mitrogen retention of nfants from a given
amount of protem could be greatly augmented by ncreasing the car
bohydrate content of the diet

2 Nutrogen Sparing Value of Varous Carbohydrates

Teleological reasonming has led many nvestigators to the conclusion
that because lactose 15 the naturally occurring sugar of the mulk of all
mammals this sugar should possess nutnitive charactenstics for nurshings
which are lacking 10 other carbohydrates These qualities have been asso
ciated by conjecture with the need for galactose i the formation of
nerve tissues or the rate of absorption of galactose which 1s more rapd
than that of glacose or the influence of galactose upon calcium metab
olism  Speculations on umque effects of lactose on the nitrogen metab
ohsm have alse been entertamed Measurements by the author and his
associates of mtrogen retention of normal mfants fed cow s milk formulas
supplemented 1socalorcally with lactose and Dextnimaltose do not sup
port these speculations (Table XI) On the other hand no untoward
effects such as diarrhea or poor assimilation were noted 1n these stucies
The fear that lactose supplementation of infant diets may induce cataract
formation 1s unfounded i fact since (a) the meidence of galactosemia
15 no greater m breast fed children than mn those artificially fed wher;
other sugars are commonly used and (b) the cataractogenic effects o
lactose 1n rats are noted only with diets contamng 3055 or more of d15e
carbohydrate (Mitchell and Dodge 1935, Bruck and Rapaport 194
Riggs and Beaty 1947)
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In recent years the nutntional advantages of sucrose and dextrose
have been studied intensively an this Iaboratory 1t may be expected
because of the lhbility of the fructose molecule, that sucrose would bear
brochemieal qualiies not w-ulible with diets contaning dextrose alone
Early expenments reported by Albanesc and associates (1947c) on the
effect of carbohydrate feeding on the output of urinary 4mmo acds dis
closed that single feedings of 25 gm of sucrose had a greater spanng
effect on the mtrogen and tryptophan output of young male and female
adults than did 25 gm of glucose

TABLE \I
ErFEcT of DEXTRIMALTOSE AND Lactose o¥ NITROGEN RETENTION AND Frecar
Nrrroct N oF Noraar MaLe INranise

Subjects Daets DMM? DMM DMM LM LM
DS 3 mo N retention gm /day® 089 079 087 088 089
40 1g Fecal N gm /day 050 039 035 061 034
R] 4 mo N retention gm /day 082 052 069 073 038
35)g Fecal N gm /day 044 040 049 044 040
WM 8 mo N retention gm /day 132 100 084 114 071
73 kg Fecal N gm /day 060 056 064 049 037
FS 2 mo N retention gm /day 113 109 095 08 095
331g Fecal N gm /day 046 032 034 032 029

¢ Albanese (1950}

> Diet composition Evaporated milk 1100 ml Dextrimaltose No 2 154 gm m
DMM or lactose USP 150 gm m LM water to 2640 ml Both formulas were
gnenat the rate of 35 gm of protem and 110 cal per hilogram per day

¢ All results gven as averages of 5 day penods

Subsequent mvestigations { Albanese et al 1955b) revealed that diets
tugh 1n fructose induced a greater nitrogen retention m children than
diets lgh 1n dextrose or galactose The mignitude of this difference 15
shown graphically in Fig 8 It will be observed that 1somtrogenous diets
contaiming 71% of the total carbohydrates as fructose mnduced mitrogen
retentions of 30-50 mg per Milogram per diy greater than those high
glucose or galactose

These findings led the author and us co workers to mquire further
mto the biochemical mechamsm through which this end result was
achieved After some unsuccessful expenences they found that changes
mnduced within one hour by different sugars 1 the blood ammno nitrogen
levels of fasting subjects could serve as a dynamic index of protem
spaning activity of varous carbohydrates (Albanese ¢t al 1935¢c) The
data resulting from this mvestigation are summanzed graphically in
Fig 9 Exammation of the data discloses that within 60 minutes of ad
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value of protem, carbohydrate, and fat Normally, every gram of urmary
nitrogen 1 accompanted by the elimmation of 06-09 gm of carbo
Shifts in the urinary C/N ratio have been found useful 1 the diagnoss
of abnormal metabolic states (Macv, 1942)

1 Effect of Carbohydrate Calories

In 1856 Hoppe reported that carbohydrate ingestion lowered the
mitrogen excretion of dogs This finding was later corroborated by Lusk
(1928) by a reverse experiment on Tumself which demonstrated that the
withdrawal of 350 gm of cirbohydrate from the diet at two levels of
mtrogen mtake (2055 and 923 gm per day) ncreased Jus urnary m
trogen output by 4 gm above the usual values mn both mstances Ths
protem sparing action of the carbohydrates was also found to occur 1
the fasting dog (Rubner, 1883) 1nd man (Landergren, 1903) These ob
servations bear evidence that the carbohydrates can spare the nitrogen
needs of the mammahan orgamsm at nearly all levels of protem mtahe
The practical implications of this phenomenon were demonstrated by the
expeniments of Keller (1899) Orgler (1908), and Rosenstern (1918),
which demonstrated that the mtrogen retention of infants from a gnen
amount of protem could be greatly augmented by mcreasing the car
bohy drate content of the diet

2 Nutrogen Sparing Value of Vanous Carbohydrates

Teleological reasoning has led many investigators to the conclusion
that because lactose 1s the paturally occurring sugar of the milk of all
mammals this sugar should possess nutritive characterstics for nurshngs
which are lacking n other carbohydrates These quahtles have been asso
ciated by conjecture with the need for galactose m the formation of
nerve tissues, or the rate of absorption of galactose which 1s more TapK
than that of glucose or the mfluence of galictose upon calaum metab
ohsm Speculations on umque effects of lactose on the mirogen metab
olism have also been entertammed Measurements by the author and 1S
associates of nitrogen retention of normal mfants fed cow s mik formulas
supplemented 1socaloncally with lactose and Dextrrmaltose, do not sup
port these speculations (Table XI) On the other hand no untowart
effects such as diarrhea or poor assmilation were noted m these studies
The fear that Jactose supplementation of infant diets may mduce cataract
formation 1s unfounded 1 fact sice (a) the incidence of galactosem?
1s no greater mn breast fed children than n those artificially fed where
other sugars are commonly used and (b) the cataractogenic effects of
lactose 1n rats are noted only with diets contaiming 30% or more of the

carbohydrate (Mitchell and Dodge, 1935 Bruck and Rapaport 1945,
Riggs and Beaty 1947) ge ruch and Hapep
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In recent years, the nutritional advantages of sucrose and dextrose
we been studied intensively n this hboratory It may be expected
ccause of the lnbihty of the fructose molecule that sucrose would bear
ochemical qualities not avulible with diets contumng dextrose alone
arly expeniments reported by Albanese and associates (1917c) on the
Tect of carbohydrate feeding on the output of urninary amno acids dis
osed that single feedings of 25 gm of sucrose had a greater spanng
fect on the mtrogen and tryptophan output of young male and female
dults than did 25 gm of glucose

TABLE \I
FFECT OF DEXTRIMALTOSE AND LACTOSE 0N Nirrogen RETENTION AND FEcAL
NITROGEN OF NomAL MALE INFANTS?

Subjects Daets DMM? DMM DMM LM LM
S 3 mo N retention gm /daye 089 079 087 068 089
olg Feeal N gm /day 050 039 035 061 034
J 4mo N retention gm /day 082 052 069 075 038
Sig Feeal N gm /day 044 040 049 044 040
\M 8 mo N retention gm /day 132 100 084 114 071
3kg Fecal N gm /day 060 056 064 049 037
S 2mo N retention gm /day 113 109 095 086 093
3kg Fecal N gm /day 046 032 034 032 029

o Albanese (1930)

b Diet composition  Evaporated milk 1100 m!  Dextnmaltose No 2 154 gm
MM or lactose USP 150 gm 1 LM water to 2640 ml Both formulas were
1ven at the rate of 35 gm of protein and 110 cal per kilogram per day

¢ All results gren as averages of 5 day periods

Subsequent mvestigations (Albanese et ol 1955b) revealed that diets
ugh i fructose induced a greater mtrogen retention 1o children than
hets Tugh w dextrose or galactase The magmtude of this difference 1s
hown graphically 1n Fig 8 It will be observed that isonitrogenous diets
ontatmng 71% of the total carbohydrates as fructose induced mtrogen
etentions of 30~50 mg per Mlogram per day greater than those high mn
flucose or galactosc

These findings led the author and his co workers to mquire further
nto the biochemical mechinmsm through which this end result was
whieved After some unsuccessful ¢ xpeniences they found that changes
nduced within one hour by different sugars i the blood ammo mtrogen
evels of fasng subjects could serve as a dynamec index of protem
'paring activity of vanous carbohydrates (Albanese et al 1935¢) The
lata resulting from this imvestigation are summanzed graphcally m
Fig 9 Examnation of the data discloses that within 60 munutes of ad
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value of protem, carbohydrate, and fat Normally, every gram of unnar
mtrogen 1s accompanied by the ehmination of 06-09 gm of carbon.
Shafts 1 the unnary C/N ratio have been found useful 1n the dragnoss
of abnormal metabolic states (Macy, 1942)

1 Effect of Carbohydrate Calories

In 1856 Hoppe reported that carbohydrate ingestion lowered the
mitrogen excretion of dogs This finding was later corroborated by Lusk
(1928) by a reverse expeniment on himself which demonstrated that the
withdrawal of 350 gm of carbohydrate from the diet at two levels of
mtrogen ntahe (2055 nd 923 gm per day) mcreased his unnary m
trogen output by 4 gm above the usual values m both mnstances This
protemn sparing ction of the carbohydrates was also found to oceur m
the fasting dog (Rubner, 1883) and man (Landergren, 1903) These ob
servations bear evidence that the carbohydrates can spare the mtrogen
needs of the mammahan orgamsm at nearly all levels of protem imtake
The practical implications of this phenomenon were demonstrated by the
expeniments of Keller (1899) Orgler (1908), and Rosenstern (1918),
which demonstrated that the mtrogen retention of mfants from a gnen

amount of protem could be greatly augmented by mcreasing the car
bohydrate content of the diet

2 Nitrogen Sparing Value of Various Carbohydrates

Teleological reasoning has led many mvestigators to the conclusion
that because Inctose 15 the naturally occurning sugar of the milk of all
mammals this sugar should possess nutritive characteristics for nurshngs
which are Jaching 1 other carbohydrates These qualities have been asso
cited by conjecture with the need for gnlactose mn the formation of
nerve tissues or the rate of absorption of galactose which 1s more rapk
than that of glucose or the influence of galactose upon caleum metab
olism Speculitions on unique effects of lactose on the mitrogen metab
olism have also been entertamned Measurements by the author and Ius
associates of mitrogen retention of normal infants fed cow s milh formulas
supplemented 1socalorcally with lactose and Dextrimaltose, do not sup
port these speculations (Table \I) On the other hand, no untoward
effects such s diarrhea or poor asstmlation were noted 1n these studies
The fear that lactose supplementation of infant diets may mduce cataract
formation 1s unfounded 1n fact smce (a) the ncidence of galactosem?
1s no greater m breast fed children than 1n those artifienlly fed where
other sugrs are commonly used, and (b) the cataractogenic effects of
lactose in rats are noted only with diets contamng 309 or more of th_e

carbohydrate (Mtchell and Dodee, 1935 rmanort, 195
Riggs and Beaty, 1947) ge , Bruck and Rapap
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In recent years the nutntional advantages of sucrose and dextrose
ave been studied ntensnvely m this Iboratory It may be expected
ectuse of the Iability of the fructose molecule, that sucrose would bear
iochemical qualities not 4y ulible with diets contumng dextrose alone
arly expenmments reported by Albancse and associates (1947¢) on the
Tect of carbohydrate feeding on the output of uninary amino teids dis
losed that single feedings of 23 gm of sucrose had . greater sparing
flect on the mtrogen and tryptophan output of young male and femnle
dults than did 25 gm of glucose

TABLE \I
FPECT OF DEXTRIMALTOSE AND LAcTosE o¥ Nrrnocevw ReTenTioN AND Freawn
Nrrmocen OF NoraaL Mavr INrFaNTS®

Subjects Daets DMAME DMM DMM LM LM
S 3 mo N retention gm /day® 089 079 087 068 089
0kg Fecal N gm /day 050 039 033 061 034
] 4 mo N retention gm /day 082 052 063 075 038
Shg Fecal N gm /day 044 040 049 044 040
VM 8 mo N retention gm /day 132 100 o084 114 071
3lg Fecal N gm /day 060 058 064 043 03
S 2 mo N retention  gm /day 113 109 095 086 093
3 kg Fecal N gm /day 046 032 034 032 029

@ Albanese (1950)

® Duet composition  Evaporated milk 1100 ml  Dextnmaltose No 2 154 gm 1
AN or lactose USP 150 gm 1in LM water to 2640 ml Both formulas were
mven at the rate of 35 gm of protem and 110 cal per kilogram per dav

¢ All results gnen as averages of 5 day periods

Subsequent investigations {Albanese et al , 1955b) revealed that diets
ugh i fructose mduced a greater nitrogen retention m children than
Lets hugh 1 dentrose or galactose The magmtude of this difference 1s
hown graphically in Fag 8 1t will be observed that somtrogenous diets
ontaming 71% of the total carbohydrates as fructose induced mtrogen
etentions of 30-50 mg per lalogram per day greater than those ngh in
lucose or galactose

These findings led the author and lus co workers to quire further
nto the biochemical mechamsm through which this end result was
chieved After some unsuccessful expenences they found that changes
nduced within one hour by different sugars 1n the blood amino nitrogen
evels of fasting subjects could serve as a dynamic index of protem
parng actvity of vanous carbohydrates (Albanese et al 1933c) The
lata resulting from this investigation are summanzed graphically 1n
F1g 9 Examunation of the data discloses that within 60 minutes of 1d
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value of protem, carbohydrate and fat Normally, every gram of urmary
mirogen 15 accompanied by the elmmation of 06-09 gm of carbon
Shufts i the urinary C/N ratio have been found useful m the diagnoss
of abnormal metaboltc states (Macy, 1942)

1 Effect of Carbohydrate Calores

In 1856, Hoppe reported that carbohydrate ingestion lowered the
mitrogen excretion of dogs This finding was later corroborated by Lush
(1928) by a reverse experiment on humself which demonstrated that the
withdrawal of 350 gm of carbohydrate from the diet at two levels of
mirogen imtrhe (2055 and 923 gm per day) increased his urmary m
trogen output by 4 gm above the usual values 1n both nstances This
protemn spanng action of the carbohydrates was also found to occur 1
the fasting dog (Rubner, 1883) and man (Landergren, 1903) These ob-
servations bear evidence that the carbohydrates can spare the mtrogen
needs of the mammnlian orgamsm at nearly all levels of protem mtake
The practical implications of this phenomenon were demonstrated by the
experiments of Keller (1899), Orgler (1908), and Rosenstern (1918),
which demonstrated that the nitrogen retention of mnfants from a given
amount of protemn could be greatly augmented by increasing the car
bohydrate content of the diet

2 Nurogen Sparing Value of Vanous Carbohydrates

Teleological reasoning has led many imvestigators to the conclusion
that becanse lactose 15 the naturally occurning sugar of the milk of all
mammals this sugar should possess nutritive charactenstics for nurslings
which are Jacking in other carbohydrates These qualtties have been asso
ciated by conjectare with the need for gelactose w the formation of
nerve tissues or the rate of absorption of galactose which 1s more rapid
than that of glucose or the mfiuence of galactose upon calerum metab
ohsm Speculations on unique effects of Jactose on the mitrogen metab
olism have also been entertamed Measurements by the author and Tus
associates of mtrogen retention of normal infants fed cow s mik formulas,
supplemented 1socalorically wath lactose and Deatnimaltose do not mpd
port these speculthons (Table XI) On the other hand 1o untowar
effects such a« diarrhea or poor assmmlation were noted in these studies
The fear that Jactose supplementation of nfant diets may mduce cataract
formation 1s unfounded mn fact since (a) the meidence of galactosema
15 no greater m breast fed cluldren than 1n those artificially fed wherf;
other sugars are commonly used and (b) the catwractogenic effects }l])
lactose 1n rats are noted only with diets contaimng 30% or more of t4 53
carbohydrate (Mitchell and Dodge 1935 Bruck and Rapaport 1945,
Riggs nd Beaty 1947)
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In recent years, the nutntionnl advantages of sucrose and dextrose
hwe been studied mtensively mn this Inboratory It my be expected
because of the lability of the fructose molecule, that sucrose would bear
Brochemienl qualiies not v ulble with diets contumng dextrose alone
Early experiments reported by Albanese and associntes (1947c) on the
effect of carbohydrnte feeding on the output of uninary amino aads dis
closed that single fecdings of 23 gm of sucrose had a greater sparng
effect on the mtrogen and tryptophan output of young male and female
adults than did 23 gm of glucose

TABLE \I
Errect of DEXTRIMALTOSE AND LacTosE oN NitroceN RETENTION anD BEcAn
NrrroGen oF NomvaL Mave INFANTSS

Subjects Diets DAMM? DMM DMM LM LM
DS 3 mo N retention gm /day® 08 079 087 068 08
40%g Fecal N gm /day 050 039 035 061 03f
B 4 mo N retention gm /dy 082 052 069 075 038
351kg Fecal N gm /day 041 040 049 O#4 040
WM 8 mo N retention gm /day 132 100 084 114 071
73%g Fecal N gm /day 060 058 084 019 037
1S 2 mo N retention gm /day 113 109 095 08 093
33 kg Fecal N gm /day 046 032 034 032 029

@ Albanesc (1930)

® Diet composition  Evaporated mlk 1100 ml Dextrimaltose No 2 154 gm
DMM or lactose USP 150 gm m LM water to 2640 m! Both formulas were
ghenat the rate of 35 gm of protem and 110 cal per kilogram per day

¢ All results guen as averages of 5 day penods

Subsequent iy eshigations (Albanese et al  1955b) revealed that diets
high 1n fructose mduced a greater mtrogen tetention i children than
diets Iugh an dextrose or galactose The magmtude of this difference 1s
shown graphically 1n Fig 8 It will be observed that somitrogenous diets
contaiming 71% of the total carbohydrates as fructose mduced nitrogen
retentions of 30-50 mg per Mlogram per day greater than those high
glucose or galactose

These findings led the author and hus co workers to inquire further
mto the biochemical mechamism through which this end result was
achieved After some unsuccessful experiences they found that changes
induced within one hour by different sugars n the blood amino mitrogen
levels of fasting subjects could senve as a dynamic mdet of protemn
spaning activity of vanous carbohydrates (Albanese et al 1935¢c) The
data resulting from this imvestigation are summanzed graphically in
Fig g E 1on of the data discl that within 60 minutes of ad
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mmstration  fructose causes 1 apprecinble increase 1 blood amino
nitrogen  In the same imtenval of time, glucose causes an increase
blood amino mtrogen no greater than that found on continued fasting
of the subjects Indeed the nse produced m blood amino mtrogen by
the fructose was equivalent to that produced by the simliwr administra
tion of 03 gm of milk protein per hilogram  Although at first glance
these findings would seem to require 1 revision of the accepted mech
amsm for the mammalinn metabolism of sugars, 1 more careful con
sideration reveals that there 1s no need for such a revision  In pomt of
fact, the measurements sumply suggest that fructose 1s a readier source
of carbon radicals for the trinsamination cycle than dextrose In the hght
of our mtrogen balance datr tlus rate of difference may be nterpreted
to sigrufy that fructose induces a greater salvaging of circulating non
protein metabolites than dextrose

T Mauenant Marnvutrmoy oF INFANTS (RAWASHIORKOR)

Despite the great amount of effort wiich has been expended on the
50 called daily 1mino ncid requirements 1t 1s difficult to interpret the
results 1n their relationship to varymg nutritional needs (Waterlow and
Stephen 19537) In short the m untenince requirements of a healthy sub-
Ject for remedying the consequences of ordmary metabolic tissue erosions
cannot be apphed to undernounished subjects in differing states of nutn
tional depletton such as oceur 1n kwashiorkor This syndrome variously
known as Shibi Gachak1 (Japan) Mehinahrschaden (Germany) hwash
orhor (Ghana) Male de Fanna (Italy) Sindrome Pluncarencral Infantil
(Central America) and Protemn Malnutnition (Gomez et al 1954), 1s
the hentance of children Iiving chiefly m techmeally underdeveloped
countries A number of factors—social economic sanitary, and educa
tional—contnbute to its high ncidence The cumulative effect of the
wegatnve achon of each of these factors bears on mithons of mdnaduals
throughout the world and the prevention and treatment of the disease
have thus become of Inte a world responsibility

Some of the problems raised n the management of this nutntional
syndrome were pointed up by the report of Cannon and associates (1953)
on comparative studies demonstrating the varying daily utihzation rates
for each of the essential amino 1ads m healthy adult rats and m adult
rats which had been subjected to marked protemn depletion Whereas 1t
was evident that there was a defimte mamtenince requirement for each
essential amino acid m the depleted ammal this requirement was aug
mented 1n many mstances from two to most five imes It would seem
from these expeniments that under the conditions of depletion the tissue
adity for each essential ammo acid 1s elevated more so for some than
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for others For example the utiization rates for lysime and leucine were
especially high mn compnson with the others The only explanation
which these mvestigators could offer was that 1n the reconstitution of
depleted tissues, where the greatest over all loss was of muscle mass,
muscle tissue presumably requured the greatest amounts, relativels, of
the amino acids normally responsible for sts charactenstic chemical strue
ture In support of this 1dea 15 the evidence from ammo acid analyses of
normal beef muscle that the ratio of Iysine and leucne to tryptophan is
approximately 8 to 1 (Greenwood et al, 1951)

1 Amwno Acid Supplements

Whle the use of milk continues to be an jdeal bass for therapy and
prevention of kwashiorhor properly constituted vegetable protem muix
tures are almost equally effective for treatment and are the most prom
1sing practical means of prevention for many areas of the world Amimno
acid supplementation of vegetable foods would seem to provide a prac
tical solution m areas 1n which ammal protein 1s 1n short supply Indeed
Gomez ¢t al (1958) encouraged by the good results obtamed by the
addition of imiting amno eids 1n the dietary of expenmental ammals,
fed a diet of corn meal and beans fortified with Iysine and tryptophan
to four cases of infantile malnutrition This supplementation was fol
Iowed 1 all instances by an mereased percentage of nitrogen absorption
and retention The beneficial effects of amimo 2c1d supplementtion have
been confirmed by Bressam and co worhers (1958) 1n hospitalized chil
dren affhcted with Kwashiorhor who were fed lysme and tryptophan
fortified corn masa Gomev et al (1937) have also reported that graded
lysine rewnforcement (100, 250 500 mg per day) of 1 cows mulk duet of
5 severely malnounshed children resulted m 1mproved retention of the
mtihe 1n 2 and possibly 3 of the children

Broch and associites (1955) have treated successfully 9 cases of
kwashiorkor with an ammo acid formula contuning a known mixture of
synthetic vitammns Apparently contrary to the clams of Gyorgy (1953)
and Schwartz (1952) no umdenhfied dietary factors are required for
the imtintion of cure as defined by these investigators

From these observations we may conclude that after mamtenance
requrements are fin1lly estrbhshed for each essentral amuno acd, }he
problem remams 1n the planmng of a rehabilitation diet of allowing for
from two to five tmes the mamtenance needs of each essential amino
acsd m order to furnish to the repleting tissues a rich assortment of these
ammo acids m proper proportions for their best utihzation by the sy;
thesizing mechantsms Even more difficult, however, 15 the further pro
Jem of determining the associated needs of these mechanisms for energ),
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witimins s1lts and nomessentil amuno 1aids s essential nteracting
contributors to the tissue syntheses

11 PREADOLESCENCE
A Towa Statr StupIEs

Stearns d associates (1938) have recently reported on the thorough
long range obsersations of her group on the protemn requirements of
children from 1 to 10 years of age They noted that the pertod from 18
months to 3 years and perhaps to 4 yers of age 1s the period wherem
growth of the skeletal musculature 15 most rapid 1n relation to total body
growth

1f the penod of slow body growth 1s the period of most rapid growth
of muscle tissue, 1t scems obvious that protemn requirement wall be lugh
dunng this age range—probably as high as during mfancy It wall be
relatively hugh throughout the entire penod wheremn muscle growth 1s
more rapid than total growth The actual requrement at any age will
sary with the rate of growth of muscle d with the clulds eficiency of
utilization of s intake

In these investigations mitrogen was well absorbed at every age
studied The mean fecal mtrogen remuned almost constant at about 11%
of the :ntake throughout the entire age range reported here The mitrogen
absorbed but not retuned 1s excreted i the urine The varous levels
of protein intake were obtamned largely through adjustment of the milk
mtake substituting nonprotein calonies for milk as 1s commonly done
m famihes

The retention of mtrogen with increasing mtake 1s shown on a per
ilogram basis for children 14 years of age 1n Fag 10 For companson
mean retention values are shown for nfants miven a similar range of
mntake  No sigmficant difference m retentron for any given intake can
be noted among the chuldren of these three ages These data (Fig 10)
show that the retention of mtrogen by young children 1s somewhat
smaller and less steady than that of the infants given comparable intakes
They also show that small children retam very little of a low mtrogen
intake but the retention nises rather sharply between 400 and 500 mg
nitrogen intake (25-3 gm of protemn) per hilogram then apparently
reaches a plateau only to show a second nise when the intake 1s increased
above 650 mg (40 gm of protem) It 15 emphasized that these data
refer to mtakes attamned voluntanly by children given dietary regimens
consisting of common foods normally eiten by these age groups The
intake of protein foods ws not forced nor was the diet “stuffed by the
addition of special protemns Few of the children consumed amounts of
protem over 45 gm per hilogram per day
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Nearly 80% of the data Lie between mtakes of 450 and 650 mg
mitragen (2754 gm of protem) per hlogram of body weight. The me
retention for this entire group approximates 110 mg per kilogram, w
a range of (approximately) 70-150 mg per Mlogeam From the d:
an mtake of 3 gm of protem per hilogram can be considered the m
unum permithng a satsfactory retention of mtrogen for children )
years of age An mtale aver 35 gm per hilogram 1s no longer economi
An ntale between 30 and 35 gm per hilogram or approumately
gm per pound, seems a safe allowance for children 14 years of a
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per fologram mtake Data for mfan:s are shown as broken hines those for childe
from 1 to 4 years are shown as sohd lmes The symbols differ for each yealrh‘
age 'The mean retention values were obtaned by averaging the retention
for all 3 age groups for each 25 mg of increase 1 intahe (Stearns et ol 1958)

The curve of mean per hlogram mitrogen retention of 4 year alds give
mcreasmg amounts 4’7?& protexgn differed sigmficantly from that of chuldre
under that age

Ch)ldren%l throngh 10 years of age showed no sigmficant dﬁeren:;
1n mean quantity of retention for a given mitrogen ntake Thereforg, 0
data for all children 4 through 10 years have been cambimed an
mean retention per hlogram daily 1s shown in relation to mcreasmgfpre;
kilogram mtrogen intake m Fig 11 All showed some evxden;ie [ ttx
sisting loss of mtrogen at low mtakes though the data are insu cllen L
be conclustve mn either group The retention of the older group e‘;; :
off at 46 mg of mtrogen per hilogram of body weight betweerl:) m;ao o
300 and 400 mg of mtrogen per hlogram of body weight (about 2~
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gm of proten) With mncreasing mtake of mtrogen, retention rose
steadily, but at 4 slower rate than that obscrved 1n the young cluldren
The second retention plitew 2t 100 mg of mtrogen per hlogram was
achieved 1t intahes above 525 mg per Mlogram (35 gm of protein per
\ilogram), or about the same ntthe level as was necessary to provide
100 mg retention for the young children

When the retention curves for the two groups are compared, the
chuef differences obsenved e the mereascd retention of the older group
as compared with the vounger At mtakes below 400 mg of mtrogen per
logrim of body weight and their relatiely slower rate of nise a5 intake
mereased over 400 mg per Mlogram this made establishment of 1 pre
ase requrement mote dhifficult

s CHILDREN 4 1) YEARS

190+

]
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m3/ 0l Dy

700 & % 55 B Toomg
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2 25 3
H1ceqe ntoke mg/kg/ Doy
NASTLC S 4 4 12 3922 17 §3 30 47 29 54 37 29 37 29 29 7
Fic 11 Retention of mtrogen per hilogram daily m relation to increasing per
Wlogram intake data for eluldren 1~11 years of age The mean retention 15 deter
mined by averaging all retention data for each 25 mg of increase 1n mtake of mtro-
gen (Stearns ot ol 1938)

The relative rate of growth of musculature for children 4-10 years
old still 1s greater than rate of growth of the body 1s a whole although
the difference in rates dimimshes as the child npproaches 9 years On
the other hand annual rate of body growth 1s somewhat more Tapid after
5 years so that total growth of musculature 1s still rapid  In addition
these are the hndergarten and early school yewrs dunng which the
common contagions are prevalent and the child develops his immumities
Bed rest alone lowers the retention of mtrogen and loss my be heavy
duning a febule illness Such loss of protem tissue 1s regamed far more
slowly than 1t 15 lost Return to prior weight may not be synonymous
with return to previous quantity of protemn tissue Agan 1t appears wise
to keep the requirement generous

Each 100 mg nse 1n imtake from 300 to 600 mg per hlogrim i
cludes about one third of the total data The mean retention of those
Bven 300400 mg was 46 mg per hilogram One half of the cluldren
retaned less and one sixth retaned less than 16 mg per Milogram These
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less efficient children m this age range may suffer nutrbonally if the
mtade 15 hmuted to 2-25 gm per halogram

An mtahe above 325 gm per hilogram per dny appears uneconomieal
for this age range An mtake of 3 gm of protem per Mlogram for the
4 to Tyear olds, decreasmg gradually as the child grows oler but
keeping well above 25 gm per kilogram per day, will permit mam
tenance of growth of muscle and allow sufficrent protem for recovery
from such exigences as febnle and other 1llnesses common to children
The children studied have shown no evadence that protemn mtake Jevels
of 3 gm per hilogram or more have any untoward effect There 15 no
reasonable objection to mamtenance of 3 gm of protem per Milogram
per day for the active school child It 15 msurance agmmst deleterious
mfluences, and permits hum to endure the stress of ryp1d eircumpuberal
growth without any added stress of nutntional deficiency As protem
foods are camers of so many of the other nutrients essential for good
health, generous use of protemn 1s the cheapest nutntional msurance we
cn buy for chaldren This evidence ndicates overwhelmingly that such
a diet 1s lughly beneficial

B  Omner Stupms

Good accord 15 found 1n a comparson of these Intest findings with
those of earher mvestigators in Table XII The large standard deviations
of the averige mifrogen retentions for each age and body weight group
leads Macy (1942) to doubt the usefulness of adjusting protein ntake to
either of these two parameters This mvestgator feels that the relation
ship of mitrogen retention to mbrogen mtake 15 a more sigmficant index
of mitrogen metabohsm of the chuld and adequacy of the diet than anv
other mathematical correlatton of nitrogen balance data Macy concludes
from her mvestigations that an average daly consumption of 473 mg of
nitrogen per Milogram of body weight per day 15 adeguate for all children
of this age group Although 1t 15 cbviously difficult to determmne the
ammo acid camposition of a heterogeneous det composed of animal and
vegetable protems a tentatwe estimate of the wmino acid content of the
dhet of a 12 year old child has been made by this worker and 15 cam
pared 1 Table AT with the wmno acid content of n equivalent amount
of cows mlh mtrogen It appears from thus tabulation that the protetns
of natural food diet 1 these studies provided a greater mtake of eystine
methiomne and lysine than do two liters of cow s milk

As might be expected, the mitrogen retention of the grovwmng child 1s
seriously affected by duetary factors other than the quantity and quality
of the protemn component Chaney and Blunt (1925) found that mtrogen
assumilation of two growing guls 10 and 11 vears old on diets of com
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TABLE \I1
Tie PROTEIN NITROGFN INTARF AND RETFNTION OF THE PREADOLESCENTS?
Aserage
No of Age in weight Nintake N rctention
Authors subjrets years {hg)} {meg /he) {me /kg )
Porter (1939) 1 25 15 428 87
47 18 374 64
1 55 23 9 54
Daniels (1911} 1 30 195 451 50
1 40 195 500 56
Danmsels et al (1935) 8 44 154 550-590 121
17 44 162 500-510 101
15 47 189 450490 83
Wang ot ol (1928a) 13 72 —_ 516 89
10 99 — 418 42
Wang et al (1925h) 7 89 258 537 76
7 89 249 264 1
Macv (1912) 5 4 184 502 a7
5 5 187 520 32
6 6 218 466 20
[¢] 8 262 442 24
2 9 284 457 37
3 10 333 393 31
1 1 358 371 22
1 12 420 317 19
¢ Albanese (1947)
TABLE \III

CovpanisoN oF THE EstivaTep Dany Anino Ac INTAKE oF A 12 Year Owp Boy
O\ A Mixep Dter Axp THE Animnvo Ao CoNTENT OF AN EQUIVALENT AMOUNT OF

Cow s MLk
Natural
food diete Cows milk?

Amino aed {gm) (gm)
Cystine Dos 058
Methionine 235 174
Argimine 426 248
Histidine 141 160
Lysine 418 m
Tyrosine 346 380
Tryptophan 083 100
Phenylalanine 378 346
Threonine 287 304
Valme 283 456
Leucine 865 712
Isoleuctne 277 424
Total amuno acads 3831 3173
Total known N intake 1163 11863

¢ Data from Macy (1942)

® Approvimately 20 hters  Caleulated from Macy et ol {1953)
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parable protemn content was augmented threefold by the daaly admin
1stration of 600-700 ml of orange yuice In view of the observed mets
bolte relationship of vitamins and amno 1eids sn man and expenmental
ammals {Goldsmth, 1958 Wetzel ot al, 1952, Chow, 1851 Kreh! ot a,
1945}, these noteworthy esperiments should be repeated and supple
mented with data on unnary metabolites ‘Wang and associates {1928a)
reported that the per cent nitrogen retention of cluldren 6-13 years of
age was greater for those underweight than those of normal body weight
These worhers nlso observed (1928b) that the mtrogen retention of 9
undernaurished children was greater than that of 8§ normal children of
sinilar age 4-12 years, on a low but not on a ngh protemn intake Hub
bell and Koehne {1934}, m « study of 17 cldren from 7 to 1) years of
age found that the average retention of 26 mg of mtrogen per hilogram
per dav was not apprecinbly altered bv the inclusion of carbohydrates to
gwe 1 6% mcerease 1n calonie value of the diet Davis (1935) found that
the mirogen retention of chuldren 8-11 years of age was lugher on a
base formmng diet than on an acid forming diet even though the protem
mtake was shghtly greater with the Intter diet Admumistration of viosterol
to gils of premenarchual age has been shown by Johuston (194) to
significantly 1ncrease the mtrogen retention The nitrogen retention of
chuldren 6-8 years of age has been reported by Nothass and Schadow
(1930) to be increased under the influence of sea chmate with no m
crease m body weight  Ultraviolet wradiation has an wregular effect
Thyroid administration was found by Johnston and Maronev (1938) to
increase mitrogen retention m this age group There appears to be 1o
marhed sex differences 1 mtrogen retention or protem regmrement for
thig age group (Macy, 1942, Holt and Fales 1921)

The problems mvoled in estimatmg the long term protemn intakes
of individual culdren and the possible relationship of these to the chul
drens pattern of growth and development and ta thewr specific needs,
have long been studied by Stuart et al (1958) Studies on 2 boys from
the age of 2-18 years have been presented m detasl to sllustrate these
problems One boy was able to consume levels of calosses and of protem
far above recommended allowances wlile remaning relatvely inactive
and mamtuning low waght for height excellent health, and 2 steaduly
Tugh Jevel of progress m growth This bov became obese only for a short
penod late 1 adolescence dunng which his formerly huigh levels of
mtake were greatly increased In contrast the second boy was ahways
small and he contimually consumed small mtshes of both calories and
proten The protem itike was particularly low m respect to National
Research Counail (NRC) nllowances dunng the ages of 6-12 years
Progress m sheletal development became stowed dunng this penod,
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health was only far and he mamfested generilly lowered resistance to
mfections  Recogmzable reationstips apper i these cases between
overall pattern of growth and charctenistics of calome and protemn
mtihe

Beal (1957} reported on her findings on 4 longitudinaf study of food
ptterns of 63 cluldren from barth to 7 vears of age whose patterns of
growth are thought to be satisfactory The mtake level of speafic nu
tnents are bised on newrly 1400 nutnibion lustories Ty preal vanations

om
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Fic 12 Intake of protem in the first 7 years of life showmng patterns of 2
mdwidual chuldren contrasted with the 25th 50th and 75th percentiles of the
Zoup from Bead (1957) The dots thow the data obtzwned wnth chuldzen i oux
hospital The eircled dots show the data of children given lysine supplements

of protein antake with age found by this investigator are shown 1 Fig
12 Attention was called to the fact that only one child m this series has
not had a decrease 1n milk mtake dunng the preschool period The factors
oprating 1n this decrease m milk intake are at the present time subject
to speculation The rate of growth 1s less rapid dunng late infancy and
the preschool period than durmg early infancy Lynch and Smively (1951)
have pointed out that 1t 15 almost impossible for the toddler and preschool
child to have a satisfactory feeding program when milk mtike exceeds
one pint daily

Dietarv measurements on 12 children 22-55 yews of age were
done 1 our Institution for periods of 12-67 days The observed average
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protemn mtake of these chuldren has been compared

graphically with
Beals data (Fig 12) Very good agreement occurs betweer? our ﬁ}x’zdz‘:gs
and those of Benl, at the 50th percentile, throughout this age range It
15 significant that the NRC allowances are lower than Beals 95th per
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Beals data (Fig 12) Very good agreement occurs between our findings
and those of Beal at the 50th percentile, throughout this age range It
1s sigmficant that the NRC allowances are lower than Beals 25th per

Pre-Lysine Period {25 Days) —J
Lysine Period (25 Days) [}

100
& 75
o
e
o
g
o sol-
g
:
5
s
© 2s}-
o
:30
(=]
S
P
<20
£
=]
]
£ 10
s
e
o
°

Frc 13 The effect of lysme fortification on calonic and protemn mtake of young
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who fell withm the 25th 50th and 75th percentile groups was studi®
The findings are recorded i Fig 13 The period of lysme supplementa
tion was assocated with an mcreased average daily intake of calortes
and protems 1 all 5 children
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it ADOLESCENCE
A  Hraray Cumprev

The subject of the protein mtikes of ndolescent boys wnd girls was
reviewed by Holt and Fales m 1921 The data from their own mvestiga
tions of healthy chaldren 10-17 years of age, from intelhigent, well to do
families are shown sn Tig 14 Tt 15 to be noted that the protein mtakes,
consisting of two thirds ammal protem wnd one third vegetable protem
are generally hugher for the boys wnd espeenlly so 1n the tenth, thr
teenth, and fourteenth vears Smce the proten intahe of these studies
was regulated by appette alone the valucs do not represent mimmum
figures However the accord of these protem values for adolescent girls
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Fic 14 Companson of pratein mtake of adolescent boys and guls Thus chart
was constructed from the data reported by Holt and Fales (1921} No smtable
values are available for hoys n the seventeenth year and for guls in the sxteenth
year Sohd areas represent data for guls ( Albanese 1947}

with those of Wast and Roberts (1933) which are based on mitrogen
balance data mdreate that appetite constitutes a good criteron of this
dictary need The report of Wt and Robcrts which reviews the earler
Iiterature and presents their own data on 52 heaithy guls from 10 to 16
years of age shows that of the 13 balances on normnl children of 10 to
11 years all mntakes below 2 gm of protem per hlogram resulted m v
loss of mitrogen from the body while storage was achiesed on proten
mtakes of 257-30S gm per llogram These nvestigators found no
close relation between the required total protem and any of the single
vanants age weight and height When combinations of three rather
than merely two of these bases are used the correlations are hgher
with the exception of height rcferred to age and the calenlated figure
closely approvimates the observed results

Imvestigations of Hsu and Adolph (1940) with two groups of bay s
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14-16 years of age one fed on a white bread diet supplemented with
dried cow s or soybean milk, and the other group mamtamed on a mixed
cereal diet, disclosed that the mtrogen retention could be raised from 50
mg of mitrogen per hlogram to 80 mg of nitrogen per kilogram by in
creasing the protemn ntake from 168 to 190 gm per kilogram This m
dicates that lower protemn intake was suboptimal

B ProtEIN NEEDS IN Disease

Johnston (1958) has recently reviewed lis extensive studies on the
problem of optimal 1ntake of protemn for adolescents In following for
more than twenty years a group of 932 tuberculin reactors removed from
contact, 1t was possible to demonstrate good correlation between the
development of these lesions, therr course when once developed, and
the nitrogen metabohsm Negative mtrogen balances, or uncompensated
previous protemn depletion from any cause were associated with spread
of the disease process In particular, Johnston repeatedly found that
sexual maturation i gurls, which 15 not necessanly comedental with
the onset of menstruation carries with 1t a depression i mitrogen reten
tion Failure to increase the dietary protein mtake mdicated by this fall
m mitrogen storage favors the spread of tuberculosis m girls with mmn
1mal remfection type of lesion

Findings on the adolescent needs for calories and protemn are col
lected in Table XIV It 1s to be noted that the percentage of calories
from protem found 1o recent dietary surveys as well as those recom-
mended by the NRC, are lower than the percentage reported by John-
ston and Maroney (1939), Wang and associates (1936), Holt and Fales
(1921) and Wait and Roberts (1933) Johnstons metabolc balance
data (1958) suggest that optimal intake of protem for the adolescent
should copstitute at Jeast 15% of an adequate calonc intake {basal cal-
ortes X 165) and that the NRC recommendatrons for this age group be
revised upward Johnston urges that one criterton of optimal  should
be the relation of 2 nutrient to mfection Support for this view 1s afforded
by the findings of Coburn and Moore (1943) that the ulimate prognosis
of rheumatic fever m children can be correlated with nutntional state
with particular reference to protem reserves
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| INTRODUCTION

Punfied ammno acids and mtrogen balance methodology have made 1t
possible to study the quahitative and quantitative amino acid require
ments of man These tools m the hands of specialized research workers
together with the cooperation of many young men and women who
served 1s subjects have yielded much basic mformation on ammo acid
requrement during the last two decades and promise to yield still more
m the future

Threomine was the last of the essential amino acids to be 1solated and
wdentified When 1ts nature and mmportance were known muxtures of
amino acids meluding threonne could be used m place of protems to
support the growth of rats Quantitative studies followed the qualitative
ones and then studies with human subjects followed those with animals

Il BACKGROUND
A CLASSIFICATION OF AMINO AciDS

In 1941 Holt and his co workers reported the necessity of supplying
certamn ammo acids preformed n the food mn order to maintain human
subjects 1 mtrogen equihbrium Negative mitrogen balances mevitably
occurred when the diet was deficient in tryptophan (Holt et al  1941)
or lysine (Albanese et al 1941) or methionine (Albanese ct al 1943)
N(;:ogm equibbnum was re estabished when the mssing acid was
added

477
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In 1942, Rose et al publshed a note stating that valine and ssoleucine
were indispensable for the maintenance of mirogen equitbrum  In
1943, he added threomne, leucine, and phenylalatune to this list of essen-
tial amimno acids for man

In 1944, Albanese et al reported that methionme alone could supply
the need for sulfor contamng ammo acids, and cystme was retired to
the group of dispensable smmo acids for man Argimine and histidine
were found to be dispensable also (Holt ef al, 1042, Rose ef ol 1943)

The complete list of essential amino acids—those which must be sup-
phed preformed to mamtain mitrogen equibrum m man—was given by
Dr Rose m 1949 and mcluded 1sol ! lysine, meth 3
phenylalamne threomne, kryptophan, and vakne

The classification of essential or indispensable for these ammo acids
and “nonessential or dispensable for all of the other amno acds does
not refer to the body s need for the different acids but only to the bodys
need to have certam ones supphed preformed Ammo acids which can
be formed withm the body, when the 1pproprate materals are suppled,
have mportant funchons and are essenttal Therr classification as non
essential can be musleading, espectally mn nontechmeal aircles

B Quantrrative Stupies—-Mes

The stuches of the quanhtatne requirement for these amwo acids
which followed therr identfication called for a relatively new dea m
human feedmg studies—the use of punfied or semu synthetic diets In
such diets pure chemucals supphed the minerals and vitamns ammo
acids were used i place of protems and sucrose corastarch and butter
fat were the chuef sources of energy Only m this way could the com
posiion of the diet be kept constant while a smgle ammo acd was
quantified

Tryptophan was the first amno acid for which quantitative results
were reported from studies of human subjects (Holt et al, 1944, and
Baldwin and Berg 1049) However from 1942 through 1852 Rose and
lus associates at the Umversity of Illmois were makmg a systematc
study of the requurement of young men for each of the 8 essential amino
acids In 1948 he {Rose, 1948) reported tentative values for mummum
requir ts and r ded intakes of these auds In the éetaﬁeé
reports the term “recommended ntale” was changed to safe “mtake
(Rose et al, 1954) but by either designahion 3t was twice the mummum
r The requirement was the amount needed by the
sui;ect who required the largest quantity of an amimo acid to mamtam
a “shght but distinctly positve mitrogen balance as measured by the
average for a penod of several days” A thorough recounting of these
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mmportant and now publshed results has been made recently by Rose
(1957) and 1s recommended to the reader

ll QUANTITATIVE STUDIES OF YOUNG WOMEN

Early m the 19505 plins were made jomntly by research workers i
human nutntion mn the Umted States Deputment of Agriculture and n
the Home Economics departments of three umversities to study the
ammo acid requirements of young women The research leaders their
unnversity locations and the amno acids they studied were Dr Ruth
Lesverton at the Unnersity of Nebriska studied threonine valine trypto
phan, phemItlimne with and without tyrosine 1nd leucine Dr Maran
Swendseid at the Umiversity of Califorma (Los Angeles) studied meth
onme and cvstme nnd asoleuctne and Dr May Reynolds at the Umi
versity of Wisconsin studied lysine and methionine and cystine The
research studies were supported i part by U § Department of Agn
culture contracts sponsored by the Human Nutntion Research Division
of the Agncultural Research Service In addition Dr Helen Clark at
Purdue Unnersity has i estigated the lysine requirement of both men
and women as one phase of the North Central regional project on the
nutritional status of adults

A PROCEDURE
1 General Principle

The procedure used by Leverton and her associates at the Umversity
of Nebrasha will be discussed n some detail because 1t was also fol
lowed 1 general by the other researchers The method was patterned
after that of Rose (1949) and was based on the fact that when one or
more essential amno acid 15 absent from the diet or present m msuf
ficient amounts the mtrogen excretion exceeds the intake and a negative
nitrogen balance occurs To determine the quantitative requirement for
an essential amino acid 1t was necessary to find the least amount of that
acid which would mantan mtrogen equilibrium 1n the subjects when
the other essential amino acids were present in adequate amounts

2 Plan of Studies

The first step 1n the expenimental procedure was to feed each subject
a ration adequate 1n the known dietary essential and generous m all of
the essential amino acids until she had been 1n mitrogen equilibrium for
at Jeast 7 days The second step was to reduce stepwise the mtake of the
amno acid to be measured unhl the subject went into negative mitrogen
balance for at least 4 days Finally the intake was then increased step-
wise until mtrogen equilibnum was again established The least amount



equilibryyp, on the complete mypy NG agyd, duces neg
atve balape more g 1ckly thap red; © latake grag 1
Five Separate shydyes Were conducteg at the Umvemty Of Nebyag? -

between Septembe, 1951 ang Apnil 1954 The major part of €ach

Period vag devoted 1, WOrk with one amimno a0, I‘oHoumg this exee

n the firgy Study there was ap ancillary study to Tepeat some Ievelof 5
amwo agyq Previousy Studied o 4, tty a Jevel of 0ne which ag 4, b
quantified Iy,

After the Tequirement fo, each of the 5 Mo agdy th:eonme, valine
fryptophan phenylalanme and leypype had beep studied Separately they
were all fed together vy, the othey acds ap the Ammo acyg Tation, 1p

e least amounts y hyon had beey, found €apable of Mamtamng Ditrogen
equihbriyg 1y all of the Subjects Tp, Was called the Test My ration
In thy way the adequacy of the NmUm ayopn of each of ¢he 5 g
acids measuredq Separately yp¢ tested 1 43, Presence of TMimup
Amounts of ¢, other foyy

Py 4, the Jast Study made by Swendseyg and Dypp (1956) 5 was
Possible for he, to feed Mmmum Wounts of »)] g of the essential amung
acids

3 Subjects

of the subjects v gro considered heah}zy, within normag hmats of weight
for height, ang had Metabolic rates within the homal range fo, therr
ages

4 Prelmzmary Period
hed
Durmg the first days of each study the subjects were 8Iven a weg
ciet compgosed of ordinary foods The hind and amount of food werg the
same each day except for the AMounts of foy and sugar Wwhich yere
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adjusted to meet the calonc requirements of the ndidual subjects
This period gave the subjects time to adjust physiologically and psycho
logically to the expenimental set up which was to become more ngid
and ncreasingly tiresome  The subjects usually came into mitrogen
equlibrium during this period of controlled food intake which vaned 1n
length from 8 to 14 days m the different studes

5 Lxpertmental Period

The experimental period mncluded all the days following the pre
hmmnry peniod untl the end of the study The dict was serm punfied
and mcluded 1 himited number of foods which were extremely low n
nitrogen mineral and vitamun supplements and amino acids i punfied
form

a Ammo Acds The amounts of the 12 amino acds, which were
fed duly m the syme ratio s they occur m whole egg protem (Mitchell
and Bloch 1946) and the mtrogen supplied by them are shown 1 Table
1 Egg protein wns chosen as the reference or pattern for the amounts of
the different amino 1cids to be fed because of 1ts recogmized high bio
logieal value The amino acids were tested for purity by mtrogen anal
vsis opheal rotation and mucrobrological assay The v form of each of
the acids except 1soleucine was used pr, 1soleucine was used

All of the ammo acids except cystme tyrosme and the one being
tested were ground together m 2 ball mll The mixture was then ana
lyzed for mtrogen to check its total mtrogen content aganst the sum of
the results of the nitrogen analysis of each component

The total dailv mitrogen mtake was 62 gm for the first threomne
study 85 and 95 gm for the valne study and for repeiting certan
levels of threomne and 95 gm for the lst three studies Glycme or
glycine plus diammonium citrate was the chief source of mtrogen and
made up the difference between the mtrogen supphed by the 12 amino
acids and the desired mitrogen intake

The level of total mtrogen used mn the Califorma studies was 6-7
gm and 1n the Wisconsin studies 10-11 gm In the study of the sulfur
contaimmng amino acids Swendseid supphed a portion of the 1muno cids
from 2 gm of mitrogen as peanut protem and added purified amino acids
to brng the mntake up to the equnalent of 20 gm of egg protemn

Each subjects daily portion of the amno aeid muxture was dinded
mto three portions and one portion was fed at each of the three meals
The appropriate amount was weighed into a tumbler and dissolved m
water prior to mealtime The amino acid bemg tested was m a separate
solution and was added to this solution The diammonium atrate solu
tion was also added to the dissolved acids Because of therr relatie sn
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5 ml contamng 10 USP antpernicious anemia umts was gen eve
third day dunng the first four studies During the leucie study ho\:/y
ever, 05 gm of lver concentrate 1 20 was given daily Mixed toco‘pherol
acetates, 38 1 U, were given every third day during the last two studies
The vitamin concentrates which were used m the three Jocations dif
fered shghtly but 1 each study suppled ample amounts of those known
to be requred
TABLE II
ConpOSITION OF MINERAL SUPPLEMENT®

Amount of element

supphed
Salts (g /subject/day)
Minera] mux
CaCo, 0548 Ca
KH.PO, 0208 P
MgCO, MG(OH), 3H.O 0199 Mg
FeC(H,0; 6H,0 0015 Fe
CuSO, 5H,0 0002 Cu
KI 000015 I
MoCl, 4H O 0002 Mn
ZnCl, 00009 Zn
Baking powder?
NaHCO, +
Ca(H_PO,), HO 0455 Ca
0703 P

o Leverton et al (1956a)
b Rose et al (1950) also included 269 gm cornstarch

d Calonc Intake Caleulated datly calonc mtakes during the ex
pertmental periods ranged from 2 200 to 2900 or from 35 to 54 calories
per hilogram of actual body weight The mean daily caloric mtake for
the 36 subjects was 2500 calories or 42 calortes per Kilogram

Tt was recogmzed that calorie requirements would probably be in
creased when the subjects were on the sem punfied diet Therefore
much attention was gven to preventing the subjects from losing weight
and also n preventing them from ganing more than 2 or 3 pounds
weight durng the studies The subjects were weighed darly before
breakfast and calorc mtthes were adjusted upward or downward as
seemed necessary However the calonc intake was hept as igh as pos
sible without causmg a gan of more than 2 or 3 pounds dunng any
study 1t was just under the amount that would have resulted m a
definite gam On the basis of previous experience we hnew that this
level of caloric mtake was considerably lugher than one which was just

sufficient to prevent weight loss heeping the caloric mtake this high
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Telped to prevent the oudation of body tissue for energy and = replace
ment of this tissue with water without 2 noticeable change mn body
weight However muntenance of weight 1s not as sensitive a measure
of calone requirement s would be desirble for such ngidly controlled
stuches of nitrogen balance A very practieal aspect of this concern with
energy mtike n any metabolism study 1s the attitude of subjects them
selves They will not volunteer for 2 study which will result in a weight
gan over 4 penod of 50 to 60 drys If they begin to gun wesght duning
A study they become apprchensive and uncooperitive, and may even
wathdraw from the study

The mean calonie intike of the Nebraska subjects was higher than
for the group of Wisconsin subjects who needed 2 mean mtake of only
2256 calonies or 37 8 cnlortes per halogram to mamtamn constant weight

In metliomne cystine studies at Califorma 7 of the 8 subjects mun
tuned weight duning the period of the sem synthetic diet on the syme
calorie intake as they had had duning the prelimimary period when or
dinny foods supphed 1 mean daily mtake of 2030 calories or 34 6 calories
per hlogram One subject hnd required dditionnl calones Durnng the
study of 1soleucine however the subjects calonie intake had to be
creased above what they had had in the prelimmary period During the
semu synthetic diet regimen their calonc mtake averaged approumately
2520 calonies per day or 436 calonies per hlogram

G Metabolism Study and Nitrogen Balance

Unme and feces were collected for the entire period of study from
the first day of the prelimmary penod through the last day of the sem
punfied diet Unne was acxdified except during the tryptophan study
and refrigerated under toluene unhl a 24 hour collection was complete
Nitrogen and creatinime determmations were done on the urme within
4 hours after the completion of each 24 hour collection

Carmine was given to mark the feces when the level of ammo aad
mtake was changed The fecal collections were frozen until combined
mto a composite for a period and then made 1nto a digest with 20%
HCI for mitrogen analysis

Nitrogen was determined by the macro hjeldthl method (Assoc
Offic Agr Chemusts 1950 p 13) and the ammonia was collected 1n bone
acid (Markley and Hann 1925) Creatinine was determined by the Folin
method using picnic acid (Assoc Offic Agr Chemusts 1950 p 368) and
the mtensity of the color was measured photometrically

Dufferent subjects were not always on each level of ammo acid mtake
the same number of days but in general for 6 days or longer The sub
Jects who had the greatest dailv vanation m unnary mitrogen were kept
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mtrogen balance the standard deviation and the range m the balances
for each group of subjects on e ach level of these d fer nt ammo acids
Als shown are the number of subjects with mtrogen excretions which
e (1) greater than 105% of the wnta ke, and (2) gre cater tham 100%
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balances of the group and the number of subjects m mtrogen equihb
num Table V shows (1) the Jovel of mtake of each sad which yielded
a ssgnificanthy better mean duly nitrogen balanee than the levels below
it, and {2) the lesel above which there was no sigmficantly better mean
duh mtrogen balunce

When the subjects were recening 214 mg threonme duby the mean
mirogen bilnce was signsfieantly better than when the antike was 103
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Fic 5 Levune mtake and mitrogen balance 13 subjects for 334 subject-days
Each subject is identified by her code which appears beside her retention for each
level on which she was studied A = mean retention of all subjects on each level
of intake Intake includes 20 myg /day supphed by aunlary foods (From Lever
tonetal,] Nutntion 88 358 1056 )
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mg threommne 15 the amount which has been suggested as 4 tentatve
mimimum requirement for young women simlar to those studied here

In the case of valine tryptophan phenylalanine with tyrosme, and
leucine the level of mtake which resulted in a sigmficantly better nitro
gen balance than the levels below 1t was also the level above which
there was no sigmificantly better balance These levels were 630 mg
valine 157 mg tryptophan (rounded to 160 mg ), 220 mg phenvlalanine
with 800 mg tyrosine and 620 mg leucine They have been suggested
as tentative mimmum requirements for young women

TABLE V
STATISTICAL SIGNMFICANCE OF DIFFERENCE 1IN NrTOGEN BALANCE ON DIFFFRENT
INTAKES

Levels of amina acd intike (mg /day) between
which differences 1n mitrogen balances were

Amino ~aid Sigmificant Not sigmficant
Threonine 214 and 103 5% 214 and 303 or higher
Valine 650 and 465 19 650 and 1580
Tryptophan 157 and 120 1% 157 and 307
Phemlalammne

with 900 mg tyrosine 220 and 120 1% 220 and 320 or hugher
Leucine 620 and 480 1% 620 and 710 or higher

@ Level of probabihty

2 Isoleucine

The results of the study of 1soleucine (Swendserd and Dunn 1936)
are shown 1n Table VI n terms of the mean daily mtrogen balances of
cach group of subjects m each level of itake, the range 1 mtrogen
balances and the number of subjects in equibbrium The amounts of
1s0leucine required for mtrogen equilibrium varied from 230 to 450 mg
3 of the subjects required 250 mg 3 required 350 mg, and 1 required
450 mg When these figures are evaluated in the same way as the
Nebraska results the highest figure of 450 mg 1soleucine may be sug
gested as the mimimum requirement for young women

3  Lysme

In the Wisconsin studies (Jones et al  1956) 14 women were studied
on different levels of lysine intake and the results for the last 4 days of
each mtake period are summanzed 1n Table VII Daly mtakes of 250
mg and below resulted m consistently negative balances among the
subjects although 1n a few cases the mtrogen excretion was not more
than 105% of the intahe On a [ysine intake of 400 mg only 1 subject was
n serious negative balance and she required 500 mg for equilibrium
Nitrogen equibibrium or storage occurred on intakes above 500 mg ex



498 RUTH M LEVERTO\

eept for subject 8 Her mtrogen balance was nio better on an mtake of
640 mg than on 250 mg, —040 gm, wd ~038 gm, respechively, both
less than 5% of the intahe Her balance rose to —0 1% on an mtake of
1600 mg
TABLE Vi
MzaN NrtroGEN BALANCES oF Susjects oN Dreferent Levers oF MErmowme
AND 150LEUCINE INTARES?

Number of
subjects with
nitrogen
everetions
Equal 1o
Number Nitrogen balance Greater  or less
Level of than than
of subjects Range 5% 100
1ntake an each Mean Low Hygh of of
(mg /day) lewel  (gm /day} {gm 7day) intaked  untakes
Methiomned ¢
800 8 005 -0 18 043 0 3
156 8 ~0 14 ~070 631 3 4
250 3 614 ~0 57 081 1 2
350 1 009 _— — 0 1
Isoleucine’
1330 7 @67 ¢1i8 063 a 3
50 7 —108 ~1 49 —082 7 L]
156 3 -0 32 ~066 008 1 0
250 7 ~049 —~118 008 4 1
356 4 —~007 ~0 562 G338 1 2
450 1 ~018 e — & [

& Swendseid et o (1956}

> Negamve balance

¢ Equlibrium or positive balance

< Al diets dnchuded 200 mg 1. cystine day

¢ Number of days on each intake vaned from 6 to 12

# Number of days on each mtake vaned from 6 to 12 for the 1330.mg Jovel

to 3 or 4 Sor the 50 mg level

s Thus ss the subject who was next given a 450 mg ntake

Clark and her co worhers (1957) studied the lysine requrements of
5 women and B men on a diet in which approumately one half of the
daily mtrogen miake of 90 gm was supphed by wheat flour corsmeal,
and a few fruts Punfied ammo acids were added to make the fotal
wtahe of essential amino acds (plus argimne histidine, cystine, and
tyroste) equal to the amounts present i 20 gm whole egg protem, and
diammonum citrate was used as the source of addibonal mirogen

The amount of lysine fed was vaned from 1500 mg, the amount
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20 gm whole egg protem, down to 470 to 510 mg which was present 1n
the unsupplemented basal diet The subjects (who ranged from 23 to
29 years of 1ge) were treated individunlly 1n regard to the quantity of
lysine tested in different 6 day periods and the results are reported only
for the mimmum levels of intthe on which the subjects muntamed
mirogen equilibrum  Equilibrium has been defined by Clark as

TABLE VI1
MeaN Nithocen BAaLances oF Sunjects ov DIFFeReNT LEVELS oF LysiNe INTARE?
Number of
subjects with
nitrogen
excretions
Equal to
Number Nitrogen balneed Greater or less
Level of than than
of subjects _ o Mamge 1esp 100%
take on each \etn Low High of of
(mg /day) level (gm /day ) (gm /day) intake¢ 1ntaked
Lyswe
1600 14 045  —012 127 0 13
100 6 —062 —088 —023 [} o
180 5 —084 -—142 —041 4 0
220 5 —0 36 —053 —080 1 0
250 7 —046 —118 —004 3 0
400 9 000 —079 059 1 4
500 2 004 000 Q07 [} 2
640 5 000 —040 029 0 4

o Jones et al (1956)

® These figures are the means for the final4 days on each lysme mtake
¢ Negatnve balance
¢ Equilibnum or positive balance

when nitragen balance was at or near zero The mtakes and mitro

gen balances of the 5 women subjects are gnen n Table VIII The
amount of lysime required by these women varied from 500 to 700 mg
daily Three of the men subjects required more than 700 mg lysime
daily The relationship of lysine need to bady weight surface area which
;‘g?sx;oted 1n the report has not been found 1n subsequent studies {Clark
On the basis of the results of the Wisconsin studies of lysme 500 mg
dally may be considered tentatively as adequate for mitrogen equiltbrium
and referred to as a suggested mmmum requirement for normal women
This amount would be raised to 700 mg on the basis of the results of
Clark However use of the results of the latter for comparnison and
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4

appeme when their mtake of vahne was reduced t0 373 mg daily, 3
subjects Jost an evenig meal

Tryptop The 3 subjects who recewved only 63 M& of tryptopha®
daily for 3 or 4 days expenence considerable nausea One 1ost a medh Tt
one had duarrhea, and one comp&amed of extreme fatigue uring, the ot
7 days she was on 120 Mg of tryptophads another subject lost two meals rques
(she was not panseated but attrbuted the Joss of meals 2 a muscle fea?
spasm g e
Phenylalamne None of the subjects showed 0f repotted any symP e
toms which ymght have suggested an madequate sotake of 2 dietary mm\:
essential u? ;
Leucmne hen 4 subjects were 1 negative nitrogen palance ey ‘:in('
had a few symptoms of gas\xom\estmal dustress which may have been YN
atmibutable t© an inadequate intahe of 2 ary essential n one €358 m
a meal was 1os W
1soleucin€ When ssoleucme W as semoved from the Amino acid sUP I
me discomfort \;7

tement of the
Their symptoms scluded 1058 of appe
of shan and mucous membranes, easy fabig!
tion of ssoleucine e of
Lysine and methuomne No evidencé was noted of any duscomfort i
or dastress expenenced by the subjects o low mtakes of exther lysme

or methionne

7 Needm Relation 10 Size

Within the $12€ and werght rang!

e of the groups of women se\ec\ed
for these studies there Was 10 dxscermb\e re‘ahonshxp etween e

amount O
and her total W eight of her bohe $12€ 5,) Probabl h a 1€
¢ be measur® actob! logmal methods W€ now
a utnent W C

as gross ¥ a
has secently ubhished an evalud o
aud reqmrement £ rats and of me and womer a

m the reqmrements of these group! «
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Iy CONCLUSION
A Minnus REQUIREMEINTS

The tentatne mmmum requirements for the essential ammo acids
are summarnized 1 Table \ for women and for men (Rose, 1949) The
requirements suggested for women are somewhat lower than those given
for men—both on the basis of total duly amount and per hilogram How
ever there were defimte differences between the studics 1n the diet and
techmque used and the mterpretation of the figures securcd These
account for some of the differences in the results, and differences in the
use of the results m stiting requirements In general the suggestions
mnde for the requurements of women especially for threomne valine,
trvptophan phenylalanime with tyrosine and leucine tend to be con
senatne based on means of 4 group of subjects and a zone of equilib
num whereas those for men were bsed on the highest amounts needed
by any subject for a shght but distinetly positive mtrogen balance No
suggestions are made for the safe mtakes” for women as Rose his made
for men by doubling the amount of the mimmum requirements

B AmiNo Acms IN Serr cHOSEN Drets

Also grven 1n Table X are figures for the amino acid content of or
dinary and self chosen food intakes as reported by Reynalds et al (1953),
Futrell et al (1952) Mertz et al (1952) and Wharton et al (1953)
These figures indicate that the foods available to people m this country
are likely to supply ample amounts of the essential amino acids

C  Funrier Nreps IN RESEARCH

Esven with these indications of amino acid requirements and intakes
our information 1s far from complete Much more needs to be known
about the nterrelabonships among the amino acids and between the
amino acids and other dietary items of the rates of synthesis of ammno
acds by the body and of the value of the so called dispensable ammno
acids 1 protemn nutrition and mtrogen balance Much more work also
needs to be done with subjects simtlar to the ones studied here and with
subjects 1n different age groups Indvidual vamation m requirement
among the subjects studied has been considerable Some of this vanation
could probably be avoided with more ngid control mn selecting and
managing the subjects and with more attention to nutritional istory or
background and stage of physiological matunity of the subjects How
ever the more homogeneous a group of subjects the less representative
it may be of the larger population group one 1s trymng to study

The chuef use of figures for the quintitative requirements for the
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amino 1eids 15 10 helping to 1dentify possible hiting factors 1 human
dietwnies especnlly those dicts m which plants are the major source of
protein Knowledge of such limiting factors and of the ammo aaid com
position of indigenous foods wall provide the basis for planning how best
to supplement the plant proteins within the framework and economy of
the eusting food patterns of different population groups

Our knowledge of amino aaid requirements 15 still meager, still small
1 relwbon to what we need to 1nd want to know bout the subject To
date we have only 1 few road signs on the lnghway leading to more facts
and better understinding The road signs have been supplied by re
searchers with somewhat different approaches to the problem and dif
ferent iterpretations of their results One of their contributions has been
to give others 1 plice to start from 1 conducting further research 1n
this aren No longer need we feel af I were gomng there T wouldn 't start
from here” We hwe several sturting places nd there are many direc
tions we can trnvel toward an mcreased knowledge of all aspects of
amino acid nutrition

REFERENCES

Albanese A A Holt L E Jr Brumback J E Jr Huyes M Radit C and

Mangenn D M (1941) Proc Soc Exptl Biol Med 48 728 730
Albanese A A Holt L E Jr Brumback J E Jr kaidt C N Frankston ] E

and Wangenn D M (1943) Proc Soc Expil Biol Med 52 18 20
Albancse A A Holt L E Jr Brumback J] E Jr Frankston | E and Itby V

(1944)  Bull Johns Hophins Hosp 74 308 312

of Offical A ltural Chemusts  (1950) Official and Tentative
Methods of Analysis 7th ed pp 13 368 Assoc Offic Agr Chemsts Wash
mgton D C

Baldwin H R and Berg C P (1949) J Nutrition 89 203 218

Clah H E  (1958) Personal commumcation

Clah HE Mertz E T kwong E H Howe ] M and Delong D C  (1957)
] Nutrition 62 71 82

Tutrell M F Lutz R N Reynolds M § and Baumann C A (1932) J
Autation 48 299 311

Holt L E Jr Albanese A A Brumback J E Avydi C and Wangerm D M
{1841)  Proc Soc Exptl Biol Med 48 726728

Holt L E Jr Albanese A A Shettles L B kadi C and Wangenn D \f
(1942) ~ Federation Proc 1 116 117

Holt L E Jr Albanese A A Frukston ] E and Iby V. (1944) Bull
Johns Hopkins Hosp 75 353 358

Jones E M Baumann C A and Reynolds M § {1958) ] Autrttion €0 549-
562

Levaton R M Gram M R Chaloupha M Brodovshy E  and Mutchell A
(1956a) ] Mutrtion 58 59 82

Leverton R M Gram M R Brodowsky F Chaloupha M Mitchell A and
Johnson N (1956b) J Nutntion 58 83 04

Levcrton R M Johnson N Tazur ] and Elbson J (1936c) J Nutnhon
88 219 230



508 RUTH M LIVERTON

Leverton R M Johnson N Elson | Geschwender D and Schmdt F {19364}
J Nutntion 58 341 354

Leverton R Af, Elison J Johnson N Pezur J Schmudt F, and Ceschwender
D (1856e) [ Nutntion 58 355 383

Markley k 5 and Hann R M {1925) J Assoc Offic Agr Chemlsts 8 455 467

Mertz E T Badter E J Jackson L E Roderuch C E and Wess A {1552}
] Nutnfion 46 313 322

Mitchell H H andBlock R J (1946} J Biol Chem 183 599 620

Nassett £ § (1957) J Nutnhon 61 535 569

Beynolds M 8§ Steel, D L Jones E M and Baumann C A (1958) ) Nu
tnton 1 99 111

Reynolds, M S Futrell M F and Baumann, C O {(1953) J Am Diotet Assoc
29 350 364

Rose W C (1949} Federation Proc B 546 552

Rose W C (1057} Nutntion Abstr & Revs 27 631 547

Rose, W C Hames W ] and Jobnson §J E (1842} [J Biol Chem 145 633884

Rose W C Hames W J Jobnson } E and Wamer D T (1%43) J Bl
Chem 148 457-458

Rose W C Johnson ] £ and Hames W [ (1950} [ Biwol Chem 182 541
556

Ross W C Lambert C F and Coon M J (1954) [ Biol Chem 213 B15-827

Swendserd M E and Dunn M 8 {1956) J Nutntion 58 507 518

Swendserd M E Willams I and Dunn M S (1856} ] Nutnfion 63 495 506

Whorton M A Tymell D and Patton M B (1853) J Am Diet Assoc 29
573 517



Crarrer 16

Nutritional Needs of the Aged

Recinawn A Iiceovs

Autnitional Rescarch Laboratory St Luke s Convalescent Hosptal
Greenurch Connecticut

Page
1 Introduction 507
II Phisiologn s Relited to Agme in Man and Ammals 509
A Tissue Changes 509
B Bisal \Metabolism 510
C  Orgain Function 511
D Longevity 512
11T Protein Nutrition 1n Old Ace 513
A Requirements and Intike 513
B Protem and Amino Aad Metibolism 516
C  Effects of \mious Suppl on Protein \Metabol 524

IV Carbohvdrite Metabolism 1n the Aged and Its Relation to Protemn
Metabolism 530
V  Blood Lipids and Cholesterol and Their Relation to Protem Metabolism 533
VM General Discussion 541
VI Summary 544
References 547

I INTRODUCTION

Dunng the past twenty years there has been a sigmficant mcrease of
mterest m the nutnitional problems of the older age groups This interest
has been mamifested by basic research scientists physicians dietibans
governmental and social agencies of various types food technologists
and many other groups including the general public as reflected 1n the
lay press This mncreased interest has been sparked by the certamnty of
an ever increasmg number and percentage of citizens n the age groups
above 50 years According to the U N Secretanat (1956) approumately
5% of the population of the United States i 1900 was over 64 years of
age and this percentage doubled in the succeeding fifty years Further
more due to a marked increase n the rate of population growth 1t can
be estrmated that by 1975 there will be 20 to 25% of the world popuh
tion over 64 years of age

The Umtcd States Department of Agriculture (1955) reported a
nation wide } hold food ption survey 1n which the duta were
collected by personal mterview with the homemakers They found that
probably not more than 109 of the nations household diets could be
called “poor and that women above the age of 55 years when h\mg

507
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.
difference n the rcquirements of the oldster during different nutritional
states (McCollum 1nd Steenbock, 1912) Although much has been done
m n effort to determme the factors mvolved in the difference 1n require
ments for the older age groups more research will be needed before
satisfactory knowledge n this area e be developed

I PHYSIOLOGY AS RELATED TO AGING IN MAN AND ANIMALS
A Tissue CraNces

About twenty vears ago Simms and Stolman (1937) carned out
chemieal anilyses of certun tissues in people over 70 years of age who
had died from aceidents Sumlar studies were done on tissues of 11 per
sons between 30 nd 40 years of age who had also suffered accidental
death Results showed that 2ging 15 accompamed by an increase m the
chlonde sodium ealaum and total base nd by a decrease m the
potassum  magnesram  phosphorus mtrogen nd ash content  Among
these victims of accidental death the water content of the tissues was
found to be greatcr n the older age group thin in the younger Another
group of indnidunls 63 to 70 years of age were studied following patho
logical denth and did not show the increase 1n tissue water

Some years later Brozek and heys (1950) pointed out the fact that
changes n body composition which accompany the process of aging re
sult i fatty tissues replacing some of the normally active tissues This
leads to an maccuracy m the standard height weight tables and the
phrase “per hilogram of body weight Brozek (1952) further reported
supplementary observations of 25 subjects 23 to 29 years of age 44
subjects 48 to 52 years of age and 34 subjects 53 to 57 years of age
The mean figures for these three groups wre shown m Table

TABLE 1
Cranges oF Boby Conposttion witit INCREASING AcEe

Body composition 23-29 Years 48-52 Years 53-57 Years
Age 252 500 516
Height (em ) 176 5 1754 1748
Gross body wt (kg ) 706 759 760
Speaific gravity 10695 10500 10473

(Submersion)
Per cent fat 144 240 259
Fat free weight (kg ) 604 577 568
Shinfolds (mm )

Abdomen 191 260 260

Back 146 204 215

Thigh 89 95 94

Chin 89 108 110

¢ Adapted from Brozel (1952)
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Albnese (1953) summanized the current opimons of s group and
of other workers regarding nutntioml physiology m oldsters His ob
servations were made on 1 series of 219 female residents of a very ngh
caliber Home, whose ages ranged from 66 to 94 years He felt that the
collected data wndicated that the water content of the body decreases
with age, suggesting that the duly requirement for water to meet normal
physiological demands 15 about 509~ less for the oldster than for the
younger age groups An excess of water wmtake 1 the oldster serves only
to mncrease the cardiac load and ladney stress, and may rcsult n the
washing out” of some important water soluble nutnents Albanese found
thnt the decrense n water content of the oldster 15 accompamed by a
percentage merease of body fat, which suggests the posaibihty that the
mereased fat imntake desired by many oldsters may have some physio
logical basis, 1o terms of Rachters (1941, 1943) studies on the self selec
twn diet of rats With regud to the protemn mtake m old age, Albanese
believed that the decrense in lean body mass makes it unbhely that
protewm storage can be considerably mcreased by means of increasing the
protem intake On the other hand an excessive pratemn mtake 1s known
to increase the blood urea content

Torre et al (1955) reported ivestigations, by chromatographic tech
miques, regarding 13 amino aads found m the spmal fiwd of normal
oldsters, as compared with normal young subjects The only dvergences
he noted were an mereased glutame acd level 1 the semle group and
the fact that aspartic acid was the only frec ammno acd found sn the
oldster which did not appear 1n the spinal flmd of normal young subjects

B Bssar Merasorism

In a group of subjects hetween 90 and 130 years of age Turovets
(1938 1939) found that the basal metabohsm was 509 of the accepted
normal for younger adults The minute volume and systolic volume of
the heart were also lower, and there was a greater difference between
the oxygen content of arten\l and of venous blood in the oldster Kountz
and s assocrates {1949) 1n a stady of 78 men and 63 women varving
1n age from 25 to 100 venrs, substanbiated this reduction i BMR with
advancmg age nd found thit the mean value for the serum orgamc
sodine alsa flls with agmg No correlation between serum 1odine and
blood cholesterol levels was observed

Brozek (1952) concluded from s wnestgations that the averige
calone intahe durmng advancing maturty tends to be larger than the
actual caloric need, resultmg m 10 ncrease 1n the deposit of fat Although
such fat serves as a fuel reserve 1t e1n hardly be regarded s bologically
desirable 1n spute of the fact that mcreased fat content of the body 15 4
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“normal” 1ccomprmment of aging m A statistienl sense He felt that the
recommended duly dictary allow nces of the Food and Nutrition Board
of the N1tional Research Counal (1948) should provide an adjustment
for age s well as for sex and actraty Using the age of 25 years 1s a
base he suggested a reduction of 75 1n the rccommended daily allow
ancees for eich decade 1bove 25 vears of age [The Food and Nutrition
Board did subsequently provide an adjustment for age n thar recom
mended daily allowances {National Research Counail Food and Nutn
tion Board 1953 1938) ]

Binet nd Bourhere (1951) felt that the previous studies of BMR m
the aged were handicapped by the small number of observations and by
the difficulties expenenced 1n attempting to control and measure the
dietary intake Their work showed that in males between 70 and 80 years
of age the BMR w1s 349 calories per square meter per hour and fell
after 80 ycars of nge to 30 8 calones per square meter per hour Females
between 70 nd 80 yenrs of age showed 1« BMR of 344 those above 80
vears 329 and those above 90 years 325 calonies per square meter per
hour~representing 1 gradual decrease with advancing years This sub-
stantiated the results reported by hountz and hus co workers (1949) It
was further noted by these mvestigators that of their subjects 34 hyper
tensives showed a BMR above the average for therr age group

Studies reported by Albanese (1953) suggested that when oxygen
consumption 1s expressed in terms of the active hissues (lean body mass),
the absenved decrease n the stindard BMR with aging 15 less marked
Shock and tis associates (1955 Shoch and Yiengst 1955) carried out
studies i 170 ambulatory males varying from 19 to 91 years of age with
regard to oxygen uptake carbon diouide elmmnation total respiratory
volume (measured under basal conditions by the Tissot open circumt
method) the interrelation between basal oxygen consumption and thio-
cyanate space antipynne space mnubn and PAH clewrance They felt
that their results demonstrated that although BMR caleulated per umit
of surface are1 decreases with age the oxygen consumption per unit of
total body water or per umt of intracellular lnd shows very little chinge
with advaneing years as a result of a parallel decrease 1n oxygen uptake
and 1n body flud with age

C Orcan Funcriov

In studies of I er function and gastric secretory response Rafsky and
Newman (1943 1947) found that 26% of 100 subjects above 60 years of
age showed abnormal findings 1n 4 or more hiver function tests but only
2¢% of the subjects showed decrensed liver function 1n 3 tests Following
a test meal of bread and water 539 of the subjects showed 19 umts or
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group recerved less earbohydrate and fat, resulting 1n a ealonc ntake
about 309 lower than that of the control group All of the mice were
kept on the regimen for 240 days after weamng and the expenimental
group was then returned to ad hibitum intake of the normal diet The
mice on 1 restricted calone mtake showed 4 defimte delty 1n maturation,
with 1 full recovery nfter return to « full dict the longewity of this un
derfed group was greater than that of their controls with 25% still alive
when all of the fully fed hitter mates had died McCollum and his asso
cites (1939) felt that the diets used 1n McCay s experiments were not
entirely smtable for the purpose They pointed out that although food
restriction did promote longevity statistically the lengthened Iife span
was tccompamed by 4 deerded Inck of well being 1 the diet restricted
ammals (Author s note In other words the ammals enjoying increased
longevity added years to their lives rather than bfe to their years )

Il PROTEIN NUTRITION IN OLD AGE
A ReQumEeMENTS aAND INTAKE

Albanese (1947) discussed the then current knowledge and belefs
regarding protemn nutrtion m the aged He admitted that lttle was
known of the biochemistry of the aging process and mentioned that
Robertson (1908) had discussed the metabohsm of old age and that
few advances had been made 1n the subsequent forty years Fenger
(1904) had reported Ius observations of a 61 yeir old woman weighing
42 to 15 kg over a period of fifteen years on a diet which furmshed
about 2 gm of protem and 25 to 30 calones per kilogram per day He
noted no serious impairment 1n this woman s abihity to utilize food satis
factonly with her advancing age Albanese also referred to protem bal
ance studies by hoch (1911) m 5 men aged 54 to 79 years These men
recenved drets of meat potatoes and vegetables providing an average
of 106 gm of protemn mtrogen daily they utihzed an average of 86%
of the proten Advancing age caused no 1ppreciable dimmution of this
ability Albanese concluded that from available data 1t was impossible
to establish the definite protemn requirements for the different physio
logical states of man and recommended that generous allowances such
as those advocated by the I'ood and Nutrniion Board of the National
Research Council (1945) be used 1e 35 gm of protem per hilogram
per day up to 1 year of age then gradually decreasing to 1 gm per lilo
gram per day for adult men Albanese believed that the quantity of
protemn needed 1s greatly influenced by the protein quality and that
Lnowledge of these matters was still 1 the frontier stage

hountz (1947) reported diet expersments m 27 oldsters who were fed
2000 calonies daily wath a calone distnbution of proten 1755 carbo
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of the Food and Nutrition Board, National Research Council (1948) for
sedentary dults It wall be noted 1 Table 11 that none of the three
groups of vestigators found as Iugh 2 eilonc and proten ntake s
those recommended by the National Research Council Albaneses group
felt that normal women above 63 vears of age cin mauntun 1 state of
good health with normal blood protans on « lower food intake than 1s
customanhy advised
TABLE 1T
Couranison oF Acttan Foob INTANE oF Acing WoueN wimit NaTiovarL Reseancrit
Councit RECOMMMENDATIONS

Age Protein
Source range  Calones (gm) Status
National Research Council  Adult 2100 [ Normnl Sedentary
(1948)
Ohlson ef al (1950) 7077 1500 53 Normal
\mther Prulsen (1950) 66-85 1037 29 Chronically i1l

Albanese ot al (1952a) 66-94 1895 + 102 43% 5 Normal

About this same time Keys (1952) reported that inasmuch as the
body size and metabolic rate decrease with advancing age (thereby re
quinng about 55 fewer calories per dvy for each decade after 50 years
of age) he felt oldsters can muntun their body weight on an intake of
approumately 1500 to 2000 calonies per day and that the protemn intake
of the oldster should reman at about 1 gm per kilogram per day as
recommended for the middle aged group He emphasized that the
duetary protems should come from a v ety of sources to assure a proper
balanced intake of nutnents

A qualifying doubt regarding the previously reported results of
mitrogen balance studies was expressed by Hegsted (1952) He pomted
out that an indiidual on self selected diet would show a mtrogen bal
ance varying from a posittve balance through equihbrium to a negative
balance “depending upon the changing factors of stress or food intake
Horwatt (1953) reported studies along the same lmes s those of Kountz
(1947) and Hegsted (1952) Thirty one indivaduals who had been on 1
diet yrelding 11 gm of mtrogen per dav were found to be 1n positne
mtrogen balance When their diet was changed so as to reduce the
Tutrogen intake to 65 gm per day they immediately went imnto negatinve
balance With the continuation of the same intake however over a
perod of 3 months these individuals went bach to a positive mtrogen
balance There was no difference noted between the oldster and the
young adult 1n this respect He agreed with other workers that these
data cast a doubt upon the mtrogen balance techmque of determining
Protemn requirements
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results of similar studies reported by Olbneh (1948) in a group of 78
men and women 60 years of age or over substintinted the findings of
Bocl. {1947 1948) wath regard to the trend of the total serum proteins
and the A/G ratio with advancing age  In addition there was 1 gradual
wmcrease 1 blood NPN and an inerease i the erythrocyte sedimentation
rate m the older group which Olbnch assigned to the change n the
plsma protems Rafsky and Ins associates (1949, 1952), Manzom et al
(1952) and Vanzett: and Tus co workers (1932) all supported the find
ings of Bock (1947 1948) with regard to the plisma proteins and glob
ulin Of 21 men and women between 70 and 95 years of age 76% showed
A serum globulin content of 337 o1 more of the total circulating proten,
the f globulm fraction was gher 1n the oldster than 1n the young adult
and the polysnechande content also ncreased

The storage of protein m 4 healthy males nd 6 undernourished males
was studied by Levey and his group (1949) The plasma volume (dye
method) total circuliting proteins ind the albumn fraction were meas
ured before the mntravenous wdmimstration of 1000 mi of physiological
saline solution and determined 1gun 30 minutes after the mjection The
4 normAl subjects showed a constant response to the s1hine infusion with
an increased plasma volume and an increase i the total circulating pro
ten but a decrease in serum protemn percentage concentrition suggest
g a “washing” of protems nto the circulation from libile stores The 6
malnounished subjects responded by a decrease in both the total ar
culating protemns and the plasmt protemn percentage concentration n
spite of an mcrease m plisma volume suggesting their mability to mo-
bilize sufficient proten from the deficient protemn stores When these
undemnourished subjects were then placed on a ngh calone high proten
diet (4000 to 5000 calories per day) for a peniod of 3 weeks they showed
a response to the salne infusion simlar to that found i1n the normal
healthy group

\htchell (1950) studied the uthzation of mtrogen from 6 test pro
tems (expressed as absorbed nitrogen per calome of heat needed for
nitrogen equibbrium) 1n adult rats and adult humans The results were
similar wath the exception of the rats mcrevsed speennl requirement for
cystine methionine used 1n the production of keratin This indicated to
him that the total amino acid needs of all mammals we dependent upon
the pattern of essential amino acids m the particular protein tissue being
formed or catabolized at a gnen time

Silber and Porter (1950) fed a protemn free diet to rats for 1 week
and then fed Vuj amino acid mixture (Madden and Clay 1945) at a
levef of 300 mg mtrogen per halogrim per day An excess load (100 mg
of mitrogen per hlogram) of the single amino acid to be tested was then
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this pentod the individunl would be 1 1 positive mtrogen balince con
tinuously until the deficrt 1s made up

Measurements of the speaific dynamic action of protemns in young
and old subjects were reported by Horvath and Tuttle (1951) They fed
a test meal of egg whites and ground beef yielding 25 gm of protein to
one group of males with a men age of 77 years and to 2 second group
of males with 1 mean age of 24 yewrs Each test meal was analyzed for
nitrogen content The utihzaton of ovygen was determined prior to
giving the meal, and agan every 30 minutes, for 5 hours postprandinl
The results indicated that the oldster showed more vanation in the
speaific dynamie 1ction but that the men response tended to be greater

Mertz nd his co workers (1952) by means of microbiological anal
yses of food components collected durmg mtrogen balince studies 1n 18
old women on self selected diet determined the daily intake of 7 essen
tial ammo ac1ds The intake of 1solencine Jeucine lysime threonine and
valine met or exceeded the phenylilanine intake was mtermediate and
the methiomne intake rarely reached—the levcls reported by Rose (1949)
for voung adult males

The effects of ammo terd deficiencies i adult Norwegian rats were
reported by Albanese (1952a) One group of tmmals recewved a diet
contamng only 043% mtrogen denived manly from yeast while the
control group diet yrelded 251% mtrogen In the low mitrogen imtake
group the rats Jost weight blood protein levels dropped 20%, and the
A/G ratio decreased at the expense of the 1lbumin Analysis of the tis
sues mdicated that the protein deprivation effect was of different magm
tude i vanous organs with the Irver suffermng the most In another ex
penment a group of rats were fed a normal diet with the exception of a
defiiency of a single amino acid at one time Nine essential amino acids
were tested 1 this manner as well as some of the nonessential group
The results suggested that a dietary deficiency m a single ammo acid
because of the imbalance caused more profound deleterous effects than
did the low protein regumen

In further studies employmg human subjects of both setes Albanese
(1952a) fed weighed diets providing approximately 40 calonies per hilo
gram per day with 01 gm of mtrogen per hlogram per dvy Ninety per
cent of the protein mosety consisted of a protemn hydrolyzate which was
deficient 1n some one amino actd Thirty such expeniments with 7 amino
actd deficiencies were carnied out Each experimental peniod was pre
ceded and followed by a control period 1n the same subject duning which
the amino acid 1n question was present in the diet The mitrogen balance
data showed that tryptophan lysine and methionine were essential parts
of the diet for the maintenance of mtrogen equilibrium whereas hisdine
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and argmine were not He referred to the work of Rose (1949) whick
demonstrated the essential character of other amino acids as mentioned
above In attempting to identify the different amo acid deficiency
states mn terms of blood protem or urmnary constituents Albanese found
poor correlation between the amino acid mtake level and the blood
hemoglobin albumin  globulm, and A/G raho Analysis of the urne
however, m a subject recewmng a tryptophan defiuent det showed a
sharp decrease i the excretion of tryptophan which could be returned
to the normal range by the addition of 30 to 60 mg of tryptophan per
Lilogram of body weight The development of chromatographic analysis
simplifies this approach to the study of amino acid metabohsm and
should be of considerable value m future mvestigations

Horwatt and co workers (1953 Horwatt, 1953) stadied the ammo aaid
metabolism of 11 old men and 9 young men, over a 3 year perod The
mtahe and excretion of the essentinl amme acds were measured while
the subjects were on a basic diet furmshing less than 60 gm of protern
per day, and less than 50% of the protem dernved from ammal sources
It was found that less than 1% of the mgested amino acids were excreted,
and the older group showed a shghtly mgher amino acid excrenon

A study of the quantitative dietary need for the essential amino acids,
by men over 50 years of age, required to mawmtam nitragen equikbnum
was reported by Tuttle et al (1957) Previous mvestigations into the
needs of the younger age groups mndicated that at least 8 ammo acids
were essential m the diet to mamtamn mtrogen balance Rose (1949) gave
mimmal mtake figures as shown m Table UI Holt et al (1941), Lever
ton et al (19562, b ¢ d, e) Jomes et al (1955), Harte and Travers
(1947), and others had reported studies of the requrements of young
adults for certam single ammo acads Tuttles group concerned them

TABLE IIT
INDISPENSABLE AMINO Actd NEeps oF MeN Over 50 YEARS or ACE

Test mxture Rose mntmum
Ammo aad (gm} {gm) ~ Tests %%
1 Leucmne 172 110 +5B
1 Lsoleucine 128 070 +83
{ Lysme 139 080 +73
{ Threonme 077 050 354
1 Tryptophan 038 025 452
I Valine 129 080 -+61
1 Methionine 056 110
I Cystmne 045 spates methomne
1 Phenylalamne 096 110
I Tyrosine 060 spares phenylalamine

1 Histidme 043 not essennial
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selves with 5 healthy men 1 the age range 52 to 68 years They were
admitted to 2 metbolism ward for the study penod, and were allowed
to ambulate and work at hobbies etc They were exvumined by 2 physt
aan daly, and 11l necessary Iaboratory tests performed to ssure 1 state
of “good health " The control peniod diet was composed of natural foods
furmshing about 7 gm of mtrogen per dyy from good quahty protern,
and 2 cilonic intike of 2014 to 2717 per day  When mtrogen equilibrium
had been established by carefully performed mitrogen balance tech
niques the protein of the control diet was replaced by the test micture
of amino 1cids shown an Table 11, plus enough glycine to bring the
total mitrogen ntahe up to about 7 gm per duy The ratios of the amino
acids 1n the test minture were designed to approuimate the composition
of 1875 gm of egg protein An adequate mimeral and vitumin supple
ment was 1lso gwen duly Tigure 1 shows the mitrogen balince data
during seven diet periods 1n one individunl which re representative of
the group It tan be scen that a mnture of essentinl amino acids s
described 1n Table 111, plus 2 small amount of additional tryptophan and
enough glycine ta ruse the total mtrogen ntake to tbout 7 gm per day,
was not sufficient to meet the nutritionl requirements of the older men
and resulted in 1 negative mtrogen balance This also occurs with the
feeding of 1875 gm of cgg protem plus glycme to bring the total
nitrogen intake up to about 7 gm per diy to match the control diet
When the amounts of essential amino acids 1 the basic mixture were
doubled however mitrogen equlibrium was achieved The authors re
mark that although the addition of small amounts of nonessential food
mitrogen to the diet has been shown to exert a spanng effect upon the
essential amino acids recent studies seem to indicate that 1 hugh glycine
take may actually mcrease the dietary requirement for essential mitro
gen 1n the human

According to Sharpenak (1957) the optimil composition of amno
acids 1n buman food 15 that which 15 close to the v erage composition of
the amino acids 1n the protems of the humn body Red muscles of the
human body contam the follow ng percentages of umno cids (based on
mtrogen content) as per cent of total protein mitrogen of the muscle—
valine 40 leucine 65 argimne 134 histdine 41 lysme 97 tyrosine
19 phenyllanme 24 tryptophan 19 cystme 13 and methonne
17 On a weight basis these amino 1cids constitute correspondingly
609967 248140 47 22 18 and 28% of the muscle protems

Data are tabulated representing the average 1mounts of these ammno
aads in the various organs of 25-35 year old men with an werage bods
weight of 70 kg The amounts of the individunl amine acids vary from
organ to organ However the average per cent composition of the
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apenod of 8-17 days At 2 Inter date the same men received an 1socalore
diet contumng small amounts of egg yolk which mereased the amount
of proten mtrogen 1n the dict to 2191-3294 gm per day The mitrogen
balance was determined within the last 8-21 duys of the diet intihe and
mdictted that the duly excreion of mitrogen n the urine (1382-2 134
gm ) and feces (0734-0961 gm ) was the same for both diets The
excreted mitrogen represents the so called endogenous loss of proten
Since this endogenous” loss of protem was constant, 3t was possible to
determune the nutntional value of milk and pea protems 1n companson
to egg yolh  The biological value of these food proteins for human nu
trtion decressed m the order egg yolk mulk, and peas

The fact that there 15 often no rehnble correlation between the nutn
tonal state of an indnidual 1nd the blood protein concentrations was
pomted out by Albanese (1952b) and by Albanese and Higgons (1953)
Further studies show ed that deficient dietary mntake of tryptophan meth
omne and 1soleucine impured the biosynthesis of plasma proteins
whereas 1 deficient mtake of lysine did not produce this effect It ap
peared that argimne was substituted for the lysine to the extent of a
32% mcrease m the argimne content of the plasma protemns which re-
turned agan to the normal level when the lysine imtake was mcreased to
the optimal intake for a 3 week pertod It 1s thought that this mdicates
1 complete regencration of the circuliting plasma protems 1n less than
21 days

Results of blood protem studies in 130 men and 106 women from 60
to 90 years of age were reported by Herbeuval and Ius associates (1955)
The albummn fraction was shghtlv decreased in more than half of the
subjects and the o; and a_ globulins were mcrewsed Changes m the
f and y globulin fractions were less defimtive with only one third show
mg a shght reduction one third a shght augmentation and one third
normal  Morgan nd his group (1955) and harel et al (1936) also
noted a decrease 1 the A/G ritio mn oldsters at the expense of the
albumin fraction There was no apparent correlition between the
total plasma protems and the dietary protemn mtike The blood unc 1ad
levels were not related to exther the protemn or the fat intake of the diet
harel and lus assocates (1956) felt that the decreased albumin content
m the oldster might indicate a dimmished rate of albumin synthesis sec
ondary to progressive decrease in the efficiency of the hiver

Chunn and tis co workers (1956) studted protemn metabolism n the
aged from a new direction They compared 12 aged persons 72 to 86
years of age with 6 younger subjects 16 to 61 years of age Each group
recerved a test meal contaming 1odine’®! labeled albumin and the radio
activity of the blood was determied at mters1ls up to 3 hours after the
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amounts improved the utihzation of the deficient protems by the body
Albaese and his co workers (19355b 1957) mdhcated that the healthy
oldster can mauntun limself on 2 mimmum duly protem ntike of ap
proumately 55 gm  of which 30 to 40% 15 of ammal ongin if the diet
affords 1600 or more total calones per dry Duning nd following periods
of stress however the same type of clderly patient was found to be 1
negatn e mtrogen balance 1n spite of 1 d-uly protein ntake of 60 gm or
mor¢ of which 305 was of ammal ongin  In such patients the supple
mentation of the dict by the addition of 600 to 900 mg of 1 lysme daily
appeared to improve the utthzation of the dietary protein and to reverse
the negatne mtrogen balance Norris (1957) reported dict studies in 5
mshitutionahized women from 75 to 91 years of age who were offered 1
diet ealeulated to be adequale if sufficient quantity were eaten The sub-
jects however on a self selected diet regimen tended to eat an excess of
the starchy foods thereby producmg 1 poor dict balance Supplementa
tion of their diet with 600 mg of L lysime plus theripeutic amounts of
vitamin B complex produced the following effects

{a) Anncrement of 08 to 31 gm % 1 hemoglobin mn three months
(L) A shght weight increase which was not considered sigmficant (c)
An increase m encrgy nd improvement n mood (d) A decrease m the
number of upper respiratory infections

Higgons and Albanese (1957) reported an extensive dietary expen
ment 1n which 415 convalescent adults with an average age of 63 years
were studied The subjects were divided mnto two groups Group I of 114
test subjects and 190 controls recerved the regular mstitutional diet The
114 test subjects recerved i addition a dietary supplement consisting of
50 gm of a milk protem concentrate (Somagen®) m 500 m! of whole
milk The mixture was dnided nto three portions and admimstered be
tween meals and at bedtime for a period of 3 to 4 weeks The duly sup
plement furnished 522 calories with a distnbution of protemn 41% ¢
bohydrate 28% and fit 31% The test subjects on thts supplement
ganed weight at an average rate 14 times that of their controls

In Group I1 47 test subjects and 64 controls also recened the regular
mstitutonal diet The 47 test subjects recerved m addibion 1 daly dietary
supplement consisting of 25 gm of the swme milk protemn concentrate
(Somagen®) plus 25 ml of a muture of essentinl fatty acids (Lipomul )
and 30 gm of sucrose m 500 m! of mlk furmshing 1 totnl of 652 calories
with a distnbution of protemn 22% carbohydrate 395 and fat 395
This supplement was divided 1nto three portions 1s above and admin
istered for 3-4- weeks The test patients 1n this group showed an 1 erage

—_
” The Upjohn Company halamazoo Michi an
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the ntermedinry metabolism of proteins and result m A reduction an lean
body mass It was admitted however that the custing knowledge was
fragmentary and that endocrine changes in old age might be the result
rather than the cruse of senescence, or might be contributed to by
chrome undernutriion It 15 essentil that dietary protemns of high
quility nd other essentinl nutrients be contmuously consumed m suf
fient quantities for 1 sufhcient penod of time by the oldster under
study, before we can implicte changes 1 the intermediary metabolism
of proten

Aclermann and his associntes (1954) reported their observations of
the calerum and mtrogen balance in 6 elderly women before and during
sufficient estrogen therpy to remnduce menstruation Their results 1n
dicated that estrogen therapy had no appreciable mfluence 1n those ind
viduals who were m positve mtrogen and cilerum balance There was,
however, a shghtly mcreased retention of caleim and nitrogen 1n those
showing an imbnl negative balnce The admimistration of progesterone
also had only shght effect but testosterone produced a marked increase
n mtrogen and caleium retention

The admmstration of Androstanolone to subjects 55 to 65 years of
age in doses as low as 25 mg a day produced an ncreased mitrogen re
tention without affecting the urinary excretion of sodium chlonde po
tassum or creatmne according to Pearson et al (1954) Metabohsm
balance studies by Wathin and his associates (1955) m 8 men 70 to 92
years of age also indicated that stanolone caused an mcreased mitrogen
potassium and phosphorus retention which was greater than that pro
duced by a lagh protem diet lone The quwntitative results however
were greater when the two were combmed The subjects showed a sig
mificant increase 1n the urmary excretion of 17 ketosteroids

It has been known for some tume that the androgens possess the 1bil
1y to promote protemn anabolism thereby enhincing tissue synthesis
The chmeian however has been hampered 1 their use by the unde
sirable andragenic side effects (Dnll 1958) Becnuse of this efforts have
been expended to develop a drug separating the androgenic and the
anabohe actwities of these steroids Out of these efforts came the devel
opment of Nilevar® (17a ethyl 17 hydroxy 19 nor-4 androsten-3 one}), 2
new synthetic analog of the sterod group of testosterone progesterone
cortisone aldosterone, and estradiol all of which function as hormones
Testosterone for mstance 1n addition to its androgenic properties exerts
an anabolic effect upon protein metabolism (kochahian 1946) Nilevar
1 structurally intermediate between testosterone and estradiol and func-

—_—
3 Brand of Norethandrolone (G D Searle and Co )
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dosage did not mdicate ny reduction of msulm function of the pancreas

Wisotsky 1nd his associates (1945) substantinted the above findings
with regard to the type of glucose tolerinee curve found 1n oldsters
Thesr studies of 1ged males summanzed Fig 2 mdicate 2 decreased
tolerance for orally adminmistered glucose The blood sugar curve fol
lowing antras enous glucose injections s reported by Smth (1950), also
required 2 Jonger tume to return to the normal pre mjection level in
aldsters 1s compared wath young adults The blood pyruvate, howeser,
rose normalls 1n the aged subjeets which 1s contrary to the finding m
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dubeties He concluded that the delayed type of glucose tolerince curve
m the oldster was not due to msulin deficiency

Further studies on the intravenous glucose tolerance test m different
age groups were reported by Schneeberg and Finestone (1932) who
found a slow er response n subjects over 40 yeurs of 1ge  They beheved
however that this was not caused by liver dysfunction deficient stores
of oxygen or a previously low carbohydrate intike and that the normnl
oldster can probably handle glucose s well as the younger ge group
Chesrow and Blever (1954) studied 46 men 1nd 34 women from 60 to
109 years of age Oral glucose tolerance tests were carried out on all
subjects and thosc showing prolonged curves were then subjected to an
mtravenous glucose tolerance test 8 dws later There wis no umform
relation of the tolerance curve to the age of the indwy 1dual Intrasvenous
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dosage did not indicate wny reduction of msulin function of the pancreas

Wisotsky and Ins nssocintes (1945) substanhitted the above findings
with regard to the type of glucose tolerance curve found m oldsters
Their studies of aged males summnzed i Fig 2 indicate 2 decrensed
tolerance for orally adrmmistered glucose The blood sugar curve fol
lowing mtravenous glucose injections s reported by Smith (1950), also
requred 1 longer time to return to the normal pre mjection level
oldsters as compared with young adults The blood pyruvate however,
rose normally 1n the aged subjects which 1s contrary to the finding 1n

Blood Sugar
mg /

L . L ) )
] 2 3

100 —
[

ours

Fic 2 \ean blood sugar levels in a group of 14 males 60 to 70 years of

age before and after an average oral test dose of 50 gm of glucose Adapted from
Wisotsky of ol (1943)

dubeties He concluded that the delyed type of glucose tolerance cune
m the oldster was not due to nsulin deficiency

Further studies on the mtravenous glucose tolerince test in chfferent
age groups were reported by Schneeberg and Finestone (1952) who
found a slower response 1 subjects over 40 years of 1ge  They believed
however that this was not caused by Iver dysfunction deficient stores
of oxygen or a previously low carbohydrate tihe and that the normal
oldster can probably handle glucose 1s well as the younger age group
Chesrow and Bleyer (1954) studied 46 men and 34 women from 60 to
109 years of age” Oral glucose toler ince tests were cumed out on all
subjects and those showing prolonged curves were then subjected to n
intravenous glucose tolerince test 8 days later There was no uniform
relation of the tolerance curve to the age of the indiidual Intravenous
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glucose folerance tests were also carried out on 16 subjects showng pro
longed curves after oral glucose, and none of these subjects showed a
diabetic type curve

Between 1951 and 1955, Albanese and s group reported the results
of varous expeniments concerming the utiization of carbohydrates and
therr effect upon protemn metabolism e wall attempt to record here
only a brief summary of therr findings

Observations on the parenteral use of invert sugar (Albanese et al,
1951a) mdrcated the need for a cribical evaluation of the protem sparing
action of vanous cibohydrates Thewr data ndicated that mitrogen re
tention and utdization was greatest with diets 1 which 70% of the total
carbohydrate fraction was fructose They also reported (Albanese et af,
1952b) data to substantiate the fact that mnvert sugar nfusions have
certamn advantages

1 The rapid wbibzation of the fructose portion prowvides a readier
source of energy than does glucose

2 Fructose has a greater protemn spaning effect than glucose, at
adequate levels of mitrogen intake

3 This parhicular property 1s of considerable value 1n reducmg the
undestrable mtrogen loss which accompanies any tranma

4 These advantages are secured without hyperglveerma Therefore
the subsequent hypoglycemic rebound and the dresis which accom
pantes glucose infusions are avorded suggestmg tht fructose 1s 2 better
sugar for parenteral carbohydrate admmistration

Further expenence by Albanese and Ins group (1934a) showed that
at the 50 and 100 gm levels of admumstration, mtravenous fructose solu
tions resulted mn a greater mtrogen retention than mvert sugar solutions,
which m turn showed greater protem sparing effect than glucose They
concluded that 5% fructose solution or 10% invert sugar solution appeir
to be the nutrients of chaice for mntravenuos ahmentation

The :mportance of the protemn sparng action of carbohydrates mn the
treatment of curhotic patrents led to the following mvestigations whuch
have not been published to date (Albanese ef al, 1956) A group of 16
postacute respiratory disease patients with normal hver function tests,
and another group of 10 patients with definite chmcal and laboratory
evidence of active curhotic disease were both studied with regard to
the changes i plasma amino mtrogen levels during and after the ntra
venous admmistration of fructose or glucose The change was expressed
as an mdex (plasma ammo nitrogen mdex), determmned as follows

Maxmal plasma amo N Jevel — Fashing plasma amino N level % 100
Fasting plasma amino N level

Indes =
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Each mdividual in both groups received two ntravenous infusions, one
of glucose nd one of fructose contuning 05 gm of the test sugar per
Mlogram of body weight 1n 1 10% solution admmstered over a 30-
minute period Fasting blood specimens showed no sigmificant differences
m sugar or ammno mitrogen levels between the two groups The ammo
mtrogen level was redetermined every 15 minutes for 1 hour after the
infusion started and the sugar levels were measured after 30 and 60
minutes The mean plisma amino mtrogen index was defimtely greater
with the fructose infusion versus the glucose infusion in both the normal
and the cirrhotic groups s mdicated 1 Table V- This would suggest 1
greater and more ripid conversion of fructose to ammo acids thereby

TABLE V
Anino NrrroceN Inpex Ciances FOLLOWING INTRAVENOUSLY ADMINISTERED
Grucosc anp Fructose

Subjects Glucose Fructose P
Normal (13-67 years)
Number of patients 13 16
Index 5 20 01

Currhotie (32-80 years)
Number of patients
Index

10

9
9 19 05

enhaneing its protemn sparing action over that of glucose It was also
noted that the mean blood sugar levels following the infusions were
defimtely lower when using fructose as compared to glucose m both
patient groups and the mean blood sugar levels at various time 1ntervals
were essentially the same m both the normal and the cirrhotic groups

The same 1nvestigators {Albanese et al 1954b) studied the effect of
age on the utiization of various carbohydrates ndmimstered orally The
utilization of glucose decreased markedly with age whereas the utihza
tion of fructose was only shghtly affected  Invert sugar and sucrose were
utilized better than dextrose but not as well as fructose alone Lactose
was utilized better than dextrose but less so than sucrose mnvert sugar,
or fructose 1n the aged The elderly insulin controlled diabetic also
showed a better utihzation of fructose than dextrose These workers be
heved that fructose or fructose contuning sucrose are the sugars of
choice for the aged

Investigation of the effect of carbohydrates upon the metabolic m
trogen pool (Albanese et al 1954c) disclosed that the more readily uti!
1zed fructose makes an 1ppreciable positive contribution to the metabolic
mtrogen pool within 1 hour which 1s not true for dextrose as shown mn
Table VI In feeding expertments (Albanese et al 1933¢) subjects from
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glucose tolerance tests were also carried out on 16 subjects showng pro
longed curves after oral glucose, and none of these subjects showed a
diabetic type curve

Between 1951 and 1955 Albanese and s group reported the results
of various expenments concerning the utilization of carbohydrates and
their effect upon protem metabolism We will attempt to record here
only a brief summary of their findings

Observations on the parenteral use of mvert sugar (Albanese et dl,
1951a) sndicated the need for a eritical evaluation of the protem sparing
action of vartous carbohydrates Thew data indicated that mtrogen re
tention and utihzation was greatest with diets 1 which 709 of the total
carbohy drate fraction was fructose They also reported (Albanese ¢t al,
1952b) data to substanhate the fact that invert sugar infusions have
certan advantages

1 The rapid utilization of the fructose portion provides a readier
source of energy than does glucose

2 Fructose has a greater protem sparng effect than glucose at
adequate levels of mitrogen mtake

3 This particular property 1s of considerable value in reducing the
undesirable nitrogen loss which accompanies ny trauma

4 These advantages are secured without hyperglvcemia Therefore
the subsequent hypoglycemic rebound and the diwrests which accom
pames glucose nfusions are avoided, suggesting that fructose 1s a better
sugar for parenteral carbohydrate admmstration

Further experience by Albanese and his group (1954a) showed that
atthe 50 and 100 gm levels of admimstration, intravenous fructose solu
tions resulted i a greater nitrogen retention than mvert sugar soluttons
which 1n turn showed greater protem sparmg effect than glucose They
concluded that 5% fructose solution or 104 mvext sugar solution appew
to be the nutrients of choice for mtravenuos alimentation

The mportance of the protein sparing action of carbohydrates in the
treatment of crrhotic patients led to the following mvestigations which
have not been published to date (Albanese et al 1936) A group of 16
postacute respiratory disease patients with normal hiver function tests,
and another group of 10 patients with defimte cliucal and laboratory
evidence of active curhotic disease, were both studied with regard to
the changes m plasma ammo mtrogen levels during and after the mtra
venous admimstration of fructose or glucose The change was evpressed
as n mdex (plasma ammno mtrogen 1ndex), determined as follows

Maximal plasma ammo N level — Fasting plasma ammo N level % 100
Fasting plasma ammo N level

Index =
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Each mdnidual mn both groups received two mtravenous mnfusions, one
of glucose wnd one of fructose, contuning 05 gm of the test sugar per
lulogrim of body weight mn 2 10% solution admimstered over a 30
minute period Fasting blood specimens show ed no sigmficant differences
m sugar or amuno mitrogen levels between the two groups The amma
mtrogen level was redetermined every 15 minutes for 1 hour after the
infusion started nd the sugar levels were measured after 30 and 60
minutes The mean plasma amine mitrogen index wns defintely greater
with the fructose infusion versus the glucose mfusion m both the normal
and the airthotic groups s mdicated n Table V. This would suggest a
greater and more rapid conversion of fructose to ammo acids thereby

TABLE V
Ao NrrroceN INpex CHANGES FOLLOWING INTRAVENOUSLY ADMINISTERED
Grucose anp Frucrose

Subjects Glucose Fructose P
Normal {13-67 years)
Number of patients 13 16
Index 5 20 01

Curhotic {32-80 vears)
Number of patents 9 10
Index 9 19 05

enhancing its protein sparing action over that of glucose It was also
noted that the mean blood sugar levels following the infusions were
definitely lower when using fructose as compared to glucose 1n both
patient groups and the mean blood sugar levels at vanous time intervals
were essentially the same 1n both the normal and the cirrhotic groups

The same mvestigators (Albanese et al 1934b) studied the effect of
age on the utihzation of vanious carbohydrates admimstered orally The
utilization of glucose decreased markedly with age whereas the utihza
hon of fructose was only shghtly affected Invert sugar and sucrose vere
utthzed better than dextrose but not as well as fructose alone Lactose
was utilized better than dextrose but less so than sucrose mvert sugar
or fructose 1n the aged The elderly insulin controlled diabetic also
showed a better utihzation of fructose than dextrose These workers be
Leved that fructose or fructose contamning sucrose are the sugars of
choice for the aged

Investigation of the effect of carbohydrates upon the metabolic ny
trogen pool (Albanese et al 1954c) disclosed that the more readily util
1zed fructose makes an appreciable positive contribution to the metabolic
nitrogen pool within 1 hour which 1s not true for dextrose as shown n
Table VI In feeding experiments (Albanese et al 1935¢) subjects from
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5 to 81 years of age were fasted for 12 hours overmght Oral test doses
of different quantities of a protein preparation (0-04 gm per Lilogram)
or different carbohydrates (10 gm per kilogram) were admmlsterezi
dissolved or suspended 1n 250 ml of water Blood samples were collected
before and agan exactly 1 hour after the test dose Total blood sugar
and fructose concentrations were determmned colonmetrically  Blood
ammno mtrogen levels were determmed m deprotemmized filtrates The
results of this work again indicated that fructose 15 more rapidly metab
ohzed than glucose and results 1 the rapid formation of carbon strue
tures which by combimation with the labile amino groups become avail
able by the transammnation cycle for conversion mnto amino acids
TABLE VI

EFFECT OF ORAL ADMINISTRATION OF VARIOUS CARBOHYDRATES ON THE METABOLIC
NrirroceN Poor

Differences from fasting levels mg %

Amino Total
Test sugar nitrogen sugars Fructose
Fructose 102 243 49
Dextrose --061 520 05
None —047 —105 00
Fasting levels mg % 582 1018 18

The protem spanng effect of carbohydrates and fats was studied by
Kountz and his group (1955) Fowm men 70 to 89 years of age and 5
women 68 to 82 years of age, had been mn positive nitrogen balance on a
diet contaming 11 gm of protem and 35 to 40 calortes per hilogram per
day When 400 calones per day were added to an 1socaloric diet m the
form of carbohydrate or fats, a protem sparmng effect equvalent to an
extra 5 to 10 gm of dietary protemn per day was estimated on the basis
of mitrogen retention measurements

The fallilty of the glucose tolerance test in the aged was ques
tioned by Wagner (1955) He studied 106 women 65 to 85 years of age
who showed no evidence of diabetes liner disease or abnormal thyroid
function The routme oral glucose tolerance test was admmstered at
the begmning of the expeniment was repeated after 1 year mn 82 subjects
and was repeated agam at the end of the second year in 27 subjects The
results showed a wide variety of high prolonged curves such as those
reported previously by Bogdanovich (1940) Wisotsky et al (1945)
and Chesrow and Bleyer (1954) He substantiated the previously 1e
ported findings of others regarding the lack of correlation between a
type of glucose tolerance curve suggestive of the dmbetic and the
chinical state of the elderly subject He suggested that the most reliable
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mdex of 2 truc metibolie defect m the carbohydrate metabolism 15
constant elevtion of the fasting blood sugar level Secondary importance
15 assigned to the fulure of the curve to reach the pretest level in 3 to 4
hours The least rehable mdex 1s the blood sugar 1t the peak of the curve

Y BLOOD LIPIDS AND CHOLESTEROL AND THEIR RELATION
TO PROTEIN METABOLISM

Twentv yeurs ago the problems relating to blood cholestero! levels
m the older age groups were bemng argued controversially Pierret et al
(1939) reported that in their expenience they found no changes in blood
chemstry which were statistically significant of old age and that the
cholesterol level varied and showed no correlation with the nonprotemn
nitrogen 1n the blood or with the artenial blood pressure

A few vears lter Rafsky nd Newman (1942) camed out studies m
a group of 100 normal elderly subjects When whole blood levels were
measured only 57% of the subjects showed a total cholesterol concentr
tion greater than 200 mg 5 while 68% of the same group showed 1 free
cholesterol level greater than 40 mg % These findings were considered
to be within the normal range When 50% of the subjects however had
determinations made upon the serum rather than the whole blood 74%
showed a total cholesterol concentration above 200 mg % while 345
showed a free cholesterol level greater than 40 mg % (No explmnation
was offered for the vanation between the whole blood group and the
serum group )

Foffam: and Bert1 (1947) reported thewr findings regarding the rel
tionship betw een the protemn content of peripheral and medullary blood
and hyperhpemia 1 an aged group 62 to 87 yers of age as contrasted
to young adults under 50 years of age They found that the protemn con
tent of the peripheral blood of the oldsters wveraged about 1 gm ¢¢ lower
than the young adult group The mdex of refraction n the peripheral
blood was n the rainge of 134717 to 1 35014 in the majonity of the aged
as contrasted to a range of 135014 to 1 35338 1n the younger group They
also found that there was an mcreased hyperlipemin in the medullary
blood as contrasted to the pcnpheral blood n the oldster They felt that
this factor explamed some of the apparent varability of medullary pro
temn values and of the A/G ratio

Albanese (1952c) referred to previous experiments (Albanese et al
1951b) upon the cutput of nitrogenous metabolites following the mtra
venous infusion of 5% bovine phisma digest wath and wathout 57 dex
trose and/or ethanol When a fat emulsion was idmimstcred orally long
with the infusion a further improvement m imino acid utihzation was
noted Feeding expuniments indicated that an orally adminmistered milk
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protemn concentrate suspended m milh caused a positive nutritional
response m terms of body weight change which was greater m the oldster
than m the young adult By adding oral fat emulsion to this protemn sup
plement he noted further improvement i nutrstional response This was
thought to be due to the presence of 1n mcreased number of energy
calories with a subsequent wcrease m the protemn spaning effect (Fur
ther expersences with this modality were reported by Higgons and Al
banese (1957) as outlined m Section III, C, 1 of this Chapter )

‘The consensus of opmion of vanous investigators (Eiber et al 1954,
1955, Rossi, 1954, Goldbloom, 1955, Ackermann et al 1935) concerning
serum Lipids 1n the older age groups, can be summinzed as follows In
subjects 80 to 100 years of age the average total serum hipid level was
lower than that found m the normal or atherosclerotic younger subjects
On the other hand, there was no statistical dufference 1n the serum total
cholesterol or phospholip:d level, between the two age groups The
phospholiprd/total cholestero! ratio was less than 100 Standard S, 0-12
and Sy 12400 Lipoprotemn fractions and the atherogemc mndex all de
clined considerably with advinced age Studies of the serum lipoprotem
by paper electrophoresis showed no statistical differences between the
80 to 90 year group and the 30 year group For the first ime the cor
relation between paper electrophoretic and ultricentnifugal methods of
serum hprd mvestigation 1 the aged was pomted out by Goldbloom
(1955) He found no sigmficant difference 1n the hipoprotein distribution
m old age as compared with young adults Investigation of 650 subjects
ranging from 20 to 106 years of age (by varous methods chemeal
Lipoprotemn clectrophoretic patterns of the blood X ray studies of the
aorta electrocardiogram pathological chinges m retmnal vessels patho
logical changes m aorta and coronary artenes) showed a tendency for
total blood hpids, certun hpoprotews, the atherogenic mdex and the
degrees of aortic calerfication and dilatation all to nise gradually until
the age of 60 to 75 years and thereafter to fall There was also a shght
decrease 1n the Sy 12-20 level with age, and a good correlation between
this S, level and the cholesterol level The phosphohpid level vamed
Imearly with the cholesterol level

Gillum and co workers (1955) reported a positive correlation between
the dietary mtake of cholesterol and fat and the corresponding blood
levels for these factors There was also a shght positive correlation
between the dietary proten mtake and the cholesterol and Iipid blood
levels In men who were 20% or more below or above, thewr standard
expected weight, the underweight group showed a low blood cholesterol
while 1n the overweight group the reverse obtamned This finding dud not
apparently occur m women, o 1n men showing a deviation from standard
weight of lesser magnitude than 2075
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A group of 29 healthy mstitutionilized women were studied by
Waller et al (1956) regarding serum cholesterol levels n reference to
age The older group of 14 subjects had an average age of 64 years 1nd
the younger group of 15 subjects had an average age of 31 years Calcu
Intion of the food ntahe throughout the 4 months of study indicated that
the werage dict contuned at Ieast 100% of the duly allowances recom
mended by the National Research Counail (1953) A mean serum
cholesterol level of 230 == 9 mg % ws found m the older group and
172 == 8 mg % m the younger group The corrclation between age and
serum cholesterol level was sigmficant at the 1% level Since diet cal
culations mdicated a more or less 1dentical food intake, these workers
felt that the increased cholesterol 1n the older group was related to age
rather than to diet

Feeding expeniments relating chetary factors to serum lLpoprotemn
levels 1n 5 young to middle 1ged men were reported by Nichols and his
group (1957) On 1socalonc diets the standard S, 0-12 and §, 12-20
Lpoprotemns 1n the serum were greatly elevated when the diet was lugh
m ammal fat, as contrasted with a diet lugh in vegetable fat or low m
tota] fat with lugh carbohydrate They also reported an apparent disso-
ciation between the effects of diet upon the S; 020 Iipoproteins and the
Sy 20400 lipoproteins On certun diets both of these classes changed
the same direction while on other diets they mght change i opposite
directions  Since both classes are cholesterol bearers this dissociation
could be obscured if the only measurement made was that of the serum
cholesterol

Jolhffe (1957) published a review article regarding fats and choles
terol 1 coronary heart disease The article concluded as follows The
presence of certain marne and vegetable ails n the diet caused a fall
m the B hipoprotemns and total cholesterol levels in the blood The less
saturated the oils the greater the reduction m blood cholesterol On the
other hand if the dietary intake of saturated fats 1s increased the blood
levels of cholesterol and lipoprotemn also increase This author went on
to pomnt out that statistical studies had shown significant differences in
the occurrence rate of and death rate from coronary heart disease be
tween various countries and various population groups in the same coun
try He stated that although environmental factors had been suggested
the correlation had never been proven He did feel however that there
18 a correlation between coronary disease and (@) the per cent of total
dietary calories denved from fats (heys and White 1956) (b) a change
mn dietary ntake of hydrogenatcd and lughly saturated fats both of
which lead to an increase m the cholesterol level of the blood 1t ap
pered that a deficient intahe of unsaturated fatty acids leads to the
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protemn concentrate suspended 1 milh caused a positve nutntiond
response 1n terms of body weight change, winch was greater i the oldster
than m the voung adult By adding oral fat emulsion to this protemn sup.
plement he noted further improvement 1n nutntional response This was
thought to be due to the presence of an mncreased number of energy
calones with a subsequent crease in the protem spanng effect (Fur
ther expenences with this modality were reported by Higgons and Al
banese (1957), as outhned in Section III, C, 1 of tus Chapter )

The consensus of opimon of various mnvestigators (Eiber ef al, 194,
1955 Ross: 1954, Goldbloom, 1955, Ackermann ¢t al 19535) concermnine
serum lipids m the older age groups, can be summanzed as follows n
subjects 80 ta 100 years of age, the average total serum lipid level was
lower than that found 1n the normal or atheroscleratic younger subjects
On the other hand, there was no statistical difference 1n the serum totd
cholesterol or phospholpid level, between the two age groups The
phospholipid/total cholesterol ratio was less than 100 Standard §; 017
and S; 12-400 lipoprotemn fractions and the atherogemic ndex all de-
chned considerably with advanced age Stucies of the serum hpoproten
by paper electrophoresis showed no statistical differences between the
80 to 90 year group and the 30 year group For the first time the
relation between paper electrophoretic and ultracentrifugal methods of
serum hipid mvestigation 1 the aged was pomted out by Goldbloon
(1655) He found no sigmficant dufference n the hipoprotem distnbutet
1n old age as compared with young adults Investigation of 630 subject
ranging from 20 to 106 years of age ( by various methods chemz)
lipoprotemn electrophoretic patterns of the blood, X ray studies of &
aorta, electrocardiogram, pathological changes in retnal vessels, pa
logieal changes m aorta and coranary arteries) showed a tendency X'
total blood lipids, certain hpoprotems, the atherogeme mndex an
degrees of aortic calaification and dilatation 1l to nse gradually uitd
:lhe age of 60 to 75 years and therenfter to fall There was also a gt

ecrease 1n the S, 12-920 level with age, and a good correlation betwec?
this S level and the cholestero] level The phospholipid level vaned
hnearly with the cholesterol level

the (51‘11::: a?:tcl(: workers (1955) reported a positive correlation be:‘““
Toven forythesz: (; of cholesterol and fat and the cnn-LSPO“dmgelamn
between the g actors There was also a shght positive cm; e
levels In men \v:;:y protemn intake and the cholesterol and hle i
expected weigh 0 were 20% or more, below or above therr S tesol
while 1 th cight the underweight group showed a low blood Ch()lesd not
a n the overweight group the reverse obtamned This finding d
Ppazently aceur m wormen, or 1n men showing a deviation from stind”
weight of lesser magnitude than 20% g
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A group of 29 healthy institutionalized women were studied by
Walker ¢t al (1936} regardmg serum cholesterol levels in reference to
age The older group of 14 subjects had an werage age of 64 years and
the younger group of 15 subjects had an verage age of 31 years Caleu
Intion of the food nt1ke throughout the 4 months of study indieated that
the nverage diet contuned at least 100% of the duly allowances recom
mended by the National Research Council (1953) A mean scrum
cholesterol level of 230 == 9 mg $5 was found in the older group, and
172 = § mg % m the vounger group The correlation between age and
serum cholesterol level was sigmficant at the 19 level Since diet cal
culations indicated a more or less 1dentical food intake, these workers
felt that the inereased cholesterol in the older group was related to 1ge
rather than to diet

Feeding cxpenments reliting dietary factors to scrum hpoprotem
levels 1 5 young to middle aged men were reported by Nichols and hus
group (1957) On 1socalonic diets the standard §; 0-12 and S, 12-20
Lipoproteins in the scrum were greatly elevated when the diet was high
m ammal fat as contrasted with 4 diet lugh in vegetable fat, or low mn
total fat with high carbohydrate They also reported an apparent disso
ciation between the effects of diet upon the S; 020 hpoprotemns and the
S; 20-400 lipoproteins On certan diets both of these classes changed n
the same direction wluile on other diets they mght change i opposite
directions  Since both classes are cholesterol bearers ths dissociation
could be obscured 1if the only measurement made was that of the serum
cholesterol

Jolhffe (1957) published a review article regarding fats and choles
terol in coronary heart disease The article concluded as follows The
presence of certain manmne and vegetable oils 1n the diet caused a fall
m the f lipoproteins and total cholesterol levels m the blood The less
saturated the ails the greater the reduction m hload chalesteral Qu the
other hand f the dietary mtake of saturated fats 1s increased the blood
levels of cholesterol and lipoprotemn also increase This author went on
to pomnt out that statistical studies had shown sigmificant differences m
the occurrence rate of and death rate from coronary heart disease be-
tween various countnes and various population groups in the same coun
try He stated that although environmental factors had been suggested
the correlation had never been proven He did feel, however that there
18 a correlation between coronary disease and  (a) the per cent of total
dietary calonies denved from fats (heys and White 1956) (b) a change
m detary intake of hydrogenated and lughly saturated fats both of
which lead to an increase m the cholesterol level of the blood It ap
peared that a defiuent mtihe of unsaturated fatty acids leads to the
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protem coneentrate suspended m milk caused 2 positive nutritionl
response in terms of body weight change which was greater in the oldster
than m the young adult By adding oral fat emulsion to ths protem swp
plement he noted further improvement m nutritional response This way
thought to be due to the presence of an increased number of energy
calories with a subsequent mcrease m the protem spanng effect {Fur
ther experiences with this modahity were reported by Higgons and Al
banese (1957), as outhined m Section 111, C, 1 of this Chapter )

The con<ensus of opimon of various investigators {Eiber et al, 19!
1955, Rosst 1954, Goldbloom, 1955, Achermann et al , 1935) concemig
serum bpids an the older age groups, can be summanzed as follows In
subjects 80 to 100 years of age, the average total serum lipid level was
lower than that found m the normal or atherosclerotic younger subjects
On the other hand, there was no statisticnl difference m the serom total
cholesterol or phospholymd level between the two age groups The
phospholipid/total cholesterol ratio was less than 100 Standard §; 0-
and §; 12-400 lipoprotem frachions and the atherogenic mdex all &t
chned considerably with advinced age Studies of the serum lipoproten
by paper electrophoresis showed no statistical differences between the
80 to 90 year group and the 30 year group For the first time the o
relation between paper electrophoretic and ultracentrifugal methods o
serum hipid 1nvestigation 1 the aged was pomted out by Goldbloon
(1955) He found no sigmificant difference 1n the hipoprotem distrbutior
n old age as compared with young adults Investigation of 650 subjects
rangwg from 20 to 106 years of age (by vanous methods cheme!
lipoprotemn electrophoretic patterns of the blood, X ray studies of &
aortaelectrocardiogram, pathologieal changes m retinal vessels, pathe
logical changes 1 aorta and coronary artenes) showed a tendency for
total blood hipids certam Lipoproteins, the atherogemc ndex and
degrees of aortic caleification and dilataton all to nse gradually it
the age of 60 o 75 years and thereafter to fall There was also  SIg¥
decrease 1n the 8, 12-20 level with age, 1nd a good correlation betwee?
thus §; level and the cholesterol leye] The phospholipid level vaned
hoearly with the cholesterol level
th e%l}::: a‘::tjl(: w"f‘]‘e“ (1955) reported a positive correlation beg‘{;;ﬂ“
Jovels foryth ; tz of cholesteral and fat and the correspondng abos
betwveen 1 E:i © factors There was also a shght positwe corre oot

e dietary protein intake and the cholesterol and hpid B2®
levels In men who were 20% or more below or above, their standart
f:}}]’?cted weight, the underw eght group showed a low blood choles(erﬂvl
a oo :he overweight group the reverse obtained This finding did»

prarently occur in women, or m men showing a deviation from sta?
weight of lesser magmtude than 209, g
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A group of 29 healthy, mshtutionthzed women were studied by
Whalker et al (1936) regwrding serum cholesterol levels in reference to
age The older group of 14 subjects had 1n werage age of 64 years and
the younger group of 15 subjects had an average age of 31 years Caleu
lation of the food intake throughout the 4 months of study ndicated that
the average dict contuned at least 100% of the duly allowances recom
mended by the National Resewrch Council (1953) A mean serum
cholesterol level of 230 = 9 mg o was found n the older group and
172 = 8 mg % in the vounger group The correlation between nge and
serum cholesterol level was sigmficant at the 1% level Since dict eal
culations indicated 1 more or less 1dentical food intake, these workers
felt that the increased cholesterol 1n the older group was related to age
rather than to diet

Feeding expeniments relating dictary factors to serum lipoprotemn
levels 1 5 young to middle aged men were reported by Nichols and his
group (1957) On socalone diets the standwd S, 0-12 and S, 12-20
hipoproteins 1n the serum were greatly elevated when the diet was high
m ammal fat as contrasted with a diet ligh 1 vegetable fat, or low 1
total fat with lugh carbohydrate They also reported an apparent disso
ciation between the effects of diet upon the 5, 0-20 lipoprotemns and the
S, 20400 Iipoproteins On certun diets both of these classes changed i
the same direction while on other diets they might change 1n opposite
directions Since both classes are cholesteral bearers this dissociation
could be obscured if the only measurement made was that of the serum
cholesterol

Jolhffe (1957) published a review article regarding fats and choles
terol  coronary heart disease The article concluded as follows The
presence of certan manne and vegetable oils 1 the diet caused a fall
mn the B lipoproteins and total cholesterol levels in the blood The less
saturated the oils the greater the reduction in blood cholesterol On the
other hand »f the dietary intake of saturated fats 1s increased, the blood
levels of cholesterol and hpoprotem also mcrease This author went on
to point out that statisticil studies had shown sigmficant differences m
the occurrence rate of and death rate from coronary heart disease be
tween vanous countries and various population groups in the same coun
try He stated that although environmental factors had been suggested
the correlation had never been proven He did feel however, that there
15 a correlation between coronary disease and (@) the per cent of total
dietary calones derived from fats (keys and White 1956) (b) a change
m dietary mtake of hydrogenated and highly saturated fats both of
which lead to an increase in the cholesterol level of the blood 1t ap
peared that a deficient intake of unsaturated fatty acids leads to the
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protein concentrate suspended m milk caused a positive nutntional
response 1n terms of body weght change, which was greater m the oldster
than mn the young adult By adding oral fat emulsion to this protein sup
plement he noted further improvement 1n nutritional response This was
thought to be due to the presence of an increased number of energy
calories with a subsequent increase m the protemn spanng effect (Fur
ther expenences with this modahty were reported by Higgons and Al
banese (1957), 1s outhmed 1n Section III, C, 1 of this Chapter )

The consensus of opmion of vanous investigators (Eiber et al, 1954
1955, Rosst, 1954 Goldbloom, 1955, Ackermann ¢t al 1955) concernmg
serum liprds m the older age groups c¢an be summanized as follows In
subjects 80 to 100 years of age, the average total serum hpid level was
Iower than that found in the normal or atherosclerotic younger subjects
On the other hand, there was no statistical difference mn the serum total
cholesterol or phospholipid level between the two age groups The
phospholiprd/total cholesterol ratio was less than 100 Standard §, 0-12
and S, 12-400 Lpoprotemn fractions and the atherogemc mndex all de
chined considerably with advanced age Studies of the serum lipoprotem
by paper electrophoresis showed no statistical differences between the
80 to 90 year group and the 30 year group For the first time the cor
relation between paper electrophoretic and ultricentrifugal methods of
serum hpid mvestgation n the aged was pomted out by Goldbloom
(1955) He found no sigmficant difference mn the hipoprotemn distribution
m old age as compared with young adults Investigation of 650 subjects
ranging from 20 to 106 years of age (by various methods chemcal
lipoproten electrophoretic patterns of the blood, X ray studies of the
aorta, electrocardiogram pathological changes i retmal vessels, patho
logical changes 1n aorta and coronary arteries) showed a tendency for
total blood Lipids, certam lipoprotems, the atherogemic mdex and the
degrees of aortic calcification and dilatation all to nise gmduall) untl
the age of 60 to 75 years and thereafter to fall There was also a shght
decrease 1n the S, 12-20 level with age, and a good correlation between
this S, level and the cholesterol level The phospholipid level vaned
hnearly with the cholestero! level

Gillum and co workers (1955) reported a positive correlation between
the dietary mtake of cholesterol and fat and the corresponding blood
levels for these factors There was also a shght positive correlation
between the dietary protem mtake and the cholesterol and hpid blood
levels In men who were 209% or more below or above, their standard
expected weight the underweight group showed a low blood cholesterol
while i the overweight group the reverse obtained This finding chid not
apparently occur m women or in men showing a deviation from standard
werght of lesser magmitude than 209
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A group of 29 healthy institutionahzed women were studied by
Walker et al (1936) regarding scrum cholesterol levels 1n reference to
age The older group of 14 subjects had an wverage age of 64 years, and
the vounger group of 15 subjects had an average age of 31 years Caleu
Iation of the food intake throughout the 4 months of study ndieated that
the wverage diet contuned at least 100% of the d-uly allowances recom
mended by the Nationil Research Council (1933) A mean serum
cholesterol level of 230 == 9 mg ¢ was found 1n the older group, and
172 = 8 mg % m the vounger group The correlation between age and
serum cholesterol level was sigmficant at the 1% level Since diet cal
culations indicated a more or less 1denticnl food intake these workers
felt that the increased cholesterol m the older group was related to age
rather than to diet

Feeding expenments reliting dietary factors to serum hpoproten
levels 1n 5 young to mddle aged men were rcported by Nichols and lus
group (1957) On 1socalonic diets the standard S, 0-12 and S, 12-20
Irpoproteins 1n the serum were greatly elevated when the diet was ugh
m ammal fat as contrasted with 4 diet hugh n vegetable fat or low
total fat with Tugh carbohydrate They also reported an apparent disso
ciation between the effects of diet upon the S; 0-20 hipoprotemns and the
Sy 20400 lipaprotemns On certun diets both of these classes changed
the same direction while on other diets they might change i opposite
directions  Since both classes are cholesterol bearers, this dissociation
could be obscured if the onlv mensurement made was that of the serum
cholesterol

Jolliffe (1957) published a review article regarding fats and choles
terol 1n coronary heart disease The article concluded as follows The
presence of certain manne and vegetable oils i the diet caused a fall
m the f hpoproteins and total cholesterol levels i the blood The less
saturated the oils the greater the reduction n blood cholesterol On the
other hand 1f the dictary intake of saturated fats 1s mcreased the blood
lerels of cholesterol and hipoprotein also mncrease This author went on
to pornt out that statistical studies had shown sigmficant differences 1n
the occurrence rate of and death rate from coronary heart disease be
tween various countnies and vanous population groups in the same coun
try He stated that although environmental factors had been suggested,
the correlation had never been proven He did feel however that there
1s a correlation between coroniry disease and (a) the per cent of total
dietary calories derved from fats (heys and White 1956) (b) a change
m dietary 1ntake of hydrogenated and lughly saturated fats both of
which lead to an increase 1n the cholesterol level of the blood It a
peared that a deficient intake of unsaturated fatty acids leads to the
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fo;mgxtmn of a saturated fatty acid cholesterol complex which 15 less
soluble m the blood stream and therefore might be deposited more
readily in the mtuna of ngh pressure arterses {Stnclur, 1936)

Albwnese and Higgons wath thewr group had been making obseryt
tions m this field for some time One of theyr reports (Albanese ef al
1858b) stated some of the results of thewr stuches of factors wmfluencing
total bload cholesterol levels m the getatrie field The subjects studied
came from three groups residents of the Miriam Osborn Memorial Home
for elderly women, older patients 2t 8t Luke’s Conyalescent Hospital
and voluntecrs from the lay staffs of both mstitutions Perodic analvses
of food sntike were carmied out, and mdicated that on a self selected diet
the elderly Indies at the Oshorn Home {70 to 99 vears of age) showed
an average daly calonic intake of 1560 == 197 while the patient group at
the Convalescent Hospital showed an average mntahe of 2000 % 190
calories The distrsbution of these calories m both groups was approv
mmately protem, 14%, carbohvdrate, 4% and fat, 42% 'The elderly
ladies showed an average daly mtake of 72 == 11 gm of fat most of
which was dernved from meat day products, and hydrogenated oils
(lurgels saturated fats) Repeated studes of the blood cholesterol levels
m this group mndicated that the average level was 248 == 46 mg % m
the age group 70 to 79 years, 229 = 32 mg <% 1n the age group 80 fo 89
years and 228 = 43 mg % m the age group above 90 years JIn other
words, there was an apparent downward trend m the blood cholesterol
levels starting 1 the sith decade of bfe and continumg through the
seventh eighth and minth decades The relationship of the blood choles
terol level to gross body weight showed no sigmficant vanation for mds
viduals whose weight ringed from 70% to 130% of the standard ex

ected

? Exght ambulatory elderly Jadies (above 70 years) from the Osbom
Home whase averige fat mntake was 72 gm per day and in whom the
plasma cholesterol Tevels averaged 271 mg % were selected for the ad
munistration of an oral fat emulsion which yielded 27 gm of total fat per
day, half of which were unsaturated fatty acids from sovbean ol It was
found that about 4045 of these subjects showed a decrease m blood
cholcsteral level And 609 showed an mncrease duning the admmstrahion
of the fat emulsion supplement

Parillel stadies of 4 male staff members (30 to 60 veus of age) at
the Home with an average pretest blood cholesterol level of 10 mg <%,
showed a symficant decrease while on the fat emulsion supplement
the blood cholesterol level averaging —26 mg % suggesting that this
cuse and effect factor 1s more effective 1 the younger adult male group
than mn an older female group
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Suteen ambulitory patients at St Lukes Convalescent Hospital
{nerage age 62 vewrs) with acknowledged chrome cardiovascular dis
e1se were gnen the same fat supplement for penods of 1 to 5 weeks
(Mo pretest blood cholesterol levels were wvulible ) The results vaned
considerably between mdinidunls  In attempting to relate the maximum
change 1n the blood cholesterol level with the age of the ndividuals we
find thit onlv 3 of the 9 pitients showing i mcereised level were over
70 vears of age This mny be related to the observation desenibed above
that individuals 1 the seventh to minth deeades show a tendency to a
lower blood cholesterol level

These mvestigators summanzed thar evperience by stating that the
results suggested (a) In the oldster 2 body weight above 100% of
expected standard 1s not necessanly assocrated with blood cholesterol
levds above 200 mg ¢ (b) Increising age 15 often accompamed by
blood chalesterol levels above 200 mg ¢ (¢) Admumstration of 4 soy
bean o1l emulsion cont uning about 50 unsiturated fatty acids appeared
to hnve an equalizing effect upon the blood cholesterol level 1e  those
mdndunls with a pretest lesel above 200 mg % showed a sigmificant
decrcase 1n the blood cholesterol dunng the f1t emulsion feeding period
whereas for those indnaduals wath 1 pretest level below 200 mg % there
was n mereasc 1 the blood cholesterol level during the fat supplement
penod

In the above imvestigations the total plisma cholesterol was deter
mined by a modification of the method described by Zlatkis et al (1953)
The total plism proteins A/G ritios ind lipoprotems were determined
by microtechmques previously reported by Albanese et al (19551)

More recently the swme group of ivestigitors (Albanese et al
1958¢) reported further mvestigations of cholesterol metabolism and
1ts relationship to protem and 1mmo acid metabolism They believe there
¥ now wmple epenmentyl tadence that cholesterol metbohsm by
means of varous enzyme systems mav be affected by dietary fats ear
bohydrates or proteins It ippears that dietary fats with 1 high degree
of saturation tend to produce higher blood cholesterol levels than do
the unsaturated vegetable oils (Ransell et al 1952 Ahrens et al 1957
Albanese et al  1938b) It also appears that fat formed from carbo
hydratcs 15 Jow 1 polyunsaturited fitty acids (Nichols et al  1957)
Fructose appears to be less lipogenic thin glucose (Albmese et al
1955d) The effect of dietary protemns upon the blood lipids 1s still under
discussion It 15 believed that protens when mgested n large amounts
may be used for the synthesis of siturated fits This effect m1y be coun
terbalanced by certun mmo terds such as methionine and threonine
which exert a lipotropic effect (Okey nd Lyman 1956)
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Alb and hs associates (1958¢) further mvestigated the effects
of an ncreased protem mtake upon the blood cholesterol levels of 16
men and women with an average age of 60 years and with an average
weight about 80% of the expected standard {Metropohtan I1fe Insur
ance Company, 1951) Analysis of their diet showed an average mtake
of 65 gm of protemn (05-07 gm per pound) and 2000 calones per day
The pretest plasma cholesterol levels for the whole group averaged 220
mg % A distary supplement of Somagent 45 gm suspended 1 500 mi
of water, diided mto three portions, was fed between meals and at bed
time Ths supplement added abont 30 gm of milk proten and 180
calones to the daily diet and increased the dietary protem calores from
a pretest level of 13% to a test penod level of 18% of the total dmly
calonc mtake The supplement was continued for an average penod of
19 days Three mdividuals with a pretest average blood cholesterol Tevel
of 221 mg % showed 2 decrease m blood cholesterol level averagiag ~14
mg %, one mndwvidual with a pretest cholesterol level of 183 mg %
showed no change the remammg 12 subjects whose average pretest
cholesterol level was 224 mg % showed an mncrease m plasma cholesterol
averaging -+ 28 mg % These data suggest a hipogemc effect from the
Tugh protemn supplement with some of the protemn bemng comverted to
cholesterol

Smce the effect of dietary protemn upon the blood hpids 15 usnally
ascribed to the labile methyl group coming from the methuonme content,
and since choline and betame have been shown by other investigators
(Du Vigneaud 1948 Blumberg et al, 1956} to be an equally good
source, of methyl as a hipotrepic agent, our group studied the effect of a
methylating agent® upon the blood cholesterol level A group of 11 men
and women wha were patients :n a lugh grade convalescent home (Burhe
Foundation) were selected for study The group showed an average age
of 65 years, average weight about 90% of expected standard, average
daily intahe of about 1960 calones with fat calones averagmg 43% of
the total and protemn calones averaging 16% of the total calonc mtake
The pretest blood cholesterol levels for the whole group averaged about
200 mg % Each patient was gwen 5 ml of the methylating agent 3
tumes a dav with meals for an average period of 37 days Five mdduals
wath an average pretest cholesterol level of 197 mg % showed a decrease
1 the blood cholesterol averaging — 18 mg % the remamning § md
viduals with an average pretest cholesterol level of 212 mg % showed
an mcrease 1 blood cholesteral averaging +- 13 mg % while talung the
mp)ahn Company halamazoo Michigan

5 Suuth hlne and French Laboratones No X77] Each 5 ml contuns betaine
700 mg pynd 20mg de 70 mg and vitamum By, 83 ug
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methylating 1gent This and other evidence (Blumberg et al, 1956) sug
gests albert meonclusively that betune may be an effective hipotropic
agent for some mdiduals under these dietary conditions

VI GENERAL DISCUSSION

The hiterature 1s replete with references of 1 general nature regirding
vanous opmons concermng the proper nutrition of oldsters Many of
these opmions are open to criticism due to the Inck of factual data to
the small numbers of subjects studied or the subsequent development
of diffcrent results through the use of more accurate modalities of study

In the deende from 1940 to 1950 many observers (Tuohy, 1843 Spies
and Collins 1946 Pyle ¢t al 1947 Ohlson ct al, 1948, 1930) stressed
the importance of 1 balanced diet for the oldster, with 1 protemn intihe
of about 1 gm per hilogram per day (10 to 15% of the total ealones),
and a gradually decreasing essentinl mtake of total calonies with ad
vanong age Most workers felt that the int1ke of vitamins and minerals
would be adequate if 2 proper diet were consumed Reference was made
regarding the effect of dictary habits upon the nutrition of the elderly
It was found that a group of oldsters who were m apparent good
health were in the habit of consuming more milk citrus frmts whole
gramn cereals vegetibles and eggs—as contrasted with a sumlar age
group having “poor” health (Ohlson et ol 1948)

Albanesc (1950a) pomnted out that the availabihity and intake of
protemn foods are of vital importance since the mammahan body 1s unable
to manufacture the essentinl nutrient protemn without the dietary mtake
of all the essential amino acids needed for the formation of tissue pro
tens enzymes vitimins and hormones He also stressed the importance
of the amino acid pattern of the dietary protemns which determines ther
biological usefulness for man Ten of the 23 amino acids occurnng
protemns cannot be produced 1n the body and must be present in the diet
m sufficient quantities and at the proper times to enable the human to
synthesize hus own tissue protems It 1s believed that the presence of the
remamng 13 ammno aeids 1s also important as they appear to have a
sparmg effect upon the quantities of essential ammo acids necessary for
tissue synthesis

Albanese (1930b) stressed the pomt that pertinent data with the
desired degree of accuracy were stll lacking with regard to ammno acid
needs of the human adult as illustrated by the divergences illustrated
n Table VII An increasing hnowledge regarding the proper ammo actd
pattern should make 1t possible to r d valuable 1 10n

PP
of mcomplete protein foodstuffs Wheat proteins, for example are known
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to be poor i lysme but this deficzency could be corrected by the add:
tion of mlk which contams lysme

As long ago as the begmmng of the century 1t wns demonstrated by
such mveshigators as Landergren {1903) Catheart (1907) and Foln
(1905) that an ~dequate supply of carbohydrate in the diet everted a
protem spanng effect upon the metbolism of man A similar protemn
spanng action by the dietary fats was noted by Lusk (1928) Schwimmer
et al (1945-1946) demonstrated that a reduction 1n total calore mtake
tended to impair mitrogen retention Braunstem (1947) reported mter
relationships between any one individual s nutrihonal status and the pro

TABLE VII
CoriparisoN oF SUGGESTED DAILY AniNoe AC NEEDS OF MAN

Rosee Harte and Truvers? Harte vs Rose
Ammo acid (gm /70 kg mtm) (gm /70 kg man) (%5 difference)
Isoleucine 070 120 + 70
Leucine 110 170 + 55
Lysmne 080 080 0
Methionine 110 0350 — 55
Phenylalanine 110 140 + 27
Threonine 050 100 +100
Tryptophan 025 040 + 60
Valine 080 110 + 38

2 See Rose (1949)
b See Harte and Travers (1947)

tem metabolism and activity of regulatory agents such as hormones, en
zymes and witarmmns  Albanese felt that mereasing discovenies of pre
viously unknown essential or supportive nutrients made 1t advisable to
carry out feedng experiments designed to determine the requirement of
amy smgle nutrient against 1 background of n otherwise natural bal
anced diet This would allow for the normnl protein sparing effects essen
tial ammo acid spaning the proper distnbution of the specific dyname
action and the biocatalyst amino acid interrelationships  as mentioned
above

Considerable interest 1n the metabolism of fats and cholesterol as
well as their relationship to pathology of the_V'ISCuIar system has been
shown by various mvestigators Albanese (1953) referred to studies car
ried out by Bloch (1945) which indicated that the human body could
synthesize cholesterol from 1mmo acids derved from the dietary pro
tems heys tnd hus co worhers (1950) espressed doubt as to whether 1
sigmficantly Ingh blood cholesterol level could be mduced 1 man by
diet alone Moon and Rin 52) offered e indicating that
protemn rather than fat se artenal y degeneratne
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pathology starting with 1 change i the normal proten pattern of the
blood vessel wall Hegsted and hus 1ssociates (1952) reported that the
rate of cholesterol synthesis by the body mereases as the dietary hpd
mtake deereases Albinese (1933) felt that from the data avulable st
would appear unnccessary to ridienlly restnct the dietary fat intike m
the 1ged In subjects over 63 yers of age speanl diets being used for
any reason should be constructed 1n such 1 manner thit the biochermcal
balance of the essential nutnients 1s not rihieally disturbed

The quility of the dictany protein was discussed by Albanese (1934)
He ponted out that the brologicnl value of 1 dietary protun 1s based
upon the percentige of the mtrogen ntahe retuned by the body In
ammals this may be estimated by means of (@) bio ass1y methods 1n
young ammals (D) test dicts after 2 control period m adult ammals and
(¢) repletion expeniments in adult ammals following + period on pro
tem free diet with chawnges mn body weight as the yardstich Results
mdieate that 1 protem of Jow biologienl value (deficient m one or more
amino acids) will cruse 1 waght loss more rapid than that mduced by
protemn frec dict By adding 1 whole protemn with 1 known adequate
amino acid balinee or by 1dding the deficient amuino acid atself the
weight cunve 1s reversed

In addstion to the 1bove techmques dietary experiments 1in man with
regrd to the mtrogen balince total plisma protems blood hemoglobm
and amino aeid levels m the blood nd unne are being used mn an effort
to evaluate the protemn content of the diet Unfortunately m man the
results of thesc tests often do not corrclate accurately with the nutn
tional status of the mdinadual It 15 also true that the biological value of
a given nutrient vanes with the parbiculw ammo cid needs at a par
ticular time for the synthesis of a particulir tissue

In man the method of assigning t biological value to a dietary pro
tem by, mcasunng e wamo aod pattern 1 now bewng wed The o
acid pattern of the test food which most closely \pproximates the pattern
of the human tissues being synthesized 1s 1ssigned the ighest nutrtional
value Unfortunately crrors in tcchmque of ammo 1aid analysis still
handieap this method

Shea and her associates (1954) roviewed the protemn requirements of
the aged and found that a lwge percentige of elderly women on self
selccted diets werc in negatine mtrogen balance m spite of 1 dietary
mntake of protemn which apperred equate according to evsting stand
ards They felt this was due to 2 gradually decrcasmg mtike of proteins
of ammal origin by the oldster with substitution of morc cereal proteins
of lower biologiel value they suggested the addition of essential ammno
acids to the cheaper cerenl protuns to obtan a better ymino aerd pittern
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to be poor i lysine but this deficiency could be corrected by the addy
tion of milk which contuns lysme

As long ago as the begmwng of the century, 1t was demonstrated by
such mvestigators as Landergren (1903) Cathcart (1907) and Fohn
(1905} that an adequate supply of carbohydrate m the diet exerted a
proten sparmg effect upon the metabolism of min A similar proten
sparing action by the dietary fats was noted by Lusk (1928) Schwimmer
et al (1945-1946) demonstrated that a reduction 1 total calonc mtake
tended to impair nitrogen retention Braunstem (1947) reported mter
relationships between any one mdividual s nutntional status and the pro

TABLL VI
CorvpaRIsoN oF SucersTED DAILY Ao Acm NEEDS oF Man

Rose® Harte and Travers? Harte vs Rose
Ammo aad {gm /70 kg man) (g ;70 hg man) (% difference)
Isolencine 070 120 + 70
Leucine 110 170 + 55
Lysine 080 080 0
Methionine 110 050 — 55
Phenylalanne 110 140 + 27
Threonme 050 100 4100
Trvptophan 025 040 4 60
Vahne 080 110 + 38

¢ See Rose (1949}
% See Harte and Travers (1947)

tein metabohsm and actinity of regulatory agents such as hormones en
zymes and vitamins  Albanese felt that increasing discovenes of pre
viously unknown essential or supportive nutrients made 1t advisable to
carry out feeding expenments designed to determime the requirement of
any single nutrient agamst a background of an otherwise natural bal
anced diet This would allow for the norma) protemn sparng effects essen
tal amino acid sparing the proper distnbution of the specific dynamic
action and the biocatalyst amino 1ad mterrelationships as mentioned
above

Considerable nterest m the metabolism of fats and cholesterol as
well s therr relationship to pathology of the vascular system has been
shown by vanous mvestigators Albinese (1953} referred to studies car
ried out by Bloch (1945) which wdicated that the human body could
synthesize cholesterol from amimo aads derved from the dietary pra
tems Keys and his co workers (1930) espressed doubt as to whether a
sigmficantlv tugh blood cholesterol level could be mnduced m man by
diet alone Moon and Rinehart (1952) offered evidence dicating that
protein rather than fit maght cavse itertal disease by degenerative
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pathology starting with 2 change in the normal protein pattern of the
blood vessel wall Hegsted and lus associates (1952) reported that the
rite of cholestcrol synthesis by the body mereases as the dietary hpid
mtake decrenses Albanese (1953) felt that from the data avaulable at
would appear unnecessary to radically restniet the dietary fat intike 1n
the 1ged In subjects over 63 yours of age speanl diets being used for
amy reson should be constructed in such « manner that the biochermenl
balnce of the essentin]l nutrients 1s not radically disturbed

The quakty of the dictary protemn was discussed by Albanese (1954)
He pointed out that the biologieal value of 1 dietary protein 15 based
upon the percentage of the nitrogen mtahe retuned by the body In
ammals this may be esimated by means of (@) bio 1ss1y methods in
voung ammals (b) test dicts after 4 control period m adult ammals and
(€) repletion expeniments in adult ammals following 1 period on pro
tem free diet with changes n body weight as the yardstick Results
indicate thit a protein of low biological value (deficient 1n one or more
amwo acids) will cause 1 weight loss more rapid than that induced by a
protemn free diet By adding 4 whole protein with 1 known adequate
ammno acid balance or by adding the deficient vmino acid atself the
weight cunve 1s reversed

In addition to the above techmques dietary experiments m man with
regard to the mtrogen balance total plasma protems blood hemoglobm
and amino acid levels in the blood and urne are being used 1n an effort
to evaluate the protemn content of the diet Unfortunately m man the
results of these tests often do not correlate accurately with the nutn
tionl status of the mndividual It 15 1lso true that the biological value of
a guen nutnent varies with the particular ammo acid needs at a par
ticular time for the synthesis of a particular tissue

In man the method of assigning 1 biological v1ilue to a dietary pro
temn by measunng s amunoe aaud pattern 1s now bewmg used The rmuno
1aud pattern of the test food which most closely approumates the pattern
of the human tissues being synthesized 15 assigned the ughest nutntional
value Unfortunately errors in techmque of amo ad anilysis stll
handicap this method

Shea and her assoctates (1954) reviewed the protem requirements of
the aged and found that a large percentage of elderly women on self
selected diets were 1n negative mitrogen bilince 1n spite of 1 dietary
mtake of protein which 1ppeired 1dequate tecording to ¢ visting stand
ards They felt this was due to 1 gradually decreasing intake of protemns
of ammal ongin by the oldster with substitution of more cereal protems
of lower bological value they suggested the addition of essential aming
acids to the cheaper cereal protems to obtan a better ammo aeid pattern
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'The role of nutnition 18 the rchabiitation of the oldster, following
tllness, was discussed by Zimtel (1955), Ferderber (1955), and Chinn
(1956) They felt that the indications for nutntional therapy were the
same for the oldster as for the young adult, and advised a well balanced
rigmvely high protemn diet as 4 means of reversing certain pathology of
old age

Martin (1856) discussed the place of nutrtion m preventve gem
atries He felt that degenerative disease could probably be controlled to
some evtent through preventive measures based upon sound princyples
of nutntion There are, however, certan ympediments to achieving this
end (a) Two thirds of the top soil m this country 1s deficient 10 munerals
and organic matter, thereby producing foods of low bwological quahty
(b) The refinement and processmg of foods tend to reduce their essential
vitamin and mmeral content (¢) Certan foods may at tumes contun
small amounts of potentially toxic chemicals (msectirdes) (d) Dyes
used i food processmg mght be caremogeme (e) The admumstration
of antibwties hormones etc to the ammals to be used for human con
sumphion and the fluondation of city water supphes—mght eventually
be detnimental to man

Stare (1956) also felt that sound nuintion for the oldster 1s more or
less 1dentical wath that for the young adult with the followng differ
ences {a) Fewer calonies are requred, but the calome intahe should
still be based upon the 1ndividual s actvaty () There should be a larger
proportion of protem calortes 1 the diet at the expense of the fat calo
ries He suggested that future research might indicate the wisdom of a
readjustment of the hpid mtake so that a greater portion of the detary
fat calories are derned from the unsatwrated {ats This change moght
offer more protection of the vascular system duning advancing age than
has been achieved by reduction of the total fat imntake

vit  SUMMARY

It 15 very difficult to summanze buefly this review type chapter The
text represents rather sharply condensed reports from many mvestigators
The ever mcreasing percentage of individuals pist 60 years of age, and
the forecast of an acceleration of thus rate of mcrease m the coming
years serve to shmulate the 1nterest of the nutntiomst and the chnteran
for further studes m the basic nutntional needs of the oldster

As long as 20 years 2go, chemzcal analyses of human tissues were re
show g changes in the electrolytes 1 the old versus the young
age groups Later worh mdicated that the oldster showed a fall m the
speubic granty of the tissues replacement of some achve tissues by
fatty tissues with a decrense i the water content This tends to have an

ported as
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adverse effect upon the 1ccuracy of the staindard height weight tables
for the old age groups Many workers reported the observation that the
BMR decreases with advaneing age but some felt that this decrease 15
more apparent than real and tends to disappear when the oxygen con
sumption 1s caleulited 1n terms of lean body mass or unit of body water

Shght funchional impurment of the liver Jidneys and gastromntestinal
trict was noted wath mereasing age but the mojonty of mvestigators felt
that the normnlly healthy oldster shows hittle 1f any decrease i hus ability
to digest absorb and utilize dictary nutnents

Ammnl studies designed to correlate the diet and nutntional state
with longevity indicated that the animals muntuned on a balanced low
calone intake Ined longer but enjoyed life much less than therr htter
mates who were mamtaned on unrestricted diets Varous testing mo
dalittes have been used 1n an effort to determme the optimal intake of
protem (as well a5 other nutrients) n the old age group The changing
opmion through the vears 1s reflected n the published recommended
daily allowances of the Food and Nutntion Board National Research
Council (1945 1948 1933 1938) The 1945 publication called for about
1 gm of protemn and 36 calones per hilogram per day for sedentary men
with no allowance for increasing age In contrast the 1958 revision
recommends allowances for adults 1 the 25 year 45 year and 65 year
age groups It calls for about 1 gm of protemn per kilogram of body
werght per day for adult men and women m all 3 age groups The
recommended calonic intake for men however falls from 45 calores per
kilogram per day for the 25 year old to 36 calores per hilogram for the
65 year-old and for women 1t falls from 40 calones per hilogram m the
25 year-old to 31 calones per hlogram per day for the 65 year old

The relationship between protemn mtake and mitrogen balwnce has
been widely investigated by many observers Opimons regardimg the
fallibility of this modality vary considerably Most nutritiomists believe
that the dietary intale of nutrients needed to mantain mtrogen equilib
nium changes from tume to time under the nfluence of such factors as
mobihty physical or emotional stress nutntional status and the bio
logical value of the protems being ingested

It appears that the total plasma protems tend to decrease with age
and the A/G ratio falls shghtly usually at the expense of the albumm
fraction Increasing the dietary protemn mtake by the use of protemn
supplements does not as a rule have any profound effect upon the cir
culating bload pratemns Feeding evperiments however ndicate that
calonic balance of the diet 15 of great importance to the proper utilization
of nutrients In an optimal diet for rehabilitation and repair of the under
noursshed oldsters tissues a calonc distribution of proten 15¢% car
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C
Cadmmum chlonde
effect on growth of adult cells 165
172
Calem
i blood ndividual patterns of 50
deficiency effects on rats 247
mtake and longevity in rats 512
retention effect of endocrimes on 529
1 tissues effects of aging on 509
Calories
mtake of effect on ammo acid bal
ance 359
of nonprotein on mitrogen metab
ohsm 201 218
on proten metabolism 1968
on plasma anuno mitrogen level
328
relation to long term protein intake
m preadolescents 464
to protein requirements of infants
453
to sparing effect of dietary carbo-
hydrate and fat 205 542
level of
effect on glucose tolerince 216
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on nitrogen metabolism 196
206 215
on nitrogen retention 111 197
199 207 214 318
on protein repletion 108 198
of vanations in source 199
requirements for of the aged 513 541
effect of BMR changes on 510
of children 468 469
in depletion states 319
for mitrogen balance 318
relition to body weight 340
of protein stores to 198 319
restriction of effect on body weight
3

of methionine 1n 218
on nitrogen excretion 207 208
m protein depleted adults 199
207 208
m test diets 201 202
relation to longevity 1n rats 513
£ N Carbobenzoxy! . lysine 91
£ N Carbobenzoyy! 1. lysine
hydrogenation 69
oxdation 69
Carbohydrate(s)
effect on adrenal cortical activity 216
on blood hipid levels 539
of distubution of on mnitrogen re
tention i children 456
on nitrogen metabolism 201 533
m a protem free diet 214
on utihzation of arginine by chicks
351

metabolism 1n the aging 530 535
effect on body water content 300
m protein depleted ammals 214

effect of methionme on 218
relation to amino acid metabolism
237

and salicylates 7
protemn spanng acton of 98 195 199
454 532 512
fasting blood amino acid levels as
index of 455-457 532
relatne effect of vanous sugars on
455 532
as a source of energy 200
relation to level of calone intake
51
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utthization of n the aged 533
m nfants 427
role of methiomne n 218
Carbutamide
effect on 113 yptake 6
Carnosine
synthesis 12
Carotene
effect on growth 163
Casem
amimo rads in 257 370 445
amino acid defictencies of 15 19 257
351
effect of heat treatment on 284
ammo acid pattern of 448
availability of argmine i for chicks

of lysine 1n 354
biological value of 102 257 305
age and species vanations m 15 19
when supplemented with vanous
dictary proterns 133
digests 121 157 175 176 307 440
pancreatic {Amigen) 245 306 307
ammo acid content of 445
ammo 1cid pattern of 448
lysine/tryptophan ratio of 450
452

and uwtihzation by infants 450
453

effect of v lysme on 450
of oL methiomine on 450
effect on albumin/globulin ratio 109
113 124
on blood ipids 113
on body weight 114
on growth of neoplasms 113
of rats 126 130 133 135 136
on mtrogen balance of dogs 126
on phospholipids 113
on plasma amimno acid levels 330
on plasma cholesterol 113
on plsma cholmesterase of rats
131 133 135 136 138
on protemn repletion of rats 253
hydrolyzate
amimo acid pattem of 125
analysis of 129
effect on  albi min/globulin
122 124 125 126 518
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SUBJECT INDEX

on blood protemms 122 123 194
126 127 128 307 422 438
on body weight 307
on growth 155 270
on nitrogen balance 121 122
237 307
frachon of effect on growth of
young rats 130
on plasma protein regeneration
128 436
mucrobiological assays 129
mitrogen balance ndex of 236 245
320
tryptophan deficiency of 333 372
1odmation of 254
nitragen balance ndex of 320
and nitrogen equilibrium 18
nutritional value of for mfants 435
439
protem efficiency of 111 229
in regeneration of liver protems 138
139 335
m repletion of plasma protems 109
124 306
of protemn stores 107
comparison with wheat gluten
108

with fibnn 245

Castilhan Maha

effect on wound healing 170 177
Catahse hver

loss of in rats 335
Cathepsin 138 335
Cells

adult chicken studies of 144

nutnitional requirements of 144
145 151

dynamic state of 196
Cereals

effect on ammno acd defieit of human

plasma 331

nutritional value of 438 440
Chichen

adult tissue cultures 145 149

muscle amino acid composition of

369

Chlonde

tissue changes with aging 509
Chloraphyll

effect on wound healing 170 177
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Cholesterol
blood levels of correlation
coramrry disease 537 542
with dictary fat intake 537
with serum sodine m the aged

with

effect of aging on 535
of anabohe sterowds on 530
of bodv weight on 538
of protein natake level on 540
of unsaturated fatty acrds on 538
method for determining 539
ratio of phospholipids and 536
synthesis from dietary amuno acids
542
from dictary fats 543
metabolism of relition to protemn and
amino acid metabohism 539
i the aged 512
Choline Iner 350 357 365 368 510
oudase 333
Cholinesterase  plasma
activity of male rats 131 132
effect of dietary protemns on production
of In rats 130 138
Chondrattin sulfate 361
Chromates
effect on adult cell gronth 163
Chromatin  solution 154 174
Chromatography
analysis by 425 432
of human milk 434
in detection of metabolic aberrations

i determination of ammo acids 1
body fluds 4850 89 326 337
510

of amino acid metabolism 520
m evaluation of protemns 258 289
Chromium chlonde 172
Chymotrypsinogen
amino acid content of 334
Citrulline 71
amino acid interconversions of 350
glutamine content of duodenal juice
50
Cod liver onl
effect on adult cell growth 164
on wound healing 176
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Collagen
amino 1e1d composition of 24
deficiency of 25 26
Copper
effect on adult cell growth 185
Corn biological value of 316
essential amino acid index of 287
of corn flakes 290
with mlk 290
meal avulabilty of essential amino
acds in 351 356 3068 372 373
376 439
effect of lysine supplementation on
nutntive value of 395 405
406 439
Corticosteroids 526
Cortisone 529
Cottonseed
meal protemn efficiency of 111 258
ol avalability of essenttal amuno acrds
m 290
effect on nitrogen losses 210 212
Creatine
effect on growth of chicks 351
excretion 326
metrbolism 33
synthess 12 323
role of ammno acids m 323
m chcks 357
and unnarv creatinmme 323
Creatimne
blood mdiidual patterns of 50
coefficient  defimtron of 323
determination by Folin method 485
effect of age on 325
on growth m chicks 351
endogenous ongin of 32 98
excretion and body weight 323 325
339

as a
3
and diet 323
effect of steroids on 530
and endogenous metabolism 32
323 324 325 328
and proten nutrition 32 324 325
404

cnterion of proten nutrition
2 323

rchition to basal metabolism 324
to body weight 325
m synthesis of creatine 33 323

Cupnic chlonde 172
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utilization of 1n the aged 533
m infants 427
role of methionune m 218
Carbutamide
effect on 1131 uptale 8
Carnosine
synthesis 12
Carotene
effect on growth 163
Casem
amino acids 257 370 445
amino acd deficiencies of 15 19 257

effect of heat treatment on 284
amimno acid pattern of 448
walibility of arginine i for chucks

350

of Jysme in 354
biological value of 102 257 305
age and species vanations in 15 19
when supplemented with vanous
dietary protemns 133
digests 121 157 175 176 307 440
pancreatic (Amgen) 245 306 307
ammno 1ad content of 445
amino acid pattern of 448
lysine/tryptophan ratio of 450
452

and vtilization by infants 450
452

effect of L-lysme on 450
of pL methionine on 450
effect on albumm/globulin ratic 109
113 124
on blood lipids 113
on body weight 114
on growth of neaplasms 113
of rats 126 130 133 135 136
on nitrogen balance of dogs 126
on phospholiprds 113
on plasma amino acd levels 330
on plasma cholesterol 113
on plisma cholmesterase of rats
131 133 135 135 138
on protem repletion of rats 253
hydrolyzate
amno acid pattern of 125
anilysis of 129
effect on albumin/slobulm ritio
122 124 125 126 518
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on blood protems 122 123 124
126 127 128 307 422 43
on body weight 307
on growth 155 270
on mitrogen balance 121 122
237 307
fractton of effect on growth of
young rats 130
on plasma protewn regeneraton
128 436
microbiological assays 129
nitrogen balance index of 236 245
320
tryptophan deficiency of 333 372
1odination of 254
mitrogen balance index of 320
and mitrogen equbbrium 18
nutritional value of for nfants 435
433
protemn efficiency of 111 229
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139 335
n repletion of plasma protems 109
124 306
of protein stores 107
companson with wheat gluten
108
with fibnn 245
Cashlhan Malva
effect on wound healing 170 177
Catalase lver
Toss of 1n rats 333
Cathepsin 138 335
Cells
adult chicken studies of 144
nutntional requirements of 144
145 151
dynamc state of 196
Cereals
effect on ammno acid deficit of human
plasma 331
nutrihonal value of 438 440
Clucken
adult tissue coltures 145 149
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Chlonde
tissue changes with aging 509
Chlorophyll
effect on wound healing 170 177
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Cholesterol
blood levels of correlation
coronary disease 537 542
with dietary fat intake 537
with <crum fodine 1 the aged
510

effect of aging on 535
of anholic steroids on 530
of body weight on 538
of protemn imtake level on 540
of unsaturated fatty 2oxds on 538

method for determimng, 539

ratio of phospholipids and 536

synthests from deetary amino acids

549

with

from dietary fats 543
metabolism of relation to protem and
amino acid metabolhsm 539
1 the aged 542
Choline Iner 350 357 365 368 510
oudase 335
Cholinesterase plasma
activity of male rats 131 132
effect of dictary protemns on production
of in rats 130 138
Chondroitin sulfate 361
Chromates
effect on adult cell growth 163
“Chromatin solution 154 174
Chromatography
analysis by 425 432
of human milk 434
d

Collagen
anno acxd composition of 24
deficiency of 25 26
Copper
effect on adult ccll growth 165
Corn biological value of 316
essential amino acid index of 287
of corn flakes 290
with milk 290
meal availability of essential amino
1cids m 351 356 368 372 373
376 439
effect of lysine supplementation on
nututive value of 395 405
406 439
Corticosteronds 526
Cortisone 529
Cottonseed
meal protem efficiency of 111 258
o1l avaulability of essential ammo acids
mn 290
effect on mitrogen losses 210-212
Creatine
effect on growth of chicks 351
excretion 326
metibolism 33
svothesis 12 323
role of amino acids 1n 323
m chicks 357
and urmary creatimne 323
Creatinine
blood ndmvidual patterns of 50
coefficient  definition of 323
1 by Folin method 483

m of bokic at

in determmnition of ammo acds 1n
body flmds 48 50 89 326 337
510

of amio acid metabohsm 520

in evaluation of protemns 258 289
Chrommm chlonde 172
Chymotrypsinogen

amno acid content of 334
Citrulline 71

amino zeid intercomersions of 350

glutamme content of duodenal juice

50

Cod liver o1l
effect on adult cell growth 164
on wound healing 176

effect of age on 325
on growth m chicks 351
endogenous ongin of 32 98
excreton and body weight 323 325
339

as a cnteron of protemn nutrition
32 323
and diet 323
effect of steroids on 530
and endogenous metabolsm 32
323 324 325 328
and protemn nutntion 32 324 325

relahon to basal metabolism 324
to body weight 325
in synthesis of creatine 33 323
Cupnc chlonde 172
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Cysteme
content with cystine 1n blood plasma
51
effect on growth 159 160 177
metabolism of 88
touiaity for rats 73
Cystine see also Methionine/Cystine
avallability 1n cows milkh 285 463
m egg 285 482
m poultry products 369
content 1n ammal tissue protemns 24
m body flmds 50 51
n enzymes 334
n heratins 20 22 24
in mammalian tissues 24 334 521

conversion 267

deficiency of mn casem 19
determmation microbiological 284
effect on bol

SUBJECT INDEX

Dextrin
argimne sparing action of m chicks
351

m test diets 201
tryptophan sparng action of i chicks
363

Dextrose
effect on nutnitive value of fbrin 246
nitrogen sparing value of 455456 533
Diaminopimelic acid
in chick diets 355
Dammonium atrate 70 73 261 271
481
Diet
in the aged 541 544
balance effect on appetite 341
on protemn metabolism 197 219
541

mportance of 1n the agig 541

m
hens 21
on wool growth i sheep 21 375
essentiahty for chicks 367
excretion effect of steroids on 527
528
metabohsm of 357
methiomne sparing quality of 63 357
nonessential character of for man 478
oudatwon of b 67
phenylalanme sparmg quahty of 63
requirements age and spectes varia
tions m 359
of infants 422 445
of men over 50 years 519 520
of young animals 357 367 370
of young men 504
of young women 500
synthesis of 357
utilization by rats 59 62 63 88
Cytochrome 7
anmno 4cid content of 334
oxidation reduction 221

D

Decarbotylation 69 79 264
Dehydrogenise 138
Desoxyribonuclele  acid

content of tissues effect of protem

depnivation on 239

Detergents

effect on wound healing 181 184

Js of low mtrogen basal 201
effect on blood proteins 306
on body weight 300 308
on growth 300
of low proten high carbohydrate
239

on mtrogen balance 308 316
of protem contaming 167
of protemn free 199 249
of ‘total energy value on protem
metabolism 197 201
on water balance of the body 300
mdispensable component of defim
tion of 58
relation to anthropemetnc standards,

supplements 1n the agng 524 530

© lysine 525 543

protem 524 525

sterod 526 530
anabolic group 526
catabolic group 528
with . Iysime 530

effect on mtrogen balance 321 524

29

effictency of 400
2 4 Dimtrophenylhydrazone 87

E
Edema nutntional

malnutntion and 302 -
relation to cardiovascular disease 3
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Edestin hydrolyzate
effect on cell growth 155
lysine deficiency of 351
Ege
protein of see also Albumin egg
ammno acid content of 26 27 240
257 369 482
amimno acid supplementation of 16
114

bological value of 15 16 26 102
105 197 231 306

effect on growth of neoplisms 113

efficieney ratios of 16

essential amino acid index of 285

Ivsine defciency of 17

nitrogen balince mdex of 320

nitrogen equilibonum and 18

nitrogen growth index of 111

nutritional value of 15 197
°

and regeneration of body protems
124 139 308

repletion response of rats to 253

as a standard of proten value 15
17 255 283-284

234

Elastin
ammo acid content of 24
deficiency of 25 26
Embryo extract
effect on adult cell growth 153 174
on wound healing 176
Enzvmes
digestive amino acid content of 334
effect on absorption of protemn 336
on availability of amino acids 356
on cell growth 163 166 167
of dietary protem on synthesis of
130 335
on nutntive value of protein 118
289 336
of starvation on 140
and endogenous mtrogen 317
mdmidual vanations 1 48
of intestinal wall and pancreas role in
protein synthesis 38 334
kidney and oudative deammation of
amno acids 67
er and age 335 511
and catabolism of histidme 90
and diet 335
and oxidative dermination 67
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pancreas effect of protein maloutr
tion {kwashiorkor) on 338
teolytic  antipodal specficity of
208
and diet 331
tissue  biosynthesis of and essentinl
amino sads 334
witwmns in 2
Frgothionine synthesis 12
Crythrocyte sedimentation rate
effect of age on 517
Estradiol 528
Estrogen therapy 529
Estrone
effect on dult cell growth 153
Ethyl 1sourea HCI 168
Euglobin serum
effect on cell growth 156 175

F

Fat
body dynamic nature of 247
effect of age on deposition of 303
400 509
of catabolic steroids on stores of
on longewity of rats 512
dietary components in test diets 201
effect on ammno acid ubilization 247
360 535 539
of saturation on protem spanng
action 213
mtake of effect on nitrogen balance
199 202 203 208 212 214
215
metabolism of 3
m the aged 542
effect on body water content
300

molecule components of 211
protein sparing  charactensties  of
195 199 209 213 390 536

542
relation to level of calornc intake
205 211
saturated and  blood cholesterol
levels 537

and blood hipad levels 537
and coronary disease 537
as a source of energy 200 390
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SUBJFCT INDEN

1. Clutamme
-citrulline content of duodenal pnce

content of blood plasmr 51
effect on growth 159 271
role in metabohem 159
Glutathione
effect on adult cell growth 165 168
on wound heahng 177
svnthesis 12
Gluten wheat
amuno ac1d composition of 257
content of 445
deficencies of 257
piattern of 448
avalibility of amino acids In 289
iologcal value of 102 197 257 305

age and species varations in 15

effect of lysine supplementation on
439 453

effect on albumin/globulin ritio 110
113

on wugnine content of plasmi pro
tems 307

on body protein regeneration 124
139 307

on body weieht 114 306

on growth of ncoplisms 113

of lvsine supplementation on 307
354

on mtrogen balance 18 307 320
on plasma cholinesterase of rats 131
with amino acid supplements 131
lysine defictency of 15
lyswe/tryptophan ratio of 450 452
and utilization by infants 450452
nitrogen growth index of 112
nutnibional value of 439
protein efficiency of 111 197
i repletion of bady proteins 107 109
124 253 305
Glycenne
effect on wound healing 176 178
Glycine
avalability in gelatin 259
in poultry products 369
and biosynthesis of creitine 323 365
content m body fluds 50 51 327
In connective tissue proteins 25
1 kerating 365
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deficrney effects i chicke 365
cffect on albumin/globulin rtio 110
on gronth 70 73 155 158 16!
176 271 365
on nutntive vahie of bread 102
on synthess of anino acids 13 261
266 521
m formition of blood hemaglobnn 304
isotope-contaiming 69
metabolie reactions in chicks 365
requirements age nd species vt
tions m 376
of infante 422 445
of lwing hens 366 3G9
of young fonls 365 367
synthesis in the cluck 365
toxieity of 366
utilization by rats 73 518
Clycocvamune 323
Chcogen 39 72
blood level effect of age on 529
synthesis 8%
Clycolildelnde 366
Chcolic Aad 365 366
Clyoxylic Acid 366
Cutndine 168
formation from arginine 323
Cuamidinoacetic aexd 110 113 351 357

H
Heart extract
effect on adult cell growth 153 17¢
on wound healing 176
Hemntocrit
effect of anabolic steroids on 529
Hemin blood
effcet on adult cell growth 151
Hemoglobin
amino 1ckd deficiencics of 255
in apprafsing nutritional status 30¢
and body weight 310
ffect on adult ccll growth 151
of amino acld intake level on 519
of anabollc sterolds on 528
of dict on synthesis of 300
of heat treatment on utilization of
289
of Inadcquate proteln Intake on 301
level in anemla 311
nitrogen balance and 306
rclation to dietary protein quality 543
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Histidase
1n catabolism of histidine, 90
Histidine,
absorption of 79
avalability m ammal tissue protems
24 28
in chicken muscle 389
wege, 26 285 369
mmik 285 463
catabolism by hustidase 90
content of enzymes 334
of keratins 22 24
of mammalian tissues 24 334
» conversion of §7
version of 65
utihzanon 73 90
determination microbiological 234
excretion in pregnancy 334
effect of anabolie sterords on 527
L effect on growth 73 159
mversion of 71,75
nonessential character of 478
plisma concentration 51 327 518
replacement by a keto analogs of 68

SUBJECT INDEX

properties of 526
supplements effects i the aged 526
530

Hydrogen sulfide 168
Hydroxybenzote acid desivatives 89
» Hydroxyphenylpyruvic acid

as a substitute for tyrosine 68
Hydroxyprolme

effect on adult cell growth 161

of deficiency on growth of chicks
367

minmum requirements of infants 445
tovicity of 1. for rats 73
Hyperthyroidism 338
Hypoglycemic agents
effect on proten and ammno 2e:d nu
mhon 67
Hypoproteinerma
and methionine deficiency 304
and tryptophan deficiency 304
Hypothyrordism 338

Imdazolereryhie acd

i) age m 26 30
of hens 389
of infants 422 445
of men over 50 years 519 520
of rats, 241 244 257
spectes varintions in 26 30, 376
of young ammals 353 367 371
syrthesis in young fowls 333
touaty, 71
utthzation by rats 60 518
Histidme denvatives 333
Homocitrulline 353
Homocystine
effect on layng hens with choline
368

with Vitamm B, 368
requirements of young fowls 357
Homogentisic gaid 364
Hormones
classification of 526
effect of admmstration to food am
mals 544
on growth of adult cells 151 155
174

as substrtute for histidine 68
Inudazolelactic acid
replacement of hustidine by 68
Iimdazolepyruvic acid
replacement of histidne by 68
Indole
production by E col: 68
Indole 3-acetic actd 7
Indolepyruvic acid
as substitute for tryptophan 68
Insulin 526
plasma, 7
Iron
effect on adult cell growth 185
Isobutyric aid 86
Isoleucme
a heto analogs of Y8 273
availability of mn ammal tissue pro-
tems 24 26 445
1 body flurds 24 50, 51 327 518
1 cow s milk 285 463 445
1 egg 26 285 286 369 482

content 1 enzymes 334
n han tissues 94 331 448

on £
316
formation of 526

521 522
conversion of p- 67



SUBJECT INDEX

deficiency i beef muscle (defatted)
253

mn blood 255
1 blood menl 372
in dicts of the aged 332
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Keto acids
excretion of effect of p-ammno acids
on 83 88

of p-tryptophan on 68 83
a keto acids see also individual acids

effect of 335 ammation of 273

on biosynthesis of plasma pro- analogs of essential amino acids ef
tens 523 fect on growth 6870 85 86

on mtrogen retention of infants 273
308 434 replicement of essential amimo acids

on phsma protein levels of in by 6870 273
fants 306 comversion 67 68 83

in eng 253 deammation 67
A biol 2l 984 decarboxyl. of 85 86

1tion
essential character of 261 367 478
intake effect of different levels on ni
trogen balance 498
L cffect on growth 86 159
oudation of b- 67 63
requirements age and species vana
tions in 26 30 237 376
of children 463
of hens 369
of infants 422 445 448
of man 30 53 108 244 376 542
of men 504
over 50 years 520
for mtrogen balance 1n men and
women 53 244
of rats 26 30 241 244 257
of young fowls 26 364 367 336
of young swine 372
of young women 53 497 504
symptoms associated with low intakes
of 502

tomesty 71
utidization of p 59 63 73 88 268
384 373
of oL 16 62
Tsomand 7
Isovalenic acid 86

omhhon’af 85 86
reammation of 78
reduction of 85
transamunation 78 83

o Retobutynic naid 88

a Reto beta guamdo n valene acd 69
71

Ketoisocaproate

converston to leucine 68

Retoisovalerate

converston to valine 68

a keto gamma methylthiobutyrate 78
as a substitute for oL methionme 68

E]

El

a Reto beta methylvaleric acid
as a subshtute for tsoleneine 68
17 Retosterods 528
Kadney
p-amino acid oudase of 83 333
effect of aging on function of 512
of p ammo acids on 81
function in the aged 512
1 premature infants 425
Kjeldahl
micro method 129 138
for mitrogen determination 485
for protemn determination 307
Rwashiorhor
effect of ammo acd supplements 1n

K treatment of 458459
Reratin on formation of pancreatic enzymes
amtno acid composition of 20 24 365
effect of heat on on 1 of essentral ammo
of 289 acds 457
role 11 protein metabolism 35 38 Rynurenmne

synthesis 19 21 41-44 363

excretion of 89
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Lactalbumm
amino aaxd content of 443
pattern of 448
bological value of 19
effect on plasma choliesterase of rats
131
hydrolyzate
and  albumin/globulin  ratio
125 126
amuno acid pattern of 125
effect on prowth of rats 126
on mitrogen balance 121 126 235
enzymatie digest of amno aad
content of 445
pattern of 448
effect on mainutntion of mfants

124

lysine/tryptophan ratio of 450
452

and regeneration of plasma proteins
122 121 125 126 127 128
lysine/tryptophan ratio of 450
nutritienal value for infants 435
protein efficiency of 111 229 251
and regeneration of hver protems 138
139 335
of plasma protemns 306
Lactie acd
blood 512
mdvdual patterns of 50
Lactobacillus caser
mcrobiological assay with 120 130
Lactobacillus lactss donner
microbiological assay with 130
Beta Lactoglobultn 269
Lactose 168
effect of age on utthzation of 533
on mtrogen metabohsm 451
Lard in low mtrogen basal diet 201
Lead chlonde
effect on adnlt cell growth 163 172

Leucine
availability m ammal tissue protems
24 26 445

inbody flids 24 50 51 327 518
megg 26 285 286 369 482
mmlh 285 435 445 463
m poultry products 369

content 1n enzymes 334
in mammalian hssues 24 334 521

SUBJECT INDEX

conversion of p 67
defictency effect on mittogen retention
of infants 434
determimation mucrobrological 284
essenttal character of 478
excretion of b 81
inhibition of metabolsm by 268
mtake of r- effect on nutrogen bal
ance 491 495
statistical sigmficance of 497
mtravenous alimentation with 260
mversion of p- 66
1sotope containing p- 66 69 67
o Leto analog of
effect on growth 86
replacement by 68 78
L 1somer
effect on growth 86 129 161 364
effect on laying hens 368
oudation of p 67 68 87
racemic 364
requirements of adult fowls 368 369
1ge and species differences in 26
30 364 376
of children 463
of infants 422 445
of man 30 53 106 244 376 542
of men over 50 years 520
of rats 26 30 241 244 257
of young fowls 26 364 367 386
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