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Preface

Recogmzing 1ts tespensibility to mantam good nutrition n the
<oldier as well ns 1ts responstbihity to civihan population groups in
occupted countries and to military assistance groups, the Army has
over a period of vears been interested 1n methods for evaluating the
nutritional adequacy of foods and the nutritional status of the people
who consume them W hile we may be justly proud of our achieve
ments 1n mihtary feeding we are frequently frustrated in our attempts
to obtain a rapid and meaingful measure of the nutritional adequacy
of our feeding program

The 1nitial approach to the measurement of nutritional status was
teleologieal  Todny we are aware of “nutntional status” as an
ecologieal concept  The response of the individual to his external
and internal environments determines his metabolic demands and
these 1n turn must be translated into nutritional requirements  Body
size, and 1ts component compartments as well as surface area, work
autput, chimate, sex, and age are all factors deterrunung calorie ex
penditure  These 1 turn can be modified by the nutriture, as for
example, the decreasing calorie requirements of starving people
Protein requrements cannot be fulfilled unt:! calorie demands are
satisfied  The vitamins and other accessory food substances must be
present 1n proportion to the calorzes and quahty of protemn  Such
understandings are needed now more than ever to evaluate our
strength and weakness i1n military preparedness in the cold war
which engulfs us today on a global scale  The symposium on Methods
for Evaluation of Nutntional Adequacy and Status was arranged
under the joint sponsorship of the Nutrition Division of the Quarter
master Food and Container Institute for the Armed Forces and the
Medical Nutrtion Laboratory, Office of the Surgeon General to
bring together the most authontative and most recent information 1n
this feld of mutual interest

The objectives of the symposium were admirably nccomphished

(1) The merits of existing methods were critically evaluated,
(2) The needs for special methods not now svailable were em
phasized, and
(3) The possibihities for developing, such methods m the near
future were constructively considered by approprinte sug
gestions
The unportance of the subjects discussed to » broad spectrum of tech
nical specialists as well as to the responsible personne! of the sponsor
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ing techmeal scrvices 1s mdicated by the wide range of scienhfic dis
ciphnes, acaderic and government agencies and geographic areas rep
resented by the participants and these m attendance

A better appreciation of the complexity of the relationships of food
composition to body composition and function was achieved by the
diversity of subjects upon which attention was focused Far from
peing discouraging this appreciation tends to emphasize the benefits
to be derrved from fundamental resenrch and to underlme the promce
offered 1 such basic approaches as metabolic studies m micro
organisms and metsurement of enzyme activity  The importance of
using several species of experimental animals was brought out 1n the
discusston of animal techmques for determining the physiologieal nde
quacy of the nutrients mthe diet  Evaluation of the nutritional status
of individuuls or survey s of papulation groups 1s now more confidently
made by combinming climical examination with biochemical assessment
The potential offered by the embryonic field of measurement of body
compartments as an 1ndex of nutniture was enthusiastically reported
1n the round table discussion

The sponsoring technical services now have a broader basts for inter
preting the sigmificance of the varsous measures of nutritional ade
quacy 2nd status angd are enconraged by the profitable hines of future
nvestigation suggested

One would be remiss indeed not to express appreciation for the good
plannng and the effective management that made the sympostum so
successful  For thess contributions the sponsoring groups deserve
Tugh commendation The appreciation of ali who participated 1s also
due to Colonel John D Peterman, commandant of the Quartermaster
Y ood and Contamer Institute, whose address of welcome estiblished
the cordsal and friendly atmosphere of the meetings, and to Lieutenant
Colonel Robert Ryer, 11T, who assisted in innumerable ways in
coordinating the program for the Medical Nutrition Laboratory

Hereerr Porrack, M D
Consltant on Nutritwon to The Quartermaster General and The
Surgeon General, U S Army
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Proceedings of the Symposium

METHODS FOR EVALUATION OF NUTRITIONAL
ADEQUACY AND STATUS

I Introduction
THURSDAY MORNING SESSION
25 February 1954
Dr FEumer N Newson, Presiding

Cramaran NeLson

In calling the sympostum to order, I wish first of all to eall your
attention to the overall organization of the program Today, you
will note, we begm with a statement of our objectives and then pro
ceed to a consideration of various methods of evaluation—methods of
evaluating protern adequacy, vitamin adequacy, and mmeral adequacy
Tomorrow, we discuss animal experimentation, the nutritional status
of populations, and conclude with a roundtable on body composition
Into this framework 1t should be possible to fit most of the things
that are of concern to nutritiomsts

Our first paper, which will key note the sympostum, 15 by Dr Charles
Glen King, scientific director of the Nutrition Foundation, Ine

The Problems, Purposes, and Scope of the Symposium
Cuartes Gren Kine

Acientific Director Mutrition Foundation Inc and Professor of Chemistry
Columbia University

We hear much of the mysteries of the atom thece days All of us
have at least 2 vague concept of the complexity of research 1n atomic
physics and 1n radiation chemistry, but unless we are worhing 1n that
field, we take much for granted The mystertes of the atom, however,
may be of less sigmficance and relatively simple, compared with the
mysteries associated with the functiomng of the human body

As scientists, our approach to the latter field 1s necessarily mn terms
of atoms as a starting point  But the problems of function and orgam
zation, mcluding such concepts as optimum health through a hfe
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Importance of Nutritional Status and M
o the Agmd and Methodology

Lt Con Tyrox E Hueer
Research and Development Division, Oflce of The Burpeon General

There 15 hardly anyone who would object to the thought that nutr:
tion has been of tremendous mportance from time mmemortal 1m
the waging of combat It has required much effort of many ndivid
uals to secure adequate and proper nutntion of soldiers, and this effort
continues to engage our resources and research facilities m solving or
m the attempt fo solve some of the problems that confront us

Gross nutritiona) deficiencies seldom exist in the Army of today
When they do exist, gencrally they are diagnosed quickly and ade
quately treated However, there are some minor deficiencies which,
over a long period of time, concervably lead to a reduction of stamina
and physical fitness of combat personnel, to mcreased delay i wound
healing, and, mn certain st inces, to lessened resistance to disease

The Surgeon General of the Army 1s interested 1n all these aspeets,
particularly mn the last two, namely, the relation of nutritional status
10 resistance to disease and to wound healing

The Surgeon General of the Army 15 charged with the responsibility
of maintaiming the physical fitness of combat and muilitary personnel
of the Army By Army Regulations he 1s charged with the respon
s1bility of prescribing basie diets for all field conditions  In addition,
he 1s charged with the responsibihity of making recommendatons re
garding food and the feeding of troops and military personnel

In the field, Medical Service officers are responsible for providing a
nutritive diet to the troops and, under certain circumstances, for the
methods used 1n determning that the troops receive a nutritive diet
These responsibilities are clearly defined by Army Regulations

We Lnow the fields for which we are responsible W hat 1s not
clear 15 the manner 1 which to fulfill those responsibilities For
tunately, we are allowed 2 considerable degree of latitude 1n employ
1ng methods for the accomplishment of the requirements for which we
are responmble  However, there are a number of poumts on which
there 15 driergence of opinion as to the best methods, techniques, and
procedures to be employed :n determining the adequacy of nutrition

1 am sure there will be several speahers today who will pomnt out
those differences of opmiton and 1t 15 our hope that the Army Medacal

Service will provide o small contribution 1n this field and, at the same
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tume, obtain information that may be utihzed m earrying out our
responstbilities

You mny well ash what the Army Medieal Service 1s accomphishing
n 1ts attempt to improve techmques, methods, and procedures A
number of research studies at the Medical Nutrition Laboratery, Fitz
simons Army Hospital, Denver, Colo , the Army Medical Research
Laboratory, Fort Knox, Ky , and the Army Medical Service Graduate
School, W alter Reed Army Medieal Center, W aslungton, D C, are
presently retesting these techniques m various nutrition imnsestigations
A portion of the results of these investigations will be presented dur
ng this symposium

Tt 15, indeed, gratifying that we were mvited to come as guests and
to participate m this symposium, that we may recerve from you certain
thoughts concerming procedures and techniques The most precious
thing, by far, that we can attan today 15 1deas, and with knowledge
und 1deas, we hope to make progress We believe that only through a
free exchange of 1deas can progress be made and ean we fulfil} our
responsibilities



Controls m Measurmg Nutritional Response

E W Craxrron

Department of Nutrtion MacDonald College (Mce@Qill University)
Province of Quebec, Canada

In biological research a control 1s 2 benchmark, a measurement to
furnish v datum level—or perhaps a touch stone by which to Judge
related criteria  The control 15 the basis for the interpretation of
the investigation A faulty control may contribute to falss conelu
sions, and the absence or loss of the control umt Jeopardize an entire
study It 1s not surprising, therefore, that the research worker 18
acutely conscious of the mtegrity of lus controls His problem 15 not
made sunpler by the fact that with biological erteria the control,
quantitatively, 1s speafic for each study and hence must be defined 1n
each case  Furthermore, 1t frequently happens that the criteria may
be considerably influenced by numerous environmental and/or hered
tary factors which becloud the clear and accurate description neces
sary to estabhish whether or not comparative observations really differ
This situation 1s partienlarly characteristic of data which must be
collected by methods typical of surveys, as distinct from experiments
m which 1mposed experimental conditions can be arranged Fur
thermore, the desirabihity of considering individuals as distanet from
groups mtroduces special problems

Inasmuch as the description of critersa used in nutritional studres
15 largely numerical, the research worker usually finds that statistical
methods are necessary to clarify and precisely describe the data, and
subsequently te establish whether or not imtentionally imposed or
naturally oceurring conditions have reslly effected o change mn the
eriteria under consideration

T am much aware of the fact that statisties 15 not in the best of
repute among some biological workers A considerable number may
see something beside humonr 1 the recent notice of a new book en
titled How to Lie—(Wath Statrstics) In defense of the statistieal
approach, however, I suggest that when properly used, statistics be
comes a rather special tool to assist i the elncidation of data which
may otherwise be so interrelated as to conceal some of 1ts ymportant
facts Our experience has been that statistics carelessly or wrengly
used nsually proves to be anything but helpful, though 1f properly
applied may accomplish resulis beyond the possibihities of other
methods

Our laboratory has been for many years and still continues to be
interested m the appheation of statistical methods to nutritional re
search data In 1938, for example, we published a description of the
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use of n combination of the annlysis of yariance and partial regression
in the reduction and interpretation of datn obtained from studies of
factors related to, and pr bly partly resp ble for, the extent
of the development of the musculature of the bacon piyy  The eriteria
used, however, were different from those applicable to human nutn
tional or Lealth data, and T shall not refer to them directly 1n this
paper

On the premice that 1t will facilitate presentation to employ—in
preference to a series of appropriate mathematical formulae—n
worhed out example, I have prepared and analysed a set of hypo
thetical data

The data are intended to rupresent the results of examinations of
6 groups of 50 male subjects each  The studies are to be considered
s having been carried out during each of 2 vears at 3 stations—1
1n an arctic area, 1 1n the temperate zone, and 1 1n the troptes The
criterion of nutrtional status or of physical fitness 1s the time 1n
seconds required for the heart rate to return to 1ts previous resting
rate, following an exercise tolerance test This criterion 1s referred
to as the Heart Recovers Time It i1s the dependent variable in
our analysis and 1s mdicated 1n formulae by the letter ¥ Four
other 1tems were also recorded for each of the 300 subjects, viz z,, age
1n years, a3, weight 1 kilograms, s, skinfold thickness 1n centime
ters, and «, calories mtake per day

These variables are of two distinct types Those of time and place
are discreet m this example The others are continuous, that 1s,
all intermediate values between the extremes may occur Each, how
ever,ma} have affected the dependent varable

The first step 1 the reduction of the data 1s the calculation of the
averages of each variable These values, however, will often not be
too useful 1n dealing with the mdividual subject Truly there 1s
no average man What we seek as the benchmark or the control 1s
the expected Heart Recoverv Time applicable to a given mdividual
as we find him—in the Tropics or the Arctic, this year or some other
year, and of us own unique nge, werght, fatness, and appetite

To obtain this expected figure we require to know the variability
between individuals, uninfluenced by time and place, but with full
account of the individual attributes (with respect to the four inde
pendent variables) We can obtain such & value by the use of & com
bination of two statistical devices  First, an analysts of variance for
the discontinuous variates will establish the varability between sub
jects comparable as to vear and station, and, eventually, n combina
tion with the coefficient of multiple correlation give us a measure of
the relisbility of our control figure Secondly, the appheation of
multiple correlation and partial regression will enable us to arrive at
an expected value for the dependent variable in accordance with the
relationships which exist between the four continuous yariables
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The essential description of the “raw” data 15 shown 1n table 1

TABLE 1

MEAN VALUPS AND STANDARD DEVIATIONS OF VARIATES

—_—

Standard deviations
Vanate Means
ereent
Units (nppran
mate)
y, Heart recovery time (all groups) . _| . . F76 )
15t year gurvey ... 95 sec . ~ PR
2d year qurvey _ _ ___ 85sec - ... - - -
Arctic area_.____. 80Qsec .. . "
‘Temperate area . . . 90 sec . [ I )
Tropical area . 100 sec PR - -
Mean o( dependent vaniable (second)_. 90 86C ... 20 22
e (vears) - .- 0 yro_.. %5 17
eight (k\lograms)__ ...... 70 kg - - +10 15
x,, Stanfold (centimeters)... . -- .. 3em - - +1 33
EA ones. . .. - . 3500 cal | +280 8

The standard deviations of fable 1 are obtamned from an analyais
of variance of the data for the dependent and for each of the inde
pendent variates An example of the appropriate analysis for the
dependent vanate y (Heart Recovery Time) 1s shown 1 table 2

TABLE 2
Anarysiz oF VARtaNcE of Heart Recovery TiMe y
Stand Freedom ratios
Degrees Van tand-
f 1 ard de-
Source cdnr:: Stz—a) a:x“ce vition | g, | Neces
(DjF) * served &?{{5)
Al causes 209 5 800 t £76 t '
Subgroupings 5( - 5400 [ I {
Between years 1 £00 15 386
Between stations 2 4 000 0o 3902
!nsteractmn 2 ) 800 2.0 3 02
Betneet 1adwiduals 204 [117 600 400 +20
in the same {ear n)t
same station (error)
Accoupted for by 4 | 62 657
mulnp{g co;r%t;
B =
Sta‘r:’é‘nﬁd error of esh) 200 | 54 943 190 +14
mate (adjusted
standard devia
tion)

i BN U SRS SUUU MU SR R
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Included 1n this table are three entries under the heading Sums of
Squares, S(r—z)  This heading 15 not usually shown because at
en be reachly found by multiplsing the varince by 1ts corresponding
“degrees of freedom’ Tt 1s ncluded here only to tustrate the use
of the multiple correlation coefficent m obtuming the “erior of estr
mate appheable to the expected vaine to be enleulnted from the regres
s1on equation

Table 2 mdicates that the difference 1n the nverage Heart Recovery
Time between the 2 years 1s not a rea) effect of time  There are, how
ever, sigmificant differences to be expected between the three geograplue
areas There 15 no interaction between jears and stations Ve ean
generalize, then, to the extent of bemng retsonably assured that the
mean numerical value of our enterson will be vahd for exther y ear and
will not be differentinlly medified by the geographic ateq m which
observations are made In companng imdimiduals from different sta
tions, howeser, some correction from the general mean of all groups
must be applied  Corresponding analyses would give a basis for the
same ty pe of interpretation for each of the other continuous variates

It now becomes necessary to caleulate from the “error line of their
respective variance analyses the simple correlation coefficients (r)
between each of the contmuous variables  Once these 10 values are at
hand they are inserted 1n appropriate positions i & set of normal equa
tions, the subsequent solving of which yields 4 beta (g) values These
latter, together with the correlation coefficients, permt caleulation of
the multiple correlation coefficient (£) One further step remuns—
the ealenlation of the partial regression coefficients (2,,) by solmng an
appropriate equation for each of the four (x) variates Once these
several statistics have been obtamed they may be assembled ns
tabled

TABLE 3

Bera Varues PaRTiaL REchEssion COEFFICIENTs AND MuLTiPLE CORRELA
10N COEFFICIENT

—

Relatne
Independent vanate Be;“ 2;"‘:‘;“ rel;egls?:m
percen’: coefficients
z; Ape (Or) -0 2470 10 —-11
2y é‘exght (kg } 3736 14 75
x; Skinfold (em) 1 2457 46 249
z, Calores — 8129 30 —0 058

Multiple correlation  Rtm0 3328a0d Rm0 73
Necessary R for P005w0 16

Wemnay now consider what these statisties tell ns  First we note the
multiple correlation coefficient 15 statistically sigmificant  and newt

327201 O—y 52 9



that, 53 28 percent of the variabihty 1n Heart Recovery Time between
men of the sume locality 13 accounted for by the four imndependent
varables considered m the multiple correlatron Obviously there are
stil} unuccoun‘ted for factors affecting this criterion, though as we
shall see, the “expected” value of (y) determined from the four 1nde
pendent varables 55 an appreciably more accurate “norm” than 1s the
average of any group

We learn from the betas that of the total influence of all four of the
mndependent varables on Heart Recovery Tume, 46 percent of it 1
traceable to the degree of fatness of the subject, and 30 percent to the
amount of food eaten duly Age and weight have relatsvely less effect.

The partil regressions tell us {withmn the range of the observed
date) how much the Heart Recovery Time can be expected to be
changed from the general average, for every umt that any one of the
factors of age, weight, fatness, and calorse intahe of the indrsidual
subject differs from the average of these factors found 1n the 300 sub
tects exammned  Thus, for each 1 year of increase m age from the
average age of 30 years, Heart Recovery Time will be expected to de
crease 1 1 seconds when the other 8 variables are constant, but for exch
centiumeter wncrease m skinfold thichness over the average of 3 cm
the Recovery Time will be delayed about 25 seconds

We may now assemble the partial regressions and the averagesof the
continuous varates into an equation from which to caleulate for mdr-
vidus accordsng to their own “measurements’ an expected Heart
Recovery Trme (T)

Y=F+byzy (o —F) +byza(m—F ) +-byzs(as~F,) +byrdzi—3)

=90—1 1{z,—30)+0 75(z;—70)+24 9(r;—3)~0 058(z,—3500)

At this pont I wish to refer agan ta table I where 1t 15 shown that
the standard dev1ation of Heart Recovery Time i the #raw” data wac
= 76seconds When the yarability due to the discontinuous varmbles
of tume and station 1s accounted for, this standard deviation 1s redunced
to = 20 seconds If account 1s now also tahen of the 4 mdependent
variables, the standard deviation of our “Expected Recovery Time”
becomes +14 seconds This 1s a coeffictent of varation of approx:
mately 15 percent

We may now caleulate for a 35 year old man at a tropieal station,
weighing 70 kg and showng 45 em shinfold thickness, and 2 3,800
calorie wntake, ¥'=106 seconds, to which we must add 10 seconds to
sdjust for the fact that the 4narmal” Recovery Tame for the tropicul
station 1s 10 seconds longer than the general mean Qur expected

svalue, then, for this man becomes
1 =116 seconds*15 percent



Another per<on of the same age, but from an archic stafion, eating
300 calories less food and having a shinfold thickness of only 3 em
would have an expected Recovery Time of

3 =89—10 scconds=79 seconds=1% percent
These are the expected salues—the norms for the e subjects—the
controls from which to compare and mterpret the observed values
gotten from actunl examimation of these individual men

Tt wall now be clear that had we made further groupings of relevant
discontinuous variates and/or selected independent variables which
together accounted for a still larger portion of the varmbility 1n the
dependent 3ariable, we would have reduced the “error of estimate’ of
our caleulated expected value, that 1s, we should have increased the
precision of our control

How does this work 1n practice? I et us suppose that mn our hypo
thetieal survey, information was recorded which would enable a classt
fication of indrviduals into two occupational groups such as sedentary
and actine  The ease hustories then might 31eld data as in table 4

TABLE 4
TrricaL SURVEY Darta
Heart recovery time
hin
Age |Weight s
QOccupational group on) | &g) (l;:;:‘d Calories As As | Percent
meas ex differ
ured ]pected| ential
Sedentary 25 68| 34 |3 400 105 | 110 +5
ctive 30 65| 27 )3 800 55 62 —11
Sedentary 35 70| 30| 3800 75 67 +12
Actine 38 75| 353700 40 76 —47
Actinve 30 70| 303500 50 90 —44
Averages
Bedentary n=25 93 90 +3
Actve  n=25 75 90 —28

To give precise interpretation to these data we must use the “error
of estimate” which was =15 percent One way of doing this 1s to
calculate the Least Significant Difference between expected and meas
ured times  The difference necessary between observed and expected
values for any one person may be taken as

Frror of eshmate av2X ¢
and ¢ for o probability of 95 percent will be approximately two Thus
we may caleulate that 1f the observed Recovery Time differs from the
measured time by at least =42 percent (1 e, £15XvZX2), the differ
ence 15 not due to chance variation  For groups of individuals the
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necessary differences will be ealculated as (£15X2%9) which for 25
Vo

Dbersons per group would be =7 5 percent
N Fr;)im tal;)le 4, then, we would have evidence that exercise hd a
gfrndllez’:ztf 'l"-‘n:fz::ll :ttfeict on physieal fitness of most indrviduals, re
€Xereise s ung b 1ght, fatness, or appetite, and, m groups as a whole,
oubtedly benefictal Further examination of exceptional
cases might rey eal rersons for thewr reactions
reslur: ::other nstance we might be concerned with mterpretation of a
y of aress where compulsory fortification of flour had been
mstituted  We wish to know whether s a consequence there w s any
change in nutritional status or physiea) health among ndniduals of
thess populations measurable by our erterin  The mean “year” effect
was not sigmficant  However, there might be a pronounced effect on
individunls who by their diet selection had previously consumed
ration deficient in those nutrients now added to the flour Our method
of analysis would assist in diselosmg such changes
Qr we may wish to mclude among “stations,” arers where water
fluorrdation was 1nvolved or where 4 milk campaign has been cirried
out Differences in the group means give us the basis for correchion
figures to apply to the genertl Wwerage of the dependent criterion used
It 13 merely an extension or modification of this method, to provide by
previous design of trial, groupings to differentinte the effects of
umposed experimenty] treatments such as would be represented by
4 factoral rrangement of the treatments m planned experiments
with Iaboratory animais
For other dependent sariables to be studied we might have such
dataas O, consumption, &/ balance, ¢ balance, n quantitative record
of pighe bldness, numeraus blood analyses or 2raanry escretion dala
for vitamuns, et 'The dependent variable may be any eriterson which
1s pertinent, provided only that st can be expressed quintitatinvely,
and that biologrcally 1t 1s affected by the mdependent varbles chosen
We have found the method highly flexible and at the snme time efficient
i the critical analysis and etaluation of nutritional resewrch data
And now three comments The first 1s that the date herem presented
are hypothetical, thongh reisonably plausible  The seeond 35 from
the experience of inveshigators generally  stabistics 1s helpless as a
tool to improve fauity data The last and most 1mportant 1s from the
wisdom of R A Fisher, the father of modern statistic 1} methogs as
applied to brologreal datn  1f your statsstics does not agree with

biology, suspect the statistics



II Evaluation of Protein Adequacy

Biological Value of Proteins and Ammo Aeid
Interrelationships

H H Mircurt

Ditision of Animal Mutrition
Unireraity of Illinois

There are many adiantages that would result from the successful
evaluntion of food protemns from therr content of amino acids, partie
ularly the essential amino acids and those nonessentials whose obligate
precursors include an essential amino acid  These advantages would
include not only an apprasal of nutritional quahity n = single term,
but also a clear indication of the essential amino acids limiting the
nutritional quality, and therefore of the ways of combining foods into
diets to ensure the most effective supplementation  Another advantage
of the chemical method of appraisal 1s the saving of time, since the
microbiological analyses of the amino acid contents of protemns can
be earried out 1n 2 few days, where a biological appraisal would tahe
several weehs

The discussion 1n this paper will be concerned only with the rela
tionslup between the amino acid content of the protems of foods and
protein utihization in metabolism Insofar as known, the digestibility
of food proteins (nitrogen) 1s not related to the amino acids they con
tun, as digestibility 1s commonly measured Interest in measuring
the digestibihity of human diets 1s so much out of vogue that 1n the latest
«dition (1952) of Sherman’s classical book, Chemustry of Food and
Nutrition, the only quantitative information on digestibility of food
nutrients 1s taken from Atwater s compilation published over 50 years
#go (4) In this comprlation the average coefficients of apparent d
gestibility of protein for different classes of foods are 97 for animal
foods, 85 for cereals and breadstufls, 78 for dried leg umes, 83 for vege
tables, 85 for fruits, and 92 for an average mixed diet  From the fact
that the metabolic fecal nitrogen, excreted in porportion to the totat dry
matter consumed, 15 charged aganst the dietary nitro_en mn the usual
methods of computing digestibility, 1t follows thit in general the
coefficient of apparent digestibility of protemn i different foods w1ll be
irectly correlated with the protemn content of the food on the dry
matter bisis (7) ' Other relations in human nutrition may be found

Halic fizures In parentheses refer to Literature Clted st end of artiele
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between the provimate composition of foods and the digestibihty of
the contawmed nutrients if, and when, this general problem attracts the
snterests of imvestsgators as 1t has in ammal nutrition {48)

Chemical Evaluation of the Nutritional Qualily of Food Protemns

The present sttus of the nutritional classification of the protemnog
enous ammo acids for the rat, upon which the chemical evaluation
of protemn quahty in nutrition must largely be based, may be presented
as In table 1, representing a modification of one recently published by
Rose, Oesterling, and Womack (47) An mportant conclusion to be
drawn from this table 15 that i the nutritional evaluation of protemns
by their amino actd composttion, 1t 18 not sufficient to determime the
cantent only of the essential actds  Cystine and tyrosine should also
be determined, since thetr accurrence 1n dietary proteins up to certain
rmounts dependent upon the tissue needs for them, will decrease the
proportions 1n the dietary protems of themr precursors, methionine
and phenylalanine, respectively, necessary for adequate nutrition
Many published anelyses for the essential amino acids only in proteins
and food materials are not adequately surted for nutrational evaluation
for this renson The situation 18 more sersous for cystine than for
tyrosine, since methionine deficiencies of food proteins seem to be of
frequent oceurrence (though perhaps not so frequent 1n human nutri-
tion}, while deficiencies of phenylalanine have not asyet been revealed,
to the author’s knowledge

TABLE 1
TyE NUTRITIONAT SIGNIFICAME OF THE PROTEINOGENOUS AMING ACIDS FOR THE
Growing Rat
Tesential amino Semu dispensable amino Nonessential amino
arids acrds

Yiysine Arginstie My Proline ¢
Trvptophane . G smd ¢
Hutsdine Aspartic acid
Pheny lalanine—————sTyrosine Hvdrotvprohoe
Leuwine Alanine
Jsoleucine Glyeme
Threonine
Meth1onane—m——————sC Vitifte dmm—————Serme
Vsline

. icie cun ba synghesized by $he rat but at & rate not suficlent for maximum growth

P e enylalaning and may replace roughly one half of the

s Tyrosine Is synthesized 15 the body only from pb
e requirement but hasno growth effect 1n the adsence of phenylalonine

phenylalsntne . s incru
hasized by the zat (i sny spprectable armount st least) oaly from peecursors inc!
I i b’xi::\ e replare in  molecule ofcystine to T molecurles of
i i ¢t that huy not bee has na rowh affect (n the abeen?
o e el d iduslly s Tsther arglatue in the dlet
robably 1 o dar cond: otherwise ing rapid

his functlon Is probably not shared by
growth the blosynthesis of. glatamic acid may not be sul
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The mouse (5, 43) and the pig (26) resemble the rat in their qualt
tative amino acid requirements, as does also the human infant, insofar
us 1ts requirements have been studied, except that argnmine and histt
dine are nonessential necording to Albanese (7)

The author has developed elsewhere (29) the concept that the amine
acid requirements of the growing animal are determined in the last
analysis by the amno acid composition of the tissue proteins formed
durmg growth, superimposed upon the amino acid requirements for
the replacement of the endogenous losses of mtrogenous materal, 1 e,
for the maintenance of the status quo  The stmking similarity i the
amino acid contents of homologous tissues of a wide range of animal
Irfe 1s 1llustrated by muscle tissue of which Beach, Munks, and Robin
<on (6) conclude from their extensive study of thesubject

“The protemn mixture which makes up voluntary muscle tissues 1s
simlar 1n Mammaha, Aves, Amphibia, Pisces, and Crustacea, with
respect to ten of the amino acads  Stnce muscle tissues of these various
classes of antmals do not differ widely 1n their amino acid patterns,
the findings support the belief that the same or closely similar amino
acid composition of muscle proteins 1s repeated throughout the animal
kangdom”

This concept suggests that the ammo acid requirements of the var:
ous species of amimals should be similar, except for differences in the
relative grosth of the integumental tissues, hair, wool, horn, ete
Furthermore, 1f the physiological efficiency in the conversion of dietary
protein to tissue protein (and other mitrogenous tissue constituents)
does not vary greatly from one species of animal to another, then the
nutritional values of the protemns mn different food materials should be
simular and should possess the same hmiting essential amino acids
The plausibihity of this assumption rests on the apparent stmilarity in
the biosynthetic reactions of animal tissues

The classification of the amino acids occurring 1n protemns on the
basis of their biological significance was a most important advance 1n
the nutritive evaluation of proteins by chemical analysis, since atten
tion could be centered, perhaps exclusively, on those amimo acids
which cannot be synthesized by the amimal ergamsm, out of the ma
terials ordinarily ararlable, at a speed ate with the d d
for normal growth,” Roses defimtion of an indispensable dietary
component (40)

But even so, the precise evaluation of protemns by such means was
not at hand  Protems could be compared by graphing their ammo
acid “contours” or “spectra,” but I percent of one amino aeid 1n n
protemn obviously possesses a different nutritive sigmficance than 1
percent of another W hat was missing was a yardstick of comparison,
represented by the amino acid content of a proten or protein mixture
with perfect avmlability 1n digestion and in metabohism
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Kuhnau sn 1949 (27) took human mslh as the stand ied or yardstick
for the evnluation of protemns i humn nutrition  Summation of the
percentages of the essentm} amsno acids 1n the mived protems of hu
man wlh, end slso thate of srgnine, cystine, and tyrosine, results m
1 value of 675 (see table 2)  For egg protems, the summation 1s 667
Talang human mulh protemn as 100, a value of 99 1s obtuned for egg,
this 15 clled the “total value” (gesamte Wertigheit) But this credits
the latter proteins with concentrations of amno rexds mn excess of
those oecurring 10 the standwrd, excesses that presumably contmbute
nothmg to the mherent nutritive value of eggy proteins When the
summation 15 repested, disregarding these excesses, and the sum
divided by 675, « value of 90 15 obtained  This 15 called the “pure
value” {reme Wertighest) The difference between the two values, 9,
15 the “supplementary value" (Erganzungswertigheit), and i pre
sumably avatlable for supplementary relations with other protemns
that may be defictent mn the amno acids occurring in excess in egg
protemns

TABLF 2
CarcurtaTion of NUTRITIVE VALUE oF PRoTEINS BY THE METHOD OF
LBANAY
Content per 16 grams of Excess of
mitsogen test over
Ammno aads e s
Human milk Egg protein
Gram s aGram Gram
Valmne. . 99
Leuoine 102 9 (z; 01
Isaleuctne. 76 g : :
Threonne 50 5 H 13
Alethionine 23 g i
Cystine 34 2 -
Phenylalanine 59 3
‘Tvrosine ? é 3} H
Tryptophane ie 12 L5
Arguune 53
Histidine - § g 2! -
Lysine e 6751 667 5D
Gesamte wertigkett 100 99
Reme wertigheit 86 (;;56 °=90
Erganzungs»ertiphert 99~ 90=50
S

[P UUSUUU SN,

Tt 15 to be noted that Kuhnan s method does nat give equal weight
to the amnno acds considered 1 dernving his hnal values  Rather,
each ammno acid 18 wesghtedan accordance with its quantitatiie occur

rence 1n the standard proteins



Using o vers sumilar method to that of Kuhnau, O<er (98) recom
mends the computation of an “essential amimo acid mdex, 1 wlich,
following the recommendation of Mitchell and Block (37), he <elects
whole egg protein as a tandard  The test protein egg proten ratios
are computed and expressed as percentages, all percentages over 100
are then reduced to 100, thus disregarding proportions of all amino
acads 1 excess of those occurring respectively in the standard protemn,
following the plan of Kuhnau A geometric mean 1< then taken of
these ratios equal to the ant1 logarithm of the mean logarithm of the
ratios  To avoid the use of negative logarithms, all eggr protein ratios
less than 1 are considered equal to 1 Oser does not consider tyro
sine 1 Ins ealeulations, but he does nclude cystine and arginine
The geometric mean 1s preferred to the arithmetic mean, since 1t
po-esses certain ads antages in the averaging of ratios

Aatchell and Blech (32) approached the subject of the chemieal
evaluation of proteins in a different way  Kuhnau and Oser com
puted values that mtegrated the essential amino acrd contents of

protemns (together with cystine, or cystine and tyrosine) wn terms of
the corresponding values of a standard protein chosen for ats excel
lence 1n nutritton By this method of computation the deficiencies
that himit the nutritne values of proteins tend to be obscured 1f
1n other respects the amino acid composition compares well with that
of the choen standard The 1dea of Mitchell and Bloch was to judge
the nutritive adequacy of a protemn by the severity of 1ts limiting
essentral ammo acd definency  The standard protein sonrce was
whole egg which had been shown to be nearly perfectly utilized in
digestion and 1n metabolhism for the growing rat (33), for the mn
ture rat (77), for the dog (£), and for adult man (17) Furthermore,
Mitchell (£9) has shown that the growth promoting valve of whole
egg protein, when carefully prepared to avert heat and other dam
age, 1s not improved for the growing rat by supplementation with
any of the essential amino acids exeept lysine, which induced o 3
percent mcrease (statistically sigmficant) in body weight gain m a
28 day feeding pertod The absence of any nutritionally unayvailable
essential amino acids 1n whole egg protesns 1s demonstrated by the
fact that substitution of whole egg for starch (at low levels) mn a
mitrogen free diet fed to rats does not apprecrtbly 1neren<e the output
of arinary mtrogen (11)

Proceeding on this basis, Mitchell and Bloch compared thie contents
of the eswential amino acids in single proteins and 1n the mixed pro
tein of foods with those of egg, by computing the percentage deviation
for exch amino acid - The nutritive value of the protemn was expresced

as o “chemieal score,” equal to the greatest percentage deficst in an
essential amino acad 1n the protein or protemn mixture under scrutiny
Thus score, originally, was set as 100 for any protemn or protein mix
ture completely lacking 1n any one escential anuno acid but later
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and better (37, the chemucal score was tahen as 100 mynus the great
est percentage defictt, 1n other words, the smallest percentage of an
essential armno acid based on 1ts content 1n egg protewn
It should be ponted out that the chemical score as defined by
Mtchell and Block measures the value of protems for growth only,
since 1t 15 based upon the concept that the complete lach of an essentinl
ammo aud renders a protein completely untvailable for the sn
thesis of bodv protemns For maintenance of the sfatus qua of the
tissues 1t 1s known that protemns incomplete 1 one or more of the
essential amno acids may nevertheless be used for the replacement
of endogenous losses of nitrogen (24, 25) For this reason, the inte
gration of egg protein ratios of essential amino aeid (plus tyrosme
and cystine) contents gives n better measure of the nutrstive value of
plrotems for maintenance and growth, since growth cannot be studied
alone
On the other hand, the amino acid integration methods of Kuhnau
and of Oser imply that the only amounts of the essential amino acids
1 o given protesn that are unavailable i anabolism are the amounts
present in excess of those m the standard protein  However, to some
extent the defictt in that amino acxd hmiting the value of the protem
for growth will imit the utshzation of all other essential amino serds
For example, 1f Iysme 1« the Iimiting amino acid of & food protemn
that contains only one half of the amount of lysine 1n the standard,
then for purposes of growth only, the ntilization of all other essentia}
amno acids would be hinnted to 50 percent of the amount present 1n
the standard Due to the utihzation of essential amino acids for other
purposes than protewn synthests, this general hmitation of amino actd
utilization would not be as severe as this  The exact extent of general
lumitation 1s not known, presumably 1t would be a function of the
ratio of nitrogen used for growth to that uscd for mantenance, which
1n turn depend upon the level of protemn 1n the diet
In testing the biological vahdity of chemical methods of evaluating
the nutritive quality of proteins, » modified essential amimo acid index
will be used, heeping m mind the shortcomings of the Oser index
In computing the revised wndex, argunne 1s omitted from considera
t10n, because 1t 15 nesther essential mn the strict sense of the term,
nor does 1t hate an obligate precursor among the essentil amino acids,
as tyrosme and cystine do Furthermore, the rate of 1ts synthesis
m the body, from proline, glutamuic acid and possibly other precur
sors, with reference to the rate of growth of the amimal ma) be ade
quate or madequate for normal grow th, depending upon the species
wnd stage of gronth  On the other hand, tyrosmne and cystine are
included because their presence m the protemn, but only up to the
amount present 1n the standard protemns (of »hole egg}, will drmnish
the requurements for phenyialanine and methionme, respectively
Follewing the prictice of Kuhnau and of Oser, contents of amino
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acids 1 excess of those present in the standard protein are disregarded
The geometric mean of the reviced egg ratios (expressed as percent
ages) 15 used 1n aceordance with the practice introduced by O<er, and
percentages less than 1 are considered to be 1 1 order to av oul
negative Joganthms and zero indices

As an example of the calenlation, consider Inctalbumin, and table 3

TABIE 3
Coururation oF Mobtrirp Fegentian Asivo Acip Inpex
Ammo acid
content per 16
Erams nitrogen C I ogarithms
d Egg (:r d of
Amino acids ratio ""i ed } corrected
Whole Tahos ratios
egg Lactal
protein bumn
Gram | Gram | Percent | Percent
Histidine 24 23 9 1 08227
Ly «ine 70 105 150 100 2 00000
Phens lalamine 63 50 79
Tyrosine 4.5 53 18
Phens lalanine plus ty rosine 10 8 10 3 95 88 1 94448
Try ptophane 15 25 167 100 2 00000
Methionime 40 26 65
Cystine 24 40 167
Afethiomine plus evstine 64 66 103 78 1 89209
‘Threomne 43 60 140 100 2 00000
Leucine 92 121 132 100 2 00000
1soleucine 77 75 97 97 1 98677
Vahlne 72 66 92 92 1 96379

Average logarithm 197438
Modlifled essentisl amino seld index 11

This protein contains an excess of tyrosine (18 percent) and of cystine
(67 percent) as compared with egg protemns It 1s, therefore, credited
only with 4 5 percent of tyrosine and 2 4 percent of cystine in comput
g the percent of phenylalamine+tyrosine (88 percent) and of
methionine-+cystine (78 percent) The essential amimmo acid index
of tius protein will therefore be the geometric mean of the following
numbers 96, 100, 88, 100, 78, 100, 100, 97, and 92, which 1s 9¢ The
Imiting ammo acid of lactalbumin, accordimg to these analyses, 1s
methionine and the chemical score 1578

Correlation of Chemical Evaluation of Protemns With Their
Biological Value

The vahdity of the modified essential amino scid indices and the

chemical scores of the proten mixtures of foods will be assessed by
correlating them with the corresponding biological values determined
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Frourr 1-—Relationship between modified essential amino acld Indices and the
blological values

by the mitvogen halince method The bological value of a protem
m its ultimate terms may be defined as follows
NBAMFN+EUN
BY =100X 5 o 31w
m whieh #7 1s the mtrogen intabe, FA the fecal mtrogen, N3 the
nitragen balance, M¥N the metabohc fecal mirogen, and ZUN the
endogenous urinary mtrogen, all for the syme persod of time
A total of 48 food protems have been selected for which apparently
satisfactory analyres of the essential amino acids (plus cystine and
tyrosine) and apparently sttisfactory brologieal 1 ues are wvulable
Most of the hological values were abtamned with groving rats, but
the selection also mcludes 7 values secured with growing pigs wnd 8
values for (presumadly ) growing dogs  The references yielding the
chemical data and most of the biological data used m thns correlation
have been cited elsewhere (28) The recently published biologeal
values for dogs of Murhn £ al (3>) have been added
Figures 1 and 2 present graplcally the relitionship between the
modified essential amino acid indices explamed aboye, 1 the first evse,
and the chemical scores of Block and Mitchell (2) m the second, and
the biolegical values The correlations m both cases are lngh, 0948
and 0833, respectively  The difference between these coefficients 1s
hughly signifieant statistieally (P=ra 0003)
Ty esaminng these figures it wil be noted that the rit, pig and dogr
data are npp'lreml) homogeneous m conformance w 1th expectations
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FIcupe 2 —Relatlonship between chemlcal scores and the biologlcal values

Information concerning the utihization of protemns by growing chil
dren 18 sparse and discordant  What little that has been found 1 the
hterxture has been reviewed by the author elsewhere (27) The fol
lowing biologieal values for food proteins reported by Edelsten and
Langstemn (15) ure worthy of note cow s milk 73, woman’s milk 88,
lactalbum:m 87, and casem 73

Two possible explanations for the difference n the sensitivity of
the two methods for the chemcal evaluation of protemns oceur to the
author  On the one hand, it may be partially an expression of the
fact that m the integration of mmne amno aeid ratios between test
protems and standard protesn 1 the computation of essentinl amime
acid indices, a compensation of errors m ammo acid analysis will result
n a mare nccurate criterion of the desired significance than a chemieal
score based upon only one ratio On the other hand, the essential
ammo acid mdex may tahe proper cognizance of differences m the
amino 1id requirements of maintenance and of growth, while the
chemical score 15 based upon prevailing conceptions of the amino acid
requirements for grovth only

Enudently the error of predichion of the biologieal value of 1 food
protein (ns this technique 35 commonly employed by the procedure
developed 1n this laboratory ) 15 consider ably less when the prediction
1s made on the basis of the esentinl amimo ncxd index {modified) than
when m1de on the basis of the chemical score It may be shown by
statistical analysis that for 4 protemn with a biologieal value of 60, for
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example, the standard exror of esimate would be about 085 hased
upon the essentin] ammo said index, and sbout 177 based upon the
chemical score

It 15 really o mantter of surprise that the chemical assessment of
the nutritional value of a protemn 15 so hughly correlated with the bo
logical assessment 1n view of the hnown errors in the chemnical analysis
of protemns for amino acids so well Wlustrated by the discrepancies m
the analysis of 1dentical protems smong cooperating laboratories in
the Rutgers mvestigation (3) Biological methods of assessment are
also subject to errors of nppreciable magmtude (32) Coupled with
these technical errors 1s the fact that essential amimno auds serve so
many purposes n the body other then protem synthesis and endog
enous replacements, such as trinsmethylation and detoxication reac
tions, methyl group synthesis, bile acid synthesis, nicotime aerd syn
thesis, hormone production, and bepatic hipotropic reactions

A pecubar advantage of methods of apprusing the nutritive value
of protemns by their contents of the essential ammo acids and of those
semidispensables whose obligite precursors are essentin] amino scids,
15 the fact that they can so accurately identify the essentsal ammno
acids that hmit biological utihzation Of 15 protems and protem
sources for which the primary ammno ac:d hmitation has been deter
mned by feeding experiments, mostly with rats, s well as by compu-
tation of the chermcal score, the verdicts of both methods are 1 agree-
ment {(28) The second hmting amino acid of corn protemns has been
defiitely 1dentified by both methods as tryptophane, while that of
zean 18 clearly lysme

Cuculations of the egy ratios of protems by the method iliustrited
1n table 8 permut predictions of supplementary relations among pro
tems Obviously protems with the same hmiting amino aeid eannot
supplement each other m nutmtion Amumal muscle protems are
deficient 1 methionine cystine according to such computations as
are also pea proteins, when combined, the growth promoting value
of the combination 15 mtermedinte between those of the two md:
vidual foods, but that true supplementation had not occurred s
revealed by the failure of the meat supplement to cure the hepotitrs
mduced by the methiomne defizency of the pen ration, methionme
supplementation effected a cure (£2) On the other hand, the com
bination of two food protemn mixtures deficrent in different ammne
acds will always result i mutual carrection of the respectiie defi
ciencies  ‘The extent of supplementation may be shight, as m a mext
egg combination (19), with mederate methionine and Iysme himita
tions, or it may be marhed as i 2 ment white flour combination {20,
83), the latter protem food bemng marhedly defictent in Iysine, winle

the former 15 abundantly supphed withst
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Applieation to Adult Human Nutrition

This symposium 15 mamly concerned with the evaluation of the
nutritional ndequacy of a normal adult human population The
materal that hias been presented thus far, howeser, was secured with
the lower amimals, maimly the laboratory rat, and during the period
of growth, not maturity  Tlus has been necessary the establish
ment of the principles of protein exaluation 1 nutrition, beenuse the
large mass of avalable nformation relates to the lower ammals
What data on adult humans are available are so discordant ns to belie
their valrdits W hen the same Inboratory over the years has reported
biological values for adult humans for whole egg protemns ranging
{from 65 to 94, for peanut flour protein values ranging from 42 to
83, and for white flour protein values ranging from 42 to 75, 1t 1s
apparent that human variability 1n the utilization of dietary protem
can hardly be the mam cause of discrepaney  The biological values
for adult man of plant and animal protemns reported by Lintzel (23),
indicating a marhed superority of the protemns of rye and wheat over
those of milk, meat, and eggs 15 mncomprehensible on the basis of the
amino acid contents of these protern mrxtures and of results secured
with the lower ammnls The conclusion seems mevitable that the
techmque of determinng the biological value of food proteins in the
human has not been suficiently standardized, until recently at least
The difficulty 1n inducing human subjects to consume the low protein
diets required to measure the body s contribution to the urinary mitre
gen has been a serious deterrent to this field of research It 1s to be
hoped that this difficulty can be Iargely obviated by the use of the
creatinine excretion 1n the urine 1n assessing the endogenous utinary
nitrogen as suggested by Murlin and others (J6) and confirmed by
Bricker and Smith (23), and later for dogs by Murln, Hajyes, and
Tohnson (35) In continuing this d 1t must be d that
the latest results from the Unnersities of Rochester and of Illinois
are comparable and satisfactory The biologieal values for adult
humans reported by the Harvard group (J8) cannot be used m ths
connection because the requirements relate to mixed diets, the amino
acid contents of wlich are not given and cannot be satisfactonly
calculated from available information

Table 4 summarizes the biological values of o series of protens for
the adult and the growing rat, for the adult dog, and for adualt man,
taken mamly from the Rutgers cooperatsie experiment (3) The
points of agreement and disagteement betwen the adult 1at and adult
man are mamly traceable to the greater dommance of heratin syn
thesis 1 a species covered with haur undergomng continuous molt

(16)  The results for the dog, like those for the adult rat, reveal a
relatively low value for proteins defictent m methionine cystine (beef
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muscle, casein, peanut flour, ind soy flour) and, for the ~dult ritya
hugh v lue, relative to adult man, of the protens deficient 1n Iysine
(+wheat gluten and white flour)

TABLE 4

Tue Biorogrcal VALUES of PRroreiNs ror Avurr Rars Doas AvD Mzn as
Conmrarep wrtit THosE ror GrRowiNGg Rarts

Grown Adult | Adult | Adult

Protein source mg rat rat dog men

$0) | (11,80)| (84) (12 17
Egg albumm -~ e - 97 94 89 91
Whole egg (commercial) - - 87 82 86 94
Beef muscle . - R, 76 69 57 67
Wheat gluten O, 40 65 12
Casein . . - 69 51 68 68
Peanut flour. . _ - - 54 46 61 &
Cow’s milk - e eee ol 180 286 - B4
Whte flour . . . _ . 52 165 41
Soy flour Co. 75 49 62
Whole egg, laboratory prepared - - 96 99

1 Fresh milk
? Dried defatted milk
1 Unpablished

The main purpose of the table, howes er, 1s to reveal the correlations
between the biologial values for the growing rat and the adult r1*
(r==0658), between the growing rat and adult man (r="0921), and
between the adult rat and adult man (r=0604) Among ting series
of mne protems, man resembles the growing rat more closely than he
does the adult rat 1n Ius metabolic utihzation of food protems With
this small series of prured variates, significant differences between eor
relations canmot be estabhished A corollary from this situation, if 1t
may be assumed to have a general significance, 1s that the brologreal
value of protems i 2dult human nutrition may be satisfactorily pl"f1
dicted, s 1t 1s with the growing rat, from the essential amno act
mdices of protems Of the sume significance 1s the fact reported bY
Bocobo et a? (10) that 2 hugh correlation exsts (#==0 811) between the
amino acid composition of whole egg protems and the average amnd
acid composition of human muscle, heart, and liver, and that the
correlation with human tissues dumimishes as food proteins of lower
biological value are considered, the coefficzent bemng 0761 for casell
0516 for wheat gluten, and 0 455 for the protemns of whole corn The
essential amino acxd ndex of the proteins of human muscle 15 82, ";
compared w1th 87 for ammal muscle, the chemical score 1s 67 cumpﬂ"'ed
with 69, and 1s determined by the combined content of methionine A1
cystine

The direct cortelatron of biological 1 tues of food protem
adult humans and the corresponding modified essential amino at

s for
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Indices 1« shown 1 fable 5 The foods are arranged w the order of
decroncang amino acid mdices  The product moment correlation co
effictent 15 +0815 and the regression equation of hiologeal yalue )
on modified essential amino acid sndex1s

y=—1r1+1 033
On referring to figure 11t will be seen that this regresston equation 15

nearly the same as that for the simalar correlation for growing rats,
dogs, and pies

TARBIY 5

CorrrraTion Brrners THF Brotocicar Vasurs or Foap PrRorrive FoR Antir
A{an aD THEIR MODIFIFD FSsFyTIaL AMING ACID INDICFS {FAAD

Aodi | Miolog AModi Biolog
Protein souree fied 1cal Food source fied ienl

FAAI § value FAAL | salue
W hol 100 91 1| Yeast 81 52
\(Rk‘c e a4 74 || Beef muscle R 78 67
Fgg albumin R 03 91 || Sunfloner seed 73 62
Whole egg R 87 94 || Wheat gluten R 02 12
Casein R 87 68 |l W hite flour 60 41
Sov flour 81 65 || Peanut flour R 56 58

VThe whole egg preparation in the Rutgers study was definitely Impatred In blologleal valua for the
rowing as well as the mature rat (30

Aote  Those foods destynated R were those tested In the Rutgers cooperative study (3) The FAAT
were computed from the analyses glven in that repart and the corresponding biologieal valies are tho.a
reported by Tawley ¢f a2 (17) Al other indices were computed from the analyses glven by Nlock and
Bolling (8) Other biclogical values than those of Tlawley f al were taken from Bricker Mitehell ani
Rinsman (1) milk soy flour and white flour from Bricker and Smith (13} milk and sunflower ared flour

and Cremer and Lang (74) yeast

It may be concluded tentatinely that the modified essential amino
acid ndex applies 1n a fairly satisfactory manner 1n assessing the
nutritive evaluation of food proteins, to the adult human  The fact
that differences 1n the apparent digestibility of food protetns do not
<etm to mterfere sericusly with correlations such as these must indicate
that the proportions existing among the absorbed essential amino acids
(plus cysting and tyrosine) are not greatly different from those exist
g 1 the total proteins W lien measurements of the mean require
ments of the adult human for the essential amino sards plus cystine
and tyrosine are determined and published for critical scrutiny, 1t will
be possible to base essential ammo acid indices on a firmer bisis than
<an now be done

In human nutrition the damaging effect of heating and processing
{oods for consumption may be a distutbing factor any chemical
method of assessing protem utilization 1n metabohiem (%7) Pro
langed storage of food may also adversely affect protem values
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The Rat Repletion Method
Paur R Canyon
Department of Patholopy University of Chicago

In diccussing the Rat Repletion Method as a means of evaluating
protem adequacy, the first point to emphasize 1s that we regard this
method more s a nutritional prineiple than as a formal method In
shoit, 1t 15 essentszally a procedure which enables & protemn depleted
anmal quickly to reconstruct tissue proteins that have undergone
dimnution during & prehmmary period of general protun depletion
As a method, howeter, we have found 1t helpful for the study of var1
ous aspects of protemn metabolism, mcluding the evaluation of the
protemn quilty of foodstuffs  Most of tlus discussion will deal with
the latter question, with the reservation that the procedure 1s still to
be looked upon as flexible and subject to further modifications We
shall continue to emphasize 1ts use n terms of the broad principle of
nutritional repletion even while alluding to 1t as a method Some 10
years of experience with 1t have convinced us of 1ts value 1n . number
of ways, but elaims for 1ts value must obviously be supported by eva
dence that 1t possesses quilities of rehability, ease of performance,
and a reasonable quantitativeness This report describes a few of
the wavs 1n wliuch we have used 1t and a few of the results we have ob
tained, both as a method and as a means of studying broader nutr
tional problems of amino acid utihization  The blibligrophy (p 36)
Iists our own and other studies pertinent to this brief exposition of the
method and 1ts uses

There are a number of rewsons why we believe that the prineiple
of repletion s sound, nutritionally, as 1t 15 apphied in the Rat Reple
tion Method Primarily, the method represents a type of biossay
employing an animal which 1s acutely responsive to mmherently urgent
needs for nutritional rehabilitation It also has the advantage of
speed as compared, for example, with the rat growth method n that
an assay can often be accomplished 1n 7 days, thus avoiding the use
of cages over a long period of time It uses mature animals with es
tablished food habits and with relatively mature enzyme and endo
crine svstems It 1s readily adaptable to other procedures, such as
pured feeding techniques, mitrogen bulance tests, carcass analyses
and the ke Because the rats arc mature they can be concitioned to
drink solutions, such as amino acid solutions or protein hydrolysates,
while their other nutritional needs are bemng satisfied by the sngestion
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of o nonprotem ration supplying roughage, calories, salts, and vita
mins - They can also be used for the study of problerns of prrenteral
:l‘é;'s‘t":’:é ‘t’}‘]d“d“‘g the evaluation of protesn hydrolysates, fat emul
s erapeutic procedures as, for example, the actions of hor

mones and electiolytes adminsstered by intrasenous, mtraperitoneal
or subcutaneous routes

Some of the disadvantages of the method are obvious Of these
probably the greatest 1s that the test subject 1s g rat rather than a
human subject The time required for protein depletion 1s also & dis-
advantage, particularly when the method 1s used only occastonally,
but this disadvantage can be easily overcome by s rapid depletion of
12 days, as Frost and Sandy have shown Thus it 15 a simple pro
cedure to induce & loss of weight of 35 percent i adult rats, these
rats can then be used satisfactorily for purposes of protemn repletion
Olger rats are nlso somewhnt more expensive than young ones, but 1t
might be pointed ont that young rats can be used for growth tests and
then used later for depletion repletton purposes  Furthermore,
some workers have used the ammals for a second depletion and reple
tion with reportedly satisfactory results

Probably the greatest value of the method stems from the extreme
sensittvity of the pratemn depleted rat to essential amino acid deficiency
while being <nbjected to the stress of rapid protemn repletion  For
example, when such an ammal 15 fed a ration adequate 1 all dietary
essentials except a single mdispensable amino acid, the characterss-
tic response 13 a depression of appetite and o fulure to gam weight
This response 1s quichly altered, honever, nhen the missing essentual
amino acid 15 added ta the food or drmmh  Similarly, 1f the animal 1s
offered a ration with one or more essential amno acids erther present
m suboptimal amounts, or n a form unasailable for enzymic action
1 the digestise tract, food acceptance 15 exther impaired or the simul
taneous absorption and utthzation of the essential ammo rexds 35
Lnmpered Thus s probably true for each of the nine amino ncids
considered ns essential for the growth of rats  The response to vara
t1ons 1n intake of any one of the indispensable amino 2cads 1s remarkh
ahly quantitatise so that it has been possible to establish mimmat darly
utslization rates for each of the mne m relation to the others  Beeause
of this sensitiveness with respect to essential amino acud requirements
n protemn repletion, ne were able to demonstrate the importance of
the time factor n relation to the need for the symultaneous vaslability
of essentin] amino acids at the anabolic site 1 tissue protein synthesis

Tarly m World War IT we were nshed by the Quartermaster Food
and Contamer Institute for the Armed Forces to investigate a variety
of problems relating to the proten adequacy of foods and rations as
these might be affected by conditions of processing and storage e
undertook the wotk after having become convineed of the potentil
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usefulness of the primaiple of protem depletion for the detection of
esentinl amno neid weaknesses of a ration  Obviously the problems
{o be imvestigated required a procedure which could operate with a
11nd turnover of cage space and could function as a screening method
m helping tosolse some of the problems of military concern
Our first tash was to ascertarn the response of protemn depleted rats
to protem repletion when fed a dmly ration supplying, m 15 gm
portions, an mtake of 216 mg of mtrogen, 48 calories, and amounts of
10ughage, vitamns, and salts adequate for effectis o hissue protein syn
thesis  As a “standard of reference’ protem we chose n mixture of
cqual parts of lactalbumin and casemn and stored a large amount of
tius for later use W ith such a ration, groups of from 6 to 10 rats, m
u repletion period of from 7 to 10 days, made average weight guns,
regularly, of from 85 to 45 gm per rat  This performance could
therefore be compared with that of simlar groups of ammals fed
rations contaning test protems supplying similar amounts of nitro
ten All ammals were hept m mdinidual eages and food wastage was
carefully determined <o that at the end of the repletion period 1t was
possible to determine protemn efficiency in terms of grams gnned per
gram of protemn consumed Foodstufls to be 1ssayed were subjected
to proximate analysis and were mixed into the “nonprotein” basal
1ation so as to make all rations equicaloric and contamning equal
amounts of mtrogen We could thus compare protemn intakes and
responses in terms of varmtions in protein quality  For ordinary pur-
poses of evaluation we found that weight grins served satisfactorly
as an mdex of protemn potentialities for tissue synthesis  Later we
found that under our experimental conditions optimal protein utihza
tion occurred at a caloric mtthe of approximately 35 calories per rat
per day, using animals with an average size at the beginning of the
repletion period of around 150 gm On a suiface aren basis this
weraged 1bout 1,240 calories per square meter per dav
More recently, therefore, we have used the method under the fol
lowng conditions
Adult, male, albmo rats (Sprague Dawley) weighing approx
mately 200 gm are subjected to rapid protem depletion by being hept
m mdnidual cages and fed on alternate days a “nonprotein” ration
supplymg 32 calories in each 10 gm until they have lost 25 percent
of their ritial weights  They are then ready for the repletion test

Nonprotein 82 calorie vatton (in 10 gm )

Dextrin’. — I‘"t‘l‘ﬂ:
Corn oll (Mazola) 633
Alphacel - 75
Salt mixture..._. ___ —— 5.0
\itamin mixture - i3
(C)klx-n\me (50 pereent). _ 09 lmr
e Oy
m
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;:lfl x?s no;ﬁ:ote;n rz;twg supplying roughage, calories, salts, and vitr
nutrition, 131 Tugln Soth e or the study of problems of parentera
stoms unci ﬂc ng the evaluation of protem hydrolysates, fat emul
5 herapeutic procedures as, for example, the actions of hor

mones and electrolytes administered by mtrasenous, mtraperitoneal
or subcutaneous routes

Some of the disadvantages of the method are obvious Of these
probably the greatest 1s that the test subject 15 a rat rather than s
human subject The time required for protein depletion 1s also a dis
advantage, particularly when the method 15 used only occasionally,
but this disadvantage can be esily overcome by a rapid depletion of
12 days, as Frost and Sandy have shown Thus 1t 1s a simple pro
cedure to mnduce a loss of weight of 85 percent 1n adult rats, these
rats can then be used satisfactorily for purposes of protemn repletion
Older rats are also somewhat more expensive than young ones, but 1t
mght be pointed out that young rats ean be used for growth tests and
then used Iater for depletion repletion purposes Furthermore,
some warhers have used the amimals for & second depletion and reple
tion with reportedly satisfactory results

Probably the greatest value of the method stems from the extreme
~ensitivity of the protemn depleted rat to essential amino acid deficzency
wlile being subjected to the stress of rapid protemn repletion For
example, when such an animal 1s fed a ration adequate m all dietary
essentials except a single mdispensable amino acid, the characters
tic response 1s 1 depression of appetite and a farlure to gam weight
Tlus response 1s quickly nltered, however, when the missing essentrl
immo acid 1s added to the food or drink  Simularly, 1f the anmnal 15
offered a ration with one or more essential amino acids either present
m suboptimal amounts, or 1n a form unavailable for enzymic action
m the digestive tract, food acceptance 1s either impaired or the simul
taneous absorption and utilization of the essential amino acids 1s
hampered This 15 probably true for each of the mne amino acids
considered as essential for the growth of rats  The response to varia
tions 1 mtake of any one of the mdispensable amino acids 1s remarh
ably quantitative so that it has been possible to establish mimmal daily
utilization rates for each of the nine in relation to the others Because
of this sensitiveness with respect to essential amino acid requirements
m protein repletion, we were able to demonstrate the importance of
the time factor in relation to the need for the simultaneous v alabihity
of essentral amino acids at the anabolic site 1n tissue protein synthess

Early m World War II we were ashed by the Quartermaster Food
and Contamer Institute for the Armed Fotces to investigate a varlety
of problems relating to the protein adequacy of foods and rations as
these might be affected by conditions of processing and storage We
undertook the work after having become convinced of the potential
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usefulness of the principle of proten depletion for the detection of
e<sential amino acid weahnesses of a ration  Obviously the problems
to be mvestigated required a procedure which could operate with a
1apd turnover of eage space and could function as a screening method
1n helping to solv e some of the problems of mihitary concern
Our first task was to ascertain the response of protein depleted rats
to protemn repletion when fed a daily ration =upplymg, m 15 gm
portions, an intahe of 216 mg of mtrogen, 48 calories, and amounts of
10ughage, vitamins, and salts adequate for effectit e t1ssue protem syn
thesis  As o “standard of reference protemn we chose o mixture of
equal parts of lactajbumin and casem and stored a large amount of
this for Inter use  Wath such a ration, groups of from 6 to 10 rats, m
a repletion period of from 7 to 10 days, made average weight gains,
regularly, of from %5 to 45 gm per rat This performance could
therefore be compared with that of sumlar groups of ammals fed
rations contmmng test proteins supplying similar amounts of mitro
wen Al animals were hept n induindual cages and food wastage was
carefully determined <o that at the end of the repletion period 1t was
possible to detcrmine protemn efficiency in terms of grams grned per
mam of protemn consumed Foodstuffs to be assayed were subjected
to prouimate analy<is and were mixed mto the “nonprotein” basal
1ation so as to mahe all rations equicaloric and contamming equal
wnounts of mtrogen We could thus compare protemn intahkes and
1espon<es in terms of variations in protem quality  For ordinary pur
poses of evaluation we found that weight gains served satisfactorily
as an mde< of protemn potentialities for tissue synthesis  Later we
found that under our expersmental conditions optimal protein utihza
tion occurred at a caloric ntake of approximately 35 calories per rat
per day, using ammals with an average size at the beginning of the
1cpletion period of around 150 pm  On a suiface area basis this
averaged about 1,240 ealories per square meter per day
More recently, therefore, we have used the method under the fol
Towing conditions
Adult, male, albino rats (Sprague Dawley) weighing approxa
mately 200 gm are subjected to rapid protemn depletion by being hept
n individunl cages and fed on alternate days a “nonprotein” ration
supplymg 32 ealories 1n each 10 gm until they have Jost 25 percent
of their instial weights  They sre then ready for the replition test
Nonprotcin 82 caloric ration (in 10 gm )
Dextrin'oooooo oo oo
Corn ol (Mazola)
Alphacel o _oon oo
Halt mixture
Vitamin mixture,
Chollne (G0 percent)

Ol percomorph
W ater,
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Selt mizture?®

Caleiam carbonate. -
Calcium citrate.

Calctum phosph. { b,
I Y
M sulate.

Potassium chlor:
1 otassizm phosphate (dibasic)-...
Sodinm phosphate (dibasic)

Trace salts,
Trace saits

Copper sulfate

Ferric utrate. g2 g{l)
M ulfate. - 28
P jum fodide. 15
Totasst O ala T e e o2
Sodium fluoride. gu
Zine chlorid b4

Titanun wnxture
Nicot & _
Calclum pantothenate.
Pyridoxine h hlori —
Riboflavin,
1 hydr
Sucrose.

Sooocoa
LTI TN

2

t C

2 ;{nwk and Oser modificat{on of Osborne and Mendef mixture

Material to be tested ~Proximate analysis is done in order to deter~
nune the amount of the test substance needed to supply 216 mg of
nitrogen  Correction far calories in the carboly drate and fat 1s made
by removil of dexttm and corn o1l m equn alent amounts and the
ration fed n the mounts necessary tosupply 216 mg of mtrogen dmly

A few examples will be given to illustrate the types of problems
with which we dealt during the war years In addition, references
to the papers published by us m which the Repletion Method was nsed
and the names of the collaborators are sppended  In these papers are
Qescribed m more detail many of the problems with which we have
been concerned

One of our exrly nndertakings ws the determmation of the po.sibly
adverse effects upon protemn quahty of prolonged storage at gh
temperatures of food materitls and components of rations, puticn
larly dehydrated meats, dried mihs, dited eggs, and € Rations  For
example, we ass1yed sunples of dehydr xted beef and pork winch hd
been stored for nppm\unnteb 22 months at temperatures of 11,° F
and 0° F, using samples supphed by Dr H R Kevbitof the Lntet
sean Meat Institute  \lthough the Repletion Method showed a ~hight
superionit) of the samples hept at the Tow telzlpvmhn es, neyertheless

the meats stored at the lugher wure Tugh quality
protesn, indieatig that, of de hnd was at lewst
of a relatnely shght degree ¢ * miths alvo

10° ¥ for
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9 months and specimens of dried eges which Tind been stored at »0°
to 70° F for from 6 to 8 months yielded results indicative of a gh
protein 1alue

T e aleo asznved tw o menus of the C Ration at intersals after storage
at 100° T The ingredients were ground and put nto the basal rition
at protemn levels of approximately 9 percent and the rations were com
pared with others contarning lactalbumin cacemn fed at sumilar proten
levels  With both menus the results mdicated protem values almost
equalling those of the reference protem (from %> to 90 percent of the
performance of the latter) Iater assiys were performed with C
Rations which had been stored at 100° T for periods of 3 months and
6 months with no evidences of detertoration of their protein quihity

Soon we became nterested 1n the consequences of hett mjury to
proteins as exemphfied by the so called ¢ browning reaction  Ina
paper published with Dr Richard Block we demonstrated the adverse
effects of toasting on flour protein and the beneficinl action of Iysine
mrestormg the protein value of the heat injured flour

In 1947 we were nshed to determine the protein adequacy of some
samples of cottonseed meal which were submutted to us by the Southern
Regionnl Research Laboratory of the Department of Agriculture
Some of these meils had been prepared according to common com
merc1al methods others by the ‘pland flotation process’ at 1t was
bemng developed bv Dr Charlotte Boatner and her assocutes  This
method employed mechameal frictionation 1 organie solvents, pir
ticularly diethyl ether, for the sepiration of the pipment glands from
the rem1nder of the cottonseed meal W e mixed each sample into our
basal rition at a protemn level of approximately 10 percent, and fed
the mixtures to protein depleted rats over a period of 14 duys  Ow
results indicated a definite correlation between repletion performance
and the varied conditions of processing and coohing of the meals 1n
the extraction process Since then these results have been confirmed
and estended by others and 1t 15 now evident that extensive coohing
of these meals, particularly by steam under pressure, causes deteriora
tion 1n their protem values, especially at temperatures above 200° F

When the Quartermaster Food and Contauner Institute became 1n
terested 1n the problem of canned breads we were asked to ascertan
the effects of yeast supplementation 1n relation to protemn quality
The breads were (a) one made from white flour contmiming 2 per
cent milk <ohids and the usual enrichment <vnthetics, () one sim
larly mixed and alco contumng 3 percent of dried brewers veast,
and (c) one made from whole wheat flour and contaiming 2 petcent
milk solids  After drying and grinding, each bread was mxed into
onr bacal ration to give a protan concentration of approxunately 9
percent 'Lhe rations were fed to groups of protein depleted rats over
a period of 14 davs  As controls, 2 groups of animals were fed the
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lactalbumin casein ratton, 1 group recerving the Iatter ratron 1 dailvy
amounts imited to the average consumption of that of the ammals
eating the ennched white bread ration  Using the results of the en
riched white brend as a base Ine, the repletion method showed that
the animals eating the yeast supplemented bread equalled the per
formance of those entsng the whole wheat bread Both groups shoved
an average inerease 1 weight recovery of approvimatels 33 percent
and at least a 20 percent smprovement on the bawus of protem eff
ciency  We concluded that veast supplementation not only added
vitinuns to the white bread but improved its protemn quahty as well

One experunent illustratmg the value of essential ammo acid sup
plementation was an assay of corn meal ‘This specimen had such a
low nutritive value that protem depleted rats accepted the corn meal
ratron poorly and lost werght duning & 7 day penzed  Assuming that
this was due to several essential amino acid madequactes the ration
was enriched by the sddition of a mixture of all the essential amino
aculs except leucine  When this ration was fed to the rats whach had
previously failed to gan weight, the ammals accepted the ration eom
pletely and made weight gans 1n the second week eomparable to
those of the anumals eating the control ration  In other words, ap
propriate supplementation of the corn meal with essential ammo acxds
had coniirted it into & material of high biological value  Sumilm re
sults were obtained when & specimen of human globin was supple
mented with four essential amino acids m which globin 1s dehcient

In the cooperative study with the Burean of Biological Research
of Ratgers University pertaimng to the nutritive value of six selected
protewn food sources we apphed the method, both 1n relation to weight
gains and to protein repletion with respect to gamn mn carcass protem,
total plasma protem, total hemoglobin liver protem, and protein efft
ciencs A summation of ranking orders of performance for all these
categories showed the followng ratmgs Ictaibumm easeim, egg ol
bumin, whole egg, beef casein, pewnut, and gluten It 15 of especial
interest that this ranking order was essentially 1dentical with that
established by weight gam figures alone

Shortly after the end of the war we were able to 1pply the reple
tion method to A study of nutritional problems of more basic nterest
Among thesc wne b study of the mflucnce of varmations 1n ntakes of
protein and calortes upon the processis of protetn replction These
studies—published under the tstle “The Dynamies of Proten Met Wb
olism”—have helped, we beheve, to clanfy some of the questions re
lating to the metbolsc iteraction of ealories and amune acids  For
esample, the problem of calorie needs m relation to mitrogen retention
10 tisste <ynthesis 1a confused and controverstal  Because some work
ers have imphed that caloric needs take precedence over protemn needs
n metabolism, the assumption s sometines made that amine acrd
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utrhzation 10 tissue svnthesic i almost pegheible in the absence of
an optimal calorte ntake  \ore recent evidence suggests however
that 1n the presence of protrin deficency the tiswe avidits for amino
acids 18 <0 mtence that corsiderable utihzation ocenrs even nader con
ditions of ealoric inadequacy T urthermore the dynamuc <tate of
the Jatnle £at reserses indicates that at leact for <hort periods of time
there may be a significant contnibution of calories to the metabolic
pool even m the abeence of an adequate calorie intake

Ve aleo reported studies, nang synthetic rations whose dietary
mtropen was supphied entirely by amino acid mistures, in which we
determmed the dails essential amino aerd “requirements  both for
proten repletion and for mauntenince  In these expeniments the
finding of greatest sigmificance was that mn every nstance the dulv
utilization rate for a particular escent1al amino acid m proten reple
tion exceeded the rate for that particular amino aaxd for mamtenance
by a factor of from 2to i On the basis of these reculte we stig rested
that 1n the process of nutntionsl rehabulitation of debilitated sub
jects estimates of protein needs baced on dmly eacential ammo neid
requirements as established in normal subjects <hould be at least
doubled for ceverely depleted patients

Currently we are using the method for the study of electrolyte needs
m tissue synthesis  In two papers we have ghown the importance of
potassium deficiency 1 the mduction of myocardinl necroses and the
adverse action of sodium 10ns 1n accelernting the development of such
lestons  In connectton with these studies we alwo demonstrated the
cerious degree of nadequacy of potassium i two protein hydrolysates
which were otherwise of excellent nutritional quality

For a number of years the <valuation of the protemn adequacy of
protein hydrolysates has been a perplexing, problem  Part of the
difficulty has been due to variations i peptide content of these prod
ucts and the conflicting points of view concerming the parenteral
utithzability of peptides  With the repletion method we have been
able to feed depleted rats a nonprotemn ration which 1s adequate 1
calories, vitamns, salts, and roughage, while at the snme time fur
nishing them dietary mitrogen by multiple subcutaneous mjections
of hydrolysates contmning similar amounts of mitrogen With 2
hydrolysates so tested protem repletion has been excellent, with 2
others the results have been definitely mferior

A final word should be sud also about the use of the method for
the study of amino acid ant 1omsts  In collaboration with Dr Karl
Dittmer, we reported experiments in which B 3 thienylalanine was
used as an antagonst for phenylalanine  We found that this substance
mlubited weight recovery an protein depleted rats eiting a synthetic
ration contunimy, all the essential amino acids 1n adequate amounts
but that “this mhibition was completcly prevented by « ¢ al
amounts of phenylilwnime” ~ >
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Introductory Studies on Quantitatine Relationships
Between Tissue Enzymes and Dietary Proten

T N Warrraws, I
Unitersity of Chicago

In order to buld body protem, ammals must be supplied with
exogenous protein, erther as whole protein or as a mixture of amino
acids  The most important function of dietary protein s to supply
amino acrds which the orgamsm 13 unable 10 syntheswre endogenousty
1f one of the essentim] amino acids 18 omitted from the diet, the ammal
body presumibly becomes unable to synthesize body protemn  Be
cause of the dynamic nature of mtrogen metabolism i the body, body
protetns are contmuausly broken down, metabolized, and excreted
If they cannot be rebuilt by takmg in the essential amino acids for
bulding bods protein, the animal ceases to grow, loses weight, and
eventually will die  Under these conditions, 1t 13 concervable that
loss of the protem niolved manly i structutal functions of the
animal would not be <o detrimental were 1t not for the fact that tissue
enzymes, which are also protems, are bwlt from the same essential
amino acids that are utihized in building body proteins  Therefore, 1t
15 possible that the most serious effects of amino acid defictencies, or
for that matter protein deficiencies 1n general, arise as a result of the
effects upon enzyme systems in the animnl body

Before discussing the evaluation of protein adequacy using enzyme
activity methods, I would first ike to review briefly some of the
groundywork that was laid relating dietary proteins to tissue enzymes
before the topic at hand reached its present state  In 1948 Miller (9)
wvestigated the effeets of imamtion on certain hiver enzymes 1 rats
This nteresting and important work dicated tht fasting caused a
loss of Iiner catalase, alkaline phosphatase, xanthine dehydrogennse,
and cathepsin which paralleled or exceeded the loss of liver protemn
Potter and Klug (70) a year earlier lind observed thait hiver octanoate
and suceinate oxidases were depressed 1 rats fed only 6 to 10 percent
protemn diets  Tightbody and Kleinman (3) repotted that the liver
arginase activity of rats fed a 6 percent milk protein diet was about
one half that of rats fed o 25 percent milk protein diet  Seifter ef al
(13) made the interestin, observations that both liver arginase and
D wmno and oxidase ave lost more wpidly than hver mtrogen in rats
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fed a nonprotem diet  Moreo e1, the precursors of coenzy mes utilize
by many other enzyme systems, macin and ribofi i, were al o Jo
from the hver when ammls were fed 2 nonproten ration Howeve
that the loss of ensyme avtrvaty durmg protem stars ation 1s ery prot
ably not a result of Joss of coenzymes but of the enzyme profein per f
was pomted out by the Iatter authors 1s well as other worhers wh
have studied these phenomena (8)

In 1049 1t was observed that Iiver xanthine onidase m the rit
e.pecially sensitive to subtle changes m dietary protem (26) I
expernments w which 1eid hydrolyzed easein plus try ptophane or a
Amine Aad mix simulsting easen was fed to adult rats, 1t was foun
that liver santhme oxidase was considertbly more ctive than the
of adult rats fed itqct ersen at the syme nitrogen Jevel  These ex
periments are shown i table 1 Moreover the xanthine oxidase nctiv
1ty could be mereased considerably 1f a hittle extri methionine na
added to the mntact casein ration or if the ntact casemn was rused fi
40 percent of the ration These results mdicnted that methionn
at Teast was lumiting 1 the 14 6 percent casetn ration and that feedin
the protemn in the prehydrolyzed form made the methionine mor
avalable to the mt  Because of the appuent sensitity of hves
1anthine oxidase to dietary methionine, further studies were carrier
out mn which the effects of 1 complete methiomme deficiency wer
mzvestigated 1n young 1ats (74)  The results of these experiments ar
presented tn table @ Here 1t can be seen that the methionne defi
ciency caunsed 2 complete loss m Iiver xanthime ovidase :adieating agan
the sensitivity of the enzy me to dietary methionme  The other enzym
systems studied decreased somew hat because of the methonine defi
cency but not as dramatically as xanthme oxidnse

TABLE 1

ROTEIN
Tue Lrrects of MermioniNe Proreiy Prruyonovysts ave Levetor P
tn e RATION On LIVER \ANTHINE OXIBASE ACINITY Iy THE RAT

\anthine
oudase
Number activity
Raton fed of rats per gm
hver
proten
I 146 percent casin ] 550
1I 1435 percent casem+025 percent dietary R 1 050
methiomne
111 18 percent acid v drol easen 40 5 percent dietary s 200
tryptophsne
1 Amm% acid mix at level corresponding to Rauon G I 100
111
1 40 percent casewn g : gn()g
V1 Stock &
e

e e e et
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Frrrer oF NFTrioniny Dericirncy o [1ven | azeme AetiviTy
(Forcr Fep Reaiurs)

Activity
(ulog/hr /gm
Enzyme Normal liver)
Methionine
deficient

Aanthine oudase 1137 (9) 0 (6)
Sucoimc ondase 18 400 (9; 13 600 (6)
ndogenous respiration 1 520 (9 1 (6)

1 Figures In parentheses ref 1 to number of antmals use 1 for the determination

Since hiver xanthine oxidase 1s apparently very sensitive to changes
1n dietary methionine, it would be mteresting to see the effects of com
plete protemn deprivation on tlus enzyme In these experiments (8)
adult rats were divided into two groups, one of which recened a com
plete casem ration and the otlier of which recerved a2 nonprotem ra
tion sumtlar 1n all other respects  Laver xanthine oxidase activity was
measured at certain intervals aftcr placing the amimals on these diets
The results are shown n figure 1 After 5 days of feeding the non

protemn ration, liver xanthine oxidase activity was completely un
demonstrible  When casemn was restored to the rition, the enzyvme
activity increiced rapidly  Lhe upper curve shows the noumal var
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What 1s the simificance of the results with anuno acid deficienerest
Tar<t of all the recults indicate that a deficiency of one essentinl amino
acid does not necessartly produce changes in hiver enzvmes stmilar to
thoee produced by other essential amino acids  Also i many ca<es
the changes brought about do not appear to be particularly drastic
Vevertheless after about 2 weehs of force feeding anv of the three
deficient rations, the animals began to dhe It 15 posaible that 1n an
mals fed an ammo neid deficient ration, even as 1n these c1ses with
young growmng rats, there are enough body stores of essential amino
ne1ds to mantain hiver enzymes to <ome extent provided a normal level
of all other essential and nonessentinl amimo acids 1s fed  Trom o
companson of the cffects of a nonprotein ration (fig 1) with the
eflects of a histidine or lvsine deficiency on Iiver xanthine oxidase, 1t
appears, at least tn the case of histidine and Iysine that enough stores
of these escential amno acuds are present 1n the weanling rat to mun
tain liver xanthine oxidase until death provided all other amino
geids are given to the rat

Because of the marked response of hiver xanthine oxidase to total
dietary protemn & study was made of the relative effects of essential
and nonessential amino acids 10 mantaimng actysity of this enzyme
In addition, the passible substitution of nonessential amino acids by
ammonium mtrogen and urea mitrogen was studied (6) In table b
are presented the results of these studies Weanling rats were fed
the various rations shown in the table for 4 weeks, then sacrificed for
the determination of liver xanthine oxidase activity  Weight changes
of the rats throughout the feeding period are al<o presented From
these results 1t can be seen that neither essential or nonessential aimino
acids alone, nt the levels fed, support good xanthine oxidase activity
as well a5 growth  Ammomum citrate was able to substitute for the
nonessential ammo acids 1 both growth and xanthine oxidase aetr
ity Urea was somewhat less active than ammonium extrate for main
taining growth and xanthine oidase activity although 1t was definite
1y stall active for both

TABIE 5

UTiL1zATION OF AMING ACIDS AND NON AMINO ACID N1TROGEN FOR MAINTENANCE
oF LIVER XANTHINE OXIDASE ACTIVITY

N\snthine oxi | Average

Number |} dase activity weckhly
Ration of rats {plo/hr [gm | change 1n

1ver] weht
Essentiol amino acids alone 3 48+ 9 51
Nonessential smino aceids alone 6 2B£15 —24
Essential+ nonessential amino acids Hy 120+12 g2

Essc‘nutal ammno  aeids4-ammenium
atrate 8

Essential amino acids- urea 8 ggi{g g g
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enough, since m figure 1 1t was shown that adult rats reached equ

Iibrium with & nonprotein ration within 5 davs and also experiments
were run to show that the slope of the curves as shown m figure 3 did
level off completely by 10 davs feeding (7)  To correlate the xanthine
ounidrse Tesponse with another eriterion of value, weanling, rite were
{ed the same protemns at the «ame levels for 1 month and the weight
response was plotted an the syme ssav as the vanthine oxidase re<ponse
The results of these experiments are presented m hgure 4 The st

lanities of the preceding figure and thisone are apparent

Xantnin Orxidass Responie ¥ 1ght Regponse
200 30,

Caseln

H Cesein
b -
x:. :
&3 100 5£ 10
23 o
£% f.é Gliedin
K Citatin ko
. x -10 .
° 1] T 20 3 1 1 1 1)
Level of Protein in Ration (€) Level of Protein in Ration (;)

Fictge 3~} xperimenta) response of Praver 4 --F xperlmental response of
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This method of stndy has been applied to a number of different
protemns (7)  Also the value of poor proteins after supplementation
with amine acids thought to be low or lacking m those proteins has
been studied  The results of some of these studies are presented mn
table 6 The response in xanthine oxidnse to dietary protein 1s ex
pressed as xanthine oxidase netiaty (in microliters of oxygen uptake

TABLE 6

RESPONEE OF LIVER \anTHing OX10ase in Rats T0 VARIOUS DizTany ProtEine

Number of | Nanthine oxidase
Protein studied rats used in the | response (alope of
determination | response curve)

Caen 2 57
Lactalbummn 32 50
Beef round 32 70
Ghadin 66 8
Gliadin+tryptophane 206 12
Ghadin+1y me 16 40
Gliadin -+ try ptophane lvsine 12 51
Ghadmn +aminoe acids to simulate casein 14 42
Hydrolized hiadin 13 [
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15 the culmination of & large number of factors in addition to protem
itake, such as water mtake and balanee, ft deposition, and hormonal
ctate of the amimal  Since xanthine oxidace 1s apparenthy one of the
labile protemns of ammal tissues, its response should reflect proten
cunthests or Joss in the body  Since 1t re~ponds <o rapadiy to changes
1 exogenous protemns, and since 1t 15 a particnlar bods protein which
can be easily mevcured 1t should be a fairly <wtable eritetion for
estimating the value of dietary protemn 1n synthesizing Iabile body
protein

Dietary molvbidate has been shown to mfluence marhedly the level
of xanthme oxidase 1 rat mtestine (2 17)  Whether this 10n has
am effect on 7nrer xanthine oxidasc 15 a question that has to be an
swered before the hver <nzyme can be used to measure proten ade
quicy  Richert and Westerfeld (72) recenthy stuched tlns question
and concluded that the level of liver xanthine oxidace depends pri
matily on the protemn content of the diet and that molybdate has no
demonstribie ¢ flect under the conditions of their experiments  The
eame question has been stuched using the methods employed for e
termimng the santhime oxidase response constant as reported in the
preceding discussion (4)  In these studies sodium molybdate was
added to the protemn to be studied at a level of 05 mg percent The
combination of protein and molybdate was then assaved by the xan
thine oxidace method at %, 10 15 and 20 percent levels of the protem
mthediet  \ comparicon with the snme protein lacking added moly b
date wasalco made The results of these studies with lactalbumin and
casein as test proteins mndiented that the ime response constants were
obtained whetlier molybdate was present or absent from the ration
Therefore, the question of molybdate mterference in the xanthine ox1
dase nssny for protem adequacy can probably be ruled out

Thus far all the work concerning the santhine oxidase response
constant (except for the molybdate studies) has been cirnied out using
adult rats as test ammals  Whether weanling 1ats can adequately be
used as test amimals 15 a question that can only be answered by expens
mental work At weaming, rats have very low liver xanthine oxidase
sctivity which pradmlly merenses mithage  Tlis fact, therd fore com
plicates the use of weanhng rits as test ammals  However, som ex
periments have bicen earried out using weanling 11ts 1n the xanthine
oxidase test (4)  In these studies weanling rats were fed various
Tevels of the protein i question for 21 days befare sacrifice for xan
thine oxrdace determinations  Weight records were also hept for these
mimels  The results of these experiments are presented n table 8
Here 1t can be seen that the enzyme response constants for casemn and
Iaetalbunun are lower than those obtaimed with adult 1ats wlale Lhadin
gives 2 hugher enzyme responce than that obtained with adult rats
The correlation with gowth, although good from a directional point
of 11w, 15 not 15 good on n numerical basis as wath adult1 sts
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TABLE 8

REespover oF Liver \Ar'vrums OTIDASE AAD GRO®WTH 1N WEANLING Rats 10
Variovs PRoTEIN PREPARATIONS

Number of | \anthine W
Protem rats used audase f eight Patio of
studied et :f" the respons{e , ESW“S(QB) AB
Casem _ P 56 35 16
Iactalbumm . . - 24 39 13 gg
Chadin . . 48 15 06 25
Corn sova._ - 32 35 17 21

Thus fr, the results presented relating dietary protem to hver
enzymse activity are entirely prelimmnary and many more factors must
be studied before the real meaning of these results becomes estabhshed
Some of the factors that should be studied are the effect of the enzyme
ass1y temperature on the response constant, varifion m the response
constant from one sample of protemn preparation to another, whether
the method of ealenlation is sound (1 e, whether the assumed straight
line relationship between xanthine owidase activity and percent of
dietary protem holds up under many sets of conditions), and further
elaboration of the relationship between the vanthine oxidase response,
growth, and protem uttlization as measured by other methods Thus
we can see that the studies presented mn this discussion are still in a
prelmunary stage, but they hold promise of offering 1 specific and
ety performed method for the evalnation of dietnry protems
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Other Methods of Evaluation
Tamrs B Aruieon

Pureau of Biological Peecarch and Department of Physiology and Biochemistry
Putgers Univeraity

The determination of the nutntive value of a dietary protein in
volves measurements of the ability of the diet to promiote growth,
mamntenance and the general welfare of ench tissue within the am
mal Earls studies on nutntive value placed emphasis upon growth
of the whole amimal growth being considered as one of the best single
mensyrements of tissue welfare

Growth of younqg amimals  Most of the procedures involving growth
bave been adaptations of the growth response test devised by Osborne,
Mendel and Terry (253 These adaptations included the addition of
protein to some <tandard ration at a concentration (usually 10 per
cent) that was hnown to be insufficient for optimal growth Food
ntake and rate of £ronth were measured in terms of the protemn effi
cleney ratio {grams gain in weight per gram of nitrogen ntake)
Diets were usually fed ad libitum, and experimentsl ammals, 1 gen
cral, increased their food intake as the nutrnitive quality of the pro
tein in the diet increased  Under standardized conditions the gain
n weight was corrclated nicely with mitragen retention 1n the carcass
(13) Indeed, Hegsted and Worcester (20) found a very high cor
relation between gnin 1n weight and protemn efficiency measurements
1n rats, a correlation which suggested that little additional informa
tion was gained by caleulating efficiencies It might be stated that o
Tigh correlation between gamn 1n weight and nitrogen retention could
be one criterion for “normal” growth in young ammals

Recently, cooperating laboratories (76) determined gain 1n werght
and protein efficiencies 1n rats while feeding different standardized
protein sonrces  The results of thewe studies are summarized 1n table
1 where protern efficiencies and mnereases 1n body weight are expressed

TABLE 1

Prorein EFFiciENcIES AnD INCREASE 1IN WEIonT DETERMINED In RATS THE

Restits Beine EXPRESSED As PFRCENT OF THE \ALUES OBTAINFD FOR
Wuore Eco

(Avernge data from seven laboratories (16))

W hole! Egg Beef Peanut [ Wheat
egg | white | muscle | Casem | " vt gluteenn
Protein efliciency 100 107 89 90
Weight gain 100 105 86 81 gg !g
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as percent of the value obtaned for whole eggr The sigmficance of

protein efficiency ratios as 2 measure of nutritive value can be ex

pressed as follons Egg white ﬁ whole egg /¢ beef 215 casein As pen
> -

>
nut flour ):>3 wheat gluten (¥S=not significant, S=significant,

HS=highly sigmficint ) These results support the confidence com

monly plced 1n this method of estimating nutritive value  Relatnddy
similar average vabues for imcreases m body weight are also recorded
There was, however, considerable more variation n weight gains than
1 proten efficency ratios, the coefficient of vartation with body weight
merease being greater than iwice that with the ratios  These results
suggest that nutritive values can be more easnily uncovered through
rati0s than through inerease 1n body weight (7)

The determnation of protem efficzency, howes er, must be standard
1zed so that there 15 known to be a hugh correlation between gam imn
weight and mitrogen retention, otherwise the results can be very mus
leadig The possibility of low correlation has been pomted out by
Mitehell (22) who has discussed thoroughly the shortcomings of this
method of protemn evaluation MMost of the shortcomings are func
tions of the effect of the diet and food mtake on the protem, fat, ind
water content of tissues  An agar gel type of diet has been developed
1 our laborntories () which 1s eaten well, especially by dogs, even
when fed free of protein or when containing a protemn of poor quahty
such as wheat gluten One group of puppies, fed ad libitum this diet
contmmng wheat gluten, had a higher calorio intake than a sumlar
group fed the same diet contummng whole egg (3) The puppres ext
g the diet contarng whent gluten were fat while those etting the
diet with whele egg were not  The gam 1n weight per gram of nitro
gen mtake (protem efficiency) was simlar 1n both groups but the
nitrogen retained was much greater 1n ammals fed the whole egg than
1 those fed wheat gluten

This Inck of correlation between gan m weight and mtrogen re
tention can be nssociated m part with variation n caloric intshe, &
factor which has been analyzed recently by Spector 2nd Calloway
(9, #6) Eien under conditions of parred feeding, gam m weght 1s
not always correlnted lughly with nitrogen retention  Beadles ef of
(8), for example, demonstrated 1n pured feeding tests that the pro
tewn of Lamburger cheese was equal to fresh milh curd 1n promoting
increase n weight but the gun m ammals fed the cheese ration was
due less to protemn and more to fat than i ammals fed the curd

Barnes and Bosshardt (7) huve pomted out that pawed feeding
may give artificial protem efficiency ratos, particularly 1f the anmmals
are pur fed to a group recerving 8 protemn of poor quality where food
imtake 1s restrieted  If restriction is severe, some of the better pro
temn mey be used to correct for the ealoric defictency  These authors
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PROTEIN EFFICGIENCY
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HITROGEN IN DIET %

kIGLRE 1 —The variation in protein efficlency satios with nitregen content of the
dlet data obtained by Rarnes and Doxshnrdt (16) while feeding mite the
following proteln sources whole ¢gg (apen circles) peanut flour (elreles with
crossed bara) wheat gluten (elreles with horlrontal bars)

emphasize that protein eficiencies vary with mitrogen ntake, nsing
to o maximum and then decreasing to lower values as the intahe 1n
creases  Indeed Osborne, Mendel, and their associates used the maxa
mum ratio ag the ndex of nutritine value for growth Barnes and
Bosshardt (7) present data to demonstrate that some of the short
commngs of the methed can be overcome 1f this original longer pro
cedure 1s followed The dats, 1llustrated m figure 1, were obtained by
Barnes and Bosshardt (76) wlule feeding mice different amounts of
mtrogen in the diet These data 1llustrate the necessity for selecting
carefully the percent mitrogen in the diet 1f one mitrogen content 13
used to compare efficiency ratios for various proteins Lhe ratio for
whole egg protemn, for example, 1s equal to the ration for wheat gluten
when the nitrogen content of the diet 13 approxamately 3 5 percent
but the ratio for whole egg protein 1s Ingher than the others when
the dietary mitrogen 15 reduced to 2 percent It 1s possible that the
difference 1n the shapes of these curves also has sygmficance, reflect
g vanations 1n rates of filling different tissue protein stores

These data and others demonstrate that protemn efficiencies and
weight gains can be correlated highly with some function of nutritive
value of protens, 1f the experimental design permits 1t, but they also
emphasize the possibilities of poor correlation under various dietary
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experiences  These nre tests, howeser, for growth, mnd nutrtie val
nes obtuned m this way may not parallel those determned for other
functions  Mtehell has shown i the rat, for example, that wheat
gluten 15 relatively adequate for maimntenance but quite poor for
growth To quote from Mitchell (23}, “the armmo cid requirements
of the growing amimal are determied n the last analysis by the amino
acid composttion of the tissue protemn formed during growth” He
points out that both mcreises and muntenance of pratoplasmic tis
sue dormnates the requirements for the young while deselopment of
hnr, wool, feathers, ete,, can be an important mfluence on the require
ments of the adult ammal  Since the muscle protemns of virtous am
mals are similar and represent the greatest potential storehouse of
proteins, 1t 15 not snrprising to find that methods of evaluating dietary
protemns mvolving growth or repletion of the protem depleted body
yield relatively sumlir values in most ammals

Depletion and repletion of body mitrogen —Repletion of depleted
tissue 15 another measure of nutritive value, s measure that cin be
expressed broadly in terms of overall changes in bods weight or bods
nitrogen  Cannon and lus associates (71, 19, 17) have developed the
rat repletion method into an outstanding techmgque for protemn sy
This method 1s being reported by Dr Cannon so that only a few re
marhs will be mide toward the use of repletion in body nitrogen in the
dog as & measure of nutntive value There 1s 2 basie tissue catnbolism
that results 1n a contmnal breahdown of tissue protein stores and loss
of mifrogen from the body Unless this loss 1s replaced duly by 1
pattern of dietary ammo acids, the profemn stores are reduced The
uriary nitrogen excretion 1s lugh when the protein stores anil cata
bolic acttvity are high, the excretion 35 low when the stores and meta
bolie actinity are low Theopen crcles m figure 2 ilnstrate the
gradual wncrease m nitrogen balance, reflecting the decrense m urinary
nitrogen 1n dogs fed n protemn free diet This value tends to become
asymptotic to a mtrogen balance near I gm /day/sq m of body surface
aren (7) After 64 days on the protem-free diet, the dogs were fed
casein equivalent to 035 gm mitrogen/day/hg body weight The
cireles with crossed bars illustrate the effect of feeding the casein over
4 pertod of 30 dags Imtially the dogs were placed far mn the region
of positive balance but as the protemn stores were filled the biluce
decreased toward mtrogen equilibrium  Continued feeding of casem
would eventually have filled the stores and meressed ¢ 1tabohic activsty
to the pomnt where a relatrvely large amount of mitrogen would have
been needed to mamtam eqmitbrium  Before this degree of repletion
sas renched, however, the antmals were repliced on the protem fre
diet  The open circle at 101 davs mdicates the tendencsy for estabohc
activity to return to the imitial hsgher value
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NITROGEN BALANGE gm/ay/sa m
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nobalan ex in theey s lolt A =% fed a protein free
diet for a perixl of (4 dave (opn clrcdex) £ wed by a diet oontalning
caseln (01, gm nitrogin/day kg bedy weights £ r 0 days {clrddes with
ero sed bars)  The Inxt point nt 3101 duve (cpen odreles) was etialned 1y
feeding 8 protein free dlet £or rovern! days £ ming the perld of regletion

FIGURF 2~ Averane nitro

\ poor-quality protam, such as wheat gluten, does not place the
animals so far 1n positive balance nand docs not «how w0 rapid o drop
toward equbibrium  The smount of mitrogon balana produced dut
ing repletion 1s another mewure of nutritine value of the protemn
In one experiment 1t was estimated that with a constant intake of
mtrogen the following total positive bilances were produced m dogs
over a pertod of 10 days of repletion  whole egg, 105, casan 100, and
wheat gluten 45  There was no sipntheint difference between whole
eLf and casan but wheat gluten was markedly lower than the othet
%0 (4)

This method of compring nutritive value of proteins 1s tedious but
has the advantage, however, of measuring the ability of the diet to
repair the damage resulting from protem starvation  Nitrogen bal
ances can be musleading, however, since they may be the algebrac
sums of gains and losses Two proteins producing the same mtrogen
balance can fill the protein stores of the ammal differently (7) 1\
somewhat sumpler and more ditect approach to the study of the effect
of dietary protein on loss and gain of protein stores has been to measure
changes that take place m a specific tissue It should be emphasized
at the outset, however, that the amino acid requitement for repletion
of any tissue protein can vary according to the structure of that pro
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ats depleted under standard comitiors TH A foand fisen 7
hat regeneration of hiver profeme by dic orv proereoon LRI &
rranged as follot < Jaetalbunmn=ca a n>glis P>~ >t
mrd, Vars and Ravdin {(18) dndied the fermats nofr x hiwem gy
an {ollowing. hepatectomy  Thev en cludel that 2 elve correha
10n appeared to exict between the amount of rew hiver prote = forn vl
md the amount of mitrogen saved ar cparnd arrespective of whether
he rate were in positive or negatsse nitragen balapce It ge enppes ol
hat any factor, or cummation of factor vhich ca o~ an overll
“hange 1 mtro.en metabolizm will affect the hiver protein ™ Thes
datn and others support the belicf that vanation in nitrogen balatce
1< reflected quantitatineds by changesinlnver proten

Knowledge, however, of the phivaolomeal state and varationsa o
aited with that state are ¢ <entinl to interpretation of the data ob
tuned  Hiyperthviordism, for cxample tend toancrease hier protemn
even thou, h the ammil may be m negative mtrogen balance (1)
Indeed 1t 15 pocsible that the ncreaced catabolism a couated with
Iy perthyrordism may bring. to the hver Iarger quantities of liver pro
temn building, materials preventing the depletion of that orpan \
amilir situation developed i rats with tran<planted cancer, rats
which were severcly depleted i mtrogen by the tumor but sath rela
tivels lngh Inver protens (table )

TADIT o

Trvrr PROTFIN 1n RATS Witn 18 Day T raANSPLANTID Sancosty anp 1y Fate Fro
oNTROLS (6)

Diet l 18 percent O pereent Protemn
ca en casen free

Liver protemn controls mg /100 gm

body weight 659 557 562
Tumor animals mg /100 gm carcass 853 813 658

Reproduction and lactation —Data have been presented to show that
depletion 1n tissue proteins 1s not uniform, some proteins being de
pleted more than others, some tissues more than others It has been
our experience that the tissues mvolved directly i reproduction in the
1at are resistant to depletion  Badly protein depleted rats, given all
other nutritional factors associated with teproduction, can still re
produce, although the growth of the young durmng lactation will vary
with the nutritional value of the protemn in the diet Seeley (16)
found, for example, that the weanling weights at 21 days of rats
varied according to the diet fed to the mothers as follows whole
egg=beef muscle>>casern>peanut flour>wheat gluten

Nutritwe value and function measured —It scems appropriate to
end this survey of seseral methods for evaluating dietary proteins by
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emphasizing once more than the results obtamed will depend upon the
experumental desim, and upon the function that 15 bemg mensured
Nutritive values may be established for growth, for muntenance, for
repletion of the body as a whole, or for specific tissues, or protems
within those tissues  These values may vary according to the function
measured In general, however, nutritive values reported 1 the iters
ture agres quite well because the body 15 an integrated mechamsm and
the measurements made were functions of that mtegration
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III Esaluation of Vitamin Adequacy
THURSDAY AFTERNOON SESSION
25 February 1954

Blood Levels
Otro A Brssm

The Uniteraity of Teras Bchool of Medicine

The uce of blood levels of the vitamns or of products related to
their metabolic action or defictency as a means of evaluating vitamin
adequacy requires (a) practicable analytical methods for measuring
the concentrations of the various vitamns or their direct or indirect
metabolic products in blood, (3) satisfactory methods for measuring
the physiological status of the subject over a wide range of vitamin
mtake () a knowledge of the relationship between the two variables,
blood level and physiological status, over & wide range of intake,
(d) knownledge of the facters other than mtahe that may mfluence
blood levels and of the factors other than ntake that may influence
requirements, and, finally, (e) there must be an understanding of the
eriteria of adequacy that are being used m a particular situation, in
order to avoid misinterpretation of the analytical data  This sounds
Iike a complicated picture, and 1t 15 Although there 15 considerable
work yet to be done and much understanding of the proper use of
such methods yet to be developed before these methods will reach
their ultimate usefulness, their proper application and interpretation
are more useful at the present time than 1s generally realized

There 15 a general tendency to expect more from biochemteal meas
urements of all types than the intrmsic nature of most biologicnl
problems w1l allow T suspect this 1s often true wlhen one can express
a measurement 1 figures rather than in judgment The use of blood
analytical methods for the evaluation of vitamimn adequacy has been
no exception to this tendency Unfortunately, during their develop
ment 1n the last few years, these methods have been applied 1n certam
nstances with disappomting results  Invariably, this has been the
result of the use of the wrong tool for the situation, or an unshilled
use of the right tool Now, after several yeirs’ experience and time to
reflect and evluate that experience, 1t seems to me that we have reached
a stage 1 our knowledge of this aspect of the field of nutrition at
which we can fairly clearly sce the true usefulness as well ns the Iimuta
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tion of blood 1y thods g 2 meang 'llu'\tmgnutntx O status 1y,
15CUSSION thag followg S the quthey, udgme 18 Situatign N
attemp, s made tq Ve q complete 1y ture co Tige, byt
rather referenceg re eited gg oy es Jtica] tec), 1ques i}
Bot b deayy With sinee 4, e available W elserrher, 25,
OWever, 1t ¢a saxd that good Practicably by d a aly trea) methods
are 1valapy £ of th, ms, ang while ¢}, oom for
Mprovemen , IS 15pect of ¢, Toblem, it 4 Imntmg factor
i present ttention will be directeg Primar]y ¢ © Problem o g,
d

relatzunslxxp between blooq levels gp, Vitamip takes apg how thege
may be relateq mnan 3Pproximate way to physmlogxc'd Status 4 g
CUssIon of the nore exqcq re]atmnshxp of intake y, physxo]ogzca] status,
and the Problemg concernip, criterra of adequacy 1o, require moye
time thap there 14 available

ole bloog Values nre not sxgmﬁc'znt)y different from plasma
values (29) Howey er, whole blood ascorble ey must be Measured

Whate blood copy ~The whye blood cell ascorp;e acid content of
a wel} nourished adult (79 ¢ 100 mg ascorbie geyq Intake dazly)
decreases from 2035 mg /100 m} ¢, -2 mg /100 ml in3ig5 manths
when he 5 Placed on A0 ascorbie 40,q free (et (9 23) Winte blood
cell yalyeg of 2to 10 mE /100 ml ape found whey, the ascorbse feid
take 15 19 ¢, B mg per day Intakes of 23 t0 70 mE duh Jerd g0 4
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gradually mereaced white cell value up to 2030 mg /100 m (7, 17,
19,23,26) This level 1s not appreciably ncrenced at Tugher mtahes

Since between mdividuals whose ascorbic acid intakes are the snme
there may be considerable varation in both plasma and white blood
cell Jevels of ascorbic ncid from individual to individunl, the mterpre
tation of these analyses 15 mote rehnble when apphed to group evalu
ations where statisticnl methods are apphicable

Conelurions

1 Plasma ascorbic acid Jevels below 01 mg 7100 m] and white blood
cell 1nlues below 2 mg /100 ml should be considered presumptive
evidence of incipient scurvy unless additional evidence indicates other
wise  Since these analytical methods become less certain at low con
centrations & plasma value below 02 mg /100 ! would probably be
n more reasonable figure for this purpese Smce whte blood cell
accorbie acid concentration remains up for a longer time during ascor
bic acid restriction and may be normal mn certamn mdividuals even
when the plasma vnlues are low, such analyscs are mdicated when
serum levels are found low This allows an estimation of status be
tween mntahe levels of 0 to 25 mg ascorbic acid daily, a region in which
the sensitivity of plasma analysesis greatly linted

2 Plasma ascorbic levels above 0 6 mg /100 ml quite certainly indi
cate that the dietary ntake 1s 70 mg or more and that adequacy of
the diet 1 this respect cannot be seriously doubted

3 Plasma ascorbic acid levels between 02 and 06 mg /100 ml are
less informative than those at the extremes of the range However,
1 general, they mean that scurvy 1s not rmmunent and the dietary
ntake of ascorbic acid 1s likely somewhere between 25 and 70 mg
daily Whetheror not such levels ate adequate depends upon the inter
pretation of the term “adequacy ”

1 Plasmn ascorbic actd analyses are reliable and useful in determin
mg and comparing the ascorbie acid ntthes of population groups—
2 situation m wlich statistical analysis of the data can remove

t considerable part of the uncertamty mherent mn individual deter
mmations and interpretation (3, 8) This 1s especially true of low
amilytical values It should be reemphasized that a low individual
plasma ascorbic neid Jevel does not prote the presence or even potential
development of a disturbing deficiency It docs, howey er, indicate a
real possibility that should be serionsly considered In any event, 1t
represents & situation that can be changed from a doubtful status by
increasing the ascorbic intake by the most practicable means avalable

Vitamin A and Carotene

Vatamin A—plasma —The vitamm L plasma concentrations of
u large group of well nourished children or adults (3,000 or more

61



I U vitamn A duly) will he, for the most part, between 30 and 50
#g /100 mt (5, 8) There will be 2 fen 1n such a group that hue
values of 20 to 30 pg /100 ml, wnd a few above 50 pg VWhen well
notirsshed ~dults ere placed on o vitammn A free regumen, their plsma
vitumin A Jesels remam relatively constant for a few months and
then slowly decrease over a period of the next several months to fevels
which maj reach 10 pg /100 ml within yeqr (€2) At Jevels below
15-20 pg /100 m} , evadence of deficsency generally appe s (decreased
night vision)

Experumental anmnls recetving graduated mtahes of vifamm 4
show 2 predictable correlation between mtahe and plisma Jevel up
to 25-30 xg /100 ml, 2t which pomnt the average \itamm A plasm
conceniration remuns relatnely constant with further mncreased m
take, although day to day values may show considerable vanation {2,
11, 14, 15y Very large ntvhes will increase the plwsma lesels, but
there 18 2 tendency for the latter to remamn around the 25-30 pg /100
mi salue  Liver storage of vifamin A n the rat becomes apparent
at about this sune level  There 15 evidence thut mght 31sion becomes
defectrve m a number of species at vitamin miakes that would 2llow
the bloed concentration to fall below 15-20 pg /100 It seems appar
ent that at vitamin A intahe levels which lead to Inver storage, factors
other than mtale become mmportint i governing blaod levels

Carotene—plasma —The plasm etvotene concentration n a lirge
group of well noursshed mdnaduals will ke, for the most part, be
tween 75 and 200 pg /100 ml (3, 8) However, since this depends
primarily upon the green and vellow vegetable content of the diet, 1t
may vary greatly within this range from one individual to the next
Then 1dults are plrced on 2 crrotene free diet, the blood lesel drops
rather promptly and m1y become as low as 20-30 pg /160 ml withm

a month or twa {72
Conrlunions

1 Plasmn vitunin .\ levels below 15-20 up /100 ml are presump
tine enidence of 1 deficiency that miy be chncally recognizable

9 Plisma vitamm A levels 1bove 3040 pg /100 mi can be tahen
e evidence that there 1s storage of this vitamin in the liver

3 Although there 1s 4 tough correlation between blood levels abore
90 pg /100 ml and intahe or Iiser storage blood levels m this range
are subject ta change by factors other thin mntthe and are, therefore,
not very reliible as an index of mtabe

In ths ese as with ascorbic acid, these methods are more relinbly
wterpretable when used with groups s with aseorbie acd there
are a few mdividuls who, for reasons not vet explunable, wilt hne
Jow vitamm \ or cirotene blood letels even on a hibitua} mtehe
generally considered 2dequate Lihewse, there 1s evidence that path
ologietl processes such s trauma, certn infections, ete, may Tend
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to Jow blood values m the precence of what 15 generally conaideted an
dequate mtahe  Whether such low levels shonld be mierpreted s
an indication of a deficiency 1s not vet clew and requires further
mvestigation  Perhaps 1t should be added that the mterpietation
of blood vitannn analvses i genetal i pathologieal situitions must
be done with cation and with consideration of factors other than
mtake  The need for such consideritions 15 no more nor less im
portwt than for other types of rochemieal tests  Tven such a well
«~t ibhished analy=is as blood sugat ean be mislending 1f not properly
wphied and nterpreted

4 Low catotcne values do not mean vitamin A deficiency, but 1f
found 1 a population or ndinidutl whe must depend wpon tns pro
sitemin A as their chief source of the vitamin, 1t 1s informatne

Riboflnvin

Table 1 suminanizes the results obtamed by blood anilyses on 6
tdult subjects who had been mamtained on a controlled 1iboflavm
intihe of 255 mg /dwy for <evernl months and 10 similar subjects
who received 0 55 mg of riboflavin/day under the same conditions (2)

It seems apparent that although on the average, both free and com
bied riboflavin i the plasma and the total riboflavin in the white
bloed cells decrease m subjects on the restricted mboflavin regumen,
the 1aribility of these values from individual to mdnvidual 1s so
great that such analyses would be of hmted usefulness 1n evaluat
ing the rboflavin adequacy of either groups or individunls It wall
be noted, however, that the total riboflavm content of the red blood
cells not only drops considerably but congistently, on the low ribo
flavin intake  Therefore, 1t seems hikely that this measurement may
be useful in evaluating nutritive status with respect to riboflavin - So
far, himited studies searching for factors other than intake, which
might also lower the red blood cell riboflavin concentzation, have been
unsuccessful It should be added that red blood cell riboflavin con
centrations below 14 pg /100 ml oceur 1 about 2 months on o diet
contaiming approximately ¢ % mz /dvy

Conclusions

1 It <cems likely that red blood cell riboflayin concentt itions below
14 pg /100 ml can be mterpreted as mewning 1 level of int the that 1f
continued wilf lead to chinieal mamfestations of deficiency ¥ xpent

mentil animals (1ats) under sumlar conditions fail to grow nor
mnlly

2 Red blood cell iihoflvuin concentritions nbove 20 xg /100 ml

indicate an adequate riboflayin intahe
3 Data relating blood levels between 14 and 20 2 /100 ml to in
take are not suffictent to provide an mterpretation
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4 The change i plisma and white blood cell riboflavin concen
trations with change 1n level of intake 1s msufficient and too varinble
to be useful 1s 4 means of evaluating riboflvum status

Thiamine

Blood thiamine —When well nourished albimo rats (recenving 50
ugr or more thinmne duly) are placed on a thinmine deficient diet,
their red blood cell, wlite blood eell, and plasma thiamine content,
which are normnlly 10-14, 50-70, and 10-14 pgx /100 mi , respectively,
drop to about 30 percent of these values in 2 weeks (5) Interme
dinte thiammne takes gmve mtermediate blood concentrations and
the<e v tlues can be used rehably to evaluate the thramine status of
the amimal

The red blood celi, white blood cell, and plasma thiamine concen
trations of well nourished human adults (recenning 10-20 mg th
amine daily) are 6-9, 50-70 and 05-10 pg /100 ml, respectively
(») It wiil be noted that the plasma values 1n the human are stk
mgly lower than those for the rat  As a matter of fact, these con
centrations are so low that present analytical methods are not suffi
ciently <ensitive to provide satisfactory analyses of this phase of
the blood \nother strihing difference between the rat and the
human with respect to thinmine 1s the faet that although in the
luman red blood cell thiamine dectenses some with restriction of
mtahe this decreise wmounts to perhaps no more than 15 to 20 per
cent, even under conditions 1 wlich chinieal beriber: develops (6)
Changes of tlns mignmitude ccemr from day to day 1n the same indy
vidumal Tt <eems evident that change 1n red blood cell thiamine con
centrition 1s not 1 sufficiently <ensitive index of thiamine intake to
be of great value in dietary evaluations

Changes in white blood cell thiamine concentration with changes
m intihe 1 man have not been explored enough to determine
whether such anilyses show promise of usefulness or not

Conclusions

Blood tlnamine coneentrations do not appear to be useful at the
present time m the evaluition of tluamme adequacy 1n man

Blood pyruvic acid —It has been known for some years thit the
bload pyrusie 1e1d concentrition 11¢es as thianune deficiency becomes
evident  However, the lack of specificity of this response has delayed
its use as a means of evaluating thiamine adequicy until recently
Stotz and Bessey (27) showed that although blood pyruvic aeid level
could not be used as an mdex of thiamine adequacy due to the fict
that the degree of actinty, fasting, ete, of man and animals also
miluences the blood concentration of this metibolie product, they
found that the 11tio of blood lictic auid to pyruvic acid could serve
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such n purpose  Recently, Iorwitt and Krewsler (12) have studsed
lt‘lns procedure m grent detul and hve proposed what they call a

virbohy drate index {OI) “—a fgure which mcludes the glucose con
centiation m the bleod 1 ddition te considerttion of th:, lactic and
pyruvic wad concentrations

Conclusnion

The lactic aud to pyruvic acid ratio or the carbohy drate index 15
4 useful method for the evaluation of thinmine adequacy in that range
of mtake that approtches chmerl mamfestation of thimme de
ferency  Fot detals of procednre and mterpretation, the reader 15
referred elsewhere {72)

Yitamuin D

It 15 well huown, of course, that the kaline phosphatnse of the
plisme 1ises preceding the development of richets It 1s also appre
cinted that concentration of this enzyme(s) varies with sex and age
meresing up through adolescence as well s i a number of disease
processes, particularly those involving the sheletal syster (3)
Nevertheless, there are sttuations, notably m population studies where
sex and age distributions can be controlled, wn wiich phosphatase
determinations would hhely be of value i determining adequacy
of antrrachitic agents (vitanun D, sunshine, etc )

Vitamun E

It his been estiblished that the tocopherol concentration of plasme
rises and falls with mtake in both expermmental ammals and man
However, 2 number of conditions other than mtahe mas also affect
these levels (2¢)  Nevertheless, 1t seems hhely that sach blood meth
ods would find wide useful application m evaluatig vitumn E sta
tus if evidence that man requires thas vitamn vere established

Other Vaitamuns

Klem, Perlzweig ot ¢! (13) found no difference m the total nicotinic
aud content (present mostly 1n the pyridine nucleotides) of the red
blood cells or plasma of peliagrms and dogs with blach tongue as com
pared vwith normally nourished subjects Therefore, 3t would appear
that blood methods cannot be expected to be useful mn the evaluation
of the adequaty of this vitamm

The lack of practicable analytical methods has prey ented explora
f1on of blood metheds as o means of evalusting the nutritionn! ade-
quiey of fali aerd pantothenic wad vitunm B,, and vitamm By

General Conclusions

There are miulable practicable chemical methods adequate for
analvsis for ¢ number of the vitamms m 1 or more of the 3 phases
of blood (red blood cells, winte blood cells and plasma)



There 1s an established correlation between blood content and intal e
for o number of the vitamns over the range of mtake 1mportant n
considerations of adequacy  In these metances, when properly used
and mterpreted, blood antlyses e ueeful m ev aluating the nntritive
atatus with respeet to a spearfic nutment

Due to the intrimsic nature of such analytienl methods and the bio
chemustry of the vitamins, there are limitations m the application of
such methods  Unless these limitations are ever hept in mind, disap
pomnting results from thetr use will occur

In general, the methods are more reliable when usedin group studies
Howeter with proper application, presumptive information about
mdinidual status 1s readily obtarnable

There 15 cerious need for detniled measurements of blood concen
tritions of groups of mdrniduals mamntamed on varying and well
controlled levels of int 1he of each of a number of the vitamins in order
to establish morc completely and reliably the relationship between
these two variables At the present time this relationship can be only
roughly expressed beeause 1t 1s dernved from the preeing together of
small bits of data from o number of sources and heterogeneous exper:
mental conditions

There 15 al<o need for further study to establish clearly those factors
other than dietary intake that affect blood vitamin concentrations
This 18 espeaially necessiry before the use of such methods cin be
expected to £1ve reliable results m attempts to evaluate adequacy n
pathologieal states

Tinally, there 15 that very difficult problem of the need for more
complete and adequate methods and measurements of the health status
that results from & given level of vitamin intake for until such 1n
formation 15 avulable, the interpretation of blood analyses as well
as of all other ty pes of analyses that measure dietary intake will hwve
many areas of uncertunty and controversy
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Lrvaluntion of Vitammm Adequacy  Ummary Exeietion
Tests

Wartir G Uneraos vwo Graer & Gorpairt
Twlance T nivermty

\leasurement of the urinary excretion of many of the vitamins, or
their metabohtes, has been widely used m evaluation of nutritional
<t1tus of individuals and population groups  Tests hive been earried
out with urine specimens eollected for 24 hours, for 1 hour during
fasting, for varving periods of tume after oral or parenteral admings
tration of a test dose of the vitamm, and 1n random specimens  In
general, the concentration of essential nutrients mn urine reflects recent
Qietary mtahe but numerauns concditions not pramarily related to nu
tuent supply mfluence findings  Tests conducted for 2¢ hour periods
or longer are more informative than thoce mvolving shorter mtervals
of time I xammation of rindom specimens, relating vitamin ¢ xere
tion to crentimne content has proved useful m surveys

Lxcretion of certamn vitamins following admiustration of o test
dose reflects to an extent, the degiee of situration or depletion of
Lody tissues Fctors which may influence tindings include vaun
tions m renal function, volume of urie, completeness of evacuation of
the bladder, ind, m orl tests, rate of nbsorption  Marked variations
of excretion by subjects on the sume diet has been observed  Recent
access to the nutrient in question may affect results  In starvation, ot
in pathologic conditions associated with brenhdown of tissues, unex
pectedly large amounts of certun vitamins or their metabolites may
he excreted  The generl character of the diet and interrelationships
among nutrients mfluence utilization, and hence aftect output in the
urine

The vitamins for wluch urmary excretion tests have been studied
extensively mclude thiamine, riboflasin, macin, and ascotbic aesd v
few mvestigitions of urinary excrction of vitumin By metbolites,
pantotheme aoid, fohe aed, and vitarmn 13, have been 1eported
Lvaluation of tests for each of these factors will be discussed

Thiamine

‘Thiumine excretion m 24 hour specimens of unine 1s hinc uly related
to the mtake except at low levels, 1lthough ntihe exciction curves
differ with expetimental conditions (21,45) T'xetetion 16 ilso chir
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actenstic of the mdisidunl, v uymg considerably among persons re
cerving identieal diets  When the dietary supply of thinmine 15 de
o oty Byt 4 oo
(7, 22) Mlmm}l ‘1‘" 11 equltbraum sn urmuy evcretion 15 attamed
10’ < P £ l;ave s of exeretion m the neighborhood of 1 1g to
nd:Stgs (SS)Y may be rewched vt levels of wntrke below 06 mg m

In studies of expermmental thimme depletion, early climical signs
of deficiency have been reported when the urinary esuretion in 4
hours ¥ Jess than 40 4 dwly, the dietary int ke bemg 0 35 mg /1000
el {70), wnd when the urm w3 excrefion Wis 5 ag to 20 uz, the
dietrry mtako bemg 0 17-0 21 mg /1000 cal {72} In bershery, exere
tion of 0 ug to 14 pg hus been noted (24)  The level of excretion 1t
which deficieney appears w ould seem to be dependent on dietary mtake,
time, 1nd mdrvidual varéron

Detersmnation of excretion m 24 honrs appears to be nseful m re
flectmg the dictary supply, particularly of groups of mdividunls
If menn excretion 1s low, potential or actual thiumine deheiency may
be suspected

Lowry (32) hns proposed the use of rindom specimens in held
studies, as  screetung test, measuting thiimisne excretion 1 refation
to crentime ontput  Louls ind associates {(37) found that the ratwo
of thrunme to creattnne was furly constunt m toided specsmens
throughont the d1y 1nd could be used for rough estimation of thramine
nutrstion  Smee a small adult wall excrete approvmately 1 gram of
ereatinine dulyv, Lowry suggested that an escretion of 100 to 150 pg
at thiamune per gram of creatinine would not appear to be compatible
with dehciency Apphertion of tho above procedure i surveys i
Newfoundland, before and fter flour enrichment (7), mnd m Batwin,
before and after rice ennichment (6}, mndicated that thrimine evere
t on per gram of crewtmme reflected 1 change 1 the thiume supply
of these population groups

Pollach and coworkers (42) and VMickelsen and associites (35)
have suggested that determination of the urmry excretion of pyriny
dine degradation products of thimine may be more useful m esalun
tion of thrunme nutrition than estimation of excretion of thumne
perse  Since fuw stucdies of pyramin excretion hive beets corr ed aut,
the usefulness of this procedure e 1nnot be apprassed

Thiamine exeretion 1n the vue during fasting hns been found to
carrelate with mverage dietary mt the and with the 24 hour nrineewre
tion (76) It hs been suggested that excretion of © ug to 4 ug of
shyamne 1 1 1 hour specimen 1s mdieative of deficseney  The critena
for dragnosts of defictency hve varid among myvestigators In the
Philippines men thinmine excretion m 1 hour was foand to be €1
»g 1 apparently normil persons, 27 ag 1 subjects with obvious of
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questionable beribert (48)  Orverlapping of values amon,. the three
groups mdicates that determmation of thiamine excretion durmg
facting has hmited usefulness as a dingnostic test The test wonld
appear to pive some mformation s to previous dietary mtal e

The exeretion of thiamine following ndninistration of oral or par
¢nteral doces of the vitannn deerarses as dietiry thiamme i lowered
1 pereons on controlled intal es There 15 dicagreement ns to the levcl
of excretion which 15 mdicative of deficieney  Interpretation of find
1ngs 15 even more uncertan in personis on varted dhets Mean thinmine
exerction n 4 hours following an oral dese of 5 mg has been found
to be Jower 1n patients wath agns of vitamun B complex deficency
than i normal <ubjects hut thete 15 no clear hine of division between
the two groups (76)  Lossy and ascociates (30) reported a mean {
lour exciction of 214218 gz m nonimil subjects 5312 por M
patients with peripheral neutstis or signs of berber: heart disease and
49 214 pg i subjects without signs of thivmie deficiency but recen
ing diets contaimng 05 to 08 mg of thimmme  Ihus thie “load’
test will reflect dretary ntake but 1s not dirgnostic of chmeal defi
ciency  The accuriey with wlieh at reflects body stores 1s uncertun

Oldham and as-ociates (19) found that utinary exerction of tht
amine 1n 4 hours after an oral dose of 20 u¢. per kg of body weight
was a refiection of dietary intale and a potential measure of tissuc
stores

A\ procedure which has been studied widely 15 measurement of ury
nry thinmine excretion for 4 hours after prrenter1l 1dmnistration of
1 mg of thiammne (/6)  An excretion of less than 50 pg 15 generally
constdered indicative of thamune defieieney , an excretion of 100-200
pg of adequate thiamine intahe  Most of the studies with this test
have becn made 1n subjects on constant diet~  Wider application of
this procedure 1n field work would seemy desirable

A vaniation of the above test, wang 350 pg of thhamine per square
meter of body surface has given rcsults of sinular nature  However,
low excretion has been observed m debilitated persons regirdless of
the etiology of their conditton and an increase 1n excretion during
convalescence (16)

Good correlation between all of the urinary exerction tests men
tioned above has been reported

From the mformation at hand, 1t seems probible that a lowd test
will prove to be a inore satisfactory mdex of tissue thiamine stores
than either fasting or 24 lour urinaiy exeretion  Lowry (32) has
Proposed that tissue defieit mvy be mcwured by repeated admms
tration of large divided doses of thinmine, given puenterally since
Inrge oral doses may be poorly absorbed  Studics with radioactive

thiamine should clueidate further the metabolism and (xcretion of
this vitanun
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Riboflavin

The relationship hetween dietary intake and unnary exeretion of
1iboflavin has been studied extensny ely  When the diet furniches less
than 1 mg of ribofiavin duly, urmary excretion represents 9 to 14
percent of the mtake (0), when the dietary sapph 1s above 1 mg
per day excretion 1n the urine increases to 30 percent or more of the
mtake (25,28) While Horwitt and nssociates (23} found thus rela
tionship to be defintte when mean results were considered, standard
devsations were large  Accordingly, mdividual values must be infer
preted with caution It has been suggested that the sharp s
1sboflavin everetion at intales above 1 mg may indicate approvimate
tissue saturation, ~lthough other explanations are possible (32) Fur
ther mvestigation by tissue analvsis or with 1sotopieally labelled ribo
flavin will be necessary for elucidation of findings

Expersmental riboflavin deficiency has been mduced in subjects re
cenving diets »hich furmished less than 06 mg of rbofliuin dmly  In
one studsy, mean urinary excretion of riboflasin was 77 ug 1n 24 hours
1n another less than 50 yg (76)  Excretions of less than 50 ug of 15bo
fiavin duly have been reported 1n assoeration with glossitis and ocn
lar Jesions of rboflavin deficieney (Z6)  Although an excretion of
lews than 100 pg of riboflavin has been observed duning deficrency ex
cretions of the sume order may be found m the absence of chnical
lestons  There 1s @ wide v ariation m excretion ameng mdviduls re
cerving suntlar diets

While no speaific level of riboflavin excretion can be suggested as
diagnostic of chineal deficiency, 1n excretion of more than 200 xg
24 hours 1s seldom assocrated with sigmificant tissue depletion Ex
ceptions to this statement may be cited  The output of nibofl vvin 15
mereased 1n eute staryation (but not a chrome) (28}, n dibetes
(30), 1 condatrons vssoc1ited with negative mtrogen balance (47}, and
after administration of certamn antthatics (74)  Anincreasem excre
tion w15 observed m young men on a diet deficzent 1 thyummne but 1
decretse occurred when the diet w1s deficzent an both thuamne nd
nboflsim (28)  Physical actrvaty also imfluences exeretion (25)

Several methods of evaluating ribaflat in nutrition under conditions
of field surveys hatve been suggested Determimation of excretion m
a 1 hour spraimen of urine collected during fasting has been proposed
but not widely applied (#7) Interpretation of findings are subject
to the limitations noted above

1 owry (0.2) his measured riboflavin excretion m random non timed
specunens in refation to criatmsne excretion He suggested that w
(xcretion of more than 130 pg of riboflavin per grum of crentinme
wis mdicitive of srturation  This test nas used 1 suiveys m New

foundland n 1944 and 1948 (/)  Findings reflected dictary changes



although no correlation Was demonstrated between chnteal siens sug
cestng mibofl 1y deficreney and urmary excretion of this vitamun

{ number of Joid tests hate been devised for apprasing niboflavin
nutntion Measurement of excretian for 4 hours following ol ad
munstration of 2 » mg test dose his been proposed by sever i mvests
cators (37)  Tossy md ascoates (30) found this test to be aatisfac
tory m differcntinting, between subjects on good diets and those on
waghed dhets low 1 B vitamins but not between contral subjects and
patients with s ns of yitamm B complex deficseney  In severnl
otudies niboflavm has been admimstercd orally or parenteradly m
umounts of 2 my o less and mmary exeretion determined during
4 or 24 how periods  In subjects mantamed on constant diets, exere
tion followin, the load test reflected dietary intake (76)  Horwitt
and fissociates (£5) studied the responce to a test doce of 1 my given
<ubeut ineously, at erpht levels of riboflavin intake  The excretion m
4 hours was blow 100 4. wWhen the mtake was 11 mg or Jess wnd the
ctandaird devigtion was small at lngher levels of intake, wide saria
tions i excretton were ()b\l‘r\ (‘(1

It scems lo1cal to sugpest the use of a small test dose m evaluating
uboflavmn nutrition m view of the marhed rise in the urmary exere
tion of this vitanun at dietars levels abose 1 mg Theuse of a Ll wg
parenteri] dose with estimation of excretion 1 the subsequent 4 hours
would appear to metat further study

Nitcmn

Chemueal tests for evaluition of niauin nutition have been uneat
1sfrctory until recently for a number of rc1sons  Ninemn 15 exertted
m the urme largly as N Methy lnicotinamide (N'~Me ) and the 6
pyridone of Ni-Me (pindonc)  Methods for mesurement of pyri
done hnve been developed only in the past few years and are still time
consuming  The fict that try ptophane <elves as a precursor of ninen
m the body necessitates. estumitiam of the tuyphophoas , s el as the
maem, content of diets 1 studying relatronships between excretion of
nraein metabolites wnd the intahe of this itwin Mete information
1s needed asto the ritio of conveision of tryptophane n1emn

Macin nutrition has been studied by estunition of Ni-Me excietion
m 24 hours 1m 1 hour dusing, f1eting, 1nd for va1ying periods of time
fter administiation of an o1l test dose of macmumde  More re
cently, excretion of pyviidone hus been mewsured ns well Txcretion
of N-%e 1 24 liowrs his been found to decieree to low lesels n
patients with pellag1 and in subjects maintained on diets low 1n niaem
and protein {/6) A low or ze10 excretion of N'-\fe during fasting
was reported to be indicative of low ninein stores  ¥ow evet, some
normal persons ful to excrete appreciable amounts of Ni-Me 1n the
postabsorptive petiod & Iarpe excretion of N-Ae his been noted
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m prolonged fasting and m assoctation with diserses characterized Iy
severe muscle wasting (18)

A number of miestigators found that urnary exeretion of N-\e
after an oral test dose of 50 to 500 mg of macinamide was Jower 1n
prizents with signs of vitamin B complex deficieney than 1n normal
subjects (76, 36) However, patents hospitahized for muscellansous
vonditions alsoshowed 1 Iow excretion after the test dose

Recent studies wdicate that excretion of p3ridone decrevces more
rapidly than that of N%-3Me i persons 1ecerving diets low m maemn
and tryptophane (19, 46) Patients with pellagra or eaperimental
necin deficiency eacrete only traces of pyridone while NL-Me eaere
tion remans o the nerghborhood 0f 0 5 ¢0 0 8 myg dmly (17 19) Gold
<mith and tes (18) suppl ted corn diets confunmg 200 mg
of tryptophine with merements of macin so that the dsets fornished
46 to 212 mg of macin duly  Excretion of mincin metabolites [N~
Me wnd pyridone) increased sharply when the dmly mtahe was be
tween 8 and 10 mg (77,18} Below this level, about 02 mg of niemn
metabolites were found wn the urine for ench mg of macm ingested,
above thus Jevel, the excretion rute wis 06 mg of metabolites for each
g of nuwewn m the diet  In the hight of these findings, 1 wns sug
gested that with the corn diet, which furmshed 200 mg of trypto
phane, body macm stores are 1dequate when the nnem mithe 18 8
to10mg duly

Following admmmstration of a test dose of 100 my of nmemamde,
Holman and del.ange (20) found that the major murense m N-Ve
excretion eccurred within the first 3 hours, values falling to control
levels after 0 hours  Maxmumum pyridone exeretion was observed in
the second 3 hours and decreased slowly throughout & 24 hour penod
It would scem desirable, therefore, to determine urmary exerefion of
n1tcin metabohtes for at least 12 and preferably 24 hours after 1 test
dose vather than for <horter periods of time . Rosinthal and assoantes
(46) found that N*-3fe 2nd pyridone excretion mn 24 hours was loner
m pattents with pellagra than m normal subjects, both on standard
diets and follow mg or 1} xdmmistration of 10 01 26 myr doses of maein
amde  Measurement of excretion after 1 test dose of 50 mg of na
cmamde was Dot satisfactory in differentiating between normal and
deficrent subjects

Another test which 1s bemg explored currently 15 metsurement of
mcm metabohtes m the €4 hour unine when 10 mg of macmanude
1 given duly to subjects on % standard diet which furmshes 10 mg
of nircin and 1000 mg of tryptophane (I7)  The time required to
obtun mavimum excretion with this regimen may reflect nutntionad
status relative to ninem

In further development of tests for evaluitien of maun nutrihon

of mdividuals, two procedures appeat to wartant additonn} nvestt
(a) determmation of both N*-Me and pyridone excretion

™
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1n the urme 1 24 hours on 2 standard diet and (b) measurement of
the exeretton of these metabohites m 24 honrs after admimsteation
of 2 <mall (10 mg) oral tect dose  In surtevs 1t 1s sugzested that
NiVe and pymidone excretion be measured i relation to creatinime
output tn random specimens of urine

Ascorbic Acd

Tests for evaluation of ascoriic aad nutrition include measure
ment of excretion 1n 1 hour during fasting 1 21 hours, and for vary
mg time mtervals after adminietration of aral or parenteral doces of
100 to 1000 me of nscorbie acid (J6 37)  Studies have been earried
out m normal subjects both on constant and vared diets and m
patients with sourvy

The method most widely used for determiming the vitamin G con
tent of urine, direct fitration wath 2 6~dichlorophenolindolphenol,
1 relatively nonspecihc  In subjects deprised of ascorbie ncid for
severa] months values for urmary exeretion obtamed with this pro
cedure ranged from 13 to 38 mg dmly (94) Reduang substances
other than vitamin ¢ mnet largely necount for such findings  The
method 15 nscful when the quintities excreted 1 the urine are above
50 mg, for example 1n caturation tests  The modifications of this
techmque proposed by Eielyn and ascooates (11) ehminates some
of the error due to the nonspeafic reduaing, substances  The dimtro
phenylhvidrazine methiod of Roe and Kuether (45) has relatively
Iugh spearfiety  ns does o method developed by Mapson (33), wlich
was used 1 the British Medical Research ( ounail’s recent study of
vitamun C requirement (34)  In the future, procedures of high speer
fiity should be apphied

The renal mechanism for exerction of ascorbic acid has been the
subject of much mvestigntion  Triedman and associates (13) found
that when the concentration of ascorbic acid in plasma was less than
14 mg percant, the plasma clearance was approximately 15 ml per
minute  When the ascorbic acid levels 1n plisma exceeded 14 mg
percent, clearance rose rapidly, reaching about 40 ml per minute at
2 mg percent In view of this favorable renal mechamism, and the
high percentage of large doses of ascotbic acad which may be recov
eted m the urine, 1t 15 possible to estimate the degree of unsaturation
of the tissues if flooding of the plasma 1s avorded  With these find
mgs m mind Lowry (42) has proposed measurement of tissue defieit
of ascorbic ncid by admimstering laige amounts, 500-2,000 mg duly,
m drvided doses to avord raismy, the plasma level above 14 mg per
cent, and determiming the quintity of the vitimin excreted n the
urine  [1ssue retention should equal tissue defieit when suitable cor
tection 1s made for destruction of the vitammr  Tlus test 1s more 1n
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levels of mtake and exeretion, and may account for the reported ex
cretion of amounts 1 exeess of the dietary mtake (27)  Data ob
tamed regarding urimars exeretion of 4 pyndovic acid following test
doses of vitamin Bs would not necessarilv be mvahdated, as inter
ference with the determimation by other substances would be mim
mized by dilution (50)

Greater quantities of 4 pynidoxie aeid are found 1n the urine after
the admimstration of pyndoxal than after pyridotine or pyridox
amine (43, 50) the greater portion of excretion occurring within 5
hours  Ralmowitz (43) found that 70 percent of n 100 mg test
of piridoxal hvdrochloride was exereted 1n the urine of normal sub
jects within 24 hours of its admimistration  Lossy and aseociates (30)
found that normnl subjects excreted 9%=04 mg of 4 pyridoxic acad
i thoe urme m a 4 hour period following the oral admimstration of
25 mg of pyridoxal lvdrochloride  Subjects on diets low in B com
plex vitamins nnd patients with signs of thiamine or B complex de
fictency showed no «izmficant difference m urnarv excretion from
the normal group

In the hight of present information, determmation of vitvmin B,
metabolites 1n urine shows little promise as n test of adequacy of vita
min B, nutrition

Pantothenic Acid

Although pantothenic acid deficiency has not been obsersed 1n man,
many mvestigitions of the urinary exeretion of this vitamn, under
varied dietary conditions, and followng, oral and parenteral load tests,
have been reported (8 9, 38, 39, 40 47, 49, 62) No statement can be
made regarding the npplicability of these procedures in the evaluation
of pantothenic acid nutnition

Folic Acid

The evaluation of folic acid nutriion in human subjects 1s com
plicated by icomplete knowledge of the distribution of this vitamin
n foods, and by lack of mformation concerning the relative nctivities
for man of 1ts naturally occurring conjugates

Folic aead depletion has not been produced experimentally 1n man
There 15 hittle information regarding urinary excretion of the vitamin
under controlled conditions or following the admimstration of test
doses  The majonity of studies reported indicate that normal subjects
on “normal” diets excrete between less than 1 pg and 10 pg of folic
acd n the urine dwmily (8, 16, 44, 64, 65,66)

In addition to fohic neid, aitrovorum factor, which 1s believed to be
2 metabolically actrve form of the vitamin, 1s found 1 normal urine
(25, 44)  Following oral or parenteral admimstration of fohic acid,

u small portion of the dose appears 1n the urine as citrovorum factor
(6,15,27,61,64)
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to population group~ than to imndinidoal cubjects Determination of
sitamin excretson in relation to creatimme output Im randem spee
mens of urme appears to grve information comparable to that obtained
from exeretton 1 2§ hours and 1~ especi-lly appheable in <urveys
Load tests which appear to nffer pronuee 1 evaluating tissue stores
of thewe v itamune are s followe T or thiamimne or riboflavin, measure
ment of urinary exeretion of the re pective vitamin fora 4 hour period
after parenteral admimetration of a 1 me do~e for maan mea ure
ment of urmary excretion of N'-Me and pyridone for 24 hours on 2
etandard diet with or without admimctmtion of a test dose of 10 mg
of nacmamide  Perhaps a 12 hour excretson test for this vitamm wall
prove fensible  There 18 necd for standardization of a load test for
ascorbie neid although moect of the tects now mn n<e are reacontbly an
formatine  When tiscue storee of the above vitamins are severely
depleted, tiscue defiert mav be estimate d by admimetration of appro
priate darhy dose s and in¢ isurement of exeretion tn 21 hour pertade
Frxeretion tests have not been proved valuable asvet for appruail
of vitamin B, pantothenic acid folie acid or vitamin B, nutrition
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Data reported by Bethell (3) and Swendserd (56) suggest that
patients with pernicious anemia excrete less folic 2cxd 1n the urine 1
24 hours than do normal subjects munt vuned on the same diet  Gird
wood (15), howeier, observed no sigmificant difference 1n the 24 hour
urinary folic acid excretion of permicious anemi patients and non
anemic control subjects

The oral or parenteral admimstration of folic acad to normal sub
Jects results in the urmnary excretion of ymounts of the vitamin which
vary roughly with the size of the dose admimstered, the greatest ex
cretion occurring within 6 hours (15, 26, 30, 53, 56) It has been
reported that patients hospitalized for miscellaneous 1llnesses excrete
less of a test dose than do normal subjects (J0, 55) Patients with
permnicious anemia and the sprue syndrome excrete significantly smaller
amounts of folic acid and citrovorum factor following « test dose of
folic acid than do normal subjects (3, 15,54, 56)

Broquist (5) has reported that administration of ascorbic actd with
folic nc1d as a test dose increases the amount of citrovorum factor
excreted 1n the urtne However, a recent study suggests that this s
not a specific effect of ascorbic acrd (4)

Untal more information 1s available, estimation of folic aeid excre
tion 1 the urine would appear to be unsatisfactory for evaluation of
folic acid nutrition

Vitamm B,

The duly dietary requrement of vitamimn B, 1s not hnown, and
relatively little information regarding 1ts quantitative distribution 1n
foodstuffs 1s available Techmques for determination of the vitamin
vary greitly in sensitnvaty and specificity, and as a result, there 1s no
general agreement on the amount of the vitamn excreted in the urine
by normal subjects or by patients with clinical syndromes known to
respond to therapy with wiaxmn B, (567)

Measurements of urinary excretion of vitamin B,, following oral
or parenteral admimstration of 4 wide range of test doses ndicate
that little or none of the vitamin 15 found m the urine following oral
admimstration (67), and that the amount excreted following intro
muscular 1njection 1mcreases roughly m proportion to the size of the
dose admimstered (2, 57, 58) Whether any of these procedures will
be found useful 1 apprusal of nutritional status remams to be
determined

Summary

Urinary excretion tests are of value in the appraisal of nutritional
status of human subjects 1n regard to thiamne, riboflavin, niacin, and
ascorbic actd, under certain conditions

Estimation of excretion of these vitumms m a 24 hour period re
flects dietary mntake This procedure 1s more valuable when apphed
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Some Considerations m Making Therapeutic Trials
WriLriast J MoGantry axp Winerax J Darey

Dhwvision of Nutrition and Department of Obstetrics and Qynecology
T anderdilt University School of Medicine

Medical theripeutics has developed from 1ts infancy of empirica
use and dosage to an exact pharmacological science based upon bio
chemical, physiologica), and statistical reasoning and dependent or
chinical acumen, laboratory data, and controlled observation 'Ths
abuse of the emprrical use of antibiotics 1s only too painfully eviden
1 the resistant bacteria that we as physicians have produced We have
used penicilhin hke water  The result has yielded resistant orgamsms
and hypersensitivity reactions It 1s no more disturbingly true than
with the haemolytic staphylococer aurews  This organism 15 now 100
percent resistant to pentcillm and has even developed resistance to
newer antibiotics In vitamin therapy we have been still more gul
hible  Vitammn pills have been dispensed by the buchet Fortunate
ly, we have not a serious problem 1n resistance to or toxicity of these
drugs However, toxicity has occurred in the instance of vitamns
D and A and much of the admmistration of all vitamms 1s on an
even more confused therpeutic basis than 1s the use of pemerthn for
every common cold

The result of empirical abuse of therapeutic agents 1s bringing
ahout 2 somewh 1t more realistic approach to the cliical use of certain
drugs Is this true in the field of nutrstion? If not, we need but
pause for reappraisal of our facts in order to make 1t so  We have
behind us 15 years of confusion and exploitation of nutrition with
its associated empirical abuse of vitamin supplementation  Are we
not now sufficiently mature that we can avord the fiascos of the too
recent past i which each new factor has been endowed with such
glamour that 1t served to “cure” those same diseases 1 which the
faith healer 15 proficient or which have notoriously undulating
courses?

Tt 15 evident that thiwmine, macin, and vitamm C have specific
therapeutic effects 1n bertbers, pellagra, and scurvy No one e
argue the value of therapeutic trial 1n the frank vitamn deficiency
status  The response 1s prompt and curative It 15 not our purpose
to dwell upon the appraisal of treatment in these conditions Simply
designed trials may prove Irfesiving under condrtions of acute dep
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ivation, and the prompt response obtained 15 too evident to muslead
seriously It 15 1 the field of so called “subclimical vitamun defi
ctencies” that we feel there 18 » need for more eriticnl thought and
therapeutic testing
There 15 2 basic design for thernpeutic trials  Several workers,
among whom may be mentioned Daniels (4) and Bean (3), have set
down certmin principles of the testing of new drugs and of rations
It would be well for us to adapt these methods to the therapeutic
testing of vitimins  Some of the mmportant considerations may be
discussed  The clinieal trial from the beginming must be properly
designed to give answers to speaific questions, orgamized so that re
quired information 1s avatlable for all cases, and planned to allow
statistical analysis from o collection of unequivocal, unbiased data
The <ample must be large enough, and should be representative of
the population to which 1t belongs  Intentional or unintentional bias
must exther be eliminated or recogmzed  The criter1a of selection of
cases or subjects and the types of treatment must be clearly defined
The routine and umformuty of examination must be established prior
to the therapeutic trial “Control groups” serve as real controls
only 1f they are arranged through proper use of the placebo In
this instance, all observers and workers who deal with the subjects
must be 1gnorant of the rdentity of the placebo as well 1s 1dentity of
the groups  Umiform worker patient contact must be established
The criteria of change must be clearly defined Are these subjec
tive on the part of the observer or trial group” Are they observa
tional or chemically measured changes? Would any of us sugpgest
mtiating and evaluating treatment of anerma on the basis of the
pallor of the comjunctiva or fingernail beds? Failure to employ
chemical and quantitative physiologieal measurements mn therapeutic
testing of vitamins 1s, 1n many instances, equally outmoded Meas
urements of ascorbic acid levels, of serum vitamin A, of urinary exere
tion of water soluble factors, etc, are so commonplace that 1t 1s ordy
narily excusable not to use such laboratory measures except where
one s working under the exigency of field conditions, prison camps,
and the hle Photographic evidence cannot substitute for these, be
cause 1t may be misleading A change of angle or intensity of light
ing has been known to convert a normal tongue into o better magenta
one than 1s ever observed to result from ariboflavinosis
Before setting about upon a therapeutic trial, 1t 1s essentsal to define
the general conditions of the patients or groups  (Seetable1) Are
mtercurrent nfection, gastro mtestinal disorders, and the hke going
to influence the recults? What of the geo, raphuc, socioeconomic and
other environmental factors?  Are they likely to prejudice the trial?
What of the dietary intake! It isbasic that we know the nutritional
ntahe of our test groups One cannot expect to detect clinical or bio-

83



TABLE &
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70-79 _ . 13 42 44 14 21 386
80-89 . - 14 31 41 22 29 38
90-99 _. 10 25 28 20 28 28
100-109 .. . 10 22 21 12 18 24

After Payne and Payte Am J Hygene 32 125 (1940)

chemical changes of amy sigmificance when the nutrient mntake 1s
abundant prior to vitamin supplementation, even though so called
evidences of “subclinical deficrency” are present

Finally, the results of the trial must be searchingly analyzed pref
erably by disinterested statisticians who examine the nternal com
parability of the observations The analysis should be limted to data
that concern measurable facts There cannot be disagreement about
facts so obtaned

The mterpretation of these facts may vary from one observer fo
another snd, hence, lead to dufferences of opmion  The resultant dif
forences yield discusmon Discussion may lead to progress and sold
concfusions, or to temporary compromse Judgments followed by recog
mition of the need so frequently expressed 1n the last paragraph of
articles in Nutrifion Reviews—the need for further study

On the other hand, where attempts are made to support theories by
means of our therapeutic trial, things are different As Maurie
Arthus (7) so delightfully puts 1t mn the preface to lus “De I'Ana
phylaxie 2 Plmmumte ” “A theory 1s & dogma, based on some
arguments of farth Does 1t correspond to reality, to truth?
Perhaps, but we are never sure about 16 In accepting it, we
perform an act of fmith and 1n rejecting 1t we perform an act of
doubt One says and repeats that the theory 1s only provi
swonzal But 1 reality, those who repudiated o theory the} once
proposed or enthusiastically aceepted are very rire

“The great theories go bevond the boundaries of the laboratory
They are usually announced 1n scientific perodicals, the daily news
papers, ete, 1 glowing language The theorcticians find themselves
in the hmehght of pubhaty How could they change their opron

without losing face?
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«And then we see a performance that 1s pathetically sad
Blinded by his passion his immoderate love for his theory, he
has recourse to all means, honourable or not 1 order to defend
1t He has ceased to be a scientist and has become a partisan
Arthus’ final advice, then, 15

“Seck, facts and classify them—and you will be the workmen of
Science  Conceive or nccept theories—and you will be their poli
ticians ”

The facts 1n assessing the value of o speaific nutrient 1 so called
“subclinienl states’ are difficult to establish due to the reliance upon
subjective ratings and the too frequent omission of objective quantita
tive measurements  Most signs of ax itnminosts are not specific ind may
have multiple nutniticnal etiologies as well as non nutritional ones
Thus, the signs most often used as evidence of clinieal ariboflavinosis
are recogmized ns resulting from a very large number of conditions,
cluding chimatological and dental  Tn some mnstances, nutrition may
be but one component which may bear on the occurrence of a physical
sign  For example, oral hy gene seems more 1mportant than ascorbic
acid status m determining the existence of common gingrvitis or its
healing

Lawvers have long recogmzed that two witnesses “see” happenings
differently, even under oath Visual observation 15 disturbingly daffi
cult to separate from ones background, educational experience, or
conditioming  That physicians, as observers, suffer from this inibihity
for complete objectivity has been well documented by Bean (2) Bean
found significant variation in the observations by a group of physicians
traned 1n clinical nutrition and who were using a set of “objective
standards’ during examinations of soldiers for signs possiblv indiea
tive of nutritional deficiency

These same human failings have been uncovered m our extensive
study of nutrition i pregnancy () Our analysis of clinieal signs
wdicate that as ane might antiewpate, the wnerdence of these was w
fluenced by age, parity, season of the vear, stage of gestation, and
examuner The latter exerted the greatest influence 1n several in
stances. A humorous example of thus concerns the examiners’ ratings
of the patients as obese, normal, or undernourished Thin examiners
found more obesity and less undernutrition than did those physicians
who were themselyes ot erweight or who had “pleasinglv plump” wives

(Sece table 2} It 1s apparent that, in spite of efforts to dev elop ob-
Jeetinity jone cannot regiment judgment

Unfortunately, the use of a single observer 1s no guarantee of con
“taney of subjective rating  Over n period of txme, the expertences of
the observer may alterluseriteria  ‘The tendency to rate tindings on a

relative basis within a group 1s recogmized by all of us who have had
the experience of worhing for some time with a Jarge <ample at one end
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of the nutritional scals and then shifting to another sample at the op
postte extreme

Another feature of the therapeutsc trial that 15 open to speculation
1s the duration of therapy Where, 1n the field of medicine—aside
from vitamms—would one give speaific medieation for months and
years wath no chmieally detectable mprovement and have the courage
to state that the drug may still be benefiernl? It seems mcongruous
that wn frank vitamin deficiencies, which in areas of the world where
these are prevalent must oceur m chromeally malnourished subjects,
the therapeutic response to specific vitamuns 1s prompt and dramatic
Yet, with the so-called “subelinical” signs of avitaminosss, the lack of
tharapentic response 13 often attributed to an wnsufficrent length of
treatment Scars and irreversible stigma of malnutrition do oceur,
such as sheletal deformities from rickets, serious gorter from 10dine
hch, ete But these findings, sufficiently documented to withstand
mquiring sexentific exa tion, have lted from rather severe
states of recurrent defictency of obvious clinieal degree

Despite this, we would not advise tbandonimg efforts to Jearn the
effert of therapy upon slowly altering lestons  Instend, we plead for
recagmition of the pitfills of mvestigation during the design and exe
ention of thestudy  The natural history of the disersen the partreular
setting and s unple must be recagruzed  To iHustrate  Keratosis pil
latts wnd suntlar dry, mildly hyperheratotic lesions of the shn soften
wid becomne less noticenble during narm months and more apparent 1n
the cold season . therpeutic trial of “X nutrient’ wstituted m No
vember and disconttnued m August mught lead to some strilang dafa
supporting the ¢ effectiieness” of a tot 1l useless ngent

In studsing the protection agmnst relapse offered by an agent,
one nught also be musled by the nature of the disease  Take the ex
ample of pernicious anemig  wathdrawal of maintenance Iner extract
thesapy may be followed in some patients by exvcellent health and
satisfactary heratological Jevels for perzods wp to 5 years A fon
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Frovre 1 —Five years of study on obstetrical patients shows gradual increase in
Jevel of ribnflarin rtatus on urinary excretlon

cuch patients treated with an mactive substance could trap the un
suspecting mnvestigator

I:nally, 1n long term therapeutic trials 1t must ever be borne 1n
mind that we are studying the human  Man’s station 1n hife, his edu
cational experience, income dietary habits, and so on change--some
times msidiously  These attributes in groups alomay vary Toillus
trate, during the nearly 5 years of continuous study of the population
of obstetrical patients attending the Vanderbiit Umiversity outpatient
clinic a gradual inerea<e in level of rboflavin <tatus seemed indicated
by data on urinary excretion  (See fig 1) If such trends comerded
with alterations important to the therapeutic test at hand, they could
be quite musleading  Since one cannot control the habits of human
subjects we must measure those characteristics which may be espe
cially mportant, 1n order to take them mto account in interpreting
experimental data If this cannot be done the limitations imposed
by lack of such information must be recogmzed

Lastlv, one comes to the considerations which we place first 1n our
thoughts concerning any recearch on the human, including the thera
peutic trial  What 1s the ethieal justification for a particular n
vestigationt What benefits mav accrue to the subjects under study
ortoother pitientsasaresult of the study ? Isthert a hazard involved
due to the agent to be admimstered or to the restrictions or procedures
required for completion of an experiment designed to evaluate the test
substance? Do the conditions which make possible the critical con
trol of the human subjects arse under circumstances which offend
our sense of moral and economic responsibihty 7 Is there a member of
the investigative team who 1s qualified to appraise the unexpected
situations which mav arise? These and related considerations must
be answered by each group of responaible mvestigators There can
be no generally apphicable formula for determining the answer

Autnitional testing deahng with several levels of disease 15 posuble
The tremendous progress i under-tanding experimental design and
1n defining methodology during, the pact 15 to 20 vears should be used
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m the construction of such studies We have rawsed for jour atten
tion some of the considerations mvolved Properly designed thera
peutic trials will serve as wideming paths toward truth, unpraperls
designed trials will lead us deeper nto the overgrown jungle of con

fusion
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Yitarmn Adequacy and Speatfic Metabolie Functions
Tayosp Syt

Rinchemical Instifute and the Department 0f Cremystry
Clayton Poundation for Pescarch
Uniteraity of Tezar

Today T would like to exvamine cortam aspects of the problem of
how vanations n vitamm ntahe affect specific metabolie functiors
1n liwing orgamsms  Time prohubits amthing appronching » com
plete review of this topic, 1 have chosen inetead to di enss at an the
hght of experymentnl findmgs with micre orgmmEms, poirting ont
where possible, the obvious corollaries that may exit in ammal nutr
tion  Moct of these experimental findings wall deal with » g e
nutrient, vitamun B,

Recent vears have seen rapid adiances 1w our knowledge of how
vanious vitamins function 1 metabolism  In every case so far ex
amined, a denivative of the vitamm funetions 1n combination wath
one or more protemns to form a conjugated protein 18 reqmnid for
promot on or catalysis of some bodily function  Moat commanly, the
vitamin derivatives 1n question are the coenzymes, the protans are the
corresponding ap ymes, and these o to yield the fully func
tional holoenzymes,

required for catalysis of a great variety of
chemical reactions within tha cell

Suboptimal mtake of an essential 1itamin obviously should result
im decreased synthesis, and hence to a decreased tissue concentration of
those coenzymes denved from the vitamun  Thus the witamun B,
content of t1ssues 1s decreased during a deficiency of this vitamun (24),
correspandingly, Bellaw et ol (2) subsequently shosed that the Jey el
of codecarboxylase (pyridoxal phosphate) 1n rat tissues was directly
dependent upon the amount of pynidoxine fed {table 1) 1t1sinter

esting to note that although 15 pg of pyndoxine per day sufliced for
maximum growth, lngher imtakes of the vitamuin further 1ncreased the

coenzyme content of the fissnes  Similar data were obtamed with a
representative vitamin B, requiring bacterium,

east, and fungu
Commonly, a single coenzyme may be required ¥or cx;taly s18 ofgmzny
different reactions Far example, a recent review (£2) lists 22 duf
ferent enzymes that require coenzymes derived from nicotinammde
14 that require coenzymes derrved from nboflavin and over 30 tlmt,
require coenzymes derived from vitamin B, .

Any deerease 1n the
3 OB !9



coenzyme Jevel of the tissues consequent to s deficient vitanun 1ntal,

should thus reflect 1tself eventually 1 a lowered cipacity of the (xmz
to carry out certamn of the reictrons dependent upon such coenzymes
Thus, 1 strikmg reduction m the ability of cells of Streptococeus
faecalis to decarboxylate tyrosme (8) and to earry out certam traps
amimation rewctions (77) results when this orgamsm 1s enltured
media low 1n or free of vitamm B, (t1ble2) It may be assumed that
2 smlar Jowering m the actiities of uridentified essential enzymes
m higher animals produces eventually a met1bolie derangement re

sulting m producton of the characteristic symptoms of vitamn
weficiency

TABLE 1

Copecareoxyrase (Prrivoxat Proserare) IN Rat Muscre ix Revatiox 1o
PrripoxiNe Feo (£

Codecarboxy las
Pyridoval fed contene‘g( ¢
muscle
‘ Pyndoxal
pg per day units’ per mg
dry weght
Y 019
27
15 . 65
50 26
TABLE 2

Frrior of VivasunN By CONCENTRATION Ox THE TYROSINE DFCARBOXYLASE AND
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symptoms of vitamun deficiency ¥ hy, then, are not tests of speafic
metabolic functions, e g ,the tissue levels of hnown vitamin dependent
enzyme systems, more widely used in the detection and study of <ub
clinteal vitamin deficiencies? Difficulties in obtuning appropriate
experimental material aside, the answer to this question lies probably
In two directions I arst, such alterations 1n cases so far studied are
usually quantitative rather than qualitative n nature, and suitable
norms and the extent to which “normal” individuals may vary from
these nre not yet established Second, with few exceptions, those
enzvimnes <o far examined have not shown readily measurable changes
before other more readily observable deficiency symptomsappear The
reason for this may lie simply 1n observation of the wrong enzymes
Indnadual apoenzymes vary in the avidity with which they combine
with their coenzymes, 1t may be expected, therefore, that as the coen
zyme level of a tissue decreases due to vitamun deficiency, all of the
coenzyme dependent systems will not be affected equally  Those with
ingh affinity for the coenzyme should remaun maximally active, while
those with lower affinity should decrease in activity That this 1s true
nmong the vitamin B, dependent enzymes can be seen by agam refer
ring totable 2 Cells of Streptococcus faecalrs grown with high con
centrations of vitamin B, (e g, 40-100 y of pyridouine per 10 ml )
carry out transamination between glutamate and pyruvate at a rapid
rate, and also actively decarboxylate tyrostne At an appropriately
reduced concentration of pyridosine (e g, 0440 y of pyridoxine per
10 ml ), but one that still suffices to perm1t excellent growth of the
orgamsm, the abihty of the cells to decarboxylate tyrosine 1s grently
reduced, whereas the rate of transarmnation remains unaffected (8)
Under these conditions the activity of another vitamin By enzyme,
the alanine racemase (26), also must remain at a level of actinity fully
adequate for growth, since synthesis of b alamine 1s the growth himit
ng reaction under these conditions (14 23) However,1f p alamne s
supplied preformed growth becomes possible without added vitamin
Bs (24), and the cells obtamed cannot carry out the transamination
reaction (I7), racermze alanme (28) or decarboxylate tyrosine (8,
16} Addition of pyrnidoxal phosphate to dried cells obtained in ths
fashion restores all three of these actrvities

Thus, one should not expect all of the enzymes dependent upon a
given vitamun to decrease 1n activity during a deficiency of that vita
min of the degree that occurs naturally, or even that can be induced
experimentally  Those enzymes requring the lughest concentration
of counzyme for actnation should be affected first, and their reduced
activity muy suflice to slow growth or mduce other defictency symp
toms before the majority of the enzvmes dependent upon that same
coenzyme show anv reduction n therr activitses  Sinee we do not
hnow all of the enzvines dependent for activity upon any of the coen
7ymes, those most <enwitive to lack of thewe <ubntances, and hence most
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useful for the detection of nutritional defiuiency, may have esciped
attention

Only 1 few of the many known vitamm B, dependent enzymes have
been followed during experumentnl vitamun B, defictency 1n wmmals
Those that have been followed confirm the yiew deseloped above
Thus the Jevel of cystemme desulthydrase activity m livers of vitamm
B, defiient rats decrenses markedly to about 27 percent of the value
1 control animals within 3 days following withdruwal of the vitwmmn,
within 7 days the activity had decresed to 18 percent of the value m
control anumals (28)  Others (72, 79) also have noted this raprd de
crease In concentration of this enzyme, after 73 to 51 days on a vitamm
B, defictent rrtion, Mester ef a7 (19) noted the complete bsence of
detectable levels of this enzyme m 6 of 10 rats tested It appears
probable that the level of cystathionase falls off at o sumlarly rapid
rate during vitwmin B, deficiency (4,26) In contrast, the glutamate
nspartate trinsamnase of rat heart muscle 1s reduced only to 66 and
40 percent of the control value after 2 and 6 weehs respectively ona
vitamin B, deficzent diet (1) and the glutumate alamine transaminase
activity of rat Iivers falls off at a sumlar comparatively slow rate {19)
There 1s every reason to suppose (20, 22) that the enzyme of rat hiver
cleaves threomne to glycine ind acetaldehyde and 15 2 pyridosal phos
phateenzime The rctivity of this enzyme, howeser, 1s not suppressed
by experimental vitammn B, deficiency (£7), mdic g an affimty be
tween coenzyme and spoenzyme such that the latter 1s saturated even
at the lowered coenzyme concentrations 1n titoues of defictent rats?

I have emphasized these points because they appeir to have been
msufficiently recogmzed m the past  Relatnvely few studies of the
relationshup of mitamm intahe to enzymatw function have been made,
very few of these, i turn, have made any attempt to compare the
rates at which various enzymatic activities fall off  For espermmental
nutnition, however, this 18 important informaiion, because 1t 1s pre
sumably those enzymes most ripidly affected whose hypofunction
eventuates in the first ohservable symptoms of vitumn deficiency I
these were hnown, therr determination might provide the means for
detection of subelinical vitamun deficencies and hence permut ready
evaluation of the adequacy of vitammn intike  The sensitivity of en
zymes concerned with sulfur metabolism to vitamun B deficrency,
described earher, may explan the observed enhancement of symp

JENNSISSREEEY

1 Bimitariy the « keto acld {a ot reduced fn animals held from
73 90 days ob & vitamin B, deficlent dtet (19)  Whether this transaminane (like 213 others
ur far descstbed) i8 8 vitamin B, enzyme {s not yet known however 88 Melster et al. (19}
point cut the fallure to abserve decretses in its activity in vitamin Bedeliclent xatmaly
should not be conaldered evidence against this possibility

2 Just as the sffinlty of apoentymes for their coentymes vary so should thelr afinlty
for varloue coenzyme anpalogies vaty There is however no reasen for these efnitles
to paraflel one Another exactly For this reason # vitamin deficienes indiced Y feediDR
2 vitamin snnlorue need not wimnlate exactly that tnduced by deprivation of the +itamin
sinve the enzyme deficlencles leading to symptoms may differ In the twa cazes (cf (12))
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toms of vitumn B, defi y when Jugh ts of sulfur contun
1ng. amno acids are fed to rats (6, 71,26) It suggests the feasibihity
of 2 “load test for vitamin By sufficiency in winch the sulfate output
following a test dose of ¢ysteine 1s compared before and after admm
istration of the vitamuin  If the apoenzymes of man have similar af
fimties for thewr coenzymes as de those of rats?, vitvmin B, deficient
mdividuals might be expected to form and hence excrete sulfate under
these conditions more slowly than indisidaals in an optimum nutn
tional state

Thus once those enzymes that are unusually sensitive to vitamin
defictency are discovered, 1 rational basis for devising switable load
tests, and by pasung the necessity for tissue samples, should be at
hand  For present lond tests represent nothing more than differences
m metabolic eaprcities of experimental and control subjects, and such
differences obtiously must hue an enzvmatic basis  The test load
serves to magmify the observable difference by more nearly saturating
the enzyvmes concerned with substrate, thus causing them to work at
more nearly their capraty  Current tests of tlus nature used ex
permmentally 1n suspected vitamn B, deficiency consist 1n admim
stration of a test Joad of alanine or of tryptophane With the former,
n unusually Ingh leve]l of blood urea results mn vitamin B, deficient
as compired to normal (or vitamin supplemented) subjects (18)
The enzymatic bisis for this difference 1s unhnown In the trypto
phane foad test, 2 test dose of tryptophane results in enhanced ex
cretion of xanthurenic neid by deficient subjects as opposed to normal
contrels (13) Tlus result can be rationalized by assuming that the
excess of tryptophane normally 1> metabohzed in part 22 reactions
{a) through (e) below

tophane

//,. hynurente acld
(a)

Eynurenine Anthrantlic acld+alanine

(1) [$2]
3 Hydroxvhvnurentne————— 2 Amino-3 hydrox @)
benzoylpvruvic seld—~————— \anthurenic acid

«©) (d) (e)
3 Hrdroxvanthranilic acid+alanine+ (= )->nicotinic acid—s metabolic products
o~

The enzyme hynuremnase, effectin,. reiction (¢) 15 a prridoval phos
phate enzime and has been shown to occur i reduced amount 1n vita
min By deficency (o 70)  Reaction (c) 1> thus <loved, wnd 3 by
droxvkynurenie may secunmlate s imcreased concentration forung
metaboliam throu h reactions (f) and (g), thus leading to excretion
of xanthureme neid  Rewtion (f) alwo 1s catalyzed by a vitamm B,

* Since the cotresponding jroteins of ¢iffer ot species are Immurologicall distinet and

| tee vary moa urstlv In structore there 13 1o reason why this must be so De erth less
High)r talility e clo ¢ similarity % uld exlst
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aince production of catbon dioxide by decarbovylation of part of the
tytosme would then be favored (16)  Tlus, then, constitutes a strik
ing. demonstration of the dependence of the requirement for one nutra
ent upon the level of others present  Thus with vitamin requiring
bacterya, there 15 no such thing as an optimum “intake” of the vita
min that ean be spectfied apart from the ration of which 1t 15 one
component  One may at least suspect that a sumlar situation will
be found tohold inanimals

Comparatinely few examples of the above nature, where a high
mtake of a given nutrient can be harmful, innocuons, or helpful de
depending upon the environment, have been described  Much more
commoen nre those cases where the vitamin requirement may vary
ereatly on rations of different composition, but amounts over and
bove that necessary for maximum growth are harmless  \n extreme
cxample of this type, agun tiken from bacterinl expertments, 1s
<hownntable4 The vitarn B, requured for half maximum growth
of Streptococcus faecalis varies from zero on a medium coraplete with
respect to known phystologically important amino acids to over 100
my of pyridosamne per 10 m) n 2 medium i which « hydroxyiso
caproic acid s substituted for the amino acid, leucine (15)

TABIF 4

Compara™E ViTamin By REQUIREMFNT OF StrEpTotoccls Fakcaits yom
ROWTH WITH Amino KhETo oR Hyproxy Acios (15)

Additions to appropriate deficient mediym *

Acid corre ponding to Amino acid heto aerd Hydroxv acid

Pyridoxamine requited for half maximum prowth
m ug per 6 ml

Hitidine o
I=oleucine 0 g g o 100
Leucine 0 27 O3
Tryptophane 0 17 )

yF0o e [} ]2 O
\ sline 0 47 60

SN utritonally adequate & cett for the metsbalite ndinted and ritamin By
! T e3c hiydroxs acids cannot Teflace the corre<ponding amine acds f F growth even In the presence of

10ug of pyridoxamine per 6 ml

Tt may be n~sumed that varations «imule iy miture to these,althou h
perhaps of smaller magnitude due to the greater constaney of t.}.w
nutntional and ternal environment, occur i the requirements of
emmals for sarious suammns Indeed, the vitamin B, requirement
of rats 15 hnown to increise as the protein content of the ration 1 in
creased (21), and to vary with the content of the ration 1n specific
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unino seds (7, 727)  The magnitude of the variation that ean exst
has not been determimed  Because the magnitude of the requrement
for » ntamun may differ on different remmens, and because during
suboptimal vitamun imtahe the vitamin dependent reaction that lm;ts
physiologieal well being may + ary stmilarhy, it may be overoptimistie
to believe that any single test of a4 spemfic metabohe function will
suffice to mdirate whether or not the vitamin mtake of an mdnduat
15 sufficrent

In summary, we have seen that the rates at which spectfic vitamin
dopendent enzvmatic resctions decrease durmg vitamun deficiency
vanes markedly from one reaction to another, and that this 1s a con
sequence of the differing fimties of the mdividual apoenzymes for
thewr common coenzyme Insufficient mvestigation of such rites has
been made, and, 1n general, we do not know which enzymatic reactions
are most sensitive to vitamin lach  When this information becomes
available o rational baws for devising really sensitive load tests for
eviluation of nutritional adequacy will be available  Such load tests
1epresent 1 essence simply an overloading of one or more enzymes
with substrate, thus causing these to work at thewr maxamum rate, and
emphnsizing 1ny differences that ¢ ist between expertmental and con
trol subjects

It appears from current knowledge that there 1s no smgle “opti
mum” mtake of 2 vitamin, but thet the optimum amount mvy rary
signmificantly from one regumen to another Because of this, 1t may
be that no single test for adequacy of mtahe of a grven vitamn can be
devised
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Discussion

CrampmaNy NELSON

Dr Bewey you mentioned the fict that there are a number of conditiona in
which the vitamin A of the blood serum may be low due for example to Infee
tions  You s2id in most cases vou cnuld determine that this was due to some
abnormal conditlon How can you determine that? What guldelines do you
have¥

BFSSCY

The guidelines are the same in mv opinfon #< the guldellnes the physiclan
uses for eliminating 8 second noswibility when he is considering any type of
patholozical aituation This ssunds lke evading svour question 1 suphose
that {s the cage but the only reported cases of vitamin A being low in the blood
due to conditivns other than vitimin A deficiency have been fnfections proces ex
that would cause no trouble in recognition

That 13 the onlv guide and there is no real certainty  You have to work on
the basis of the odds being verv great Let s sav If you examine a population
with re pect to this and find 20 pervent with vitamin A below this accepted fig
ure it { nt likely that vou are going to have 20 percent of these people with
infections processes without their belng aware of it But I think there is no
way of guuranteeing that this s the ¢ase 1 think §t {s true £ both vitaming
A and ¢ as well ax the cther vitamins  Anv time the levels drop bel m a given
point it 1 presumpthve evidente that vou may have tr uble It is not certain
that von mav have vitamin A (r vitamin C deficlency {n the cawe «f the lack
of vitamin A or ¢ but the chance are ¢ xxd
SERRITT

One of the things that came out «f the nutriticnal pregnancy &tndr was that
we had falled to recs gnize normaley ¢r pormal trychological [rxes es {p the
past

Under normal circum tanees we fevl there are hvdration phenowena in g ren
naney and we have an umed that the n rmal bew 2! Vo level tr Qi tingul k
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between the anemic and the nonanemlc has 10 g of bemoglobin  In pregnancy
when a peah hydration ie present that lower Hmit of normal must be dropped
Ve Qidn't Uke the Jdea It took us by «wrprise Bnt it drops down te abeut
93 & hin and stiil s A normal plcture The reverse is true of
urite carotene and urlnary excretion of wropepsin It goes up and reverts fo
normal postpartum and I thiek with 21 of these we will mate a plea for recogni
tlon of an Infectlous status so far as the whole Pproblem s concerned

CARTW RIGHT

With r,e;snect to the evaluation of blood level In a normal subject I think
one of the biggest problems occurs when Infectlon or fever {s pre ent A whole
multipliclty of changes take place The cell contents in the blood are mordified
by afection

Tno or three of the vitamins have been studied including vitamin A gnd
1t has been shown that fnfection will marhedly smodify the vitamin A level Safi
clent studles have not been performed with patients with exiremcly mild {nfee
tiony such as common colds and pharyngutis to determine nwhat InBuence these
have on plasma level Those substances which have been studied fn the blond
have been shown to be altered markedly by even such small {nfections as the
common cold  Therefore going into any population group would necescitate 2
complete medlical history and physied] evamioation especially nith regard to
tliseases suffered in the several weeks prior to the survey

OSSFRVAN
Is there evidence to &how that the serum acld level §s i iy de-
pressed by an acute alarm or rente stress situation?

BESSEX

The evidence on the serum ascochlr acld 18 not sery clear There sre reports
that it does decrense and others that it does not X think it is fafrly clear
that under continued stress counditions ascorbie geld disappears somewbere [
am referring to the work done in the studies on burng in Bastan which showed
that you must give very much lnrger amounts of ascorbie acid in order fo get
equivalent excretions under chronle stress «tich as a hurn  Howeser in most
cases, the blood level wasdown

1 dton t know from per<onat experience but there are conflicting reports In the
terature as to whether blood levels alnays go down ns 8 resalt of geute stress.
It goes down In the adrenal plands but it fspt certain that this means the
asordbte acid is used up It just means [t disappeats from the adrenaly How
ever, it dvesnt go donn in the lver or cortain other tissues In the anfmal {n
acnte stresses as fn the adrenals It may be / tratsfer out of the adrenals

The requirements for ascorble acid based on using blond Ievels seem to be
incieased in neute stresses It Is pot clear

ROBLRT ¥ KARR (Univerdly of Ilinpis)

e have studled the stresces and the udrenal gland in man  There s o rize
of ascorbic acid in serum  Under situntions whete you have distress of guegery
as shawa Lo work done by Dr Fmerson here wheve it v a fault of ascorbie ackit
that can be bloched by stimulating the adrenal tland with ACTH and instead of
havin, eotmplete drop you will get a bit of a rize

OSIERMAN
It {s indicated that the ascorble ncld fs not belng utllized for sterold productlon

hARK
"The adrenal accorblc f¢ld has nothing to do with steroids
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OSSERMAN
The small carbon fragments of the ascorble acid molecule can be used for
sterold production

WARLM

Certalniy but how much 1s used docsnt matter altogether As I say when
you have gross surgery you can stimulate the adrenal glands and they will
react pretty much in the normal way

AL h HORWITT (Flgin State Hospital)

1n reporting the reults of long term analysis under conditlons where you are
trying to evaluate nutritional adequacy, and eliminating those conditions of
stress which might come from burns and from surgery and only considering the
futercurrent lllnesses that come Ju the course of a 3 year observation In our
studies we did not observe any changes due to cold or mild infections that would
have affected our interpretation~—on ascorbic acid riboflavin and nicotinte acld

St FCTOR

Dr Unglaub might be able to answer this W e would lke to hear what experl
ence has been had with the test recommended by Dr Spell of loading up the
body with @ certain nmount of tryptophane and then mersuring the excretion of
aanthurenic acld {n the urine as s measure of pyridoxine deficfency

LNCLALDB
We discovered that would be covered more clinlcally under metabollc studles
As you know the try load te<t to prridoxine d y 13 re-

ported by Vilter In his studles with pyridoxine He has found that the excretion
«f xanthurenic acid folloning such 1oad tests s not as rellable en index in adults
as in children On the other hand these studies reported by Dr McGanity in
more detall show there are xanthurenic acld excretlons during pregnancy How
many of the<e rtudiet have been done and correlated with given levels of Intake
13 rnother matter

Pyridoxine deficiency has not been observed under normal circumstances and
I think when these things are interpreted yon bave to take into conslderation
the possible effects of any antagonist that Is used outslde of a simple displace-
ment of the vitamin involved You have to take Into consideration that these
antagonists may have specific effects of their onn
McGANITY

‘Worthstein and his group were responsible for the only serions crlticism that
can be feveled on basic interpretations of the pregnancy studies and that {s that
the perlod of time during the study—the jmmediate 24 to 4% hours following de-
iivery—Is the period in which the most rapld changes in electrolyte and flnid
Lalance take place Our feellng Is that it shonld be repeated on a trimester
basls or following a serles of 10 cases
JOYIIFFE

T would like to 26k Dr Loglavh & guestlon  There was no correlation betw eent

the urinary excretlon and the clinical signs of riboflarvin {n the Newfoundland
study?

UNCLAUR
That is right

JOIVIFEE

‘The record up there shows a correlaticn at s level of less than 001 for at least
three clinlcal figns according to the stati tical analysiz
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I B PFTT (Dept of \ational Health and Weltare Ottana)

1 would like to cite the statistical paper | resented by Dr Crampton in refer
ence to some of the problems of blood valnes that have come up In all the papers
“amelv when you are dealing with means you often get & wide deviation of
results and when you compare the mean of one population with the mean of
another population you are faced with a questlon of whether it Is true \s
Dr Besse) xqld-~there 1s n diffcrence but it is nct a significant difference

The idea suggisted by Iir Crami ton Is actually a suggestion that would per

mit A more nccurate evaluation of the jlace of an indivldual rather than the
mean of the population






IV Eraluation of Mimeral Adequacy

Balance Studies With Macro-Tlements
D M Higstrp

Department of Nulrition
School of Public Health?
Hartard University

As I wnterpret my assignment todny, it 15 to evaluate the bilance
methiod as 1pphed to the so ealled macro elements—caleium, phos
phorus, magnesium, sodium, and potassium  The extent of our hnowl
edge about nutritional requirements of these various mnerals saries
a great deal Essentially, everything recorded relative to adult re
quirements for caleium, phosphorus, and magnesium has been obtuined
with the balince method  Our knowledge of sodium and potassium
comes to a considerable extent from climeil experience 1 am con
cerned primarily with the balance method and 1ts shortcomings or
advantages In evaluating nutritional requirements or the adequacy of
rations I shall speak principally of ealeum because our data for
tlus mineral are more extensive than for other minerals, and 1t has
often been sud that caleium 1s the nutrient most often laching 1n com
mon diets, but I believe that in general the comments apply to other
minerals as well

In 1941 Dr Sherman (74) stated the general conclusion at that
time 1 his well known text, “The method wihich permuts the most
direct approach to the question of the amount of caleium or phosphorus
needed in human nutration 1s that of the balance experiment *  Shohl
(15) had pomted out, however, that “This method can never g1ve more
than a bank balance, 3t cannot state how the mcome was mvested
but only how much was spent ¥

This eriticism does not include the most serious fault of the balance
method  One would like to know where and how the calcum, for
example, 15 distmbuted 1n the body under various conditions, but we
mry perhaps expect that 1f sufficient 15 provided, the body will utilize
1 and distribute it satisfactoraly  The fault of not telling us how the
meome was invested may not be too scrious when we are concerned
with requirements

* Stodien on ecalelum 0 this
F ANt A-1B10 from the National Institute

bave been by v & arch
of Arthritts and Metabolic Diseases
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The real trouble with the balance method which has not been and
1 St;)“ not generally appreciated, 15 that 1t daes not tell us how large
o};xr ank balance 15 It tells us what we put m and take out but not
the size of the balance  Most of us like to know the size of our bank
balance In 'lylean pertod we may want to druw on 1t more heaval
than usutl  We want to know how much we can take out and what
the consequences may be  On the other end of the scale, wo like to
know how large our account 15  If 1t should get too large, T am told
that one may wish to invest the funds m other actrvitaes that may be
more useful or profitable, rather than simply hold them 1n the check
g account

The balance method wpplied to nutrition studies usually presents
the same problems Not knowing where we start, 1t tells us whether
or not we are keeping even, ganing, or lostng  To Justify the use of
the balance method as a measure of requirement or vdequacy of the
diet, one must make a supposition at the begmning that may have
little real meaning This supposition 15 usually stated 1n the paper
as, “The studies were done upon x number or normal healthy md
viduals” This statement means a great deal, of course, but at the
same time there are many things 1t doesn t tell us

How hittle 1t may mean mn terms of calelum requirements 1s evident
when one compares studres done on subjects accustomed or adapted
to different caleium intahes

‘We studied the amount of calcium required to mantain balance
i Peru (§) on “normal” adults in the penitentiary These subjects
had essentially no mlk in their diet and had had low caleium 1ntakes
for many years About 02 to 03 gm per day were required on the
average for balance

Simular studies done principally m this country on “normal” adults
grve us values of about 05 (13) to 07 (70) or even higher It 1s more
surprising perhaps that the response to added caleium seems to be
about the same (fig 1) This 1s seen by the nearly prrallel slopes
of the regresston lmes correlating intake and excretion obtained by
us and by Mtchell and Curzon (Z0) As the itake 1s rased, positive
balance 1s produced The degree of positive balance obtamned for an
erease from the mtersection 18 essentially the same for the tno hines
This seems particularly significant to me because I feel that 1t 15 2
brological law that the body makes more eficient utilization of a ntt
trient when the body 1s 1n need The people accustomed to the low
cilerum chets apparently do not retrin added calerum with any more
efficiency than those adapted tohigher intakes

One can approach the problem of balances from an entirely logical
pomt of view rather than a study of the expermmental data By this
1 mean simply that all so called normal adults whether they are fvound
cting low calcum diets or high calerum diets are en balance Nutri
tionists have traditionally looked with horror on negative balances
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Figtre 1 —The relation between calclum excretion and intake in the datn sum
marized by Mitehell and Curzon (16) and those obtained by Hegsted 2 al (5)
The regression lines are es<entially parallel

ind with favor on positive balances  Now from the long range pomnt
of 1iew 1t 1s evident that neither 1continued positive balance or & neg
itive balance 15 desirable I the former 15 continued, the adult wil}
end up s a block of caleum phosphate  If a negative balance 18 con
tinued, hie will end up without any bones Neither of these 15 generally
found Thus 1dults in general are mn balance  The studies of ( obb
{1) suggedt that calenom retention may continue until age 30 or so,
and that Josses of calerum mny be common after age 65 Whether this
15 true or not we do not know If it 15, we have no indication as vet
as to whether 1t 1< desirable or undesirable 1n terms of henlth nor
whether ealeiam intakes would exert more than a temporary effect

One may reach the conclusion upon theoretict]l grounds that the
amount of n nutrient required to mantain balance 1n a “normal adult’
15 that amount which histraditional diet supphies

The aimplest explanation of the adaption to different intahes would
be to compare the body to 1 leahy bucket W ith obsvious over sumplt
fication, one may consider the dia, rums 1n hgure 2 The arrows at
the top indicate the amount of intake and the arrows at the sides the
Greretion  I{ one pours n 0 8 g of ealaum per day inan “ adapted
<ubject, the output 15 8150 08 gm  The <ame 1~ true of the subject
adapted to 04 gm per dy Now af we imcrews the mtake of both
buchets by 02 ¢m per day, the level will gradually nerease for a
period and both %l bk 1 poutive balance  Fanally after the adjust
ment peried the output will eventually reach the int ihe and both wall
then bx 1 balance
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Usual Status Intermediate New
Kﬁ Stotus Equilibrium
L T

Subject = W £ “m E
Adapted intake c <
raised “odoption”
to = ? £ —
8gmfday L
Intoke 8gm Intake = 1O
Qutput  Bgm lntek:>0u8m otps 1 om
put
_ﬂn:a o Balonce + ous’:l.:x’nce' %qm
Subjest E‘ intok \m g i £
e
Ad(;pied 'Eé‘ roised _E “adaphion £
o —3»
4 gmJday L Cr‘ 2
infake  4gm intoke 6gm Intoke 6
Qutput  4gm intake > Qutput Qutput ng
8alanice O Buatance + Batance @
FIaure :.”——Slmplmed scheme to demonstrate balanee at varlous levels of intake
on to ntakes and the adaption’® te a change
in intake

Now 1t must be recognized that we hnow essentinlly nothing about
the size of the mcrement i ealem, aACa  Carrying our snalegy o
httle further, the effects may be quite different depending upon the
shape of the buchet (fig 3) The body content may change much
or fittfe after 4 chetary change It might be the same or very different
m different subjects Of course, the size of ACa 15 not so important
as any effect 1t may have upon health  Of tlus we know practically
nothing

I hope no one will take these dingrams very sertously While we
know that rusing the intake will increase body stores at least some
what, we also hnow that there are many homeostatic mechanisms
which the diagrams ignore Certainly the body ealeium 1s not pro
portional fomtake  People from populations adapted to low calcrum
mtakes are usually of smaller stnture, cruse unhnown, but the sheletal
size 15 certamnly not proportional to ealewm ntake Endogenous
factors charactenistic of the indsvidual contro] the kidney excretion to

= large extent (8, 17) It 15 posaible that thewe may be related to past

dietary habnts
In this regrard the recent work of Henry and Kon (6) 1s sigmheant

These workers fed rats different levels of calcium from weaning to
approximately 2 yeurs of age The ammals on the low level grew
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Fioure 3—The amount of material gained by the body as the intake Is rafised
mav be variable the same large or small This 13 unknown at present

somewhat more slonly and bone nsh was somewhat lower for a time,
but eventunlly they caught up to those on the ugher calcium level
Throughout Iife and even 1n old age, howezer, they retained calctum
Detter than the high ealcium group when tested upon a low ealeium
diet The authors suggested that perhaps with some degree of cal
cium Testriction, the bone salt 1s deposited 1n a form which exchanges
Jess rapudly It leads one to speculate that perhaps when high levels
of calelum are fed over long periods the “calcium retaming mecha
msms, whatever these may be, might have hittle work to do and be
come atroplied One can think of many instances, of which the
musculature 1s the most obvious, where exercise of the function 1s nee
essary to heep 1t operating efficiently It 1s well substantiated that
negative ealerum balances are common m old age The traditional
view 1s that we should load up so that we will be well prepared when
this time comes It 1s possible that thus logic 1s completely false
1\ e should recogmize the fact that we do not hnow

With regard to magnesium the summartes of Duchworth (2, 3)
are of interest  On the basis of balance studies he estimated the mag
nesium requirement to be about 250 mg, per day  The actual intahes
in England were found to be related to the economic level or the ex
penditure for foods  The two lower income groups evaluated did not
reach the estimated requirement As is clear from the discussion
<o far, 1 Qoubt that lns approach s useful  Toweser, the reason for
pomnting these findings out 1s simply that the approich to requirement
and estimation of the extent of deficiency 1s exactly the same as has
been used for caleium  Based upon the data available we should be
asworried about magnesium as we are about caleiom

Very little 15 hnown about the requirements of sodium and potas
sium  There appears to be no reason to cuspect defictencies m usual
diets consumed by human beings  Defictencies of potasstum are now
recopmzid ns not uncommon 1n certain chmcal conditions (7)  The
mantenance requirement of sodium 15 hnown to be low as shawn by
studies upon the low «alt diets (7)  We should note that the<e levels
of sodium ave much lower than are required to maimntain balance 1n
the average indnidual and that mportant adaptine mechimsms
come into pliy to conserse sodium vwhen les-e- 1t the sweat are i h
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;t :Vlll also be recogmzcd that 1t takes some time to reach the adapted
ate

Before concluding we must pomnt out that balance does not mean
that the output and intake are equal all the time  TWhether & subject
1s 1n balance during any partieular period depends primanly upon
the accuracy of the study  Since diets vary and other physiological
and environmental factors vary, balance means only that the positive
and negative values are equal  One can only expect thevefore what
1s found i practice (4, I2), that m & group consuming ther usual
diets, approxmately half will be 1n negative balance and the other
half 1 positive balance The common conclusion, that the half of
the population found to be in negative balance of the nutrent under
study 15 underfed with respect to that nutrient, simply 15 not vahd

One reaches the unfortunate conclusion therefore that we sumply
are 1gnorant of the calrum, phosphorus, and magnesium requirements
of the adult Our estimated requirement of calcium of around 07 gm
per day sumply reflects the dietary habit of the population upon which
the studies were done Had we worhed 1n areas where milk and other
calcium containing foods were less common, we would have arrived
at estimates of perhaps half as high It seems apparent that if we
continue to apply the logic we have been using, our estimates of require
ment, will mcrease as the intike increases with no end m sight We
are desperatelv in need of other methods of determining requirements
of these minerals and their effects upon health It would appear hikely
that studies done upon groups consuming low diets will moie probably
give ustheleads we need than when the diets arehigh

Most of us have told our students about the Voit protein standard
It seems that Voit determined the intake of the Bavarian farmers,
thought that they were healthy, and therefore decided that this ought
to be a reasonable standard  To give the proper impression, the story
15 told wath a supercilious smmle to indicate how nuve they were i
years past Well, we certainly devised more complicated methods
How much more we can say than this 1s open to debate

1 do not wish to leave the mpression that the balance method hws no
value It my often be the method of choice when one 1s study ing the
effect of some condition or dietary modification upon the metahohsm
of o nutrient  The response of a subject to increasing levels of 2 nu
trient may be informatne  The change in balnee of one nutrient by
modifications of wnother, ealeim balance as affected by phosphor;ls
wntihes o1 citric «cid intakes, for example 1s worthy of studv  In
fact one might conclude that wheneier we are stndying 4 change m

ful  How useful 1t will be may

status the balince method may be usefu s
depend primarily upon the response of the orgamsm (LI) the c t“mg, e,
the riprdity and extent of change thus induced, 1n relation to

facilities for study
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I we have good reason for believing that the subject under study
15 optumally nourished when we begim the work, a balance study will
certamnly tell us whether we are maintrumng the supply or not We
could probably all agree that duets which cause Inrge Josses of a nu
trient from the body should be looked at with suspicion The finnl
conclusion as to the ndvantage or disadvantage of the situation 1n terms
of health will depend primarily upon how effectise the ndaptive mech
amsms of the body are These have been relatively hittle studied and
require n great deal of work  The studies of Nicolaysen on calerum
(11), the extensive work of McCay (9) on restricted diets, and the
recent worh of Henry and Kon (6) provide excellent examples 1n this
direction

Finally, 1t 15 probably true that a grent deal of useful work could
be done upon subjects adapted to what we ordinarily consider poor
diets  In most nutntion studies with experimental ammals or human
beings the most useful approach has been to study the deficient organ
1sm  This gives us leads to what to look for, criteria of deficiency, ete
For caleium, phosphot us, magnesium, potassium, and, to n lesser ex
tent, sodium, most of our present day mformation has not been gamed
m this manner  Rather we have studied primarily reasonably well fed

populations  More studies upon people consurming limited diets shoutd
be very useful
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Speerfic Funetions of Trace Elements in B3lood Formation

& B Carrwricrrr, C 7 Gunrer,axn M M Wintionr

Nepartment of Medicine
Unircrsily of Utah College of Medicine

Of the “trace elements, 1ron, copper, cobalt, and zine are definstely
known to be nvolved 1n hemopoiesis {3)  As yet, insufficient hnowl
edge hns accumulated regarding manganese, magnesium, moly bde
num, and other minerals to make 1t possible to assess their role n blood
formation 1n man

Esaluation of the nutritional adequacy of ron 18 of considerable
practical importance  Although 1t 15 concenable that under special
eircumstances copper depletion may eXist 1n man, to date this has not
been demonstrated conclusively It 1s unlikely that cobalt, zinc, man
ganese, molybdenum and other trace elements would be of any 1m
portance from the standpoint of dietary madequacy In any event
studies to date are msufficient to permut one to draw any definute
conclusions

Iron

Before discussing methods for evaluating 1ron adequacy 1t 1s 1m
portant to make clear that there are two forms of won deficiency,
latent and manifest (table 1) In latent iron deficiency the available
won stores are depleted, the plasma iron level 15 reduced, and the
tron binding capacity of the plasma 15 increased However, no
anema 15 present In mamifest wron deficiency the avauilable stores
are depleted, there 1s hypoferremia, an mcrease n the 1ron binding
cipaaity and 1n varying degrees the characteristic microcytic, hy po
chiromic anema 1s present  Methods for ev aluating wron adequacy
must, therefore, include procedures for detecting, the adequacy of the

avarlable ron stores (latent 1ron deficiency) as well ns the manifest
deficiency stite

TABIF 1
——— e

LATFNT Inon Devierrscy

-

Hypoferremia

Inerease {n total tron Linding eapaclty
Depletion of thsue Ktores

wt

MManrsEsT IRON DEFicIENCY
Hypoferremia

Increase in total iron binding e
Denletion of tissue stores B capacity

Microcytlc hypochromic anemia

m
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As the dietary mtake of 1on falls below the dem
traction of the v ulable won stores 1s probably the f?r’:ti cfl’::r:;Zn\;ﬁ?r;
oceurs  After the avalable stores become low, there 15 2 dechne 1n tlcu:
plisma 1ron Jevel from the normal value of 110 pg /100 ml to the low
level of 10 to 30 ug /100 ml  Concomtant with this, the concentra
tion of the rron transporting protein ( transferrin) 1n the plesma
creases with the result that the 1ron binding capeaity of the plasma
rises from the normal of 300 to 356 #g /100 ml to over 400 pg /100 m}
After the available 1ron stores have become depleted anemia super
venes

An analysis of the methods (table 2) of pprusing the nutritional
state of the human subject 1n reference to tron will be discussed sep
arately

TABLE 2

METHODS ¥0B THE EvALUATION OF IrON ADEQUACY

Plasma {ron fevel
‘Total fron binding capacity of the plasma
Tissue fron (bone marrow hemosiderin)}
Volume of pached red cells
Corpuscular constants

a Mean corpuscular volume

& Mean corpuscnl it hemoglobin concentration
Examination of the periphe ral biood smear

b Ca Y

=Y

Anrailable won stores —A simple method for the estimation of the
wron stores i man has been described by Rath and Fineh (25,96) An
unstained smear of bane marrow aspirited from the sternum 1s ex
amined for hemosiderin and the iron content of the marrow smears
18 graded from 0 to 6 plus It has been shown that the data obtained
by this technigue are relinble as an index of 1ron stores in man  For
example, in 31 normal subjects the amount of 1ron present was graded
as 0 totracen 4, 1to 2 plos m 21, and 3 to 4 plusin 6 In uncomph
eated 1on deficiency the amount of ron present was 0 fo trace ;n 54
patients and 1 to 2 plus in only 4 patients More than 2 plus iron was
found m none of the iron deficient patsents  Furthermore, 1t was pos
sible to demonstrate 1 difference 1n the size of the aron stores between
the males and the females even though nether sex was climenily won
deficient  The Jower stores 1n the female presumably reflect the won
Josses during menstruation and pregnaincy In the normnl subjects
with no hemosiderin demonstrable n the marrow and no anemia or
Ity poferremia, remosal of aron by phlebotomies was followed by the
rapd development of anema whereas this did not occur as soon n
those 1n whom derm was d rable in the marrow

Plavma won lerel —Tlypoferrerma 18 precent i all patients with
rmanfest ;ron deficiency (table 3) and 1n most patients with an appre
ctable contraction of the won store Unfortunately, howeer, hypo
fervemia 18 not specific for won deficiency and also occurs in patients
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Ficure 1 —The total iron binding capacity of the gerum In patients whthy fr o

deflcletcs sremiy as compared with the normal and patlents with anemin
associated with chronie infection

with mfections (8) Even mild infections such as the common cold
are assomated with  marked lowermg of the plasma sron level O
the other hand, the plasma 1ron level 1s of value 1n assessing nen
adequacy , that 13, 1f the plasma ron level 1s normal, mamfest tron

deficiency 15 not present and the svailable stores of iron are not
entirely exhausted

TABLF 3
Prasua Inov TevrL
Number
of eases pereent
“ormal
Iron deficieney | mgxst
Infeetion 50 30:&»6

Iron binding capacity of the plasma—As mentioned previously,
the hypoferremia assoesated with smon deprivation 1s nccompnmet{
by an mcrense m the iron binding eapacity of the plasma (fig 1)
(7,75,20,25)  Normally about one third of the as milable 1ron bind
ing protem i hound with won  In patients with 1ron deficiency, the
rema sron Yevel is decreased and the total ron binding c'lpl\cl‘t\ 15
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TABLE 5
Correr Dercrency v Swine Compartsov wirs Inon Derrciency

Determunag, Copper Jran
ton i Gontrol | qoeent | deficeent
Volume packed red cells ml /100 m!
I\}ean corpuscular volume cu( I3 o~ ég §g g(li
ean cor lob: 1,
tion perﬁenn - b 2 33 2 i3
Red blood cell copper ug /100 mi 116 6?’ 1120
Mean corpuscular copper u u ug 61 26 39
Plasma copper pg /100 ml . 186 15 207
Plasma iron pg /100 m! _ 175 38 30
Total sron binding capacity ug /100 ml 51 628 864

Anemia mvariably develops in all swine deficient in copper Durmg
the first month, there 1s httle or no dechine 1n the hemoglobn or volume
of packed red cells (V P R C) Thereafter, there1s a precipitous fall
1 these values, and, 1f the animals are not treated, the hemoglobin
decreases from 15 to 2 gm /100 ml and the V P R C from40to 8
ml /100 m] 1n about 40 days The animals become extremely pale and
weak, the respiratory rate increases, and death supervenes, apparently
as & result of tissue anoxia  The type of anemia which desvelops 1s
microcytic and hypochromie, as indicated by a substantial decrease
m the mean corpuscular volume (M C V) and mn the mean corpus
cular hemoglobin coneentration (M C H C)  Thus, the anemia 1s of
the same type as that which develops as a result of 1ron deprivation

The amount of copper m the red cells 1 the soverely deficient
animals 1s reduced. However, this reduction takes place late m the
courss of the deficiency, some time after anemin becomes mamfest and
the reduction 1s not as great i degree as that which occurs 1n the

118



plasma copper Jevel At the height of the deficiency the mean value
15 nbout 40 percent lower than the 1alue obtrined in the control group
Tt must be concluded from this that the erythrocyte copper 15 & much
less labule fraction than the plasma copper and that 1 slight or med
erate reduction n the erythrocyte copper level represents a severe de
gree of depletion

The mamfestations of copper depletion in swine are summarized 1n
table &

On the assumption that the mamfestntions of copper depletion 1n
human subjects would be similar to those in animals, the following
determinations would be of value mn assessing the copper status of
human subjects (a) plasma copper, (d) plasma iron, (¢) total iron
binding capraity of the plisma, (d) examination of the blood for micro
cytic, hypochromc anemin, and (e) erythrocyte copper In order to
conclusively demonstrate n severe deficiency of copper, one should add
to these criteria 1 poor or neghgble response of the anemia to the
admimstration of iron (spectroscopically free of copper) nnd a prompt
nsponse, with an accompanying reticulocy tosis, to the admimstration
of copper and 1ron

Orver the past 10 years we have measured the plasma eopper level in
228 normal 1ndividuals {table 6) and 1n approximately 300 patients
with a vartety of disorders (17 78) Hypocuprema has been ob
erved consistently 1n only three situations, namely the newborn (72)
the nephrotic syndrome (6), and 1 paticnts with hepato-lenticular
degeneration (table 7) (2 5) In addition, hypocuprema has been

TABLE 6
NorMaL PrLasua CorrER
“\umber of
#E {100 ml patients Percent
90+
2, s
68-79 2
_—
TABIE 7
Hyroctpreatta 1n Heuan Scasecrs
\umber Plasma Plasma
copper mean | eopper range
of eases {7100 mt | 1g 1100 mt
Normat I
\P“T!;m 228 116 85-~161
l\l( r\hm!llc sindrome {:} z? z;'géo
t t 3
‘;l:‘aoa e nticular depeneration 8 st 33-71
Idiopathie hypoprotemema i (l'yg
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observed 1n 1 patient with severe sprue (5) and m 1 patient with a
rare and poorly understood disorder, 1diopathic hypoprotememia
(table 7)  In the newborn and in patients with hepato lenticular de
generation 1t has been adequately demonstrated that the hypocupremia
1s not associated with o depletion of tissue copper Indeed, 1n both
conditions tissue copper 1s marhedly mcreased (4, 5)

Studies on patients recerving diets inadeguate mn at Jeust certam
respects, such as patients with scurvy, eirrhosis of the hver, and repa
trinted American prisoners of World War II, have revealed either a
normal or an increased level of copper n the plasma (table8) Like
wise, as shown 1n table 8, the plasm= copper level has not been found
to be reduced 1n either infants or adults with 1 mcrocy tic, by pochromie
anemia 1s 4 consequence of iron defictency Thus, no evidence has
been obtained for the existence of even a mild state of copper depletion
1 human subjects as the consequence of an madequate dietary mtake
of copper Indeed, ne have fed diets tdentical to those which were
successful m producing copper deficzency m rapadly growing swine to
2 1nfants, 5 days and 8 months of age, respectivel; (table8) Although
this experiment was continued for 4 and 5 months, respectively, the
plisma copper level remained normal and no anemra developed This
may heve been due to the fact that the growth rate of mfants 1s less
rapid, o1 that their copper stores are greater than in young swine, or
perhaps the human requizement for copper 1s less than that of swine
In any event, our experience suggests that copper defictency as the con
sequence of an madequate dietary intahe of this element must be very

rare 1n man

TABLE 8
Tue Prasma CorPER LEVEL IN PATIENTS WiTe VARIOUS FORMS OF NUTRITIONAL
DEFICIENCY
Number Mean . Range
Conditio of plasma cu plasma cu
" patients | ug /100 ml | pg /100 m!
o my el e
gc‘fxrr}\lroym 2 169 155—1:133
Malnatrition 1 38 138 (2215
Tron deficiency adults 23 14 j0z-164
Iron %eﬁcx’enu nfants S 1 1e ar-az
Milk diet 2 st

Nutritional hy poalbuminemia

fean prisoners of W orld War I

' tristed Amert
Tebn pared milk diet low in copper for 4 and 5 months respectively

2 Fed 8 spectally pre
3 At the end of the experimental period

Although dietary deficiencies of copper may not occur 1n man, there
ould be certun conditions (conditioned deficzencies) m human sub
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yects 1n which copper might not be absorbed or mght be “‘Z‘e;‘:‘{ :“
excessively Iarge quantities from the body  Wath this possibrhty In
mmd, we have determined the plasma copper Tevel m several patients
with sprue  One of these patients (5) who had a severe nucrocitie,
hypochromic anemia was found to hato a plasma copper level of 116
g /100 ml, a red cell copper lev ol of 83 pg /100 ml of packed cells,
n plasma 1ron level of 12 4 /100 ml, and a total ron binding capacity
of 360 pg /106 ml Unfortunately, during the basehne pertod the pa
tient smproved machedly on dieto therapy and hospitalization and the
copper levels had already begun to increase prior to the admimstration
of copper  Although 1t scems lihely that this patient was depleted of
copper as well as 1ron, this could not be proven because 1t was not
demon trated that the anema would not respond to iron slone ani
sequired won plus copper therpy  T'his observation does, howeser,
imdicate an area where further mvestigations may be worthwhile
mnee approumately 96 pereent of the plasma copper m a normal
adult subject 15 in the form of a blue « globuhn, ceruloplasmin, 1t
would seem not unhikely that this copper protein might be excreted m
large quantities 1n the urine of patients with proteinuria  If the loss
were great and extended over a prolonged pertod, 1t 1 concetvable
that depletion of the body stores might occur Therefore, to mvest
ite whether a conditioned deficieney of copper takes plce 1 patients
with massive protemnuria, plasma copper, erythrocyvte copper, the urine
copper, and the hemtologie status of a group of patients with the
nephrotic syndrome were studred (6) The results are summarized
briefiy 1n table 9
The loss of copper m the urine was considernble as compared with
the normal and amounted to 01 to 05 mg /day ‘Hypocuprema was
present m 4 of the 6 patients In 3 of the 5 patients 1 whom the
uniount of copper mn the erythrocytes was determined, the salue was
found to be reduced  In ane the extremely lom value of 40 pE Was

cbtaned  Anemia when present was normoeytic and normochromic

rather than microcytie, hypochromie  Three Patients were treated

with copper sulfate orally and m none was a demy
observed  Thus, from the hmited data avmlableat sezg(;“:fx‘\?llf:;? ?}‘::
the anemia m these patients was related to g defictency of copper
Additional <tudies ure needed before the degree of copperl(lle lety
m patients with the nephrotic syndrome ¢ n be evaluated Thé)h o
cuprenua may be due solely to an mabiity to sy nthesize cerulopla o
i the necessary amounts and the copper stores may not be 5’ ;"(":;
toany st mbicwnt degree  On the other b wd, the reduction 1n e:Pﬂ“l:
;\f(:)m{pper m several of the s itients sggests that i at lest c3ertn:)n
mm::r m:x“:lﬁf\r:::l;f:hems there may be 2 siznificant depletion of
o e ﬂemg‘\:(-;:z;lx; wall be Necessary to determine the
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Cobalt

Normal adult subjects on <elf sclected diets consume about 5 ug to8
s of cobalt perday (76) Seventy threeto 97 percent of this amount
15 absorbed and abont 67 percent of the total dmly mtahe 15 excreted
mtheurme Positive balance1s mamtained on ashttle as 5 ug perday
In view of this extremely Jow dnmily requirement, it 1s not surprising
that n deficiency of cobalt per se hns never been recogmized 1 a human
<nbject

1 ttle 1s kuown of the functions of cobalt wn the body It has been
demonstrated to be essentinl for the actinity of certain enzymes (£9)
and the discorery (€7) that 1t 1s an tegral part of the vitumuin By,
molecule 15 of considerable interest to hematologists  The experiments
m the field of ammal nutribion mentioned below add still furthur in
terest to the role of cobalt in ery thropotesis

Cobnlt deficiency 1n ruminants grazing on pastures of low cobalt
content has been recogmized for come time (3)  The deficiency syn
drome 15 characterized by unthnftiness, inorexin, severe anemia, and
finally death The curious obscrvation (27) that cobalt was effective
when administered orally but not parenterally was not understood unt:l
recently when 1t was demonstrated by several groups of workers, (/,
“ 22,23 30) that the condition 1s rapidly and completely alleviated
by the parenter1l admmstration of about 50 pg of vitamin B,; per
day, an amount, meidentslly, which 1s much greater than that required
for the treatment of pernicious anemin  Thus the deficiency syndrome
1 sheep grazing on cobalt-deficient pastures 1s, in effect, the result of
vitamin B,; deficiency

Permcious anemia and the related macrocytic anemtas which re
spond to the parenteral admimstration of small amounts of B,, are
due, 1n the sense that a specific cobalt containng dietary compound
15 Inchin,, to a deficzency of cobalt  Mucrocytic anemin and megalo
Llastic bone marrow are the distingmishing features of this group of
diseases  In addition the serum and urine itamin By, levels are
marhedly reduced in untreated patients (25) Microbiologieal assay
for vitamm B,; 1 serum and urie, pirticularly by the method which
utilizes F uglena gracilis s the te t orgamism, offers a delicate and ap
parenthy relinble method for the evaluation of ntanuu B, adequaey,
and m anindirect way for aspeefic ty pe of “cobalt adequacy *

Zine

Norma) vatues for zine m blood hive been published by ¥ allee 1nd
Aftvhinle (32) and Vikiladh (#9)  Detection of 1 zine dehicrency
hould be possible by a ctudy of the concentration of this element in
plas it ervthrocvtes, and kukoestes  The only <tudies of ths nature
o pients with nutritional deficencies have been performed by
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Eggleton (10,71)  He found subnormal amounts of zme m the blood
of Chinese subjects afflicted with beriber, nutritional edema, and sem:

starvation  The zunc content of the toenails, fingernmls, and shin wae
reduced to about half the normal value Howey er, Vikbladh more re

cently has shown that the plasma zine level 15 also moderately depressed
in patients with infections Since 1t 15 entirely likely that some of
Eggleton’s subjects had infections, some doubt may be cast on thencer

bretation of his data  Indecd, Eggleton noted the content of z ne 1n
the Iivers and hidney s to be increased rather than decreased
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Other Punctions
Georer K Davis
Florida Agricultural Frperiment Station

In 2 considerntion of the effects of various trace elements upon am
z;z: :f[t::g?\l;:g:s o;h?r 1tlhim hematological effects, partieularly pith
del\t\’lm o ges, 1 shall it my discussion today to copper, molyh

s ganese, ind cobalt  Since all of the elements have mter
actions with phosphorus, mention of phosphorus will of necessity
come 1nto the picture

While a1l of these elements have recogmzed hematologieal effects,
other chinges wlich develop and wlich do not appear to be the re
sults of an anemn e sometnnes quite strihing My interest and
the nterest of those working with me in the Nutrition Laboratory
1t the University of Florida have been concentrated on chianges which
oceur In pigmentation, bone and teeth, heart, and reproductive effects
This discussion today will be Iargely hmited to discussion of these
changes which occur with a disturbance of the trace element,
nutrition

One of the most curious effects which develops with 4 defictency of
copper, particularly as 1t 1s assocrated with the presence of a small
amount of molybdenum 1n the diet, 1s the loss of normal pigmenta
tion  This 15 tiue m cattle, sheep, rats, rabbits, possibly 1 gumney
pigs, and there 1s 1t le st one report on dogs (2,6)  With 4 defiwency,
there develops a gradual loss of pigmentation of the melanin type,
and the ammal undergoes 2 “fading” or a true achromotrichia Un
der practical feeding conditions 1n many puts of the world, cattle and
sheep grazing on pastures w hich are now know it to be low m eopper de
velop this fading or “hme hidedness ’ or achromotrichin with the re
sult that blach ammals such as the Angus assume a gray color, ted
antmals such as the Hereford become a sort of tan, and many mn be
tween colors develop even to the famous Insender or purple cow wiich
was actually a blach cow that assumed 2 Invender tinge

While 1t 1s true that anemia usually precedes or accompantes this
change 1 the pigmentation of hair cot, there 1s reason to believe
that the nnemia 18 not the cause of the Joss of hnir coat color  Much
of this work develops out of studies minde with rats, which 1t wius
possible to cause the loss i hair coat color but not developing a se
\ere anemin, and 1 Winch 1t was possible to demonstrate a relaion
ship between copper and pantothenic acid (8)
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Other Functions
Groror K Davis
Florda Agricultural Ezxperiment Station

In a consrderation of the effects of vartous trace elements upon ant
mal metabolism other than hematological effects, particulirly path
ologal ehanges, I shall limit my drscusston today to copper, molyb
denum, manganese, wnd cobalt Since all of the elements have mter
actions wath phosphorus, mention of phosphorus will of necessity
come 1nto the picture

Whle 11l of these elements have recognized hematological eflects,
other changes which develop and which do not appear to be the re
sults of an 1nemys are sometimes quite strihing My nterest and
the 1nterest of those workmg with me in the Nutrition Laboritory
1t the Unnversity of Florida have been concentrated on changes which
oceur 1 pigmentation, bone and teeth, heart, and reproductive effects
This discussion today will be largely himited to discussion of these
changes which occur with 1 disturbance of the truwe element,
nutrition

One of the most curious effects which develops with 1 defictency of
copper, particulirly as 1t 1s associated with the presence of a small
amount of molybdenum 1n the diet, 15 the Joss of normal pigmenta
tion  This 1s true mn cattle, sheep, rats, rabbuts, possibly m gumnea
pigs, wnd thete1s 1t lest one report on dogs (%,5)  With 1 deficiency,
there develops a gradual loss of pigmentation of the melamn type,
and the animal undergoes a “f1ding” or 1 true achromotrichir  Un
der practical feeding conditions i many parts of the world, cattle and
sheep grazing on pastures which are now Jnow n to be 1ow 1 copper de
velop this fading or “hime hidedness” or achromotrichia with the re
sult that blach awmals such as the Angus assume a griy color, ted
amm s such as the Hereford become 2 sort of tan, and many m be
tween colors develop even to the famous lavender or purple cow which
was 1ctually 1 blach con that assumed a l3vender tinge

Winle 1t 15 true that Anema usually precedes or accompanies this
change 1n the pigmentition of hur cost, there 1s reason to behieve
that the anemua ts not the cause of the loss of hur coat color Much
of thus sork detelops out of studies made with rats, n which 1t was
possible to cause the loss m harr coat color but not developing n se
vere anemta, nd 1n which 1t was possible to demonstrate a relation
ship betw een copper 1nd pantothenic acd (8)
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The owner informed us that he had a large ercentage
born ths way nd had been unable to oy ercon%e t}:e dxfﬁcu%t)olf)c?elevgs
g large amounts of caleium and phosphorus 1n the form of bone
meal  Later, ' experimental work at the Everglades Experiment
Station, we were able to demonstrate that on o low copper ration,
contmnmg about 3 p p m of copper and between 2 and 3 ppm
of molybdenum with the phosphorus Jevel at an adequate 0 2 percent
of the dry matter i the feed, almost 10 percent of the calves were born
with sheletal deformities

Further, we were able to show that m 100 percent of the calves,
nursing cows on pastures which were deficient in copper, there devel
oped a swelling of the ends of the long bones, grossly indistmgushable
from rickets or a scorbutic Ithe syndrome  Our first move was to
analyze the blood of these ammals for vitamm C  We were unable
to demonstrate any deficiency of this vat umn and necesssrily were
hard put to explain richets with the calves recenving whole milh and
certunly adequate sunshine  In the course of our investigation we
discovered that with mclusion of a small amount of copper, in the
case of the calves, approximately 03 of ¢ gram of copper sulfate per
day, the rachitic symptoms disappeired rapidly and ne new symp
toms developed

These observations have led to a large number of studies on the
effects of copper ind molybdenum and their mterrelationships with
phosphorus and possibly with cobalt (2,6,7) In older anumals graz
ing on sumilar pastures, there 1s a rapid depletion of the phosphorus
and caloium from the bones with the result that these ammals are
subject to multiple fractures and 1t 1s not uncommon to have cattle
extibit from 1 to 20 broken bones when brought to slaughter or
ttopsy

In an effort to ascertamn the effect of copper and molybdenum on
phosphorus m the ammal hody, we hase carred out bilance studies
on eattle, rats, and rabbits, 1n which we have used labeled phosphorus,
copper, and molybdenum, n different approaches, in an effort fo ascer
tarn the effect of these elements on one another In rats we have not
been able to detect an effect of molybdenum or copper upon phos
phorus metabolism that would sxplatu the rareficition of bones which
oceurs m rabbits and 1n eattle In rats that have not jet cajerfied
their bones, we hate been able to observe that the presence of added
molybdenum with rasufficient copper will result m a fmlure of

calefication
In cattle the presence of added molybdenum with msufficient copper
and conenr

will result 1n a rapid loss of phosphorus from the bones,
rently a marked mcrease w the athalme blood phosphatase with the
result that the smimal 1§ thrown into negative phosphorus balance
and will eventually develop bones that contain between two thirds
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and three fourths of normal mineral content  The breaking strength
m1y drop from a normal ® 600 to 4,000 pounds to approumately 00
pounds under the conditions of our testing

In an effort to explain the interaction of these trace clements, we
have apronched the ctndy from a number of angles At first we ac
eumed that perhaps the molibdenum was combining with the phos
phorus in the intectinal tract and preventing it absorption from the
tract with the reeult that the amimal was deprived of normal phos
phorus intake  Through the use of pho~phorus 32 and molvbdenum
99 we were able to <how that this was not the ease and that regardless
of the level of the two elements in the diet, absarption of phosphorus
vas cssentinlly the «same under conditione of zero and very high
malybdenum tahe  The next assumption which we followed up
was the po abihity that molybdenum was combinmg with phosphorus
m the bodv and praventing ste deposition in the bones (§ /) This
could not be dcmonctrated

We did discorer that when Jow copper intakes were accompanted
by fecding, of molybdenum there was a rapid deposition of molyhde
num in the bones prosumably in place of or s a part of the phos
photus depo ition procecs Howeter the malybderum did not re
man n the bones with pho phorus but was rap dlv remobilized and
cemiried ont of the bodv  When we inmorparated adequate copper,
malyhdenum was elimimated rapidly but wac p ¢ firet o peated n
the bone

This appsront comprtition or replace aert of phesphorue with
moh bdinum 1 the bone but with the failure to form a «table bone
salt may be the explanation for the loss of (ner 1 te urder condy
tons of copper deticiency with presence of 11 vt barimetcesn We
hve not been able to demonstrate the sstie ray 11 e<of bore t1 ue
with & amplc copper dehierenoy but watho 1 the prewe e of nolsixde
num i the dict

Boans v oburiad g ~ e arthritis dese porzan older arimn's
when they were on dices wlach were kw11 o per am 3 whorh con
tained amall amonnts of molstnenur ., ve bave v dortale adteorat
studies with laboratory amimal e 8 1ws < cf detern rin_ wherepn
s molutionshp occurnd Usang, rate o experoe tal a5 2!t
was po ~ihle toshow that the wovire tu Wb w creny wrdem v oy
sndrome could e cotrnctedtyar ait vt L P mtterns no-
by removal of the adrenal (1) TV | oturel Stee f AYerers
pliecated by the fuct tat feonale rat tavelse 1 .Y p R
than male rats to our exper tuentsl dier 1t Jeatt _thy e wxder
mows v shoplvanlemte fu i _cftewtraw e prpn
m the walisstion of the 1igor ele e par Wath b e ¥ on

l\n‘nm wewire ne wtletopre cethesame cla e v rn thar
we cheried ines tle e W Fad oo vy er e ~oran ‘
[ESUUME SRR LA WL TV PO v‘ ta :1 !(‘ F»::‘ L: :
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The owntr mformed s that he had s Jnree ercentn
born this way wnd had been unable tn oy ertorfe tI}Jm dxﬂitcuﬁ;o}ic;::;s
mg large amounts of caleum pnd phosphorus m the form of bowe
meal Later, *n expersmental woih % the Evergiades Experment
Station we were nble to demonstrate that on a low copper ration
contaning about 3 p p m of copper and between 2 and 3 PP m’
of molybdenum with the phosphorus level at adequate 02 percent
of the dry matter m the feed, almost 10 percent of the calves were born
with sheletal defornuties

Further, we were able to show that m 100 percent of the cadves,
nursing cows on pastures which were deficient 1n copper, there devel
oped a swelling of the ends of the Jong bones, grossly miistinguishable
from richets ar a scorbutic hle syndrome Our first move was to
analyze the blood of these ammals for vitamn € We were unsble
to demonstrate iny defictency of this vitamm end necessarily were
hard put to esplun richets with the calves recetving whole milk and
certmnly adequate sunshine  In the course of our mvestigation we
discovered that with mulusion of 2 small amount of copper, i the
case of the cilves, approximately 03 of = grum of copper sulfate per
dry, the rachitie symptoms disappeared rapidly and no new symp
toms developed

These observations have led to o large number of studies on the
effects of copper and molybdenum and their interrelationships with
phosphorus and possibly with eobalt (2,6,7)  In older mmals graz
ng on sular pastures, theve 1s o rapid depletion of the phosphorus
and calaum from the bones with the result that these ammals are
subgect to multiple fractures and 1t 15 not uncommon to have cattle
exhubig from 1 to 20 brohen bones when brought to slanphter or
autopsy

Tn an effort to ascertun the effect of copper and molybdenum on
phosphorus m the ammal body, we have carried out balance studies
on cattle, rats, and rabbits, in which we have used lebeled phosphorus,
capper, and molybdenum, 1 different approaches, m n effort to ascer
tain the effect of these elements on one another In rats we have not
been able to detect an effect of molybdenum or copper upon phos
phorus metaboliem that #ould explun the rrefieitian of bones whick
occurs in rabbits and m eattle  In rats that have not yet calafied
their bones, we have been able to observe that the presence of added
molybdenum with msufiicient copper w Ml result n w fuslore of

caleaficition
In cattle the presence of 1dded moly bdenum with insufficient copper

w3ll result n 5 rapid loss of phosphorus from the bones, and toneur
rently n marked merease 10 the athahme blood phosphatase with the
result that the smumal 15 thrown te nematne phosphorus balance
and w1l eventuslly develop bones that contun between two thirds
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and three fourths of normal mineral content  The breaking strength
may drop from n normal 3,000 to 1,000 pounds to approuimately 300
pounds under the conditions of ou testing
In an effort to explan the interaction of these trace elements, we
have aproached the study from a number of angles At first we as
sumed that perhaps the molybdenum was combining with the phos
phorus m the mtestinal tract and preventing its absorption from the
tract with the result that the ammal was depiived of normal phos
phorus intake  Through the use of phosphorus 32 and molybdenum
99 we were able to show that this was not the case and that regardless
of the level of the two elements in the diet, absorption of phosphorus
was essenttally the same under conditions of zero and very high
molybdenum 1ntake The next assumption which we followed up
was the possibility that molybdenum was combining with phosphorus
m the bodyv and preenting its deposition in the bones (4, 6) This
could not be demonstrated
We did discover that when low copper intahes were accompamed
by feeding of molybdenum, there was a rapid deposition of molybde
num 1n the bones, presumably m place of or as a part of the phos
phorus deposition process However, the molybdenum did not re
main 1 the bones with phosphorus but was rapidly remobilized and
carried out of the body When we incorporated adequate copper,
molybdenum was ehmnated rapidly but was not first deposited 1n
the bone
This apparent competition or replacement of phosphorus with
molvbdenum 1n the bone but with the failure to form a stable bone
«alt may be the explanation for the loss of osseous tissue under condi
tions of copper deficiency with presence of molybdenum excess We
have not been able to demonstrate the same rapid loss of bone tissue
with a simple copper deficiency but without the presence of molybde
num m the dret
Beeause we obsered a severe arthritis developing in older amimals
when they were on diets which were low 1 copper tnd whach con
trined small amounts of molybdenum, we have undertaken additional
studies with laboratory ammals as a means of determining wherein
this relationship occurred  Using rats as experimental ammals, 1t
was possible to show that the severe molybdenosts or copper deficiency
syndrome could be corrected by mclading vitamin B, 1n the ration or
by remova] of the adrenals (£) This picture his been further com
plieated by the fact that female rats have been much more susceptible
than male rats to our experimental diets, indicating that the sex hor
moncs may also play a role in the functioning of these trice elements
m the uihzation of the major elements, particularly phosphorus
Because we were not able to produce the same changes 1n rats that
we observed 1n cattle, we shufted our experimental program to the
gumea pig and rabbit with particular emphasis on the rabbit, and
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we have been able to produce bone cha
least of those which hm?e oceurred v:‘\tﬂxég(?) hich are suggestive st
P bon:b '; ;}:& :;mon 1s disturbed wnd that w e produce abnormally
e et iat apparently this change 1s due to the molyb
g depostied and then removed because of the fulure to form

2 stable osseous tissue

The fact that vitarmn B,, served to alleviate symptoms of molyb
denosis or copper deficsency m rats led us to mvestigate the value of
cobalt in the prevention of the syndrome 1n eattle Earhier, we had
conducted studses 1n which cobalt was used without nppreciable effect
A series of expermments were undertaken 1 which cobalf wag ad
mumstered orally and the vitamm B,, was mjected intravenously m
order to discorer 1f we might cause a change 1 the copper and molyb
denum metabolism of cattle These results ndicated that mcluding
cobalt 1 the diet greatly increased the effictency with which copper
was utithzed by cattle but that it did not sigmhicantly change the rela
twonshup with regards to molybdenum, other thin to reduce the level of
copper necegsary to protect the animals from a molybdenoss

These studres brought to hight a further condition which while 1t
still bafles us, 15 sersous msofar 25 ndp 1iual cattle are concerned and
which appears to be related to a complex mierrel:tionship of copper,
molybdenum, eobalt, 1nd perhaps manganese, phosphorus, and caleinm
In 2 number of circumstances we have ebseried that the teeth of young
and old cattle rapsdly deteriorate while placed on pastures known fo
be copper deficient, but also suspected of bemg rich 1n calcum and
borderline mn phospharus  The typrenl picture seen 1s one of fAuoros:s
except that the maisors are not affected, but the molars are  In these
eattle, within a year's tune, the teeth may be eroded to the gums

Ve have ehmnated the possihility of fluorasis by extensive analyses
of the bones, teath, and feed, and hav e had to assume that this condation
1s due to 1n entirely different set of circumnstances  Since the workers
1 Ausiralia base demonstrated that a ritio of caloam to phosphorvs
of approximately 1 to 3 to 1 to 5 will result m n svndrome sheep
that resembles fluorosts, we mvestignted the rtio of these two elements
under these conditions We discovered that rather than a ratio of
fow calcrum high phosphorus, we were denling with a agrh ealem
Tow phosphorus situation accentuated by the presence of small amounts
of moly bdenum, <mal} amaunts of copper, and perhaps a defictency of
mangane se and cobnlt

At the present time we have not been able to completely solve this

problem ~lthough we do appear to have alleviated the situation by
insisting on high phosphorus fred and supplements meluding libertl
levels of cobalt and manganese n the diet  Our best lead so far has
been with regards to habits of rummnants m »hich they regurgiate
Jumen contents e have observed that with a cobalt deficiency, we
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may have o change in the pH of the rumen  Vhile we huve not yet
had sufficient evidence to confirm our theory, we suspect that under
these circumstances e have a Yowering of the pH, and when the amm 1
chews 1ts cud 1t 15 essentially chewing an acid medin which may result
1 the erosion of the molars Thisis at least an intriguing theory and
we hope within the course of the next 2 years to obtun data that will
erther confirm our theory or further confuse the problem

Because bone changes may be caused by many different factors 1t 1s
difficult to s1v that theso conditions observed i animels have or have
not any relationship to smlar conditions seen 1n humans  They nre
presented here as examples of changes which may occur hecause of a
shght 1mbalance of trace elements which are normally consumed n
very small amounts

Two other phases of this work with trace elements would seem to
have the bearmmg on the possible relationships with humans  One of
the conditions observed in our ammals on experimental pastures, low
1 copper with small amounts of molybdenum, 13 an occasional ense of
“falling disease ' Tlis 15 4 cardiae failure associated with massive
degeneration of the muscle fibers of the ventricle This myocardial
degeneration was first suspected when 1t was observed that all of the
cattle dying in this way had extremely flabby heart tissues

My obeervance of this condition occurred first when riding a range
with s rancher 1n south Florida He pointed out to me a three year
old Leifer which he said was “fat as she could roll”, and whrch he was
driving up to the corral preparatory to sending her to market As we
rode along, the cow was observed to stumble and fall almost as 1f struch
by ahammer Before we renched the cow she was dead  The rancher
quichly drew out his knife, slit ber throat took Ins horse, threw a rope
around her legs dragged her over to the nearest tree and hauled her
up for butchering

T was cspecially intrigued to obserse the internnal organs  The only
observation of gross pathology was the shightly enlarged, very flabby
heart which had on its surface a few small petechine T was informed
that this condition oceurred frequently 1n therr cattle when they were
bemng rounded up to send to marhet and that the hands had no objection
whatever to cating the meat They had found by ¢xperience that 1t
was perfectly all right with no bad after effects

Subsequently we were able to produce this condition experimental
Iy by deprving ammals of copper until they were 1n a <evere cise
of copper deficiency, admimster Ing coppel 1s a theripeutic treatment,
suasequently removin, the copper before a store of this elemient could
be bwlt up and heeping the animals on 1 deficient prsture with a mini
mum intahe of phosphorus

In our subseqennt work we have come to the couclusion that 1t 1s
necessary to have both a deficiency of phosphorus and copper to pro
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duce this heart fulure m cattle The explanation of this phenom
enon, however, 15 much more elusive, and at the present time we are
actrvely engaged m studymg the changes which occur 1n the enzymes
of the heart tissue under conditions of different levels of copper 1
tahe Tt appears that some severe change does occur masmuch as
the muscle fibers show degeneration stmilar to that which 1s ob
served with vitamin E deficiency 1 other species

You will remember that i beginning this discussion, T menttoned
that T hid been imtiated into the study with the observation of a
newborn calf with a full blown case of rickets Subsequently, we
observed m iny monstrosities produced by cattle on diets low 1n copper
with the presence of a small amount of molybdenum, low in phos
phorus but st1ll within the normal range and borderhine or low (5 to
15p p m ) in manganese

We observed that 1n many of these anmals bones were completely
missing particularly the femur  Oceasionally, the head bones were
not caleified  This development of abnermal young has led us to a
considerable study of placental transfer that may be nfluenced bv
copper and molybdenum, and, m this respect, manganese has also
come Into the pieture We have observed n studies with rats, pigs,
and cattle that calcium reachly crosses a placental barrier whereis
molybdenum 15 Almost completely barred

With the presence of molvbdenum in the diets, phosphorus s
severely impeded 1 crossing the placenta and copper 1s ikewise inter
fered with Thus, we appear to have a situation i which with a small
amount of molybdenum (levels of 3 to 5 p p m 1n cattle and 20 to
40p p m nrats, and 80 to 140 p p m n swine, and higher levels
m rabbits}, calemm reidily crosses the placental wall, but molyb
denum does not cross, and by 1ts presence prevents adequate phos
phorus and copper and manganese from crossing to the fetus with
the result that we have abnormal bone development

This work has not yet proceeded to the point where we ean produce
monstrosities 1t will, although 1n our work with swine, we have been
able to produce nbnormal young 1n at least & porfion of many ltters

The presence of molybdenum appears to prevent the utilization of
manganese tn the diet, with the resulting development of abnormal

e calcrfication

bo’rl“h\cs :bﬁen ation developed n studies with rabbits 1n which 1t was
observed that the bone changes which developed with feeding of
molybdenum resembled very closely those reported for the changes in
rabbits on manganese deficient diets  Consequently, we endeayored
to prevent the development of bone deformities by ncluding extra
gh levels of manganese mn the ration, and, at least in some measure,
we were successful 1 counteracting the effects of molybdenum

132



In the development of the fetus, ne were unable to obtan comp
1able mangunese transfer ncross the placenta when lnrger than normal
amounts of molybdenum were present n the diet

Certunly these results with animals cannot be translated directly
to humans, howeser, they do point out certain fundamental inter
relationships 1 the metabohism between the trace elements and phos
phorus, more than with calcium, that must be considered as potential
changes which can occur 1 many different speries, and possibly also
mn the human species  Tortunately, for the human, the presence of
adequate copper 1s n usunl cireumstance and presence of abnormal
amounts of molybdenum 18 not too common  The fact that adequate
copper 15 necessary for the proper utilization of phosphorus does
point out that changes which prevent the adequate utihzation of trace
elements may very well result in the improper metabolism of phos
phorus and calcium
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Discussion

CoMumanoer R A, PHILLIPS (Bureau of Medicine and Surgery Department of
the Navy)
1 would like to ask Dr Cartwright i there are any observatlons on the plasma

fron and the plasma copper level in the newborn and patients with nephrosis
who have an infection

CARTWRIGHT

First of all we have no observations of infectlons in the newborn Ve have
observations of nephrosis patients with infection since they are 8o prone to it
The influence of infection is very difficult to detect since these patients also lose
large quantities of lron building protein In the urlne—even larger quantities
than the copper proteln—so most of them have hy pofergemia  ven without Infec
tion so you do not expect the infection to Influence the level

Apparently in the patlents we have studled with nephrosis—approximately
20~—we have not been able to ohserve any Influence of the present {nfectlon on
the copper level 1 would take that to mean that other forces were greater
than the forces of Infection which {8 unable to cause a rise

A A AT RANFSF (St Iukes Convalescent Hovpital)
Are the hemoglobin values of nephritles generally lower than normal?
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CARTWRIGHT

les they are Unfortunately I did not hase time to present those data
Most of our patients with nephrosis have had a mild degree of anemia That
anemia has also been normocytic and normochromic not microcytic and hypo-
chromic and we have not obsersed a P to the ration of copper
insofar as the anemic condition is concerned 1 would conclude from that that
the anema was present but was not related to copper depletion

QUFSTION
Are there other tissues besides the cardiac muscle that degenerate in laboratory
animals?

DAVIS

We have not been able to find them Ve have searched pretty thoroughly
some hundred tissues but so far have not been able to find degeneration in any
other than the cardiac muscle in these particular animnals

HORWITT
I would like to askh was the alpha tocopherol of these animals hnown?

DAVIS

At the suggestion of Dr King In the early part of this work we ran down the
vitamin C story very well We found they were perfectly normal as far as
ascorbic acid was concerned There are many relationships in the trice ele
ment I didnt begin to disciss the traces of manganese and the circumstance
in which we occasionally find extremely high copper levels in the liver of the
animal while at the same time the animal is exhibiting a copper deficiency
syndrome Apparently there are conditions where the copper present Is not
rendered useful to the animal and manganese apparently also fits into that
pleture
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THURSDAY DINNER SESSION
25 February 1954

I nreres T Covontn ¢ 7 KO HN (Quartermaster Food and Con
tner Institute)

The <ubject of aur speaker tomight 15 a nutrition survey which he
and T made 1n Xorea last spring and summer  He will give you the
screntific details of onr findings and 1 wall give you the background
of this survey

e were alerted Iy the Surgeon General that we would be sent to
Koren and wete ctlled 1n for a briefing  We wondered what we had
done to deserve such an 1ssignment  We wete mnformed that the Far
Enst Command had requested that two nutritional consultants be sent
to Korea to make a nutrition survey of the Republic of Korea Army,
of the Umited Nations priconers of war, and the civilians of South
Korea

That sounded like 2 tremendous yob and it sort of floored us  We
wondered whether two men were supposed to accomplish this in the
pertod of 100 to 120 days allotted They gave us md and comfort,
but no information as to what help we would get on the other side

Dr Sandstead and I went back to our respective barinvicks and
corresponded, wondermg how much we could nccomphsh  We didn t
have much time to worry, though, because we recerved telety pe orders
to report to the west coast within 2 days, so I bortowed a pair of shin
calipers from Lieutenant Colonel Ryer and Dr Sandstead got his
clinteal geir to_ether and we took off

When we arrived at the Far Fast—that 15 Tapan—iwe were briefed
Ly the Chief bur_eon who told us that they really expected us to do

a complete Job, 1 other words, everything that was necessiry for a
complete nutrition surve)  We were called before General Mark Clark
who further briefed us and told us he wanted the ficts and figures
as to what was lappetuny, to the 1 wrious populition g roups, what then
nutritional <titus was, thar nuthitiontl requurements what the ade
quacy of the rition w15, and to come up with concrete recommenda
tions for iy corrective action we thoupht neces=us

1o aluo told us that we were to have all muternt aid and lo1 tiesup
port which we needed, and sud 1t would be forthcoming from the
Faghth Army 1 Korea

We st our plans to do a full <eale survey which imolved Iboratory

procedures, dimal esaluation, dietary analyvsis, anthropometiie neas
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urem;nts, and any tlung else we could think of at the time  We had to
‘t\‘alt for clearance to Kore, which gave us 7 days to gather informa
ton from the Japanese who had oceupred Korea for & number of
years and should have had quite a few scientists whe had know how
n that particular field Howes er, they had very httle information
and no anthropometric data that was of use to us

We contacted the 406 Medicil Laboratory 1n Japan, which fur
mshed support to the field Iaboratories 1n Korea, and they promised
us & mobile field laboratory truck which was then mn Koret They
promised that 1f we sent sumples of blood serum to them, they would
run \itama A, earatene, and ascorbic tcid wnalyses and furnish us
with shipping cises  They promised a steady supply of dry 1e and
courter serviee from the First Medica) Laboratory near Seoul to
Tokyo

We proceeded to Korea and were assigned to the First Medical
Field Laboratory just outside of Seoul 4t Yong Dong Po for logistica)
support There we started to gather our equipment, which consisted
of one two and a-half ton laboritory truck which we had to completely
strip down and re equip, one 6 x 6 two and a helf ton truck which
carried tentage, bedding, rations, sleeping bags and ail the gear that
was necessary for a self sustumng outfit 1n the field and two jeeps
We gathered together, borrowed and stole from various unils, our
medical team, of which Dr Sandstead was the Medical Officer m
charge and I the Executnve Officer  'We had one cptain for admims
tration and supply officer, one medical corps officer as 1se1stant surgeon,
two Republic of Korea majors, Medical Corps, who served as mnter
preters and clinical assistants, two enlisted laboratory asswstants, twe
drivers, and one clerk

We discovered the trouble we were gomg to run into very soon—in
fact the first Sunday we were 1n Korez while awaiting the arrival of
the t»o ROK majors who were to act 18 interpreters  We waited for
quite a while 1nd then I told Dr Sandstead I had to go to the labora
tory and check the equpping of the field truch  He excused me and,
as I was leaving, I saw two ROK majors approaching and I ashed
them 1f they were to work with the American team

They sud, “Colonel Sandstead?” Isaid, “Come withme” Iintro
duced them to Dr Sandstead and s I stood around a while, 1t became
apprrent that the mterview was gomng very budly Esverybody was
talhing on a different subject and 1t became 2 Iittle amusing, almost
judicrons I was afraid I would sporl 1t all by laughing, so I went on
about my business

Tn about 3 hours I came back and I could hear vorces m the distance,
Dr Sandstead was arguing with one of the majors very vehemently
1 heard him saying, “You're in the Army now and you are going with

us on thus tour”
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Then the major sud, “No, I stay 1n Seoul »

"These two majors were to have been sent from Taegu, but one of
them hept talking about Scoul all the time, so T ashed him, “Are you
from Taegut”

Ho replied, “I am stationed 1n Scoul and I have got to go back to
Seoul ”

I sud, “You are not an nterpreter{”

“Xo, I am just bringing this man down to introduce lnm to Colonel
Sandstead ”

Well, we dismissed them and Inughed about 1t But, 1t was an n
dication that there were more serious dufficulties ahead and we decided
that all we needed was two more interpreters to mterpret for the
nterpreters

We orgamzed the team within 1 week, which I think we can be
proud of We could have done 1t even sooner, except for a series of
rusfortunes which befell the truck, mncluding catching on fire and
the tires falling off, but we were on the road a week after we nt Korea

Our first vovage was directly north from Seoul up to the western
line, for a twofold purpose One was to shahe down our equipment
to see whether or not 1t would stand the roads, whether or not we had
the proper chemicals and equipment along, whether our personnel were
properly trained n the lnboratory procedures, and also to study the
Korean Service Corps, which 15 attached to the American divisions,
to try to estabhsh a base hine for our study of the ROK Army and
prisoners of war

We had no mishaps, fortunately, and returned to Seoul to refurbish
our equipment and adjust any deficiencies which we noted 1n our equip
ment We knew we had a great deal of ground to cover 1n the next 2
months, most of Korea, and the local weather prophets had forecast
{hat the rains were going to come any day  Since our laboratory truck
was very unroadworthy, st was desirable that we start on the east coast
because we had some of the worst mountains m northern Korea to
cross

We managed to cross these mountains to the east coast and went
down the coast where we made our first survey of a division 1n tram
mg 1n the Umit Tramng Center  We then proceeded north to survey
one ROK division 1 reserve, then proceeded up to the main line of
reststance to surney two ROK divisions in the line  YWe then went
back to Seoul and proceeded to the southwest part of Korea where
there was another replacement traiming center where we surveyed the
troops Ve then were ordered to Koje do Island to survey the \orth
Korean prisoners of war, and then to Chedju do Island, southwest of
the mainland, where we surieyed the Chinese prisoners of war and
then returned to Seoul

We thought we had completed our job at this point, but since we

had completed our first survey, certam changes in the ration system
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ot the ROK Army hod been wmstituted and Eighth Army wanted us
to return to the western front to a division m the fine to see whether
there was any smprovement m the nutrstional status of the troops

We had been domng this for months now, and one would think 1t
would be easier, that wwe had fllen inta all the prtfalls anybody could
fallanto, but that wase’t thecse  We went up to one of the regimental
command posts which was dug out agamst the il with Just one small
window and door to let mn ventilation Since this was m July, the
wenther was parbicularly hot and humud I told the commanding
officer, after the prehmmayies were over, I wanted to get Ins records
to show exactly what his regiment recerved 1n the hue of food for the
last month

He grve orders to hus junor officers who eame 1n with heaps of books,
then sat down and started thumbing through them They cune up
with a figure and indicated that this was what I wanted I did s lot
of mental gymnasties by tahing the hundreds of thousands of ilo
grims of rice, dividing them by the strength of the regiment, then by
30 days, and came out with a ridiculous figure

1 told the interpreters that 1t ws all wrong, and they went through
the whole rigamarole again  Then the officer gas e orders and a couple
more came 1 with another stach of books This was repeated with
httle more success

g;ey that time, 15 or 20 officers had crowded into the hat which was
stifing hot, and I was suffering from the heat and humdity I told
the 1nterpreter, “Get half of these men out of here or I wiil die right
now from heat exhaustion” He swung hus arms around, and thev
scattered hike chickens Only on;s) Jeft c;}m Infxt, however, and he came

boo fan and steed behuind me, fanning me
bn;ix;?;t?:t’:d on rice 1ssue and finally located the corre’ct ncc(mx'xtfi
As I went dawn the hst, I came to 2 word which they didn’t know an
T dvdn't know They thumbed through a Korean Inghisn dxctx%l;r)
and found the Enghsh equislent which I had never heard ofI ix;
they ran out and came 1 with o fish wnd put 1t beside me so dc:"xlth
tell whether 1t was fresh or dried or smohed That contmxlxs g
varous food iwtems until t]n; ;tma»pi&fr: w;s;:?::cﬁ?:;;;wﬁ )
were getting along fine untal I came to one i s
er regiment. I ashed, “T'wo w

cngﬁetng::::s kgf)\f‘aflr;;?ﬁgqus, but 1t was two  So, after 3 confer
ence, tgey decided that it w\;las so‘;’as::ec‘;,

i hat? How much soy «

T’fi‘;; r‘:enb 1nto another huddle and came upblmamm % 311\1111 :‘:e& " 'i‘:g
grams? T told them that thits} ms; ;;r:xculous ecRise

han

soz}i;ler cm:::n:t:: ;n :zx‘xlr"]lzx and went mte another huddle and xxftc’!"
half :1{ ?wur, they beamed all over and came back, “Drams, drims
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1 felt ike blowmg my top and told them that they were gtting closer
but the answer wasstill ridiculous

They looked at me ns 1f T were the most stupid person m the world
and went back mto another huddle  After a wlnle they came bacl
beaming and smd, ¢ Drums, drums

I asked, ‘ What kind of a drum?’ They rephed, ¥A 535 gilon
drum’ T had them tal ¢ me out to show me an example of one, and
there, sure enough was a % gallon drum of <oy saunce It was the
mo~t <oy sauce Lever saw i one place inmy hfe

Baut, I wasn't the only one who had difficulty  Dr Sandstead had
been traming lus aintcrpreter for a long time and was proud of him
and wanted to put lnm to the acid test We came to o field hoopital
where they had a lot of dveentery Dr Sandstead questioned the
dingnosis and sought to determine the etiology through his interpreter

He called the interpreter, a major M C of the ROK Army, and
said “I want you to hind out what the symptoms aie Do they hase
pamns? Yever? \re they passing blood? Exactly whatsit?” We
went nto a great deal of detarl and the ROK major said, “Yes, sir,”
and disappeared  He had a conference with the hospital commander
Tus surgeons and medical men for about an hour o1 so, and came back
beammg  He sad, “C olonel, sir, this man comes fiom Taegu ”?

So asIsaid before 1t wasn't easy

(Dr Sandstead gave hus address entitled, “Appraising Nutritional
Status—Recent Tuxperiences with Far East,” which was 1llustrated
withshdes This address was off the record )
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V Evaluation of Military Rations by Animal Experimentation
FRIDAY MORNING SESSION
26 February 1934
Dr Wrspetn 1 CriFrTi Presiding
Cuamvan GRITFITH

I have pride mn the achievements that have been made through our
research program and particularly with reference to military feeding
And alco, a great deal of chagrn, chagrin that apparently simple
questions can be ashed for which good answers other than opinions
cannot yet be given Tlis 1s perplexing as we are here as a group
of interested people with certain hnowledge and experience 1 order
to help the mihitary 1 & problem which 1s far from being a simple
academic problem Then, there 15 a very real and practical problem,
too It 15 worth remembering that we are not dealing with matters
that may be of concern 1n the future only Decisions are being made
today on the basis of incomplete evidence, but decisions have to be
made and we should reahize that as we consider these problems, that
the quicher answers can be obtained, the better the feeding will be,
not only 1n the Armed Iorces, but i population groups generally

Twould like to emphasize one additional point W e hear frequently
that the interest of the military may be in proper feeding for wound
healing, proper feeding for resistance to disewse—those are the two
most commonly mentioned I think we should remember that those
are only somewhat 1solated instances of the application of Just plamwn,
ordinary, good nutrition, that we must understand normal nutrition
before we can really do anything about abnormal nutrition, and we
are concerned then with what 1t takes to keep one physieally fit, and
thag emphasis should only ben our minds

Yesterday, we had the evaluation of methods for the evaluation of
proteins, of vitamins of minerals Ioday, we are concerned with
the question of the evaluation of these substances put together in the
form of rations and the effect of foodstuffs on pecple  These are not
academic questions These are very real questions These are rations
that are being prepared today and used today, and the people who are
eating these rations are not paper people, they nre real people The
responsibility that we have 1s one that deserves our most serious con
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sideration and our planning, m the hope that we may arrive at what
the engineer would call the proper relationship between what goes
into the machine, the body, and what we getout of 1t g
We lose track sometimes, m our mferest m let’s say wound healin,
or other aspects of disease, not only of the very important matter o%
the work output which we ean get from 4 certain expenditure of
energy and supply of not energy itself, but of food materinls We
need = little more of the engineer’s pomnt of view here The engineer
1s not satisfied with a 95 percent performance with gasolmeblf he
can get a 97 percent performance Ve should not be cumplncent,about
that type of improvement, because that 1s part of the improvement
that will Jead us to what we may call an efficient use of the foodstuffs
1n good nutrition
Rats

Harry Specror

Nutritton Ditrsion Quartermaster Food and Contminer Institute
for the Armed Forces

Introduction—Need for Biological Evaluation

Thctical situations, climate, terrain, and feeding methods and equip
ment create a large number of feeding problems which are met by a
number of different rations, supplementary pachs, and food pachets
For troops subsisted on A (garrison type) or B (overseas field type)
rations, the problems of adequate nutrition are not much different
from those encountered 1n any type of mass feeding But in all com
bat phases of military operations the mamtenance of physical fitness
through adequate nutrition 1s a complex and difficult problem

The difficulties mn attunment of nutritional adequacy for combat
or pachaged operational rations stem from the need fo incorporate
other functional qualities which are necessary under the circum
stances of their use to fulfill their purpose 1n the field These other
essontial requirements or melifary characteristics are acceptability,
stability, and field utiity (7)

Army Regulation 40-250 dictates the mmimum allowances of nu
trients which a ratton must supply 1n order to be considered 1dequate
These baste standards of diet (table 1) for the Armed Forces prescribed
by the Surgeon General are patterned after the recommendations of
the National Research Council, but modified in the Iight of previous
experience to meet the needs of the Army In normal eivilinn feeding
the recommended nllowances can be attuned with a good varmety of
commeon foods which will also provide other minerals and vitamns
for which requirements are less well known It 1s not safe to make
this assumption for pachaged rations since they consist largely of
Indeed, mnvestigations with World War IT rations
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(4, 5 8, 9) have alerted us to the fact that pachaged rations may be
phyveaiologienlls deficient 1n nutrients despite bemng apparently ade
quate by caleulated comparicon with nutritional etandards

TABIT 1

Baste DIFTARY STANDARDS
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ot o | Cotci m
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Tield trials are conducted by the Medieal Nutrition Laboratory of
the Surgeon General s Office to determine the nutritional adequacy of
tmhtary rations under actual or stmulated conditions of use These
trials with men 1n the field are undemably the ultimate test of the
wdequacy of mlitary rations  The cost 1n manpower, time, and money
1s so high, honever, that many years frequently intervene between
trials of a speaific ration

Ration development 15 1n a constant state of flux due to the needs
of modern mobile warfare on a global scale A relatively rapid b
olomeal tool 1s therefore required (a) to check the nutritional ade
quacy of rations while thev are in the course of development, () to
determine necessary corrective measures where nutritional madequa
c1es may be found and (¢) to determine the nutrent stability of such
rations  For this reason and those previously stated, it 1s considered
mmportant to devise and conduct feeding, tests with laboratory am
mals to ascertain the phyuologieal avadabiity of the nutrents m
packaged rations

Animal Experimentation as a Tool

The hmitations or Teservations assoqated with a particular tech
nmique are usually related last by their advocates  However, a eandid
discussion of thewe at the outset 1s advisable to establish the useful
ness of animul experimentation m general, and rat experimentation
<pecifically, as a tool witlun the framework of appropriate reserva
tions  AMost conspicuous of these general reseryvations 1s that of spe
cies differences between Inboratory annnals and men 1n their nutritive
requirements  Quantitative more than qualitatine differences compli
cate mtarprtation of information «ceured with laboratory anmmals for
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:)heﬂn;eds of man  Quantitatsse differences are, furthermore, confused
y ditierent svstems of expressing nutritive reqinvements, 1 e, amount
(e} per dav, {b) per umt of diet, or (¢) per unit of hody weight In
spite of this, much of our basic knowledge of human nutertion was first
established with laboratory animals Utihzmg a varsety of laboratory
ammals helps to clarify the sigmheance of species differences where
previous hnowledge of these may not be available

Turmng specifically to the rat, sts ability te synthesize ascorbie acrd
does not lumit ats usefulness for evaluating packaged rations inas
much as fortafication accounts for almost all of this vatamin present
Due to 1ntestinal synthesis of folie acid and brotin by the rat, dietary
deheiencies of these two vitamuns cannot be demonstrated without re
sort to sulfa drugs Inview of the hnuted requirement for these vita
muns 1o human dets, this may not be an unfortunate creeumstap-e

The growth response of weanling male rats affords & simple, rapid
and economical criterion for screeming pachaged ritwns for possible
nutritional inadequacies snce all essential nutrients have a growth
impact when not present m adequate amounts  This 1s particularly
true of the more lahnle nutoients the ammo acids and vitanuns which
are therefore more hhely to be madequate 1n packaged rations

Systematic study of the nutntional adequacy of combat rations by
anmal feecung experiments was first conducted at the Univeraty of
Wisconsin by Elvehjem and his students (5,8,9) They showed that
3oung monkey s, dogs and rats fmled to grow normally when fed such
rations as K 10-m-1, and C, as the only source of food Therr early
rat studies established the following general outhmnes which hase
served as a base line for detniled studies of more recent rations The
addition of B vitumns mnd cisem to the ritions substantilly m
proved growth m all cases—attaming a normal rate when K and C
rations were used  Supplementation with vitumns & and D or silts
IV had no effect upon the growth of rats fed any of the combat 12
tions More recent studies at the Quartermaster Food and Container
Institute will now be reported as examples of appheatton of rat
growth ns a means of evalnating the nutritional adequacy of combat
rations

Methods

T'he general tecAnaques used i preparing the ritions for rat feeding
experiments ase as follows

1 Duet preparation —The components of all menus of a ration are
first ¢ronnd and miwd 3 2 large Hobut mixer  They are then
thoroughly blended 1 2 large Turmns Food Mier

© Analyses — Fhe composited ration 1+ then analyzed for proximate
composition, calcuni, 1ron, vitamin and essential annno aerd content

3 Supplementation —Supplemente of prote:n 2 misture of alt the
B vstanuns and specific amino aesds or sitamins suggested by the ana
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Irtienl results are added ndividualls and in vanous combinations to
the composited ration

4 Storage of ratron —The daily food requirement for each expert
mental group (five rats) 1s pachaged eparately in polyoxyethylene
bags and approprately laheled  These bags are frozen, stored in the
fro7en state, and allon ed to thaw out 1n the refrigerstor overnight for
the next day’s feeding  This technmique makes 1t possible to make one
uniform mix of a ration to Inst for the entire expermental period of
6 weehs without complication from mold growth  Due to thewr lngh
moisture content storage of pachaged rations, even in the refrigerator,
usually resultsinthe growth of mold over a @ week period

The multiple range test of Dunean (1), a significance test for differ
ences between ranked treatments m an analysis of variance was used
to analvze the results  Tlus test acts as n homogenaity of means test
like the F test for the determination of the signifieance of differences
among means, 1n addition, 1t gives decisions on the relatine ments of
the treatments considered m all possible pairs  The multiple range
test 1x consequently superior to the F test which does not imdieate
which of the differences among the means may be considered respon
cible for rejection of the homogeneity hypothesis Moreover, if the
2 sided ¢ test were apphed to more than 2 means, the error probability
would 1ncrease with the number of means considered For example,
the error probability at a 5 percent level could be as much as 20 per
cent for 4 treatments and as lugh s 91 percent for 20 treatments In
Dunean s multiple range test the levels based on degrees of freedom
inicorporate a correction for the number of means compared to give
consistent ley els of significance

Moreover, the graphic manner in which this test 1s performed makes
it possible to interpret voluminous datt mn a relatrvely short time
and to clearly sight sigmificant results which might otherwise be ob
ceure  Thus, the differences between a1l purs of means enclosed 1n a
common brachet are not sigmficant All other differences between
“ingle means ire sygmificant It should be pointed out that when dif
ferences between means are found to be sigmficant by the rultiple
Tange test they would always have been found to be significant by the 2
<ided £ test at the same level of significance  In addition, when 1t 15
desired to compare anly differences between single means and not to
test linear comparisons within several means, the multiple range test
¥s not appreciably less powerful than a multiple T test and requires
considerably less time and effort

Results of Rat Growth Studies and Their Analysis

Fxamination of the data (table 2) on average _rowth at the end of
the fourth week for rits fed the Small Detachment Ration, 5-1n-1,
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ustng the 001 level of sigmfieance leads to the {ollowing major con
clusions
[T] ‘The combmned addition of phenylalanme and tryptophane
(9) * to the m 1 B ration did not mmprove the gronth re
sponse
{C] Casemn {2) was heneficial
Metlnonmne, however, produced a growth tesponse equal to
cnsem
Phenylalantne and tryptophane did not augment the re
sponse from metlnonine
Tantothenie acid (6) gave no response above cisemn
[1] The B vitnmun mixture when added to the casein supple
mented mtion (3) gave a sigmbieant response above that of
csein alone (2)

Pyridoane (5) gve n growth response equivalent to that produced
by all the B vitanmins  This 15 particularly interesting since micro
biological assay indicates that apparently adequate amounts of this
‘itamin are present in the ration

The Arctic Trul Ration, a concentrated ration with a relatively
Ingh level of protein, produced a very good rate of growth 1n rats
when only haliver o1l was given as an oral supplement Haliver oit
was given smce the first version of this ration furmished very httle
vitamm \

The Individual Combat Ration C 1s the principal ration used by
combat troops when they have been denied the use of their unit kitch
ens (table 3) Lxamination of the data on average growth at the
end of the fourth weeh for rats fed the C—4 ration using the 0 05 level
of sigmificance leads to the following conclusions

[H] Urea and ammonium citrate 1s nonprotemn sources of n:
trozen fed at levels equivalent to 5 percent and 10 percent casein
did not 1mprove the growth response  In fact, the higher level
of ammonium aitrate was toxic  In other experiments, a mix
ture of the nonessential amino acids fed at levels equivalent to
5 percent and 10 percent casein was without benefit, and 5 per
cent glycine depressed the growth response

{F] When vitamin B,; was added alone (2) improved growth
was obtained  The unsupplemented (-6 ration (23) promoted
a greater rite of gam in rats than did the C—4 ration

[DD] One tenth percent methionine (3) 15 1 the same bracket 2s
G 1 percent methuonine plus fohic aexd plus Bi. (5), 0 3 pereent
methionine plus B, (12), 5 percent c1sen (17) and 10 percent
casemn (13), wluch indicates that () 01 percent methionine 1s
adequate to correct the methionne deficiency, (b) B, exerted
& sparing, effect on the hmited methionne present but had no
benefic1al effect when the methionine was made adequate, (¢)

oM faced figures ¢ fer t esperimentsl Eroop numbers (see table 2 8 4 )
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folic nerd aleo ¢xerted no effect, (d) the major effect of the
casern addition 1s due to the methionine supphied

[A] At the 001 level shows that the addition of the other B vitn
mmns with 01 percent metluomne (7) pave a sigmificant 1m
provement over methionine alone (3)

Ten percent casein plus the B vitamins (16) was no better
than 0 1 percent me tlnenine plus Byitamins (7) - Other expert
ments have established that pyridoxine accounted for most of
the grow th improy ement with the vitamm muxture

The highest ranking groups decreased contintiously mn aver
age weekly gamn from the fourth to the sixth week  I'he lowest
ranking groups inereased from the fourth to the fifth week,
and the sixth weeh wlale less than the fifth was hngher than
the fourth week These observations indicate that the C ration
was defictent during the most rapid stage of growth of the rat
Once thus stage was past the C ration became relatively less defi
cient and the beneficial effect of the supplements dimimshed

The September 1951 assembly of the C ration, the latest one tested

1s representative of the largest procurement of this ration made for
use In Koren  Fighty percent of this ration was used as a bisal (table
4)  When protein supplements were used they were added 1n amounts
to make all diets 1somtrogenous Sucrose and corn o1l were then
added 1n amounts to make all diets 1socaloric

Examination of the data on qverage growth at the end of 3 weeks

of controlled feeding using the 005 level of significance lends to the
following conclusions

[E] The hver concentrate (8) did not improve growth

{D] One tenth percent methiomne (10) give a growth response
when the protemn level was only 1119 percent equivalent to
that obtamed when the level was mcreased to 19 percent with
alpha protemn (2)

[A] [B] [C] Show that addition of 01 percent methionine to
alpha protemn (3) guve a sighificant improvement m growth,
contrary to the results when casein was used as a protein sup
plement, probably because of the low methionine contribution
to alpha protemn (0045 percent) Addition of vitamins or
Irver preparations to this combination was of no value Tlus
mdieates that this new C ration 1s adequate for the rat 1n all
the hnown B vitamins and umdentified factors contained 1n
desiceated Iiver  The slight improvement when the higher
level of desiceated Iiver was added alone (7) w1s probably due
to the methionine contributed (0 13 percent)

The data from the subsequent 3 weehs of ad Libitwm feeding are

n pgeneral consistent with the data on controlled feeding with the
following, exceptions
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Storage Cond t ons. Length of Storage Apparent Digestibiity
%

Temp  RH Months
3 % 3 2 T For Frotein
-20 40 | 3e12123 | 2902090 | ¢76£050 | 964 | soz092
10 50 | 2882120 | 2862181 | 293t143
7% 3 75
wo | 90 | zarsosr | 249f0s7| 213v0e7 | 9e4 | 7aroer
T
Cyeting” 300s121 | 264+245| 2252218
 Simuloting desert conditlons +p 008
12 e MO F 25%RH *+ P (0O
12 hrs. 70 F 90%RH

TABLF 5 LrrrcT OF STORAGE OV THAF Crowrit OF RaTa Fip THE G Rarion
(September 1931 a<sembly)

[E] Increismng the level of protein with alpha protem (2) was of
nobenefit This mdicates that methionine rather than the level
of protemn was himiting growth and confirms previous indren
tions that the response from casein was due to the methionine
contributed  The explanation for the significant effect obtuned
with alpha protein during the first 3 weeks on controlled feed
ing probably lies 1n the well hknown Iigher requrement for
protem imimediately after weaning

[A] The addition of B vitamins alone {(4) and with desiceated
hiver (5) gave a growth response above that obtamed by alpha
protemn and methionine (3) It 1s interesting to note that the
growth response duning the first week of ad libitum feeding
was 612, 642, and 478 gm, respectively, whereis during the
third week the growth responses were quite uniform, 27 4,292,
and 27 8 gm , respectively

The effect of storage on the average growth of rats fed the 1951 as
sembly of the C ration for ¢ weeks 15 shown n table 5  One years
storage at 100° F resulted 1n a significant drop m growth promoting
abihity, whereas storage under simulated conditions was not sigmfi
cantly detrimental until 18 months  The latter picture 1s complicated
by the erratic operation of the cycling room  Microbiological assnys
revealed no significant drop in amino acid content  However, the pro
tem digestibility after 18 months storage at 100° F was sigmifieantly
less than when stored at —20° F

Although losses of thinmine and pyridoxine were found on analysis,
supplementation with these vitamins and the B vitamin mixture did
not compensate for the loss 1n growth response Incidentally, the
ad Itbrtum consumption of 100 percent of this C ration gave the best
growth response ever obsersed on this unsupplemented combt ration

Evaluation of Other Crnitena

Since much of the work on newer or umdentified factors 1s being
done with rats, rat growth as a tool 15 continuously being brought up
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todate  After screening by growth studies has estabhished specific
nutrient deficiencies, further quantitative refinement 1s possible by
one or more of the following criteria (a) blood levels, (8) balance
studies, (¢) enzyme activity, (d) careass analysis or any of the other
functions mentioned yesterday = For example, several recent studies
m Dr Elvehjem’s laboratory have been concentrated on the metab
ohism of vitamin Bs (3) It was demonstrated that the mixture of the
forms of vitamn B, found 1n the K ration was not sigmficantly less
active than pyridoxme when added to a sucrose ration and could not
be considered responsible for the increased need for the vitamn  Ex
cretion of relatively low wmounts of vitamn B, 1 feces of rats fed
the K ration with and without vitamin B, has indicated that mntestt
nal synthesis does not occur to the same extent on the K ration as it
does on a dextrin diet The vitamin Be content of the liver was sig
nificantly lower 1n rats on the K ration not supplemented with this
vitamin and represented 50 percent less than that found in the nor
mal weanhng rat liver

Rats are quite trictable under conditions stmulting the military
stresses of climate and heavy work The resistance to chmatic stress
can thus be used as a practical measure of the nutritional adequacy
of combat rations Forced actrvity ean be appled (a) m fixed
1mounts as a measurable imposed physical stress, using other criterra,
as growth, to determine dietary adequacy, or () to exhaustion of
the amimal as a direct measure of nutritional adequacy for severe
physical work These criterta provide an indication of dietary ade
quacy 1n terms of optimum requirements for military stress condrtions

Ability to support reproduction and lactation i rats was one of the
first criter1a apphed to estimate the nutritive value of the combat
rations The following results obtamed with 10 females fed the Cp
1ation (2) are aited as representative “5 reproduced and lactated
normally, 3 reproduced but ate their young soon after birth, 1 did not
become pregnant, and the other one deteloped 1 respiratory mnfection
ind was sacrificed without mating® Although reproduction and
Iactation represents 1 greater nutritional stress than does even grow th,
the sigmificance of this higher requirement by the female rat as a
measure of the dequacy of rations for the combat soldier 1s obscure
Since the requirements for reproduction 1n the rat are less well defined
than for growth, and other than nutritional factors may play an
important role, 1t 1s frequently mmpossible to obtain a statistical com
parison of the effects of different diets These uncertainties coupled
with the more tedious and time consuming routine mvolved in repro
ductron studies argue against this criterion

Summary Appraisal of Feeding Studies With Rats

A practical appraisal of the significance of feeding studies with
1ats for evaluation of the nutritional adequacy of combat rations for
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military personnel yields the followmng per-pective ;"‘i""";']:‘ ":;'_:][l
vantages and himitations The growth respanse of weanhing .
11 menus of a rition for 4 woehs serves 4

rats fed a composite of & Gonal ade
« stmple, rapud and econormea) eriterion of ov erall n]m:i‘l‘ <
quacy Spearfic nutrient defiencies ean be etablishe ’:‘ “[:lﬂw
priate supplementation The alality to achieve homogeneity 1
test animals and to control all pertinent varibles makes it posaible to
¢stablish statisticalls sigmificant differences with onhv five Tt pet
group Rat growth «todies can reveal phyaolome madequacy of
nutrients not ascertawnable by chemeal physieal or microbtalogieal
nssay

1t 15 well established that the amounts of vitamins and amino acids
required for growth are greater than for muntenanee In plat
testing the quality of the food furnished our combat troopsat ta not
unreahistic to apply the higher nutritional standard represented by
growth since mn n draftee Army a significant cegmient my be an the
stage of rap:d ndolescent growth

Our rapdly merensing knownledge of species differences 1< imprm
ing our abihity to mterpolate the results of rt growth ctudies to man
Tor example, the methionine eontent of the C ratron winle mamfestly
oo low a concentration for the growimg Mt (A31% et omt sl
basis) furnished 227 gm per day which e hnow sttisfirs Row ¢ (1)
hiberal Recommended Allowance of this amino acid for man

The nutritional needs of man are not as fully undirtood aa tho o
of rats.  Deficiencies which can be readily dumonctrati d an rats mns
not be recogmized m man by present methods of apprac al, yet miy
cuuse lach of stamina, decreaced efficiency, diminiched resiatance to
dzsease, and may delay recovery from wounds Ruat feccing, stulies
cin provide guiding nformation on such margmal deficronoesy
Field trials m which performance 1s measured and the payecholoac
:‘S“;es:‘sl;‘;““s;“’i‘luce}‘: will permit us to nseertain the sy mificance of
chelg ests Jor the nutritional welfare of members of the \rmed
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Nutrition and Performance in Ammals?
Toser BroZrx

I avoratory of Physiological Hygiene
University of Minncsota

All who have had a direct contact with the experimental study of
human nutrition are fully aware of the difficulties involved in such
an undertahing  They will agree readuly that it 1s advisable to obtun
111 the releant information that can be obtained from animal studies
Dbefore taking up the costly nnd not infrequently dangerous exper:
mentation on man At the sume time, the imitations of applienbihty
to man of conclusions based on animal nutritional research, i general,
and of the researches on performance, in particular, should be hept
nmind

In the past, growth and health have been used most frequently n
ammal studies as criteria of nutritional ndequacy of human diets, 1n
cluding miitary rations  As a rule, “growth” meint mncrements 1n
body weight, although carcass amalyses have been used occastonally
and blood analysts of certamn nutrients, capacity for reproduction and
lactation, and resistance to nonnutritional stresses hive been also exam
ned

It 15 the purpose of this communication to point out the potentinl
contribution of studying performance as a criterion of nutritional
status It 1s our behef that opportunities afforded by the techmques
for the study of ammal behavior have not been fully exploited in the
interest, of nutritional research  I'o the best of our knowledge, there
18 not a single nutritronal Jaboratory 1n wlhich the problem of ammal
performance 1n relation to dietary factors has been ot 1s being studied
systematically  [lus 1s one of the areas which perhaps ein be cults
vated most effectively by combining personnel competent 1n the bio
chemeal and the behavioral sectors of ammal biology  Most of the
research an this field hias been done by ammal psychologists for whom
diet 15 Just one of a large number of factors mfluenan,, belhavior In
much of their researcly, these 1nvesti ators hive been concerned with
other aspects of behavior than “performance, ’ such as activity moty
vated by nutnitron il requirements (hunger cvcle, food selection), and
food hoarding.  Tunger and thirst are frequently used as the baswe
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drives for behavior m the study of o variety of problems which e
no direct or even indirect interest to the antrtionst
In this connection I shonld hike to draw attention to Munn's Hond
ook (6) of animal psychalogy, based on the resenrches on the rat
The volume provades = thoroughly documented, up to date survey of
facts wd theories voncermng the 3arions aspects of unlearned and
lerrned, indivadul and soctal behwior of the most mtensive studed
mammu  The Fandbool represents e veady reference fora Jarge num
ber of test procedures, \pphed but frequently not 1dequately desertbed
m enerent experumentsi studies, and 1t helps to reduce the frustration
of the nutrstiomst who wants to read with full comprehension the
ammal psvehologist’s writings  Tlus 1s not 1+ nutritional handbook,
orgamzed 1 1eference to the nutrtionists crtersn, but it reviens 2
good deal of the literature on nutrition and anmmal beh v or
From the pomnt of view of performance cap waty, four aspets of
behay ror are particularly mteresting
(0) Learmng (runmang dry and 1water mazes, acquation of conds
tioned responses) and prodlem soliing (6, 7) ~While 1n the funda
mental studies mtellectsva capaeity 1s an mmportant aspiet of the
ammal’s overall “fitness’ and its parhal dependence on diet an 1
portant fact, m the applied resetrch on the evaluation of mulitary
rations this cniterzon my not be partieulaly useful or releyant
(b)Y “Valuntary” locomotion, oy measured by the retoliing drum
techmgue {6) —Krzywicht and Da Costa (3) observed an wierge
activaty of 1,101 rotary cage revolutions per rat per day mn a control
group of ammals fed ad kbitum, with an 2y erage duly intake of about
15 gm of food Faghteen rus, fed a quantitatisely restmcted dret
(mntahe of § gm per day), averaged 7,654 eage revolutiuns per vy
wd thesr spontaneous wetnaty decreased to or below the prerestriction
Jevel during the period of refeeding  Qualitative restrictions of the
dhet also frequently result m higher tctristy Jevels (7)  Care must
Dbe tiken 1n the imterpretation of the date {§) It s quite clear that
1n these situations the mcresed actisity 1s not a reflection of an m
sed “vatality” wnd work capauty
cm(l)edb‘ndumnyce ~Ths smportint aspect of behavior has not been
considered by Munn A method for recording sustvined performance
1 5w mmng rats was 1pphed m 4 stndy on the influence of thiamne
dehieseney by Kniazuh and Mehtor (2)  Thetechnique appetrs prefer
ble to forced performance to exhustion on the trendmudl, as 1t c]am
p]etely elmmates the possibility of meehansesl myury  Attac unlg
different weights, cirrsed by the swamming animal, provides a ssmple
way for varying the w orhload The anthors used the test for mm:]ur
mg either endurance or peah performance In t'he Intter ;'xse ’t?e
started with hight lond and neresed 1t rapsdly  Withain1to 2 mimnu
the maximal weight was reached which the amimal was able to carry
without sinhing  ¥n testing undurnace, the animal 15 made to carry 2
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submaximal Jond, ssimmmg erther to exhaustion or until 1t drops to
u spectfied distance below the starting level  The two aspects of capie
sty for hard museular work are not equally sensitive to different
<tresses

(d} Sencory functions (6) —In this context, Morgans study of
darl adaptation 1n normal and i vitnmin \ deficient rits (4, 6) 15
of particnlar interest as it hias demonstrated the posaibnlity of « quant
tative an1lyms of this sensory process in the rat The diseriminatory
performance myolied pressing of a lever located below the brighter
1 of 2 patches  The correct response was rewarded by 1 it of food
wlile the incorrect response was followed by an electrieal shock  As
an example, with 1 given patch brightness (3 log mueromillilamberts)
the control ammals renched the 75 percent levcl of correct responses
after 15 mnutes spent n the dark while the corresponding time 1n
the depleted ammals was about 3 tumes s Jong  Pooling the duta
obtained for different brightness levels the author was sble to draw
dark adaptation curves for the control and experimental amimals
The curves were simlar 1n shape but the brightness of the test patch,
at which the animals diseriminated accurately between the dark and
the illuminated patch after 2 mven time spent in the dark, was sub
stantially higher for the experimental amimals than for the rat re
cerving a supplement of cod Iiver o1l

In summary, the study of performance 1 wnimals deserves more
attention from the nutritiomst than it has recerved in the past Tt s
m the area of endurance testing, an area which 15 difficult to explore
m man, that animal studies may offer research tools particularv rele
vant and valuable for the eviluation of military rations by animal
experimentation
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Dr Spector has pointed out that the 5 1n 1 Ration appears to be
adequate for supporting satisfactory rates of growth m young rats
In order to obtam ndditional information about this ration, we have
fed 1t to monkeys Our ammals were obtmined directly from dealers
although a few were thoso that had been in our laboratory for some
time and had recerved a synthetic ration contamning an adequate quan
tity of all the vitamins. The components of the ration were removed
from the contminers and mited in a Hobart miter  The mixtures were
hept m a cold room and were usually mixed fresh about once a weeh
All the ingredients were meluded except the soluble coffee product
Case hastonies of two t4pieal animals will be presented

Monkey AR-17 thrived for nbout 4 months on the 5 1n 1 Ration and
then began rapidly to regress, soon losing nterest in food and holding
to the mde of the cage for support Swelling around the eyes was the
most obvious symptom other than general weakness Stce this con
dition snggested a posible thiamine deficiency, this +itumin was added
at five times 1ts normnal requirement for this ammal  No unprovement,
was noted with this vitamin but 4 supplement of ascorbic acid brought
about a rapid weight gun It should be pointed out thit the soluble
coffee product was not included and that this powder contuned supple
mentary ascorbic acid It was not surprising, therefore, that the
monhey would show an ascorbic acid defictency  After the ascorbie
acid had been admintstered for 1 month,  second deficiency began to
develop A dechine 1n weight of 1+ months duration was successfully
reversed by 1 combined supplement of pyridoxine, mositol, folic acid,
and the ascorbic actd  Further work indicated that wnositel could be
onutted from the mixture but that the others, especially folic acid and
ascorbic acid, were needed Blood analyses on this ammal indicated
a normal hemoglobin Jevel even after bemng on the experiment for 1
year  Durmg the administration of only folic acid and ascorbic zard,
the hemoglobin value dechined to a low of approximately 5 gm per
cent The erythrocyte and total leukocyte counts, as well as the dif-
ferential leukocyte counts remained normal throughout the expert
ment. Although the supplements were inereased to include pyridox
ine, calerum pantothenate, and finally thiammme and vitamin By, the

hemoglobin did not rise above 8 gm percent during the remamnder of
the cxperiment  When this amimal was shifted to a synthetic ration
the hemoglobin returned to normal over a period of a few months

Monkey AR-o1 was a male aninal that had been 1n our laboratory
for some time It previously receised a purified ration supplemented
wath vitamms and had at tumes been g1ven extra foods such as bant
nas, apples and pewuts  1lis ammal grew at a satisfactor) rate
for about 8 months while given the 5 1n 1 Ration plus ascorbie acid

Following a 2 month plateau m weight & sirious decline oceurred
When the amimal had lot nbout 500 ¢m and had lost an interest m
food, folte aerd supplementation w15 mtiated
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mn solutions were readily consumed, no 1mprovement in the ammal’s
condition resulted Five doses of procune penteillin G totaling
440,000 nmts were also admimistered during 2 2 week pertod without
apparent benefit Yn an attempt to save the monkey’s ife without
gung a complete vitamin mixture, py ridoxine was also added to the
supplement As a result of this supplement an almost immediate
growth response occurred  After 2 weeks of weight fluctuation while
tissue reserves of the missing nutrients were bemg replemished, a
regular and quite rapid return to normal welght occurred The am
mal continued to mcrease m weight during the remainder of the ex
periment while recerving this supplement

Blood data obtamned during the study showed 2 normal hemoglobin
value of 122 to 15 3 during the entire experimental period A differ
ential white cell count mide when folic acid supplementation was
mitiated mndieated o sheht reversal m the nentrophil lymphocyte
ratto This symptom has been shown previously to be a charaeter
wtic of the monkey anemis factor After the animal’s recovery the
neutrophil Iy mphocyte ratio returned to normal Total leukocyte
and erythrocyte levels sere not abnormal even while the ammals
condition was the weakest We may summarize then by saying that
the 5 1n 1 type of combat ration 1s capable of mamtaning 2 state of
health 1n monkeys for pertods of several months depending upon the
reserve supply of nutrients which the monkey has at the tume the
experiment 1s started The two most limiting factors are folic acid
and pyridotine  If these are added along with ascorbic acid, the
monkey cin be maintained for periods of 2 vears or more The fohe
seid mndequacy 1s Lirgely o reflection of the monkey’s high require
ment for this nutrient The need for pyridoxine 1s another mm
festition of the extra need of pyridosme when hghly processed ra
tions 1re used

The results with the C rations are not as conclusive because exper:
ments have not been carried for as long periods of time Howerer,
agam I shall give case reports on five 1mmals which have been fed
thus ration

Monkey AR-51 had been used for studies on the 5 1 1 Ratron and
swas about 214 years old when 1t was placed on the C ration Imtial
weight wis 3,400 gm and the hemoglobm content of bloo%] was 145
gm percent Ths ammal muntamed its body wesght for 2 “‘“;‘d;S
After this time the ammal showed a decrense 1n activity, a shght
anorexia an alopecia, and a graying ind unhempt appeiwrwnce of
the fur Severe anorexia occurred by the end of the third morllth
resulting m a dechine 1n body weight which beeame eritica] At thrs
point various combnations of B vitamins were admimstered brotin
cileium pantothenate and pynidotine Were gven at fve times the
daily reqmrements No response occurred and this origmal supple
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ment was followed by additions of folic acid and thinmine nd ribo
fluim  The anmal did not respond to any of these vitamns and
continued to lose weight Other B vitamins were added as well as
the fat soluble vitamins but the response was negative in nil cases,
although after 5 weeks of this supplementation a small mcrease 1n
weight resulted, the mcrease beng from 2,640 gm to 2,850 gm
Agun the animal showed reduced activity and reduced interest in
food At tlus point vitamin free casemn was added to the ration at 1
Icvel of 10 percent  The ammal showed an 1mmediate response and
the growth contmued until the ammal reached 3,600 gm At this
pomnt both the casemn and vitamin supplements were removed from
the diet and the ammal has continued active and healthy since 11
January 1954 Actunlly witlun the past 3 weeks the animal has
shown considerable weight increase and now weighs 3,800 gm
Ammal AR-54 weiglung 2,200 gm wns placed on the C ration 17,
June 1958 The amimal refused to eat the ratton and lost 300 gm body
weight. The diet was supplemented with fresh fruits and segetables
until the ration became acceptable to the ammal  On 4 Tuly 1903, the
nmmal was placed agamn on the C ration alone The ammal now
gamed weight and reached  weight of 3,200 gm by the latter part of
September or after a 3 month pertod During October 1t mantained
its body weight but shoned a shght graying of the fur The anmmal
then developed severe anorexia and the body weight decreased to 2,300
gm by 17 November 1953 A vitamin supplement consisting of 10
times the daily requirements of folic acid, thiamine ribofiavin, pyri-
doxine, and biotm was admimstered on 18 November, but the amamal
did not respond The anorexia became so severe that 1t was necessary
to place the ammal on a purified diet supplemented with high levels
of B vitamins and fresh fruit and vegetables The ammal responded
slowly to this regimen and on 1 Janunry 1954, was placed again on the
C ration but B vitamin supplements were continued At the pre-ent
time the weight of the animal 15 3 200 gm and 1t shows no <evere de
fictency The hemoglobm level of this monkey was 13 gm at the start
of the experiment It dropped to 10 gm before the B +itamin supple
ment was mmtiated and after supplementation the level returned to
13 gm
Monhey AR-58 was recerved in the laboratory the first part of Sep
tember 1953 It was given our regular synthetic ration for about 2
weehs  On 18 September when 1t weighed 2,400 gm 1t was g1ven the
C ration  Fhe anmmal consumed the ration but showed no increase 1
weight during the following month  The hemoglobin level of the
Llood remamed at 14 gm  After about 6 weehs on the ration the animal
developed a severe anorexta which was accompanied by loss of weight
and lack of actinaty  After the animal had lost 400 £m, folie perd,
pindoxine nboflavin and calaum pantothenate were added  This
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supplement farled to correct the anorewia and 1t became necessary to
give the anumal fresh frurts and vegetables The anmmal continued to
lose weight, weighing only 1,800 gm during the first weel, of Novem
ber After o weeh, noticenble signs of general edema were evident
The edemn w15 not alleviated by g1ving an mtremuscular myection of
25 mg of thmmme The edema condition 1mproved slowly when 5
percent of casein was added to the ration When the edema dis
uppeared the monkey was placed on the C ration supplemented with
all the B vitanuns  The animal failed to inerease n body weight and
the hemoglobin dropped to 105 gm At this pomnt the monhey de
veloped another severe edemic condition and died 27 November 1953
On antopsy no abnormal conditions were obsery able

Monkey AR-17 was placed on the C ration on 17 June 1953 At this
time 1t weighed 3,550 gm and 1ts hemoglobn level was 8 gm percent
This low hemoglobn level was the result of the ammal's extended
period on the 5-n-1 ration  The snimal mauntuned stself n farly
normal condition for 2 period of six months The hemoglobmn level
varied between 8 gm and 10 gm and the weight increased to 5,970 gm
on 9 October 1953 During December this animal showed some an
orexia with a2 steady declne m weight which reached 3,730 gm on
23 December 1953 At this time the ammal was grven vitamin free
casemn m his diet at o level of 5 percent, and fohe acrd, pyridoxine
C, pantothenate, and biotin at hive times the norm il level The ammal
responded with an mncrease in body weight up t0 3,950 gm The monhey
w1s placed on the unsupplemented ration on 27 December 1953, and
showed a rapid decline mn wexght The diet was agam supplemented
with vitamins but no cisein  The animal failed to respond to this
supplementation as 1t had done previously Six days later niboflavin
vas given and a few days lnter vitammn By, was added Only a shght
temporary mcrease m weight resulted  All the vitamuns were removed
from the diet and for 1 period of several weeks it showed no change
body weight At present the animal weighs 3,800 gm and the hemo
globin content of the blood has increased to 11 6 percent

Monkey AR-28 weighed 4,100 gm and had 2 hemoglobin lev elof 9
gm percent when placed on the C ration 17 June 1953 This amma}
showed a temporary mcrease 1n weight during the first month on the
Latton and reached a weight of 4,600 gm During the followmg 5
months the monhey showed a steady but clow decline n weight accom
panied by some graying of the fur The hemoglobin level during this
pertod remamed between 9 gm perceut and 10 gm percent

A shight anorexia accompanted by 2 further dechne 1 body weigrht
and a decrease in et ity occurred durmg December The anorenia
became quite severe during the fourth week of Decembir and on 29
December 1953, the ammal werghed only 3730 gm At this time the
followng vitanuns folic acrd, C. pantothenate, and pyrideovine HCl
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were added at 10 tunes the level used 1n synthetic rations  The anor
exin diappeared completely on 9 January 194, the ammal weighed
4200 gm  Although the vitamin supplement was continued, this am
mal lost 300 gm during the following weel  The amimal continued
to lose weight and a slight anorexin was observed  When 1mositol
and PABA were also added to the vitamin mixture anorewia disap
peared and the animal reached & weight of 4100 gm on 20 January
1954

The addition of mnositel and PABA to the vitamin mixture was con
tinued for 9 days  Although the ammal showed an immediate re
sponse of 200 to 300 gm , 1ts weaght dad not return 1o the previons
level of 4,600 gm  Recently all the vitamin supplementation was re
mosed and the animal showed a further gain up to 4,600 gm 1t ap
pears that some alteration n the microflora of the intestinal tract had
taken place during the vitamin supplementation that tended to pro
duce a farorable grow th response

Two dogs have been fed the C ration for the past 2 months  They
were approsimately 5 months old when placed on this regimen  Dur
ing the first month 1 ammal increased n weight from 79K to 10K,
and the other from 73X to8 5K During the second month there was
little change 1n body weight This plateau 1n body weight was to be
expected since they were reaching maturity  Further findings will
determine 1f any deficiency develops The hemoglobin level of the
blood remained between 15 and 16 gm percent

Although our work on the C ration has not been as extensive as
that on the 5 1n 1, 1t appears that the deficiency 1s not as simple as
that oberved on the 51n 1 ration The amimals do not accept this
ration gs well as the 5 1n 1 and when they do show a decline 1n weight
typical responses cannot be obtained by addition of pyridoxine and
folic acrd  The condition may be more complicated and may be due
to disturbed digestive conditions Since rats grow rather well on
thus ration, 1t appears that the combination of foods 1s not satisfac
tory for the monieys Since no specific deheiency develops, this 1a
tion may actually be as <atisfactory for the human subject as the other
rations  This combination may have quite a different effect 1n the
tract of the human than the tract of monkeys Turthermore the ra
tion 1s consutned under different conditions by human subjects, that 1s,

the entire ration 1s not mived, but certain components are eaten at each
of the 1ndividual meals
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The Nutmfive Value of Army Rations
as Determined With Growimg Chieks

M L Scorr, i C Norrws, L A Marxaxo

School of Nutrition
Cornell Unnersity

and
Harry SpeCTOR
Quartermaster Food and Container Institute for the Armed Forces

Recent research has shown the particular importance of adequate
nutrition, especially in regard to the vitamins, mn animals placed under
conditions of stress I 1ghting men oftentimes are forced to adapt
to several different stress factors such as strenwous muscular work,
extreme cold, and emotional disturbances stmultaneously Therefore,
1t appears desirable that the stress of madequate nutrition be elim:
nated insofar as possible

Since the requirements of the chick for the various vitamns have
been furly well established, this animal 1s useful 1 assessing the
physiological adequacy of the vitamin content of a ration  Feeding
studies with chicks may provide valuable gmding information con
cerning the nutritive adequacy of combat rations

The experiments presented 1n this report were conducted to deter
mine which nutritional elements needed to be added to 1yophilized
samples of Individual Combat (C) and % 1 1 Army rations in order
to support satisfactory growth in chicks

Experimental

Representative samples of the rations under nvestigation were
frozen, and dehydrated 1n the frozen state under vacuum n a Destvac
Following dehydration, all the materials were ground in a food mil
and thoroughly mxed Analyses were conducted on the mixture to
determine the levels of proten, fat, calerum, phosphorus, and most of
the vitamins of the B complex These analyses showed that the
rations must be supplemented with calerum and phosphorus in order
to meet the requirements of the chich for these mineral elements
Comparison of the protein energy ratio showed that additional pro
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tern was also needed 1n order to meet the requirements of the chick for
tlus nutrient  The composition of the basal duets used 1n the exper

ment 15 grien m table 1 Tt contmned 835 pereent of lyophilized
composite Army Tatton and 115 percent of purified eacein wluch in

crenced the protein content of the diet to approximately 25 percent
The diet was supplemented with methionine, since analyses mndicated
that the composite Army ration was deficrent 1 this amino acid for
the chieh  The diet was also supplemented with glycne and argimine,
two ammno acids which are required speafically by the chick  The
other mgredients meluded 1n the diet were based upon known nutri

trve requirements of the chich

TABLE 1
Basar ArMY Ramion Dier

Ingredient Amount Ingredient Amount
grams milligram

Army ration ? 83 5 « Tocopheryl acetate 0 50
Purified ca emn 11§ Menadione 004
Methionine 0 37 Cholne chionde O 154
Ghyene 0 68
Armmne 0 16 1y
Dicalesum phosphate 3 00 Vitamin A 450 00
Pulrerized imestone 0 50 Vitamin D 1.0 00
Manganese sulfate 0 015

' Composite Army ratlon spproximately 10 percent moisture prepared by lyophilization

Rhode Island Red X Barred Plymonth Rock male chicks were
used m the experiments Each lot contained 20 chichs at the start
They were 1dentified with numbered wing bands at 1 day of age,
weighed individually, and then placed on experiment They were
weighed individually weekly thereafter The duration of the exper:
mental pertod was approximately 4 weehs The chichs were housed
w electrieally heated battery brooders equpped with wire mesh floors
to prevent coprophagy Feed and water were supplied ad libitum
A record of feed consumption was made at the time of each weighing
Observations for mortality were made dail

A number of studies were condurted with the basal Army ration
diet supplemented with caleium, phosphorus and protemn as mdicated
i table I to determine quahtatively and quantitatiy ely the extent of
B vitamin deficiencies, 1n these rations when used as the sole source
of food for chichs Additional studies wexe conducted to determine

whetler or not these rations are deficient i umidentified 32t 1mins and
trace minerals required by chicks.

Results

Qualitatur e studies —Preliminary expernnents showed that the com
posite Army ration 1s deficient wn known B vitamuns for chicks A
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mixture of all of the hnown B vitvmms produced nor
Pyridovne, pintotheme ned, and folie amtli, appeared tnzzldg‘:(c):‘;}t!
but the addition of these 3 vitamuns lone did not support normal,
growth, wdierting that i least 1 other B vitamm 1s also Iaching m
suflicient umounts for normal chick growth ¢

Eeperument 1 —The first experiment was conducted with the basal
C ration diet This duet was fed alone and supplemented with all
of the known B vitwmns  Other supplements to the basul diet 1n
cluded pyridoxine, pantothenic acid, and folic acid alone and 1n com
bination  The results of the experiment, presented mn table 2, show
that whereas the complete mixture of B vitamins promoted top g;o“ th
subnorml growth was obtamed when pyridosine, pantotheme -md’
and fohe acud were the only supplements to the basal dit These,
results demonstrated that the basal diet 35 deficient 1 at least one
other vitamin of the B complex

TABLE 2
Errect oF Sui pLEMENTI? ¢ THE Arsty C RaxioN Diet witn Crrramn B Viramins
Treatment é::egr}?f T | Feod per

28 days gram gamn

G
Bassl C Ration - ?0”37 16) Qm")“
Basal C Ration+B vitamins * - 267(20) 185
Baesl C Ration+pynidoxine HCY 203(17) 205
Basal C Ration-+Ca pantothenate 219(14) 181
Basal C Ration+folic acrd « 93(18) 217
Basal C Ration +pyndoxne HCl4 Ca pantothenate 258(19)! 178
Bass! C Ration+pyndonine HCi4fole acid 196(18) 199
Basal C Ration-+ Ca pantothenate +folie acid 221(18) 195
Bassl € Rution +pyngdovine HCI-Ca pantothepste 4 (18)

24618 178

fohe acxd

§ Valies tn patentheses indicate number of chicks surviving et enlof expertment  Each Jot contatned
20 RIR X BER male chicks at start
$The B vitamins were added to the bssal ration io subpty the folfowing amounts In mg /100 g blotin
@0~ Ca pantothenate » pyridoxine HCI 043 folicacid 02 thisreine ©¢ vtboflavin I nlacin, & vitamin
Brr 00005
Expersment € ~In order to determme which of the other vitanuns
1s deficient 1n the composite Army C Ration diet, 4 second experiment
was conducted 1n which lots fed experinental diets Iacking one of the
B vitwmns present i the B sitamin mixture were compared with 2
lot grven the basal ration plus the complete B vitamin misture and a
Tot fed the basal ration without vitammn addition  The plan of the
experiment and the results ure presented n table3
In this esperiment as m the previous one the ehichs fed the basal
ration grew only nt pprovimately one half the rate of the Jot fed
the basal ration supplemented with B vitamins  Although the lot fed
the basal ration with the vitamns minus brotin attamed & weight ap
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proumately 2> percent greater than that of the chichs fed the basal
ration alone the growth was sygmficantly loser than that of the lot
of chichs fed the hasal ration plus the complete B vitamin misture
Omission of pantothenic acid and pyridoxine also caused some redue
tion 1n growth, but not to the <ame extent as wlien biotin was omitted
Omussion of any of the other B vitanuns appatently did not sigmfi
canthy affect the growth rate  No sigmficant amount of martality
oceurred 1n amy of the lots except the one recenving the basal ration,
where 50 percent mortality occurred

TABIT 3

Erfect or SurrLFurnTing o Ansty C Ration DirT with VAriots Compina
Ti0ns OF B ViTaMING

Average Feed per
Treatment weight ¥ pram
28 days gam
grams grams
Ba<al C Ration 202(10) 218
Rasal C ration + B vitamins (B) 363({18) 191
R—biotin 253(19) 184
B—Ca pantothenate 342(18) 1 80
B—pyndaxine HCL 345(19) 181
B~fohe and 361(19) 173
B—thamine 361(18) 175
B-nboflavin 377(18) 1 84
B—-maemn 378(193 1 60
Bvitamin By, 379(19 181

3V slues {n parentheses Indicate number of chicks surviving st end of experiment  Each lot contained 20
RIR £ BPR male chicks ot statt
The results of this experiment showed that the basal Army C
Ration diet 15 deficient 1n biotin as well as py ridoxine and pantothenic
acid for chich growth A repetition of this experiment confirmed
these results
Experument 3—In an effort to determine the separate effects of
botin, pantothenic acid, and pyvridoxine, the basal diet was fed to
gether with all of the 13 vitammins and then with various vitamin nix
tures 1n which one or more of the thres under investigation were
omatted singly or in combimation  The results of the expeniment are
presented 1n table 4 In eich case the most marked depression 1n
growth occurred whenever biotin was omitted from the mixture  How
ever, the omussion of both pyridoxine and pintothenie acd enuced
an appreciable reduction in growth even when botin was added to
the diet  The results of this expetiment show that the Iyophulized com
posite Army € ration 1s definitely defictent 1n the<e three Vitamins for
chuch growth
Quantitatri e studies — According to the results pre<ented above the
Armv C ration 15 deficient i pantothenic aad, pyridoxine, and
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biotin for chick growth Further studies were conducted, therefore, to
determne the quantitative extent of these deficiencies ’
TABLE 4

Erreer or SverLementine TaE Ansy € Ravion Drer witn Vantous
CompinaTIONS 0F B VitAMins

Treatment ::‘ :fg‘:ﬁ Feed per

32 day’s £ram gam
Basal Cration  _.__. . . 156:;? “Z 18) Gm; 60
Basal C ration +B vitamins (B) - 408 ¢ (20) 182
B~bwtin, Ca pantothenate, p3 ridovme - 174 3 (18) 245
B‘bxotm,xgndoune . e e . - 210 4 (15) 249
B-—brotin Ca pantothenate - 221 4 (18) 2132
B-pyridoune, Ca pantothenate - 271 0 (17 213
B--bwtm . - - -] 2530 ﬂﬂg 232
B~ Ca pantothenate - - . -] 324207 193
B~pyndoxine - 333 8 (37, 2 04

1 Values In psreytheses lndicate number of chicks survlving at end of experiment  Each Jot contatned "0

RIR X BPR male chicks at stazt
The basal Army ration diet was the same as those used mn the

previous mvestigations All of the B vitamns were added to the
hasal diet except for the one under mvestigation At the sume time
«umiar groups of chicks were fed o purified diet contamning all nu

trients except the vitamuns under wmvestigition  The composition of
the purified diet 1s presented 1 table 5 When this diet was used to
determine the growth response curve for 1 of the vitammns the other
2 vitaymns were added 1n adequate amounts to the basal dret

TABLE 5
Covrostrion oF Poririep Dier

Ingredients { Percent Ingredients f Percent
Purified easemn 18 Vitamin A supplement
Gelatin 5 {10000 Afgm ). 008
Fish meal menhaden 60 D actiiated anmmsl  sterol
t prot 4 t 500 Dfgm ) 03
percent protein Diealesum phosphate 1e
Hj drogensated cottonseed o1l 2 Limestone grotnd 12
Cellulose pulverrzed 3 Dipotas wm phosphate 5
Corn starch 62 5 Il Sodium chloride 5
1 Arginme HC1 4 Magnesum suliate 25
di Metimonme 3 Trace minerals and vitamins®. 4

B m j100 ko qm (100 kg
Fe50, TH:O 54 00 1Inosito} 100 00
MnSOs 3200 Niacin 500
X1 300 o Tocopheryl acetate [
CuS0, 51,0 145 Menadione 100
ZnCly 100 Riboflavin 100
CoClL §Hi0 %) Thismine chloride 100
NaMe04.20 5.00 Folicacid é:ﬁ;

200 00 Vitsmin B 1
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Punfied diet —The growth responses obtained upon supplementing
the purfied diet with graded levels of biotin are presented 1n table 6
\ccording to microbnelogical analysis of the ingredients used mn the
purified diet the basal purified diet contrined 2 pg brotin per 100 gm
of diet  Maximum growth was obtained when the diet was supple
mented with 10 ug of Liotin, thus making a total of 12 pg of biotin
per 100 gm of diet as the biotin requirement of the chick

TABIT ©
Crowrnt Rrsronses 10 Granrp [EVELS oF Bromiv
(Punfied Diet)

Average
Treatment weight
32 davs
Grams
Ba.a! dict (no added biotin) 211
Buotin 25 ug {100 gm 281
Biotin 5 ug /100 gm 331
Biotin 10 4g /100 gm 378

The results presented 1n table 7 show the growth responses when
the basal purified diet was supplemented with pyridoxine hydro
chloride  Since the microbiological analysis of the ingredients used
n the purified diet showed this diet to contun 10 ug of pyridoxine
hydrochloride per 100 gm of diet, the levels indicated 1n the table
must be inereased by this amount Maximum growth was obtamned
with the aghest levels of pyridoxme supplementation which cor
responded ta a total pyridoxine level of 410 g per 100 gm of diet

TABIF 7
GrowTn REsPonsEs To GRADED LEVELS oF PYRipoxINE HYDROCHLORIDE
{Purified Diet)

Average
Treatment weight
32 days
Grams
Basal diet (no added pyridoxine) 83
Pyridoxine HC1 100 ug /100 gm 270
Pyndoxme HCl 200 ug {100 gm 358
Pyndoxine HC1 400 ug /100 gm 397

The growth re~ponses to pantothemc acid additions are presented
m table 8 Accora 1. to the microbiolo, teal assays, the basal diet
contamed 50 pg of (alcum pantothenate per 100 ¢m of diet Tt 13
apparent that the Iu_hest level of caleium pntothenate 840 ug per

327201 0—55~—1n 169 ’



Fiouse 1-—Biotin response in chicks recelving supplemented C rations

100 gm of diet, did not promote miuumum growth, showing that the
pantothenic acid requirement of the clicks was somewhat higher

than this amount

TABLE 8
Growre RESPONSES To GRADED LEVELS oF CALCIUM PANTOTHENATE
(Punified Diet)
Average
Treatment weight 32

days

g ams
Basal diet (no added pantotheme acid) 96
Calerum pantothenate, 200 g /100 gm 166
Caleium pantothenate 400 ng /100 gm 307
355

Calcium pantothenate 800 pg /100 gm

O ration —The growth responses resulting from the addition of
biotin to the Army C ration bawal diet are presented in table 8
Growth increased 11 direct proportion to the increased levels of biotin
gdded to this diet  The highest level added 4 pg per 100 gm of duet,
fmled to produce top growth showing that somewhat more than 4 g
per 100 gm of diet must be added to this diet in order to make 1t com
plete for chucks Figure 1 shows representative chicks recerving the
basal C ration diet without biotin and with 2 pg and 4 pg added

brotin per 100 gm of diet






Datn are also presented in tables 9, 10, and 11 showing the mprove
ment 1 the efficiency of feed uttlization which resulted upon supple
menting the basal C ration diet wath the v2tamms under my estigation
The figures for mortality show that both the biotin deficiency and the
pantotheme acid deficiency were severe enough to produce apprecia
ble mortality, which was decrensed 2s these vitamns were added to
the dret

& 1n 1 ration —The results presented 1n tables 12, 13, and 14 show
the effects of adding these vitamms to the 5 1 basal ration diet
The results with the 5 1n 1 ration agree i general with those obtamed
wsing the C ration diet, except that the 5 1 1 ration diet was shghtly
moare deficient mn biotin and pyrido<ine than the C ration diet

TABLE 12
Growtit Resrovses To Grivep LevErs or Bromy
{Armj 51n I Ration Diet}

Average
Treatment weight 32
days
grams
Basal 5-m 1 (no added biotsn) - géz
Biotin, 1 ug /100 gm - o
Brotin 2 ug /100 gm - - -

TABLE 13
Grow s REsroNsEs To GRADED LEVELS OF PyRipoxine HYDROCRLORIDF
(Army 51 1 Ration Diet)

Average weight 32
Treatment LN
grams
Basal 5-n 1 Rat on (no added pyridoxine) ggg
Pyndoune HGCl 50 ¢ /100 gm 3
Pyndonine HCUL, 200 pg /100 gm

TABLE 14
Growrt Responses 1o GrapEp Lnvels oF Carcruyt PANTOTHENATE
{Armyv 5 1m  Ration Diet)

e
A em%e
Treatment :‘S\Zm ;\‘ A
Grams 270
Basal 5. [ (no added pantothenate) o
Cﬁ:num pantothenate 1004g /100 gm 30
Calosum pantothenate 200 ug /100 gm 3
Calaum pentothenate 400 pg /100 gm
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BIOTIN GROWTH CURVE
(PURIFIED DIET)

400
3501
AVE.
CHICK 400[_
N, 300
gms
250
1 1 1 1
200, 4 0 8 10 12

BIOTIN uq per 100gms

Fiours 2—Blotin response in chicky receiving the purified diet

The results obtaned using the purified diet were plotted on graph
paper and used as standard curves for calculation of the amounts of
the various vitamns present in the Armj} ration diets A representa
tive curve, showing the response to biotin 1s presented 1n figure 2
These values were then compared to those obtained by microbiological
analysis  The results for the Army C ration ciet are presented n
table 15, and those obtained with the 5 1n 1 ration diet are presented

mtable 16

TABLF 15

Biorin PYMDORNE axD RanrorRrmit Avip ContenT oF Axny C Ration Drer

Amount per 100 grams of
diet

Vitamin
Chuck a say AMicrobiologt
Biotin as| M a0
1 yndoxine 210 176
Pantothenic seid 600 623
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TABLE 16

Bromid PYRIDOXINE AND PANTOTHENIC Acip CONTEMT OF ARMY 517 1 Ratron
IET

Amount per 100 grams of
diet
Vitamin
Microbiolog
Chrek sssay \cal assay
}I-;hot:in " 31 *
'yridoxine - - - 1
Pantotheme acid - - - 5;g (Iigé

Sparng effect of fole acid upon biotmn requirement —In earlier
studzes, indications were obtamed that the basal C ration diet mght
be deficient m folic acid  An experiment was conducted, therefore,
mn which the C ration diet was fed with all B vitamin supplements
except for biotin and folic acid and then with levels of folic acid 1n
the presence and absence of added biotin

The results of the expertment, presented in table 17, show that the
addition of folic acid 1n the absence of added biotin caused a marked,
but sub aptimal ncrease m growth The addition of biotin in the
absence of folic ac1d caused maximum growth which was not improved
by the further addition of folic acad

TABLE 17

ErFECT OF SUPPLEMENTATION OF ARMY C RartioNn Dier wite Fourc Acip
PRESENCE AND ABSENCE OF AppED BroTin

Resulis at 31 days

Treatment Average | Efficiency
weght gm feed/ n;g;‘é:lr::v
gm gm gan

Basal C Ration diet {no added biotin or

folic acid) . 180 2 43 40
Folic acid 10 pg /100 gm 226 1 gg gg
Biotin 20 g /100 gm + Fohe sed 10 305 1
Biotm 20 ag /100 gm ‘olic ac 308 178 1515

»g /100 gm -

Unknown vitamans and trace minerals —A number of experiments
were conducted m which the growth of chicks recewving the basal
Army C ration dret plus the complete B vitamn mixture was com
pared with the growth of sumilar lots of chichs receiving further sup
plements of 42 percent desiceated, def::ﬂnd whole liver and 2 percent

4

{
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fish solubles as sources of unknown chick gronth factors and further
supplements of trace minerals  Repres ntative results of these studies
are shown 1 table 18 In another experiment 1t was found that sup
plementing the basal diet plus added B vitamins with 5 percent of
dried brewers yeast caused no improvement m chich growth The
small merease m grow th resulting from the addition of liver and fish
<olubles may be due to a shght deficrency n the Army ration diet 1n
terms of unhnown vitamins required by chichs  However, this defi
clency appears to bo relatinely msignificant 1n comparison to the
deficiency of the three hnown vitamins

TABIF 18

LrrecT or SurrLFMENTING Aryy C Rartton Dier Wit TRaCE FLEMENTS AND
OURCES OF UNKNOWN VITAMING

Average Feed per
Treatment weight gm

32 days Fam

grams grams
Basal C Ration diet + B vitamunes (B ¢ 1 408&20) 182
B4trace elements * 398(19) 185
B4+-42 percent dned defatted Iiver 4 2 percent fish

ealubles 428(19) 186
B trace elements

1t
+4 2 percent dnied defatted liver + 2 percent fish
mlub{)es 445(20). 1 80

Salvestn umber of ¢h ur atend of
RIR X BPR male chirks at start

3 MSinerals Were added 1o the basal rolion Lo Supply the lollowing amounts Ia we /10 gm  Fe 10 1 2
Cu 038 Zn 048 Co 0043

Each lot contained 20

The nutnitive value of Army combat rations has been studied pre
vwously by Sporn and Ehehjem (2) using rats and by Sporn, Rue
gamer, and Elvehjem (3) using monkeys In each case, the Army
rations required special supplementation with vitamins in order to
produce satssfactory growth in the experimental amimals

It 15 evsdent from the results presented 1n this report that the Armv
rations are seriously deficient m botin and pantothenic acid, and
moderately defiarent 1n pyridoxine, and shghtly deficient 1 unknown
vitamuns for chick growth

Under the conditions of these expenments, folic acid appsared to
have a sparing effect upon the requirement for biotin  Whether this
sparing effect occurred within the animal body metabolism or 1mdi
rectly through stimulation of intestnal microbiologieal sy nthests of
biotin cannot be determined from these experiments The results do
explain the enrber wndications that Army ratrons might be deficient

m folic zcrd, and show that this 1s not the cae when the det 15 supple
mented with zdequate biotin
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The chich 1s known to have higher requrements than many other
species for most of the vitumns It 15 this fact that makes the chick
an excellent experimental ammal for use 1 biological assays for
vitamins  On the other hand, the results of these studies with chicks
cannot be construed to indrcate that Army rations are necessarily de
heient 1 biotin, pantotheme acid, and pyridovine for man  Since
pachaged rations, for the most part, consist of canned foods, these
results may indicate the desiribihity of nvestigating the proéessmg
loss of these vitammns m home and commercially canned foods 1n
%;Tral use 1n this country  Studies of this nature are very hmited

Laterature Cited

1 TFeaster J ¥ Tompkins M D and Pearce W E Food Research 14 25
(1949)

2 Sporn E M and Elvehjem C A J Nuirition 85 549 (1948)

® Sporn E M Ruegamer W R and Elvehjem C A J Autrition 35 559
(1948)

Discusston

CrameMan GRIFFITH
Is there any evidence that this apparent increased requirement for pyridoxine
could in any way be due t6 a possible pyridoxine antagonist in these rations?

ELVEHJEM

I wont go into detail I think we can answer that by saylng that in the
early work on the Kk Rations we did study that possibility and we were unable
to demonstrate any clear evidence for antagonists in these rations That does
not mean they may not be present but we were unable to clearly show such an
effect

A J CARLSON (University of Chicago)

I wouid lthe to bring this pelnt out to &)l four of you men ke have spoken
this morning You are using the term growth and that term Is used I
understand to mean body weight That Is a confusion You will agree it {3
a confusing affair because it may not be gronth entirely it may be obesity or
fat
Is there any other way of cheching that® Tie tried a few years ago on rats
to check it by bone length That may not be accurate enough but it seemed
jmportant At any rate I dont think we should put into the scientific literature
that you are dealing with growth alonie when you are measuring weight increase
or decrease

I think more work on animals in all species 13 called for on this Army ration
problem  Would it be possible to add another check in the rat studles namely
the life span® Certainly that is enly 2 or 3 years and that {s not very far in

the interval between our wars

CRAMPTON

In Dr Spector s comments he said something about increased protein not be-
ing effective in the case of some of the rations tested with rats I only want
to comment that it might be found that mcreased protein would be effective it

176



{ncreased fat were slmultaneously put in  We have found in working with fat
that there are optimum levels of fat not for fat per ac but there 1s A pereentage
to be an optimum ratlo betneen the calorles coming from protein and the cal
ories coming from nonprotein <ources Coneequently when you add fat to a
ration that 12 optimum ns we usually think of it in terms of proteln one of the
first responses is if the calories from proteln have dropped below 17 or 18
percent of the total calerles there is appetite fallure and this can be recovered
by immediately bypaestag it to glie this ratio or samething above it

It seems then that the question of protein level adequate or optimum pro-
teln level for the full ut!lization of the total ealoric value of the diet may not
be a constant and If we nlter the concentration of calorled per unit weight of
dlet we may have to Increase the proteln concentration fn question I think
there iz evidence that the concentration of most of the nutrients including pro
teln perhaps has some rather definite ratlo to the concentration of energy per
gram of dlet

HORWITT

I would like to mahe a general comment about the use of rat gronth data
in evaluating buman nutritional requirements Over the past 12 vears or so
this problem has been with us becaun<e all of the human dlets used on the Elgin
studies have been simultineously tested with rats However we did find out
during the course of this work that protein supplementation was almost always
necessary in order to make the apparently adequate given diet adequate for
the growing rat

If we took the presently known National Research Council diet with 16 gm
of protein you would have approximately 10 gm of protein present in your diet
Assuming a welght of 600 gm  dry welght of diet and that diet in its best form
might very eeslly be inadequate for the rat Que would be tempted when one
13 not well aware of the pltfalls of this kind of work to conclude that that diet
18 therefore inadequate

POTLACK

I think one of the points that Dr Horwitt brought up is clear TYou take
the \RC standard the result of one gram per hilogram for the growing rat
when the \RC standard for growing chlldren is three grams per hilogram and
1t Is a question of applying it to the young If you take the adult standards
and give 1t to the growing rat you get into s confusion of standards

GFORGF
T would ke to ask Dr Elvehjem a question Whether the 51in1 ration has

heen fed to these aulmals Reparately without any presious processing § e in
fresh form &nd a higher requirement of Bs found?

EINVEHJFM

Do you mean the individual ingredients from the Army rations? No it has
not been dome but it should be done perhaps They ought to be processed in
{ndividual meals procested according to the directions on the package and per

haps then you would get quite a different response In your monkess than you
do with eversthing mixed togther

GUADIS FMPRSON (Merek Institute of ‘Fherapeatic Research)

T would 1ike to mentfon some work we have ln progress on the apparent high
requirement of the monkey for vitamin R, which is in agreement with Dr
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Elvebjem's findings We started rhesus monheys weighing 22 kg on the best
stock diet we knew consisting of dog pellets whole wheat grit oranges apples
cabbage pesnuts and other vegetables W e kept the animals on this ration for
a period of about 3 months during which time they initially gained weight and
then seemed to reach a plateau We transferred them to a purified diet with
3% mg of By given tvice weekly which may not be the equivalent of 1 milligram
a day But, the rate of growth increased tremendousiy during that perfod and
after the § weehs in half of the monkeys namely 6 we withdrew the B,, and
in the seocond welghing after 2 weeks the animals started to lose weight and it
was progressive 'There was a dryness of the fur a coarseness and a developing
alopecia and I agree with Dr Carlson in regard to increase in weight as a stand
ard of growth That may not apply in all cases

In fact we have rats in which it does not apply where we have thousand
gram rats that are merely obese Howerver these animals that are deprived of
T are definitely emacinted They are listiess and they are extremely shy It
appears that the monbes has an exceptionaliv high requirement for vitamin B..
1t must be out of the range of the requirement for the human because the require-
ment of one milligram per day apparently is not in excess
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VI Esaluation of Nutritional Status of Populations
Cuamrsan GRIFFITH

We have had the discussion of the evaluation of rations using proce
dures involving three of the Jower species  There are those, I am sure,
who would sny nbout such experiments that, they are interesting and
fine, but what do they meann terms of man? The ultimate, of course,
15 the actual evidence as found in the human



Nutrition Survey Methods

W H SesreLy, Jr
Director National Institutes of Health
and

J M Huworex
Chief Laboratory of Biochemustry and Nutrition National Institutes of Health

It has been demonstrated repeatedly that the nutritional status of
populations can be assessed with accuracy sufficient to be used as prac
tical gmdes for feeding programs The scientific iterature contains
numerous well Aknown examples of which the Newfoundland surveys
might be cited as typical (1, 3,13,23)

The same basic methods as used 1n the Newfoundland studies can
be and have been applied under conditions of war or emergency but
must be tailored to fit the specific situation according to himtations
of time, personnel, and facilities, special characteristics of the popu
lation group, as well as the factors pecuhar to a population under
stress The discussion to follow will focus on these special problems

Tt must be emphasized that the nutritional status of a population
cannot be established by the casual observations of nutritionally mex
perienced persons The fact that 2 cheering throng stands along the
street as the liberators march 1n 1s no proof that the nutrition of the
entire populace 15 adequate Nor can one assess nutritional status
by what one can observe 1n driving along the streets This mistake
has been made on several occasions The assessment of nutritional
status requires, 1n most nstances, a careful and detailed examina
tion of many people

The methods available fall mnto five categories Vatal statistics, food
intake, anthropemetrie, climeal examinations, and laboratory tests
In accordance with the program arrangement this presentation will
omit consideration of clinical examination and laboratory tests No
one of the above methods by 1tself can be expected to yield a precise
and always reliable measure of nutritional status  When used to
gether, and carefully evaluated, they do provide a useful and rather
aceurate picture of a nutritional situation

Vital Statistics

Such information can be used to supply enderect or presumptite
evidence of nutritional status even though under war conditions this
type of information 1s often unreliable These statistics must be
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Fiorre 1 Calorie intahe in relation to certain vital statistics the Netherlands
193946

evaluated with great care and must be cheched with more direct meth
0ds to be mentioned later It 15 well known that each of these health
tndices 15 influenced by many environmental factors other than nutn
tion

The best. established of these indirect nutrition indieators are

Crude death rate—An otherwise unexplamnable increase in this
statistic constitutes presumptive evidence of malnutrition, especially
1f the increase 18 marked among the elderly Figure 1 shows the crude
death rate 1 the Netherlands 1n 193946 plotted with changes in
calorie intake and other health indices {7) Tt will be noted that there
was a small increase during, the early years of the German occupation
when the calorie itake was low, but close to long term mimmum main
tenance levels Howeser, later, 1n 1944 and especially mn the first 4
or 5 months of 1945, the food situation detertorated marhedly It will
be noted that the crude death rate ncreased about 100 percent  When
death rates were calculated for large cities in the western Netherlands,
which were afflicted the w orst, increased mortality up to 200 percent
*as found as shown 1 table 1 (75)  Perhaps half of these excess
(ientlls were due to outright malnutrition and half to other causes

“’“0)"“5 reported even more strihing mereases in deaths 1 Athens
and Prraeus i 19414 (35), although this could not be accurately
expressed as an absolute rate inerense due to breakdown of normal

181



vital statistics reporting and population shifts, a dafficulty frequent-
ly encountered in time of war

TABLE 1
Monrarrry 1v Currarw Lares Crrres tv Westeay Hotiaxn
Number of deaths m | Mortality relative
Gty Popula first 6 months of— to 1639
tion
1939 | 1944 | 1945 | 1939 | 1944 | 1945
Amsterdam . . | 800 000 | 3 655 {4,393 { 9 735 100! 120 268
Rotterdam._ 640 00D } 2 615§ 3 20D | 7,827} 10D} 125 209
The Hague__ - 520 0001 2,419 { 2,940 | 6,458 [ 100 121 287
Utrecht. .. 170 000 776§ 1,112 § 2,065 100] 143 266

Infant mortality rate —This statistic reflects the effects of malnu
trition on both mother and child  The degres to which the rate will
merease depends not only on the seventy of malnutntion generally,
but on the degree to which expectant mothers and nfants recerve
preferential treatment 1 the distribution of available food Figure 1
reflects the correlation of mfant mortahty to other andicators and also
deprets the marked preferential treatment of mnfants mn the distribu
rion of food Tt 1s not surprising that only rarely could cases of
specific nutritional deficrency be found n young children in western
Holland (7¢, 33) , this was also true in Germany (£7) and Austria (9)

Tuberculosis death rate —An merensed mortahty from tuberculosis
1= a well-known companion to famme This, teo, 18 depicted m
figurs 1 As with the erude death rates the mereases n tuberculosis
mortality were far greater in the large mumapihties of western
Holland than the change for the entire country which 1s platted 1n
figure1  Anunespected and paridoxical findmg m the Duteh studies
was that mn spite of the mcreased tubereulosis mortality, and an
creased number of open cases who were forced fo work and to move
about 1n search of food, the percentage of children who gave positive
tubereultn skin reactions decreased strihingly as shown in table 2 (7d4)
The explanation of this phenomenon s not apparent

TABLE 2
Prrouet TEsT~ 15 AMsTERDAM, ROTTERDAM AND THE Hattg

Weak Strong

Negative 08ILIV e positie

Year Examned pereent gerlcenz percent
900 71 & 21
iz 5% 7 H i
1043 952 [ ; 15
1944 729 83 2 4

1045 757 92 s
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Another limitation 1n the use of tuberculosis statisties appeared 1
Germany durmg and after World War IT A special ration was pro
vided for the tuberculons When food became searce the number of
people recorded as tubereulous nereased matkedly (90)

Other statistics —Maternal and stillbirth death rates do not seem
to be as useful as the above statisties It 15 now generally agreed that
nesborn length and weight 1s not a sensitive indieator although smali
effects may be found with careful study (70) Birth rates may show
a rice or a fall duning periods of food stress  So many factors affect
thisrate that 1t has hittle usefulnessasa nutrition imdicator

“The percentage of women showing menstrual irregularities, delayed
menarche, or amenorrhea 15 useful 1f such figures are avaulable and
there are appropriate basehnes  For example, Valaoras reported that
70 percent of the adult femnles 1n Athens and Piraeus became tem
poranly amenorrheic during the famine n Greece 1n 194142 (35)
Japanese surveys 1 1946-47 showed an merdence of 10 to 20 percent
“delayed menstruation” (16} In 1950 with a generally :mproving
food situation, these figures decreased to range from 8 to 10 percent
On the other hand, the percentage of women showing “deficient lacta
tion” was httle different 1n 1950 from that 1n 1846 (2)

The association of famine with a decrease in deaths from diabetes
generally observed during World War I and II deserves further study
as an indicator of nutrition (20b) It 1s well known that the inaidence
of peptic ulcer rises during the stress of war but 1t 15 doubtful that
this 1s due primanly to undernutrition

Analysis of police records to discover the location and frequency
of food thefts may provide some mndication of the severity of food
<hortages The number of beggars on the streets, the number on
relief rolls, and the amount of labor unrest may provide some 1nd1
cation of undernutrition ‘Where compul<ory health imsurance schemes
are in effect, useful iformation may be gamed by examining their
medical records However, this source of information 1s subject to
error where certamn medical dingnoses provide extra rations and where
malingcring to escape draft calls1s encountered

Additional Indirect Methods

Food supply deta—Useful mformation can be obtaned 1f reliable
data are available on total food production imports and exports, and
population composition  Such data can be used not only to evaluate
the quantitative adequacy of the food but its qualitative adequacy as
well  Whale 1t 15 quite true that European experience during World
War IT clearly indicated that calores were the all important con
sideration, and that detmled conaderation of nutrient intake was not
mformative or helpful (17), 3t should be noted that this was not a
general experience 1n all theaters of war (19, 24, ¥2) Before the con
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«ept of the all important calorie becomes established as puneple m
future malitary planning, it should be noted that the vahdity of this
concept 1s predicated on the symlabihty of the types of foodstuffs
v uleble i the Europewn Theater during World WarXI  This might
be quite different m future situations

Overall food supply data can be translated wmto per capita food and
evaluated agunst o “yardstich” to be described later A correction
for 10 to 15 percent loss between food at retul and food consumed 1s
ordimanily apphed This figure may be considerably less when food 15
very short It must 1lso be remembered that the sigmificance of per
capite food figures may be influenced by rationing schemes, transpor
tation bottlenechs, food thefts, blach market operations, public feeding
practices, disproportionite mihitary requirements, wd amounts &
verted to anamal feed or mdustrial uses

A umque opportunity to utthze the tot) food supply prinuple
arose durmg the Berlin Blochade since the Berhners were almost
totally dependent on the uirhft for food (6)  In this instance Berry,
Cowm, and Magee could determme with considerible precision that
the per capita food intahe wis about 1,800 calories per dav, a level
which s borderhne 1f appreciable work 15 expected from the papula
tion Moreover, the ritioning system m effect was unrealistic 1n that st
fuled to allow sufficient food for adolescents, especinlly boys, workers,
and men of large stature Evidence of malnutrition was especially
noticeable among these groups This situation also provided a unique
opportunity to follow the response to ration mcreases as will be dis
cussed Iater

Ratiomang schemes—An examnation of official ration allowances
for various groups m relation to thewr special needs often helps m
formmg prehminary estimates of food adequacy Nearly always such
data must be checked by dietary surveys Consultition with Jocal
rationing officials was helpfn} 1n the rapid “spearhesd™ surveys made
1 western Holland and m Germanv wmmeditely followmg World
War IT (12, 33)

ZLocal public health and medical practitioners —Consultation with
such officrrls 15 especially helpful in the spearhend type of survey re
ferred to above and 1s essential 1n obtaining cooperation and assistance
for any more detaled exarmmations to be done

A unique method was apphed by the British m followmng the nutn
tiomal status of the Channel Xslanders when Jersey and Guernsey were
oceupied by German forces during World War II  Pentodic nersal
photographic surveys were made and from these the number of caftle
1n the fields estimated  The British ressoned that 1f starvation was
developing the cattle would be slaughtered for food In this manner
they were able to reassure themselves that the Channel Islanders were
bemng reasonably well fed  Subsequent experience bore out therr

thesis (21}
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FIcURE 2 —Growth of bops and girls aged 12 to I3 in Stuttgart Germany
1916-48

Direct Methods

Anthropometric —\easurements of body weght and height as
related 1o sex and age offer the most, cbjectine and probably the most
sensttive direct measure of nutritional deteriorition  Such measure
ments can be obtained quichly and expressed quantitatively The sig
nificance of height weight des1itions can be evaluated agamst o base
hine standard, 1f a suitable one 3s available, alternatively, these meas
urements can be made pertodicilly and changes correlated with food
mtale

(@) In children —There are several factors which must be hept
m mind 1n evaluating the normaley of growthn children  Farst,atas
well known that there 1s a seasonal effect on growth that 1s, children
tend to gam m height but bittle 1n wesght during the summer months,
and vice Versa, gain more 1n weight than n height during the winter
{20, €6) Secondly, m most octrdental countries there has been a
slow but relatively constant wnerease i growth rate so that children
tend to be taller and heaster for a given age (£2, 36) Thus the fact
that o given group of children have the same height and weight for
age snd sex as » sumlar group 20 or so ears previously may conceal
the fact that they were suffering from undernutrition in that food had
not been sufficient to permit them to attain their expected height
weight status (35) This 15 brought out 1 fizure 2 It will be noted
that following the World War I period, there was a rather steady 1n
crease of her it and weight up to the World War I period During
the latter period 12 to 13 vear old chuldren not only faled to continue
therr expected ¢ uns n leight and weight but actually showed a low
These data are tiken from the study of Howe and Shiller on school
children m Stuttgart, Getmany  Claldren of other ages showed sim
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dar changes (77)  Thirdly, 1t 1s well Luown that there are substantyn}
differences 1 average herght and weight between children of low and
upper economic groups—the Intter bemng greater (5 74,22) Fourthly,
1t 15 known that many environmental factors other than nutrition
~ffect the growth of children Howeser, the fact that madequate nn
tntion was & pramary factor m the restricted growth of children
observed m Holland (Fe¢), France (20¢), and Germany (77, 20c)
durmg or after World War IT 15 streng*hened by the fact that chil
dren m England, where nutrition was maintuned, did not show
growth fulure, rather they continued to grow more ripidiy except
possibly for short breaks 1n their growth curves duning 1941 and
during the severe winter of 1946-4% when food was shghtly short (8,
46} The Berhin Blocknde also afforded a unique epportunity for
Berry et al (6) to relate nutrition to growth of chuldren Children
exammed initially 1n November 1948 early in the Blockade were con
siderbly below standards of height and weight for London children
A ration mcrease of approvimately 200 calories to yield per capita
calorses of about 2,000 duly {with some redistribution m rations) pro
duced increases in height and weight by October 1949 so that these
children were much closer to London standards, thus constituting good
evidence that these children were undernournished at the time of the
original examination

There 1s some difference of opinion as to the age and sex of children
most sensitive to nutritional deprivation  The British and most other
observers agree that males of all ages usually show greater effects
during food shortages (4) but this has not been a universal experzence
(35) In general, most European studies have found the 9 to 14-vear
age group to show the greatest effects It 1 uncertamn whether the
sensitivity of this group 1s due to physiologie differences or to the
usul ratroning scheme, or both

In general it can be stated that growth faxlure mn children 15 an
estabhished and 1aluable indes of nutnihion  However, there are many
pitfalls n using chuldren for such purposes, most of which can be
avorded if the samples ire carefully selected and evaluated Green
berg and Bryan have shown that the statistica] technique of analysis
of covariance markedly reduces the size of sumples needed (14)

(%) In adults—If one had to select only one from the many
measures which have been used te nssess undernutrition, serial body
weights and heights of adults would unquestionably be the method of
chowce Such weights can be obtamed rapidly, with good aceuracy,
and respond quickly to changes m food intake The results can be
s & ratio to normal standards for the particular population

regsed a
egignp 1f such standards are not ryvailable the results ean be related
to arbitrarily selected stands ths fm;tzw are far
al de «ofther group
miore relrable when sery A of the o SRy

show a conswistent trend tow



Following World War 11, 1t became necessary to follow the nutn:
tional status of the German people over n prolonged period The
survey procedure which gradually evolved was based pnmanly on
pertodic mass werghtngs of adults and children, supplemented by de
tailed surveys of nutrition teams The mass weighing program re
sulted 1n the collection of hundreds of thousinds of observations ob
tamed from unselected groups found 1n queues, factories, street corner
stations, and schools In this program, only weight, age, sex, and geo
graphic location were recorded  The hundreds of thousands of obser
sations made each month tended to cancel out ssmphng errors
Heights were not taken  Body weights were then analyzed to yield
average weights for the various age sex groups Changes m these
averages from month to month were used to estimate the need for
changes in the official ration

In addition, these datn were expressed as n percent of “standard’
weight for the various nge sex groups asshownn table 3 (24) It will
be noted that men of each age group were rather consistently further
below their standard than were women The older age groups, both
men and women, were defimitely below their standard, which 15 1n
accord with the general observation that the older age groups are more
severely affhcted when food 15 short  As shown in table 3, there was
a general dechne 1n body weights in the November-December period
1n spite of an increase of about 200 calories 1n the official ration  This
was undoubtedly due to a decrease 1n extra ration food Ihe lack of
garden produce at this time of year, difficulties in foraging for food 1n
winter months, a decrease in environmental temperature, and lack of
adequate heating 1 homes conld explmin this phenomenon

TABLE 3

Boor WEweuT of ApviTs 1N TEN LarcesT HEssiaN Crtizs (GERMANTY) I8 1046

13301340 1550
BRR | e | i
Official ration calonesfday October Drcember

Body weight—percent of standard

Women 18-39 99 0 102. 0 00
40-49 9 o 93 0 93 0
604 90 0 89 0 8%. 0

Nen  18-39 70 96 & 5 5
40-59 93 0 92 0 875
60+ 920 LY 7

The extensive data winch accumulated from the mass weighmg pro
#runan Germany wn 194547 has never been critieally analyzed to
check 1ts validity 05 a precise measure of changes 1n nutritional status
The method 15 open to error from inadequate sampling, maccuracy of
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weighing scales, varymg amounts of clothing, and mappropriate
standards If an appreciable amount of hunger edems 15 present, rey}
weight losses may be obseured  The “normal” meidence of obesity
a population may also mfluence the results However, many of thos:
who were personally mvolved m this program feel that 1t had rea)
value and vahdity as well ns bewng & powerful psychologienl weapon
in reassuning the people that their health was g matter for concern
and action by the occupation authorities (18, 31 }  Others, mcludimg
the authors of this report, feel that more aceurate results could have
been obtained from the examination of much smaller numbers of
people carefully selected to obtun a population cross section usng a
method sumilnr to that used by Davidson ef of (9) 1n Vienna in which
height as well as weight, age, and sex were recorded m a standard
fashion  This permits comparson to standard hesght-weight tables
and the sample c1n be divided nto those whoss weight for height (and
sex) 1510 the normal range, and the percent which fall above or below
On subsequent resurveys of the same groups a shift to exther the right
er left wall have sigmficance Height need not be recorded, even in
small stmples 1f the sume mdividunls can be resurveyed persodically
Hovever, sxperience has shown that 1t 15 dufficult to Leep such groups
mtact Heights are then needed to see whether the results nre hiased
by the individuals who did not appenr for reextmmation

The collection of height weight data from both adults mnd children
15 ordinarily confined to the larger cties Xt has been a genersl ex
perience that rural populations, bemng food producers, mamtun a far
more sabisfactory nutritional state than city groups smce they must
depend primarily on commercial food procurement which s stritly
controlled

Personnel who collect height weight data must be carefally tramned
and istructed 1f rehable and umform results are to be obtuned The
scales must be checked for acouracy periodically Accurnte heighte
swill not ba obtained unless care 15 used 1n havng the subject stand fully
erect A standard procedure with re;epi;ctz Ito -u;ount of clothmg and

ar absence of shoes must be followe

rhaD?er::;w;zmeys —Detaled mformation on food mtake canstlm(t;s
an essental check on other methods esen though such studu;s can ﬁ:t o
narily be done on only a fraction of those who are measure ,;n‘e é;mll)
chimeal exeminations  Such surveys have ther mnccumcn:bse & Pluct'mt
under condition of severe food shortage when people m!;zy smre:sso"s
to reveal ther exact food mtake for a varety of obviow
Special measures and skallful obsersers are needed

"The mformation may be collected 1n several ways . e zood

(a) The 24 hour recall method 1s raprd and will prov h lgf :

prelunnary results 1f traned observers are available It s lafp 1‘1
to use food chech hsts and models of typreal portions of usual foods

to ncrease accuracy
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() A3 day 1ecord of food consumed may be hept by housewives
for themselyes and families  Careful instruction and checking of re
cults are necessary

{c) Observers may be placed n homes to weigh and record food
mtake

(d) Institutions may be reqmred to keep nceurate records of all
food procured or produced and served  Institutsonalized groups are
generally at the mercy of the official rationing procedure and are un
able to forage for food Thus, they may be especially vulnerable

Selection of samples —1he sample to be surveyed will sary accord
mg to the prevalence, severity, and type of malnutrition, the purpose
of the survey and many other factors In general, three types of sur
1eys have been done

(a) Rapid spearhiead surveysare useful for preliminary estimates
of the general situation especially when malnutrition i1s marked  Un
der thus procedure prelimmary consultations are held with local ration
g and health authorities and with leading medical practitioners to
obtain preliminary information and to enlist their cooperation i ob
tuning the subjects desired for exammnation  No attempt 1s made to
obtamn a true cross <ection of the population Rather, an attempt 13
made to select a small group of 150 to 200 subjects who would be ex-
pected to be most severely afflicted A brief history, rapid elimeal
examination, and height-weight measurements are made oneach  Ten
percent of the group are used to obttn 24 hour diet histories Local
ho-pitals and mstitutions are visited and rapidly wnspected

() Detailed surveys follow the same prelimmary pattern of
consultation with loeal officials  However, 1n this instance an effort
1= made to obtain a more representative cross section of the population
weluding all economie groups, both ehildren and adults, Inborers, anid
other special groups Infants, pregnant and lactating females will
renerally recerve special treatment and their nutritional situation will
already beknown  Care should be tahen that the adult simple mneludes
people over 50 jears of age Medical examination and heights and
weights are taken on all of ench sample, diet histories on 20 percent,
and Iaboratory examinations on 25 to 50 percent (1f facilitzes are avarl
able) The size of the sample required will obviously be nfluenced
by the frequency and severity of the nutritional defects encountered
It 15 estumated that for a eity of 100,000 population a total sumple of
about 2,500 would be required on the mmtial surve)  On subsequent
resurvers a properhy selected simple of 600 would suffice for compara
tive purposes  As an allustration, 1f nutmtional edema were found
to occur 1n 1 per cent of the mdniduals during the ori,anal sury ey
and at the time of a subsequent survey the prevalence was 3 percent
or more, then the sumple of 600 would be adequate to show a rie which
15 statistically sigmificant  On the other hand, when the original
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1t must be emphasized that there are all gradations between the levels
sclected  Furthermore, many factors will mnfluence the adequacy of
any specific level such as the prior nutritional history of the popula
tion, ratioming schemes, activity level, environmental temperature,
averags body size, population composttian, and tune  The figgures pre
<ented are for calories only It 15 obvious that the calories must come
from foods which also w1ll provide suficient quantities of proteins and
other nutments The figures presented are derived from proctical
cxperience more than from preeisely determined values (7, 11,25, 34)

TABLL 4

Exrrctrp EFFFCTs of YaRrlous CiLome LEVELs

Dailv

calories Expected results 1n population

2 400 | Sufficient to mamtan health work output morale and body
weight over long period  growth of children normal normal
incidence of signs related to nutritional deficseney

2 000 { Suffcient to prevent unrest and distrees for at lesst six months
suboptimal work ontput, some 1083 of body weight in heavy
worhers morale fragile, cfuldren snd other vulnerable groups ean
be protected with differential rationing few mgns of nutritional
deficiency

1 600 | Population ean plan only for survival unless some groups are
deltberately starved to provide for others morale drops to low
Imvels sustained work output mmposaible except with loss of body
weight up to 25 pereent growth of adolescent children may be
retarded signs of nutntional deficiency appear

900 | Purely survisal activities possible for & few months no appreciable
work output famine cdems appears in as many as 20 percent of
older adults loss of hodv weight averaging 15 to 20 percent in
severe cases up to 45 percent of body weight cases of outright
atarvation are encountered mortality rates increased meunstrual
wregulanties mn 50 percent of women diarrhea and nvetuna in
25 pereent of population growth of ehildren retarded

Another yardstich frequently apphed 1s that serious effects from
malnutrition will not be found until individuals begin to lose weight
{o 10 percent or more below their 1deal weight. Davidson et al in
\ 1enna 1 1945 found 48 percent of the adults to be below U S stand
ards by 10 ke ormore The mean weight loss was 9hg per adult (9)
Durimg the peak of undernutrition m western Holland in 1045 the
body weight loss of adults averaged 15 to20 percent (7e)

A yardstick of importanceis  ¥low much must a ration be increased
to produce a given response 1n bedy nerht? In other words, what 1s
the ealorie cost of producing 1 by of body weight ram 1n adults?
Berry has exammed the limited amount of data which are available
(4)  Obviously a precice figure cannot be given since activity and
energy expenditure inerease as ealoric intake changes toward normal

Also, 1t 1s well I nown that a given change, for example a 200 calore
dmly increice, does not lead to a continuing gun 1 body weight
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Rather thers 1s a pertod of weight gam followed by weight stabihiza
tion at 2 new level The conyerse of this 1s also true when calories
ue reduced Berry estimates that from 125 to 300 calories daily are
lequired to produce and mamtamn 1 kg of weight gun m adults
This figure wall vary considerably at different planes of nutrition
These figures are prelimmary but do provide 1 gmdeline for food
planmag
Summary

Ce1tain vital statistics, 1n particular, crude death, mfant mortality,
and tuberculosis death rates, can be used to provide presumptive evi
dence of the nutritional state of 4 population Nattonal food supply
figures are useful 1f the “normal” food supply and the comnosition of
the population are known In nearls all 1nstances, 1eliable assessment
of nutritional status requires « direct examination of an adequate cross
cection of the population  The sample selected can be assessed by com
bining medical exammnations, diet histories, and herght weght deter
mnations  Weight of adults m relation to height, age, and sex 1s prob

tbly the most sensitive, reliable, and objective of the available methods,
particularly when persodic obsers iwtions of the same group are made
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Clinteal Examination
Norman JoutiFFr
Director Burcau of Mutrition Mewr York City Department of Health

The climeal examination for the evaluation of the nutritional status
of population groups may vary from simplicity 1t<elf to one of great
complexity depending upon the purpose, and upon the time per<on
nel, and specinl equipment avulable  Asa general rule in nutritionnl
status surveys both specialized equipment and detuled observations
should be s1crificed to only «ignificant observations 1n & greater num
ber of subjects Tor example, should one wish to hnow whether or
sot a particular group 1s recerving sufficient calories to maintun
weight st 15 only necessary to do <crial werghings on an adequate
sunple of that population as presented in the previous paper by
ebrell and Hundley  If the population 15 losing weight, the ealortes
are nsufhcient  If for example over a 10 weeh period they have lost
2 pounds per caput then by metabolic calculations one can surmise
that the diet has been short by about 100 calories per caput per day
,7)

On the other hand, should one wish to know 1f an increased nutrient
mtake has resulted i chimieally detectible changes in the nutnitional
status, a more extensive examination becames necessary  Let us pre
sume that flour ennichment with thiamine macin niboflavin, and 1ron
15 to be introduced  Then one would have to examine for the signifi
cant clmieal «aigns for each of the enrichment nutrients, and 1f pos
sible, for a control nutrient not supphed by enrichment  \fter one
or more years the sume observations should be repeated 1n the same
seacon of the year  “igmbicant chan,es 1n the frequency of the clinieal
findings then must be interpreted 1 the hight of changes i nutrient
mtake attributable to education and economic factors us well as to
enrichment It 1< to a1d m this evalustion that a control nutrient
<hould be included whenever posible m the asses=ment of the chinical
«tatt s when the purpoe 15 to evaluate chanzes resultin, from specific
measures wuch as cereil enrichment

T have mentioned a~ a general rule that both «<peczahized equipment
and detarled observations ~hould be <aerificed to only simificant ob-
seriations in a greater number of subjects  For example, 1n a recent
survey to determine the effectivenes of flour enrichment the surves
troup orignally mcduded a climeal exanunation that would have re
quired a nummum of 1 hour, plus an additional hour for a detailed
fistory, plus another additional hour for obtaming various blood and
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purposes  Yet, in spite of this apparent simpheity, the calipers must
be correctly used and <kin edema and several more or less rare shin
diseaces will eatse either the shin or its attached subcutaneous tissues
to hypertrophy or to atrophy and cruse deviations important m the
mdinidual

Theee facts of nonspecificity n any individunl subject and the Jack
of mdinidual mterpretation 1 surveys does not make 1t 1mpossible
to uee certun of these signs as indices of malnutrition in population
groups  Fien <o, quantitation mav be attempted by deducting a
figure that mncludes an estimate of the frequency of the «igns due to
non nutritional factors  As 2 matter of record, the chimical examiners
of the Newfoundland survey group in 1944 and 1948 (7 2) were
able to predict from the climenl findings the results of the chemieal
examinations mamy weeks before thesc were avalable In 1944 1t
was with considerable hecitation, but with that experience behind us,
the prediction on the basis of the ehimeal signs in 1948 was made with
rome confidence

Let us examne the evidence that certun chinteal signs of malnutn
tion may be used as an index of nutritional status in surveys In
Newfoundland 1n 1944, 4s shown 1n table 1, the intake of nboflavin
wns approximately 1 mg per caput per dty 30 percent of the <ubjects
excreted less than 200 ug of riboflavin per gm of creatinine, 217
pereent had angular stomatitis 26 2 percent had sigmficant cheilosis
464 pereent had hyperemis of the conjunctivae and 107 percent
had & magenta tongue In 1948 the intahe of mboflavin was about
2mg 1 pereent of the subjects excreted less than 200 pg of niboflavin
per gm of creatimme angular stomatit’s was now 97 percent
cheilosis 6 2 percent  23.2 percent had conjunctinal hypervmia, and
013 percent had a ma_enta tonge

TABIE 1
Rriamian o Cerrain Cuiviear Si6¥s to Rirornavin Dericiescy o

EWroLNDLAND

l 1944 1048
Intake of nibroflasin per caput per das t 10 mg 20mg
¥xerction of niboflavin I unine per gm of 30 0 percent 1 0 pereent
ecreatinine  Les thau 200 ug

Angular Stomatitia | 21 = percent 97 percent
bigmficant cheiost -62 percent £ 2 percent
Conjunct hyperemis 1 16 4 pereent 232 pereent
Marrnta tongue | 10~ pereent 2 03 vercent

On the basis of thewe findin 1t 1~ ~u, reted that anular <tomatitis
b conndered the hev v1.n of riboflavin defitency 1 chimeal suryess

on the b that s preence or abrence 1 <ubject to le peronal
mterpretation than the other mentioned ~1m-
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should be loohed for and recorded, howeyer, for when they also ocour
m a high frequency m population group one can feel more cortam
that the key sign 1s 4 farr mdex of the prevalence of riboflavin de
fictency  If angular stomatitis should oceur mn a high percentage
of 4 population group with an msigmficant mcidence of these other
S1gns, 1t 15 probable that the angular stomatitis 1s on a basis other
than that of riboflavin deficiency

Table 2 shows that m Newfoundiand 1n 1944 the intake of vitamn
A was wbout 1,500 umis, 48 percent of the group surseyed had
less than 20 pg percent of serum vitamin A, follienlar changes
on the arm or legs was about 42 3 percent and on the face about
75 percent  In 1948 after fortification of margarine with vitamn A
sufficient to double the per ¢aput mt1he of vitamin A to about 3,000
I U only 2 percent of the subjects now had serum sitamimn A below
20 ug percent and follicular changes had decreased to 271 und 23
percent, respectively, on the arms or legs and on the face It 15
thus snggested that follicular heratosis over the bach of the arms
¢ be used as the hey climcal sign  Other localitres can be used
for supporting evidence, the best one being over the buttocks, but that
18 not practieal in mrxed population surveys The face 15 probably
the most accessible, but here one must not confuse the folliculosis
of a vitamin A deficiency with acne  As a matter of fact, folliculosis
1s 50 high during adolescence that extreme caution must be observed
particularly 1n the temperate zones during winter Spot lesions 1n
the conjunctivae might also be used as a supporting sign, but n New
foundland all grades of thichening were tabulated together making
our findings there not particnlarly useful for this purpose

TABLE 2
Reration or CertaIN CrintcaL Stans 10 ViramiN A DEFICIENCY IN
NEWFOUNDLAND

1944 1948
Intake of vitamin A per caput per day 15001 U 30001 U
Serum vitamin A less than 20 ug percent 3; gercent . g ffr;::ctmt

ercen
Follicular changes grms or legs 42 pgrccnt 271 porcen

Follicular changes face

Unfortunately, ne hae no chemical data for macin mn the New
foundland surveys We do hnow however, that 1n 1644 the per caput
intake of miacin was borderline, and the eniichment of flour would
mecrease this figure by about 8§ mg per dav  There was mn 1948 2
statistically sigmificant decresse 1n the followng tongue lesions hy
pertrophic papillae at the tip and elsewhere, atrophic papillae at
the tip, and atrophic papillae at the tip and elsewhere (see table 3)
Hj pertrophic papillae at the tip only were unchanged and a red

198



dened tongue dropped in frequency but not sufficient to be statistically
sigmficant T urrowimg or fissuring was unchanged These figures
combined with our information concerning tongue changes i pel
Ingra, sprue and pernicions anemia would suggest that papillar
change more adsanced than papillary hypertrophy at the tip of the
tongue 1s the hey climeal cign sn this instance

TABIF 3
ReLaTion or Crrraty Crinteat Sicws To Niacry Drricirsey v Nes rouvnr ann
1044 1048

Approumate miacin intake per eaput per day 10 mg _l-ghmz
Hypertrophic papillse at tip and ¢l ewhere 21 1 pereent 77 prreent
Atrophic papillae at tip 13 9 percent 3 8 percent
Atrophic papillae at tip and el cwhere 1R 4 percent 39 pereent.
Reddened tongue 2 B pereent 2 4 pereent!

1%ot statistieally fenificant (p> 001)

1t 15 indeed unfortunate that the results of the Newfoundland (7,
2) survevs and the Bataan ($) <urvevs were not reported <o that the
results on thiamine could be better compared Ve do have how
ever, one pomnt of comparability (table 1), namels, the mean exere
tion of thiamine in the urine per gm of creatimine  Before enrich
ment the mean excretion of thismine in the unine 1in \ewfoundland
was 117 pp as compared with 65 g 1n Bataan  This 1s compatible
with the findings of about 10 percent frank beriber: in Bataan with
Tess than a posuble € pircent maximum 1n Newfoundland

TABLF 4
RE1aT10n oF CFRTAIN Clinicas £1ons T0 TiaMINE DEviciEscy 18 NEw rotap

LAND AND BaTaaw

Newfoundiand Bataan
1944 1918 1914 1948
Appronimate thismune 1w | 096 mg ‘ 18mwe 07 mz 19mg

take per caput per day
I'xeretion of thianune n | 44 percent | 1 percent

UTINE PT EW ereatinine \

Less than 50 kg

Mean excretion n7 297 e, 2
Abeence of haee and arle | 18 » e e e
erls
Calf mu cle tendernes 20 10t
rarl bunber 2 g9 0
Bu pected boriber 3 [ 257 0

N 1R iion. ) s.gnifcant {r>00
+ Three slens of 23.4ms plus Leemyom
$To0s gns and 0o svmpt e of | aem an3 2 ey toms
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It 15 suggested ns a sereening test for beribers 1 chmeal nutrpion -
surveys that only one key test be done, namely, the Achilles tendon
reflex  The diagnosis of peripheral neuropathy of the type occur
ring m beriber1 could not be made m 1ts presence (4)  Then, 1f
absent, that person should be pulled out of hne and further esamsna
tron made to classify the patient as “frank beribers,” “suspected bers
bery,” and “no beriber1” Those whose ankle yerhs are present are
routinely considered as belonging to the “no beriber,” group

Table 5 showing the relation of varions chmeal signs of ascorbie
acid deficiencies with blood lesels in stself does not support any of
these signs as an index of vitamin C deficiency  However with sum
lar findings 1n New York State of o 13 percent 1ncidence n school
children of red hyperemic gums when the blood levels are apprott
mately double that i Newfoundland, and an mneidence of about 5
percent 1n a school m Havana where the intake of ascorbic acid 1s
relatively hugh, being about the same as in New York State, 1t 15
felt that this sign should be used as the key sign of ascorbic acid
deficiency  Personally, T feel that amv degree of margial redness
should be recorded and any figure greater than 5 or 10 percent preva
lence as idicating some degree of ascorbic actd defictency tn the popu
lation surveys Perifolliculosis can be used 1n an edentulous popu
lation, but here 1ts presence 1n any amount would be sigmificant as
this lesion 1s seldom observed until after the blood ascorbic serd has
fallen to zero

TABLE 5
Reration oF CrrraiN CLivCaw Sions 1o AscoRbic ACiD DEFICIENEY IN
NrwroUNDLAND
1944 1948
Approumate ascorbic acid intake per caput | 20 mg 27 mg
er dav
Sex?um ascorbic acid mean - 0 19 0 41
Less than 02 mg 28 pereent. 28 pereent
Gums red hyperaemia grade 1 - 25 8 percent 35 5 percent
Grade 2 and greater 14 8 percent 14 1 pereent
All grades 40 6 percent 49 6 percent
Swollen gums 45 2 percent 53 1 pereent
2 0 percent 6 6 percent

Penilolhiculosis

In table 6 are tabulated the various signs that can be recorded m
a clinical nutritional survey  The underscored signs are the hey signs
The others are supplementary or confirmatory signs These signs
are of course the minimum necessary for a general clinical nutrition
survey, but additional ones should be included only when the neces
sty for additional clinical data 1s clearly evident before routinely
observing them 1n & general nutrition status survey
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There arc several nutrients, meluding iron caleim  pyridoxine
B,,, and folic acid that are not mentioned Iron and ealem are
omitted beeause there are no good early climical signs which ean be
made to correlate with the facts for iron deficiency we must de
pend upon the laboratory and for caleium deficiency upon the X ray
T know of no good dependable kev chimeal <ign for use 18 surveys
for pyndoxine, folic acid, and B,, deficiencies outside their classieal
chinical syndromes, although it might be posaible to use a reddened
tongue and diarrhe 1 in an area where sprue 13 frequent as an ndex
of fohe said deficiency 1n a climeal survey

TABIE 6
Nutrient Climical sizn Abnormal
Calones
Obe ity Stan thiekiess
Secapulae Over 30 mm
Lower Axiliae Over 20 mm
Height weight tables Over 10 percent
Jeanness Skin thickness
Seapulae Under 8 mm
Lower Axillae Under 3 mm
Height-w e1ght table
Protein Dependent edema Ohver 0 percent! under age
50 1In abeence of benbery
starvation and pregnancy
Vitamin A Follicular Reralosiy of arms Over 5percent ! inadults and
pre adolescenta  Not re
hiable in starvation and in
adolescents
Vitamin D Under six months Craniotabes | Over O percent
“i1x mo l.o tvm years Beading | Over O percent !
of the rib
Over two )enrq { Yand % de | Over O pereent!
formttres of legs
Tiamine Abﬂsent Achilles tendon re | Over 1 or 2 percentt
exes
Maen Tongue leston more adreanced | Over 5 percent !
than hypertrophy of papiilae
at tip
Reddencd tongue Oner 1 or 2 percent ¢
Pellagrous dermatitis Onrer O percent !
Riboflanin

Ascorfue aerd

Anguler stomatitis

Conjunctival hyperemia (cir
cum corneal nfeetion)

Magenta tongue

Red hyperemic gumns

1ertfollicuio t

Over 5 percent! in ron
demune wearing popula

n\er 5 percent *

QOver 0 percent?

Over 1 or 2 percent! n
chuldrer

Over 5 lo 10 percent? 1n
adults

QOver 0 percent !
!

¥ 4% educated aess of frequency that these signs Mmight oceur tn s » 1 sourtshed fupUatin Froup
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Physical Performance*
Joser Brofex

Laboratory of Phynological Hygiene School of 1 ublic Health Unsiersity of
innesota

Intreduction

There would be httle disigreement, T believe, nbout the proposition
that the final criterion of a football player’s “ftness” ys hus perform
ance n & foothall game or, to reduce the effect of “chance,” 1 a series
of football gumes (55)  Swmularly, i the mdustrinl situation the level
of output 15 n pragmatic mewsure of performance capacity In the
field of military operitions the shall with wiuch the pilot handles s
plane during combat, the endurance of the infantrymen during 2 long
march, the speed of movements and strength 1n a hand to hand clash,
the sustuned alertness of o man on < lonely watch post or the rapidity
and accuracy with which the movements of an enem) submarine are
charted on the basis of data then down from the radar scope—these
and thousands of other apertiiony are the fina} and rrrevocible eritena
of fitness

The very multiplicity of the operntions mnvolved 1n modern mndustry
and warfare is the first stumbling block m any nttempt to exumne the
relationshap between performance and nutntion  Esxpersmentation
m which the actual performance 1s used 15, 15 a rule, not feastble
Furthermore, 1 most operations the mnformation on the quantifiable
aspects of performance 1s laching and 1s not renchly obtamsble  Con
sequently, the reduction of the varety of nctual tasks to a small number
of prototy pes and basic functions, which constitute the himits of per
formance 15 umperative Thus, theoretieally 4t least, 1n studving per
formanee m the Jaboratory the experimenter has the choce of using
either simplified performance tests (minature worh situations) orthe
more abstrat tests of the biologiel components of performance
capacity

Tn military ration tests attention hs been pud prneipaily to the
biochemical and physwelogieal  (cardrovascular) characteristics
“Morale” and physical well berng have also been considered, mostly
without the use of systematic and standardized questionnaires  Per

2 in part by Contract No DA44-10%qm~1526
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formance 1n long marches would appear as an excellent test of endur
ance but 1t has been found repeatedly that the condition of the feet,
haung hittle to do with nutrition, proved to be the major factor n
caprartating the men  While the problem of quantitative character:
zation of the on the Job performance 15 frequently undeniably difficult,
10 many operations 1t 18 not nsuperable A good deal of nttention
has been pud tlis question in the frimework of Army personnel re
cearch 1n reference to selection and trammg (32)  For some types of
military performance 1t 15 possible to use scores charactenzing quant1
tatiely achievement m o standardized field situation  Thus Tyler
(67) utihized data obtaned on the rifle firng range 1 hus study of the
potential impaurment of shilled performance resulting from the ad
mimstration of drugs designed to prevent motion sickness  We are
not aware of a systematic use of such eriterza of performance n
nutritienal laboratory or field studies
The two tvpes of tests of physieal performance which had been ap
plied intensively 1n Inboratory reseirch—riding on n biey cle e1gometer,
and running or walling on the trexdmill—cover only a small sector
of operations found in modern industry and the Armed Forces In
addition to locomotion, which represents gross physieal performance,
o test battery desigmed to evaluate comprehensively the various com
ponents of performance capacity should cover also mnnrpulation
(psvchomotor tests) perception and intellective functions The con
cern with personality in the framework of performance studies 1s
justified directly by the erucial role of motivation 1 performance, the
relationship betseen personality structure and stress tolerance and,
mdirectly, by the fact that some types of performance can be used as
a bawis for personality assessment
Two facts must be taken 1nto account 1f performance tests are to
vield vahd mformation (a) Performance (P) represents a product
of capacity (C') and motivation (Af)—P=CxM, and (b} scores m
many of the performance tests are susceptible {0 1mprovement with
practice These Sacts phace rather unique and hemvy demands on the
experimenter who must carefully define ns control mensurements
Such factors as presence of other subjects in the room or the subject’s
knowledge of the scores affect the level of effort, and “random” varia
tions 1n the human ensironment should not be allowed to complicate
the motivational structure of the experyment Systematic studies on
motivation of laboratory subjects are nonexistent  Fraser’s study
(19) has idicated that presence of the experimenter served as an ad
ditional stimulus, decreasing the number of errorsina prolonged visnal
tash
In fundamental investigations on nutrition and fitne~s, where we are
concerned with the amount of potential deterioration of the functional
efliciency of the human organism under the most severe form of the
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g1ven nutritional streso, the techmque of muliiple tests covering the
whole spectrum of the components of berformance capacity represents
the desirible approach In studies n which we deal wath the differ
ences between the effect of different Jevels of nutritional deficit, only
thase eriternn of fitness which were Proved to be sensitave to the par
tieular ty pe of nutritional stress should be used

Actual Performance

In genera}, quantitative records of 1ctual performance can be more
renchly obtamned 1n the mdustrial than 1 the mibitary setting and pub
Iished studies on nutrition and work performance are limsted to 1
dustrial output  Work output 1s 2 very complex datum and uneon
trolled factors readily mask or stmulate deterioration or 1mprotement
m performance capreity which 1s then erroneously asuribed to the diet
While from the pomt of view of a “reshstic” 1ppraisal, the output
figures have an undemably strong appeal, the ready distortron by ex
traneous factors should be hept in mind  This 15 true even when we
mre concerned with the total impuct of nutrition, not only with “per
formance capacity ” Tt has been noted that the work output cun be
terpreted as a decrement I capacity only when effort 18 hept “con
stant ™ ¥Whale the scores in performance tests carried out i the labora
tory with highly motivated subjects approach the lhmut of thewr
capacity, the intensity of mdustrial work 1s always submanma]f The
wader the gap between cipacity (the physiological hmts of perhorm
ance) and the actual output, the more important 1s the effect of the un
controlled physiological and the verwable psychological and socio

&
ec?.l?;x’:)n t;grfxag(;:'o; r(aer.zrlectmg the uncontrolled, non numtwm()}iacn;jrs r]s
sell allustrated 1n the proneering study of Haggard and reetnle f
(£2) on the relationship of the frequency of meals and azzxtptud ;Dl'
plant manuficturing rubber footwear The opemtlor;? se :; ea o
study mvolved sewing the canvas parts of tenais shaes  For :;s gzd
ation 1t was easy to heep mdividual hourly praductw)n refc;)n ds ant
there was no mterference with production due to supp 3do mater
e e e e snpanded b nght maraet vor. The
energy expenditure the Jo cg:gsgogmee been carefully planned, with
3::14{;: Z}flzfztzgi;:x;z;ﬂxifo an experumental and a cz;n;rgoir;?;
hroughout, the experiment?.
t'—le‘lrlz:t:tie;fr;ug iiztimbz{tlzﬁefm 3 fnd 5’meflls fThe‘j two :(Illilli;(:;ﬂ‘;
consisted of a glss o
o wemxiﬁﬁﬁ?iii?{iﬂ?ccnf: “’llslhe :xm menls were served nt(::;e
; y ounc(’;};f the thlrs hout of the morning and afternoon worh per}l >
egmmr;? there was no sumtlar “breah” on the daya when only three
f,ii;:i:erz eaten The mean hourly production of the control group
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varted mimmally (between 183 to 194 umits) during the five 2 week
periods The output of the experimental group was consistently higher
during the second and third pertod when the worhers were given the
sdditional meals, with mean scores of 175, 192, 176, 194, and 176 umts
during the five periods

The fact that the production was ra1ced on the between men] feed
ing schedules nppears to have been clearly estabhished  Unfortunately,
the experimental conditions do not allow a elear cut wdentification of
the factors responsible for the incrensed output  Speaifienlly, the rest
pauses alone, provided by the additional meals, could account for all
or part of the effect  Also, the psychological impact of the additional
meals on the workers’ morale (mot1vation), which may be independent,
of the nutritional value of the extra meals, could not be separated from
the direct, physiological improyement—af any—in the work capacity
The physiological interpretation of ncreased production through
high muscular efficiency maintained by more frequent meals was open
to question (5), but the principal need was for additional data on the
effect of added meals which varied 1n the nutritional content

Such data were supphied by Hald1 and Wynn (23) The operation
resembled, 1n principle, the type of industrial work studied by Hag
gard and Greenberg, and involved sewing cotton bags The 4 types of
meals, served for 8 consecutive weehs during a 15 minute period 1n
the mornings and 1n the afternoons, provided nbout 650, 300, 150, and
80 calories, respectively The order of serving these four types of re
freshments was varied each weeh Once a day during 2 successive
weehs no food was given during the rest periods

Thurty two seamstresses served as volunteer subjects and their hour
1y outputs were determined Combining the morning and afternoon
values, the pre refreshment outputs on days at whach the 4 types of
refreshments were given were 124 0,122 5,123 5,and 1225 The corre
sponding post refreshment averages were consistently higher (1365,
133 5, 134 0, and 133 5 percent of the standard hourlv preduction) but
there were neither statistically sigmficant nor practically mmportant
differences between the average values obtamned for the 4 dietary
regimens It was concluded that 1n this type of industrial work the
output 1s not affected by the hind and amount of supplementary food
eaten during the midmorming and afternoon rest periods  Whle the
additional meals had a defimtely positive influence on the rate of pro
duction during the period under obseryation, no defimte conclustons
on the long term effects and the maintenance of such a differential 1n
output before and after the food refreshments could be drawn on the
basis of available data

Kraut and Miiller (38) reported investigations on mdustrial output
as & function of calonie intake  Data on food consumption, work per
formance and body weitht of workmen who were removing debris
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out of railroad cars by hand, of steelworkers, an

miners were interpreted as mdieating that thé wo(:l?efr:et::sze]d%?:g: otf
perhaps unconscrously, the energy expenditure to the available foI;d’
supply, Leeping the body weight relatry ely constant The parallehsm
between calorte consumption and work output was by no means per

fect and was distorted, at least for a trme, by variations m motivation,

non nutritional mn origin - Thus the 1nstitution of an 1neentive system’
with eigarettes as the baat, substantially mereased the output over the,
previous level while at the same time the workers lost, on the average,

3 5Lg of body weight in half s year '

Miniature Work Srtuations

In a varety of sectors of the study of human work 1t has been found
useful to employ standardized, simphfied replicas of an actual
dustrial or military performance Therr uses in studies on general
and on occupational fitness, the application of synthetic trammg de
vices, and use of mimature work situations in the study of fatigue (14)
have been reviewed (17) The review was prepared as a report to
the Subcommittes on Physiological Stress in Industry (Commuttee
on the Nutrition of Industrial Workers, National Research Council)
1n the hope of drawing attention to the usefulness of this techmque
n fundamental and applied studies on performance and work capacity
and their deterioration under a vartety of physiological stresses
Machworth (40), with encouraging results, used a number of synthetic
work tests 1n his studies on detection of famnt visual and auditory
<1gnals indicating the presence of the enemy and m Iis researches on
human performance mn abnormal atmospheric environments (42)

The miniature work situations represent a potentially useful tool
also for nutritional research They are a compromise between the
realism of the complex, not rigorously controllable operations n an
mdustrial plant or a nulitary theater, and the schematic performance
tests wpplied 1n the laboratory As far as we are aware, no systematic
use has been made of this techinque in the evaluation of the effect of
nutritional factors on performance

Tn 2 study incidental to the exammntion of the effects of the dura
tion of visual work and the illumination mtensity (7%}, visual per
formance and a number of visual functions were considered n refer
ence to the composition of 2 noon meal (61) The mimature work test
reproduced the aperation of nspecting objects, transported on a con
veyor belt, for small details

YWhile the synthetic work situations have undeniable advantages
1n research on sensorimotor functions, the disadvantages and limita
t10ns should not be mmmized Their construction and application
are usually costly and the tests are likely to occupy a s1zable amount of
the laboratory space In longitudinal experiments, typical of nutri
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tional studies, the 1mprovement with practice may present o difficult
problem  Most importantly, perhaps, thevery speafiaty of the tasks,
which makes the results applicable to the concrete situation of which
the test 15 & rephes, limits the possibilities of generalization These
considerations place the componental study of performance capacity in
a better hight than 1t would appear to merit in the light of theoretical
analysis of mampulative and perceptual shitls (6)

Laboratory Tests

Frxcluding the mimature worh situations, which usually nvolve
more complex £y pes of performance and 1n which the score represents
on wtegral of several functions, the more classical, analytical tests
may be grouped under the headings of locomotion, manipulation, per
ception, and intellective functions  Mamipulative tests, with strength,
speed, and coordination of movements as different aspects of mampula
tion, are frequently referred to as psychomotor tests At times, only
speed and coordinntion have been mcluded 1n this category, and
atrength set apart  While the factors hmiting performance are cer
tanly dafferent, runmng on the treadmill to exhaustion 18 no less
“psychomotor” than tapping st a maximal speed Endurance 1s
separate aspect of performance rather than a separate function It
1s very difficult or 1mpossible to devise satisfactorv laboratory tests of
endurance, unless one 1s using tasks 1 which exhaustion 1s reached 1n
a matter of minutes  Yet 1t1s the prolonged work of low to moderate
intensity of energy expenditure which 1s characteristic of the over
whelming majority of industrial jobs  Even n the military opera
tions the eapacity for strenuous physical work 1s eritical 1n & surpris
ngly small number of operations

A brief but fawrly comprehensive description of performance tests
used at the Laboratory of Physiological Hygiene has been presented
(35)  Other types of muscular performance used 1n nutritional re
searches include such tasks as swimmng, heavy weight lifting, and
pulling wall weights (30), endurance mn horizontal pulling of sub
maximal pulley weights, endurance 1n holding a weight with an out-
stretched arm, and decrement 1n force on repeated exertion of maximal
museular foree (62)

Where we deal with larger groups, with good opportumty for pro
s1s10n of rigorous control observations, and are concerned with rather
gross changes in performance capacity, the use of standardized athletic
tests, such as push ups and sit ups, might be useful The use of the
length of tume for which a cluld can han,, from a bar should be men
toned for the purpose of completeness rather than because 1t 1s con
sidered a valuable measure of performance capaaity  Jokl (47) meas
ured physical effictency as the time of runming 100 yards (speed) anl
000 yards (endurance), and the distance in <hotput (strength) On
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comparmg the performance of children on a normal dretary regimen
wnd durmng the Ramadan fist, the most consmstent decrementsg were
noted 1n the first and third tests  On the other hand, mn the presence
of vitunin C deficiency no imparment of muscular performance was
obsersed

Motor Performance

Locomotion —The principal type of motor performance which has
been studied by the physiologrst 1s locomotion, either in the form of
niding a bicy ele ergometer or walking and running on 4 motor deien
trendmil - Dealng with performance aspects of physical exereise,
one may be concerned with the speed, endurance, or mfrequently , with
coordination evaluated on the basis of oy gen consumption I a
standard tash  In the endurance tests the speed (and other conds
tions constituting the work load, such as the resistanes agamst which
the subjeet 15 pedalling or the mnchne of the treadmill) 1s fixed and
the score 1s measured 1 terms of time of work to the pomnt of cessation
of the activity due to eshaustion  In bicycle riding the exhaustion
point 15 frequently determined as the moment at which the subject
1= no longer able to mamtam the predetermined rate of pedalling
(30)  Or one may keep the time constant and determine the speed
at which the subject 15 capable of carrying on the tash for & speafied
tune  The latter form 1s of greater mterest for exereise physiologs
(2) than for the study of nutntion

Physiologically, physical work hag been claswfied wnto two types
(2) anaerobic (severe exertion of short duration, inadeguate oxygen
supply to the muscles, and increasing level of lactic nexd m the blood),
and (&) aerobic {can bo carried on for longer perods, ndequate
oxygen supply, a steady state of respiratory and eireulatory functions,
no mcrease 1n the level of the lactic aexd i the blood beyond the mtral
period of adaptation to work) These two types of work mohe
different mechamsms by which the energy needed for muscular con
traction 1s relensed  They produce different physiological responses,
and exhpustion (fatigue) depends on different factors Conse
quently, both types of worh should be included m 2 comprehensive
battery of performance tests

As measures of endurance, anaerobic tests are ensy to administer
i the lahoratory as the times nvolved are measured 1w seconds and
minutes  Introduction of really exhausting nerobwe worh for this
purpose 1s difficult, both on account of the long period of txmelnnd
the problem of morale Tresding on 1 movning rubber belt for long
hours 18 not 8 yery mspiring job, and the worh m the field {marching)
provides much more reahisti conditions of scenery and motivation

n the nutritional researches physical work has, s a rule, been
studied as an ymposed stress, not s direct criterion of periormm;x)ce
The use of the time of the run in 8 standard exhausting exercise (29)
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represents mroads of motivated behavior (effort) nto the physiol
ogist’s armory of objective tests The overall test score relates the
time of run on the treadmill to recovery pulse rate  The duration
of effort before exhaustion was given promiment place in the computa
tion of the index of fitness for hard work because “endurance or
‘staying power’ 1n man has always been highly esteemed and 1s an
ndication not only of stamina, but also of strength, shill, and deter
mination” (29) From the pont of view of performance studies
1t 15 unfortunate that the upper limit of the time of the exercise has
been set at 5 minutes It means that the time scores 1n a group of
men who are 1n farly good physical shape have o nonnormal dis
tribution which 1s difficult to handle statistically  Also, the amount
of detorioration of performance under stress and the degree of re
covery on nutritional rehabilitation cannot be satisfactorily nssessed
In this context we shall not be concerned with physical work and
exercise as an experimentally imposed stress allowing the evaluation
of the metabolie, circulatory, and respiratory functions as a criterion
of the orgamsm’s fitness This has been one of the physiologist’s
principal methodological contributions to nutritional research  The
methods are well established (26) and a detailed discussion of the
topic would exceed the framework of this presentation
Manpulation —\While the hological components or aspects of
manipulative performance are few in number—strength, speed, and
coordination—the ways in which they may be measured by psycho
motor tests are many  Selected methods useful 1n medical research
have been brought together under Miles’ editorship (44) The
voluminous report on the use of apparatus tests in the Aviation
Psychology Program of the Army Air Forces Durmg the Second
World War (43) 1s another useful source book of psychomotor tests
The battery of psychomotor tests, developed at the Laboratory of
Physiological Hygiene and applied i the study of nutritional and
other stresses, has been described (9, 1) It included 2 tests of
strength, 3 tests of speed, and a test of eye hand coordination Four
of these tests aren figures 1 to 4
Strength was measured by st indard hand grip and back hift dyna
mometers  The speed of small repetitive movements was determined
by a two plate tapping test There was a test of the speed of co
ordinated hand and arm movements  Reaction time, associated witha
selective response to \isual stimuli and involving several muscle
groups, was determined  Tracing a narrow, grooved pattern with a
stvlus was used to measure eye hand coordination Both the number
of the error contacts betw een the stylus and the sides of the groove, and
the total duration of the contacts were used as a criterion of perform
ance
In addition to the tests mncluded in the standard battery, a variety
of other psycliomotor measurements has been applied 1n the Labora
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FraURe 2 —Overall view of the testa of complex reaction time (light signals in
the upper middle part—<ee 8l<o figure 3—and lnrge paddles at the lower left
corner to be depressed by the subject walking on the treadmill) and pattern
tracing

~_. .A
R
T T e T
-

Ficuee 3 —Boxes to the left and right contain a buzzer indicating the subject s
©ITor3 (contacts} {n jattern tracing Iight signals for the rea tlon time test
&re In the center In the front s an adjustable 7anel { blind ) the Jevel of
which can be adaj ted to the hetght of the subject
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Fraure 4~~Board with two tapping plates and the tracing pattern The pum
Ber of taps in 10 seconds and the number of esrors {contacts) made in traclng
the pattern with & stylus were nsed as the performance scores

the deterioration under stress cannot be safely mterpreted i terms of
cccupational nettvities It 1s through biological validation, throngh
the comparison of changes under a yarety of nutrttional ind non
rutritional stresses (semustarvation, acute starsation, hard work, heat,
Iack of sleep (75) ), that the relative decrement in performance can be
interpreted 1n meamngful biological terms

Sensory Funclions

Tn studying sensory functions as critersa of 1 aspect of performance
capactty we are interested m 2 types of functions () functions
which are known to be affected In a specific way by 2 nntnitional de
ficsency {deterioration of dark adaptation s 4 eriterton of Vitvmm A
depletion, with o prolonged cone rod transition time and rassed rod
threshold (£7)), and (b) general functions which are of imporiance
1m the individual s mteraction with lus environment and which may
determme or at least affect hus occupational efficiency

This mens that we are concerned with vision and hearing rather
than with proprioception, shun senses, and taste and smell, although n
pastieul i crecurmstances almost any mode of sensory perception T2y
nequire occupationti ympottance In the Laboratery, the study of
hearing w reference fo nutritional factors has been limted to audio
metri. determination of the threshold mtensity 2t selected frequences
From the pownt of view of military performance the Jocahzation of
sound 1n spice my be just as ymportant as auditory acwity (for meth

odsses (89})
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V810n 15 & considerably more complex function  Tnaddition to vis
wal acwity 1n far and near vision, visual fitness myvolves snch functions
23 the rate of visual perception, color dicerimunation, and depth percep
tion {Weston (68), who described occupational demands upon sight
and testing sight for work) Some aspects of visual motor behnvior
can be used as tests of psychomotor performance (7, 8)  Whle the
quantitative analysis of ey e movements had not been actually apphied
1 nutritional resenreh, the development of the procedure was stimu
Inted by 1ts potential use wn experimentally nduced deficiencies of
some of the vitamuns of the B complex, principally thiamine, 1n which
n marked deteriortion of motor performance had been observed (9)

Sensory, espeernlly visual perception, plays a cructal role 1n an ever
mereasing number of industrial and military operations  Where the
potential effect of diet 15 to be 1my estigated, synthetic tests, such as the
auditory and wisual vigilance tests used by Mackworth (40}, may
31eld more useful anformation than the abstract tests of auditory and
visual actity which hase been used 1n nutritional studtes 1in the past.

Intellective Performance

Intelligence may be described in terms of () “mental level” de
termined by power tests, administered without time limats, (B) per
formance 1n speed tests, with strict time hmits, and (¢) learming
abihity, measured in reference to the amount of improvement 1n a men
tal tash

The number of available standardized tests of intelligence and of
spearfic (mechaneal, elerical) abihities 1s large (76,17,18)  However,
several requirements peculiar to nutritional research (arnd to the «rudv
of other biologieal stresses, such as heat, which mav be sgpsrimpared
on dietary restrictions) markedly reduce the potentza] s=op's of voe-
fultests Inmost of the situations in the framesork of wi.sh tha pav.
chometric techmque were ongnally developed—eamzznonal eransel
g, industrial and mibitary selection, psvehistrs d srmnze—tne test-
g was aimed at the determination of mtellectirecsmz=vr 2 the miven
time  The majority of the intelligence test Eare e’ =3t the mast
o few alternative forms and the testinr = ¢ zr ez Yem2 L2 ved num
ber of ocensions  In nutnitional researes = x zevpsyer go oo el
Tective functions at intervals 1n cme + » ¢ tar=_ze g progres ve
effects, 1f any, of the particular ¢~ s wme= . In zomo tvp-
dietary restriction or SUpplexe=.an = e arTr  zee meatmmen T
termsof months  Inacute defimsnmse 3= | 3l sezrrs 9;_
study of combined {mul 1p™s} srevr e _zopeeg | R
testing sessions 15 redused to 2pre gon — T e v:_:x urd
the testsof intelhpence s, o e Tamme )
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study of mtellective functions 1n relation to nutrition  Most of the
mtelligence tests mvolie verbal material  The Perteus’ Maze Test
was used 1 nutntional studies as mampulative, nonyerbal test of 1n
telbgence (56, 57) The appheabihity of this and other nonverbal
tests to non Enghish speaking subjects 15 of smportance for field re
search on diet, behavior and performance capacity 1n native popula
tions suffering from severe nutritional deficiencies—a vast, important
but barely touched segment of research

The CAVD scale, consisting of four subtests—Completions, Arith
meties, Vocabulary, and Directions—is a good example of the pover
tests of intelligence The items are grouped nto 17 levels ineress
mg progressively 1n difficulty, up to the level of very high abstract
mtelligence  With relatively homogeneous groups only & small num
ber of such levels has to be supphed In the starvation study (35)
we used the 5 highest levels, with 3 maximal score of 40 pomnts for
each level Most of the subjects took 8 to 10 hours for completing
the test, workmg for about 2 hours at a time  The tume constming
character of the test clearly elumnates 1ts use for nutritional studies
tn which the detertoration of the overall performance capacity 1s rapid
and the ve testing have to be spaced closely Five
alternative forms of the test are nvaiable (63) The Chio State
Untversity Psychological Test 1s another power test of intelligence
that has been used because 1t has several alternative forms (27) It
stresses verbal abihity and consists of synonyms antonyms, verbal
analogies, and paragraph interpretation

A good example of the rigorously timed speed tests 1s the Peychologt
cal Exammation for College Freshmen, prepared under the auspices
of the American Couneil on Education  New forms have been 1ssued
annually and an attempt was made to mahe the successive editions
erpvalant by the selection. of items of known degree of difficulty (65)
For several years the test consisted of 6 parts, separated wmto 2 groups],
which provide ar estunate of the ability to thinh in quantitatie :;in(
spatial terms (arithmetical reasoning, number series, geometrical gd
ure aualogies) and the verbal abihity (defimtions, bynonyl'élst f;:ls
antonyms, word analogies) The admimstration of th; tes :n:e
about an hour, with a total of abo;t QOtmllntuti: allpwed for pra

al a§tes

ot oo el ey
« battery of six shott tests was nssembled at the L"b"";‘t:l‘;’é’e:gf“;‘:
based primanily on the tests developed for ﬂl;elftaciome :c s patind
telligence (64} 'The tests measured the ability to p e
e, v ey (vl f e s L T
Jetter), perceptual speed, memory {s! onm
trons), number facihity (multxplxcat!tun), mgox(z;cz:;‘:u:;ﬂjr less
The time allotments for mdividual tests were § A Tho teme
and the whale battery was admmstered m about 12 hour
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allotments, principles of constructmng a large number of alternative
forms, the rehabilities of the tests and the relntionships to other in
tellective tests have been described (20)  The subjects stabilized their
work methods and, as a rule, their performance was brought up to 2
plateau before they were placed onan experimental diet

Several tests have been used for the study of learmmng  These have
been mostly very brief tests (30 seconds to 2 minutes), mvolving
simple mental operations, administered 1n 12 to 15 successive sessions
gven on the same or several consecutive days (27) Two of these tests
were ued 1n the study on the effect of restricted ntakes of B complex
vitamuns on mtellective functions because they appeared potentially
useful 1n the light of the results obtaned by Harrell (24, £5) m study
mg the effect of ndded thinmine  In addition to these short tests, in
the partial restriction period, the same form of the American Coun
a1l on Education Test (65) was admmistered on five occasions  Over
a period of 7 months the absolute practice guins in the restricted and
supplemented group were almost identien  Also, the data on the
practice gains 1n the Repeatable Test Battery during the period of
partial restriction were utilized as eriteria of learmng (27) No
evidence was obtuned that a prolonged restriction of the intake of B
complex vitamms (019 mg thinmine, 029 mg mboflavin, 37 mg
macin) affected learming abihity 1n adult young men

Comments

The prineipal methods for studying performance 1n relation to nu
trition have been reviewed The results of the studies which were
cited were of secondary nterest and were considered only as illustra
tive material A comprehensive review of the older literature on
physcal performance 1n relation to diet was prepared by Keys (33,
44}, and the review was brought up to date by Simonson (60) The
problems of industrial nutrition were treated systematically by Pyhe
(88) One of the striking features brought out by this textbook 1s
the extreme pauaity of data based on controlled nvestigations on the
effects of diet on industrial output—a fact noted earher by Simon
son (69) In this country a limited amount of work has been done
on some aspects of mdustrial nutrition, such as the effectiveness of
\ lu;mm supplements ( (3}, with several indices of “industrial morale’
;‘a: her than output used s eriteria), and the frequency of meals (46)
‘:et‘!::;ulr)e cll; mea] habits and their effects on performance was re
A ) Hutchinson (£8) The German data on nutrition and
A nial performance were recently summarized by Kraut (37)
utrition Retzews (62,63) and Lehmann (39) :
In‘ the field of itellective performance exammned by standardized
Ssyc hometric tools, the effects of vitamins of the B complex, especially
mine (47, 50, 51, 54) and of glutamte acid supplementation or
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Testriction, have been studied most mtensively The hterature on the
latter pomt 15 especially large (43, 49) and covers both human and
ammal experiments

In the Laboratory of Physiclogical Hygene performance nspects
of man’s fitess were examined with reference to the vitsmmn content
of the diet (96) and prolonged calorie restriction (35}, takmg mto
account gross locomotion, the psychemotor tests of strength, speed,
and coordination, as well as mtellective and sensory functwns and
personality  The mvestigations of Sumonson and Enzer (62}, the
work of Xeeton and his associates {87) on cold tolerance, the Towa
thiamune studies (66), and the study on protemn requirements carried
out at the University of Illmos (4) may serve as examples of a farrly
broad coverage of different aspects of performance

The relationships between physiological eriterin of performance
cepacity and the work performance demand further study In Mon
toye’s investigation (45) the Harvard Step Test was used as a physt
ological fitness sndex  Three crateria of performance were used the
number of sit-ups, time of a half mile run, and endurance m pedaling
a bicycle ergometer agamst resistance at the speed of 20 mules per
hour The coefficients of correlation between the step test scores and
the performance criteria were statistically significant for the first
twa variables but were too low to be useful for predictrve purposes
(#'s of 0286, ~0232, and 0091, N¥=50)

5 ry and Concl

Laboratory studies on nuiribion and performance have been con
cerned primanily with gross physical performance, as it 1s represented
by different types of locomotion, with particular reference to the
resulting changes 1 cardio respiratory functions and blood chemsiry
At the same time, analysis of the occupational demands in the Armed
Forces wnd n mdustry mdicate the importance of manipulative speed
and coordsmation, sensory perception and mental functions which were
examined much less thoroughly n reference to diet Thns has been
due, i part to the fact that the laboratory tests of sensory Tanctions
and 1ntellsgence, at least mn therr classieal analytical form, mdicated
surprising resistance to nutrittonal stresses whle the psychomotor
functions were shown to be more susceptible to deterzarttion

The potential usefulness of mmiature work situations m the study
of nutritional stresses remuns to be examined One definite advan
tage of thus research tool 1s that the work can be contimued for a
matter of hours while the usual Inboratory tests of motor {as well
as of sensory and, to a lesser extent, of tellective) functions are
short, rarely exceeding 5 minutes The protlem of alertness and 1ts
relationship to food ntake may also deserve attention (10}
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FIGURE 2--The remuants of the group 72 hours later after a period of low
calorie high fat diet and exposure to cold and hard work
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For 5 months student volunteers were kept under contmnuous meta
bolie observation during alternating perrods of adequate diet followed
by 2 week pertods of restricted diet T shall not present the detatls
of timetable but say merely that continuous collections of urine and
feces were made for 147 days and function studies were conducted
weekly Figure 4 shows the categorization of observation that Dr
Sargent made  You will see i the 10 major blocks the categories
chinical, dietetie, metabolic balance, body composition, clinieal pathol
ogy, liver function, endocrines, nervous system, kidney function, and
gastrowntestinal function, each with the mdividual tests or measure
ments that were pertinent 1n the major categories Much of the i
formation was obtained in what we called the 2 hour test, figure § In
120 minutes as shown 1n the left column, large numbers of observa
tions were made As shown i the two right hand columns the data
were collected by analysis of the specimens collected during the 2 hour
test
We were 1nterested i studying the interaction of many varzables,
chiefly water, caloric level and distribution of calorzes Figure 6
shows the actual combinations which were employed, and I draw
vour attent:on particularly to the right hand column grvng the code
symbols for the combinations These codes will appesr 1n all of
the subsequent figures You will see that there were 20 nutrient
combinations covering the variables limited water, unlumited water,
G, 1,000, 2 000, and 3,000 calorzes per man per dav, and caloric dis
tribution ranging from pure carbohydrate through high protein, gh
fat, or both, and mcluding & verv umportant mixture which we term
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EXPERIMENTAL RATIONS | CALORIC | ~ DISTRIBUTION | SYMBOLS USED
AND OTHER FOODS USED | INTAKE | oF catomies IN TABLES
AND FIGURES
Pre Perod 5 i | ¢ 3600 [l4% P 50 CHO 36, F|PRE Day O
Fosthve Conbrol St 3000 144 P 46 CHO 40/ F| N 3000
Recovery §n 1 plus c4400 |13/ P 48/ cHO 20 ¢l REC
lce Cream Fresh Bread
Oleoma garine Orange juice
Negative Control o st o
Starvation
Spice Drops Starch Jelly 1000 |0/ P10 cHo 04F]| o000 1000
Bo Hard Candy Jam ond 0100/0 2000
Sugar Crackers 2000
Chocolate Bar Crockers 1000 |24P 20/CHO 78 F|2/20478 1000
Oleomarga ne and 2/20-78 2000
2000
Meat Bar ond Cereal 1000 |15/ P 52/ CHO 334F| 155233 1000
Biscut or Crackers ond 15/52/33 2000
Jelly P neapple So ce 2000
Hard Candy
Meat Bar 000 |30% P D4 CHO 704 F|300,70 1000
250 300,70 2000
Wote L mited 900m /do L
Wate U Imted od Lbitun) U
TPIGUEE 6. nutrient

the normal mtsture since sts caloric distribution approximates that
which most of us eat 1n our dailv ife  Figures 7 and 8 show caloric
balance during the entire study, and T will not cover this in detml
The left hand bars show intake The right hand bars show caloric
output In the two categories hight activity and moderate actinty,
when the left hand bar s ligher than the right, the subject was 1n
positive balance  Note the striking difference between starvation and
the 3,000 calorie normal mixture Figures 9 and 10 show water bal

ance Intake included flmd and water mn the food, output included
loss 1n the urine, insensible water loss through the lungs and sk,
and the miscellaneous item included water in the feces and in the
blood which was withdrawn weekly In general, water balance was
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Frayze 11 ~Nitrogen balance vs nltrogen intahe

well maintaned durtng unlumited regumens and was mvarably nega
tive with water deprivation Figure 11 summarizes the averages of
all the data on mtrogen balance for all subjects for experumental pe
r10ds, as well as for recovery periods The ordinate 1s intake as meas
ured by analysis and the abscissa 15 nitrogen balance as calculated
from the analysis of all excreta wncluding blood loss and cutaneous
loss  You will see that we have confirmed the classic view that in
crease of mitrogen intake usually improves mitrogen balance, and
also the finding that ncreasing the caloric intake during periods of
negative mtrogen balance improves the balance shghtly (§) Note,
however, that 1socaloric addition of mirogen at caloric levels of 1,000
had little 1f any effect on mtrogen balance Is 1t possible that there
15 & critical calore intake, below which 1socalorie additron of mirogen
15 weffective i diminishing a negative mtrogen balance (8)?
Figure 12 shows one measure of adrenocortical function  Note that
limitation of water had hittle effect on this excretion but that an ex
perimental dretary stress imvanably led to a decrease 1n excretion of
17 ketosteroids  Starvation led to a decrease of 50 percent, the nor
mal 3,000 calorie misture to a decresse of only 10 percent e have
adopted Sayers’ interpretation that these experimental periods re
quire an mcreased utthzation of adrenal cortical hormones by the
tissues, resulting i o decressed excretion of sterord metabohc

products (7}
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Frcuze 13 —Liver functlon—serum cholinesterase

Tigure 13 shows the most sensitive test of Inver function that we
used serum cholinesterase  Note the decrease in starvation and the
lack of change during the 3,000 calorie normal regimen

Tigure 14 shows one of the most strihing findings that we obweried
The ervthrocyvte sedimentation rate ancreased dunng dretary stress
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Fioure 14 -~-Hematology~—sedimentation rate

and indeed reached almost pathological levels n two regmmens It
was quite ligh i starvation and moderately elevated 1n the 3,000
calorie regimen  This clintcal test 1s known to be correlated with
(a) the body’s response to chronic and acute infection, and {b) rad
ation damage We hape that 1t will prove to be useful m nutritional
studies No other hematologic ement showed tent
changes during our study except the hematocrit, which correlated
with dehydration The erythrocvtes, white blood cells, and platelets
remamed within normal binuts throughout the 5 months

Figure 15 shows the endogenous creatimune clearance durmg esper-
mental and recovery periods This measure of glomerular filtration
rate proved to be correlated with nutrittonal stress, showing a large
decrease wn starvation and s much less noticeable decrease in the 3,000
calorie normal mixture and the 2,000 calorze normal mixture

Figure 16 15 one that T should like to discuss at some length because
1t Tepresents an wumportant aspect of survival rations, but unfortu
nately tume does not permit a thorough analysis You wall recall
that Butler, Gamble, and others have used the obhigatory water
requivemnent as o measure of the mmeral water requirement n
the castanny (7} If you will loak at the asymptote approached
by our subjects’ U/S ratios you will see that the mmmum urine vol
ume varied with the solute load, bemng almost 1 iter 1n positive control
and the meat bar ceresl regimens but only three tenths of a hter m
pure carbohydrate This asymptote represents the obligatory water
requrement of the kidney and shows the hadney working at maximal
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F1otre 16 ~Osmotic ratio v8 solute inad
concentrating capacity  ‘The other asymptote we beliese to be equally
important 1f not more so  Tlus 1s the asymptote ipproached when

urine volume s large W hen the U/S ratio reaches one, the hidney 1s
domng mimimal osmotic work Y ou will see that in the remimens of
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F1quzE 17 —Organic functlonal reaction—I  (Subjects 8 and 12)

high solute load this U/S ratio of one 15 approached at urme volumes
of as much as three liters per day whereas mn the pure carbohydrate
regimen 1t was reached at urine volumes much less than one hter per
day The functional implications of U/S ratio one are of obvious 1m
portance 1f the castaway’s renal function 1s going to remamn normal
for a prolonged period In this particular respect, that regimen 1s best
m which the 1sosmotic pomt 1s reached with the smallest intake of
water

So much for the quantitative tests Clinical considerations also
must be given due weight, for sometimes they are paramount On
oceasion some subjects became 111—s0 111 that they had to be removed
prematurely from the regrmen Figure 17 summarizes such an me
dent and 1ts course  All the serious 1llnesses 1 our subjects occurred
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when the subjects were on limited water (900 ml per davd = X‘w‘;N\f
12 developed nancea, vomting, and night upper quadrant g n “It
subsisting on the high fat, Jow proten mtion with lrmited W'xter{
was necessary to change s remmen at once because our attending
physicians felt that he had bihary dvshinesia Subject 3 on the “"“’"'
remmen, but with unlimted water, did develop nausea but nothing
ele Note the mncregce 1n serum amvlace and cephalin floceniat on
neubject 12 Other maidents will not be presented at this time
When all of the data were assembled and anaslzed n relation to the

nutrient combinations 1t proved possible to assin them quantitatice
values which could be rank ordered Among the manv measurement-
made, some did not satisfy our criteria of pertinence (predictive of po
tentin] deterioration, discryminative among nutrient combinations and
Interpretable 1m terms of current climenl thought} but 19 different
measurements did prove usable They may be categorized as follons

() Mutnent balances—ealome, water mtrogen, sodim potas
sum, phosphorus, acid base (ns measured by urinary execretion of
acetonebodies)
() Body composition—change 1n body weight, change i bads
water

(¢) Laver function—serum cholinesterace

{d) Kidney function—creatimine clearance, mean volume of
daily urine, osmolar clearance as related to the unine/scrum ostolar
ratio, formed elements 1n the urine { Add:s count)

(e) Endocrine function—urinary excretion of neutral 17 keto
terouds (adrenal cortex), blood sugar (pancreas), resting metnbo
hism (thyroid)

(f) Hematology—red cell sedumentation rate (n chinienl mensur:
af response to some hinds of noxious stimul)

Many other measurements were made but not used in the final e 2Ju

stion. Either these measurements showed no difference betsseen

nutrient combinations or they did show differences which w
tn

terpretable at present in terms of “survival 508 oy
be categorized as follows potential” (8 They may

(a) Nutrient balances—caleum, ehlomd

s {s1me a

Eb) Iliody (;omposntwn~body fn,t lean bo(§y mnssq soduum)

< 1V \—1
cholest)em] er tunction—urobilinogen, cephalin fiocculation , serum

(d) Kudney function—ursna;
sem? \)xrza ntrogen, e rtr?a :;I;wﬁc gravity and total solids,
¢} Lastrointesting) function—charact
eristics of
and f(ut al})zsorpnon, qualitative examination of feciso foees feonl fat
B, Qt, neip‘\)\;a;;yx; ci:ﬁhor:-pulmunnq ventilation, respiratory
(o) Conpryen mption during physieal work

lar funetion—pul
Iation time, electrocardiogram Pulse rate, blood pressure, circy

235



30°0/30 2000 [IB/5233  2000] /20078 2093 01000 20ng

o
PRI u 238
9 08 u 63
£ . t L 183 L o23s U lee
8.4\
(SR Iﬂ
=z ° g
9« \ A3 1 KA
y
3 \
- 7 }&r T
n 5K 1
g i 0701000 [15/52733 1000 0006 163D
12—y v 27 L ozq U 198
2 2z v 207
Z___’ o L 28% L <83 L 209 L 229
Z 4 ’
5
g o ) ! y d,\ ;)\
=
<
o

b

N
w
A

sjallclzlslaliv]zls]a
QUARTILES
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(k) Nervous system-~reaction time, reflex time, psy chological
tests, electroencephalogram

(z) Endocrme function—exourine function of pancreas, serum
caleium and phosphorus, urinary creatine, serum sodium, potassium,
and chlonde

(7) Hematology—red blood cell count, hemoglobin, hematocrit,
total white cell count, direct eosinophil count, thrombocytes, differ
ential leuhacyte caunt, ersthrocyte mdices, total serum protemn

Figure 18 shows a summary of our quantitative ratings There
were 20 nutrient combinations and 19 descripirie measurements  If
4 particular combination was first all the time its score would be 19
If 1t were worst all the tyme 1ts score would be 380 In examining the
figure, note the nutrient combination 2t the top of each block, the
total gross numerical score for the nutrtent combinations with un
Inuted or Limited w ter, and the quartifes m winch the nutrient com-
binations scores fell The positive control ration (N 3000) proved
fir the best even when water was mited Starvation proved the
warst even when water was unhimited  Other nutrient combinations
fell between these two contiols Chnteal yudgments were also ym
portant m deciding the final ranks  Wathout going into detarl I wish
to pownt out that, all things considered, the “normal muxture” at 2,000
calories was the combination next best to N 3000
Thus we have apphed systematically a philosophy that every effort

should be made to measure 1n quantitative terms the funchioming of
organs, systems, and the whole body, whenetver & nutrittonal study is
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conducted on military populations  Vve feel that many techinques are
available at present which are applicable 1n this kind of chineal i
1estigation
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Some Aspects of Nutritional Problems of Sertously
Wounded Soldiers®

Sraniex M Levessow anp Hysrax Rosex

Department of Surgical Aetabaliem, Army Medical Service Graduate Behool,
Walter Reed Army Medical Center

This morning, I should hke to discuss briefly some aspects of one
of the important nutrstional problems encountered during the recent
Koreon conflict I have reference to the rapid nutrstional deterora
tion of saldiers with extensive battle wounds, particularly those with
serjous renal dysfunction Under these crrcumstances, open wounds
were often deseribed as indolent, with granulation tissue erther absent,
or when present, sopgy and edematous  In a number of these patients,
progressive necrosts and suppuration of the wounds was deseribed
Morbidity was prolonged and mortality lugh

The following case report 15 mdicative of the complexity of the
problem.

PLatient No §3—Ths 21-year old American soldier was mnjured
by a mortar shell When he reached a Clearing Company 3 hours
later, hs was in shock and was grven whole blood He reached o
Mobile Army Surgical Hosprtal 5 hours after mjury m deep shock,
blood pressure, 80/60 The heart sounds were almost maudible, o
eardiac tamponade was suspected and was confirmed by aspiration
Tmamediate transfusion raised the blood pressure promptly to 130/90
within 15 minutes, he recerved a total of 300 ce blood preoperatively
and was operated on 7 hours sfter mjury At operation, he was
found to have n hemopericardium, left hemothorax with fractures of
ribs, 5-8, contusion of the lower lobe of the left Jung, laceration of the
left diaphragm, multiple perforations of the stomach, jejunum, and
spleni, flexure of colon, laceration of the spleen and left Jadney, frac
ture, compound, commnuted, of left humerus, left carpal bones, and
loft tibia and fibula  The following operatrve procedures were done
resection of the anterior thirds of the left suxth and seventh ribs with
snsertion of two theracotomy tubes, repair and debridement of the
left diaphragm, closure of perforations of stomach and jejunum, ex

L xpressed in this paper stem from a trip to Korea by the sentor anthor
a8 3 :n?ult“t.‘:nn: teo l;z:: AMSGS Sufgﬂul Research Tesw In Janusry and February !95";
The opinlons do not necessarily refect the opintons of the members of the Burgical Resesre!
Team at the 46th Mobile Army Surgical Hospital and the Rensl Insuficiency Center
at the 11th Evacuation Hospital la Korea.
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tertorization of splemic flexure of colon, splenectomy, removal of
foretgn body from cortex of left hidney , drainage tubes, left flank,,
debridement of left chest, rrigation and splinting of the left wrist,
humerus, and tibia and fibula  During the operation, he received an
additional 3,000 ce blood  After operation he required 1,500 cc more
blood before Ius blood was stabihized above shock levels, 7 hours post
operatively, 14 hours after injury

Because of ohguria on the first and second postinjury days, he was
transferred to the Renal Insuffictency Center  On admussion there,
he was m good general condition Blood pressure, 130/80, pulse,
118, temperature, 100°, respirations, 26 The esteriorized loop of
colon was opened to form a double barrel colostomy The ex
tremity wounds were infected, and maggots were present 1n the wound
i the left wrst. The thoracotomy tubes were removed when
a chest X ray showed only shight atelectasis at the left base Be
cause of the hy perhaliemia, an immediate extr wcorporeal hemodialysis
on an artificial ladney of the Xolff type was performed, the X fell
from 6.2 to 3 8 mLq/1 plasma and the NPN from 154 to 92 mg per
cent. The EKG became normal

Oliguria continued until the sixth post injury day  Thereafter, he
vorded increasing large amounts and by the 12th pestinjury day, a
peak daily urinary output of 3,000 cc was reached Despite the
druresis, the plasma NPN had climbed to 360 mg percent on the tenth
day He was lethargic, passed tarry stools through the colostomy and
would not take flmds or food orally A repeat hemodialysis was done
with a reduction of the plasma NPN from 360 to 54 mg percent

During the next day, the tarry stools from the colostomy continued
and 1,000 cc blood was required to mamtain his bloed pressure  He
began to run a fever, up to 103° rectally, and WBC rose to 28,000 with
a shift to the left A chest X ray was negative save for minimal
atelectasis at the left base Antiobiotic therapy was changed from
terramycin to pemecilhn and streptomycin  Despite this, the fever
continued to rise and on the 15th postinjury day he was found to have
alarge pelvic abscess

With the onset of the pelsic abscess and the high fever (reaching
pezhs of 105° daily) he began to deteriorate chinically, becoming
weaher and Jess responsive  Weight loss was marhed and he took on
a cachectic appearance  The extrermity wounds remamned in poor con
dition, with no healing and much purulent dramnage On the 18th
postinjury day, a Jarge abscess appeared 1n the left anterior lower leg,
stthesiteof apraviouscut down  Hebecame intermittently dehirious
The pumicillin streptomy ein therapy was discontinued and terramyein
remstituted

By the 24th postinjury day, the pelvic abscess seemed smaller and
more fluctuant, temperature was 103° and WBC, 19,500 He was
weak and disoriented Feedings throu_h a gastric tube were begun
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The plasma NPN was up to 198 mg percent despate datly urmrry ex
cretions of over 1,500 cc The wounds, meluding the areas around the
wire sutures of the laparotomy meision, were 1n extremely poor shape,
with hitle healing evident

By the 26th day, the plasm: NPN had risen to 250 mg percent and
hus chinical condition was ripidly detertorating It was felt that the
contmued uremia might be accentuated by the necrotic fissue i the
wounds and the massive 1nfection n his peritoneal cvvity  Another
hemodialysis was done with 1 drop m plsma NPN from 940 to 99
mg percent During the dualysis, lus blood pressure fell to below
60 systolic and remaned low for an hour despite the use of 2,500 cc
blood  Following dialysts, the blaod pressure came up to 100 systohic,
the patient seemed more alert and orrented for about 24 hours

Two days later, his blood pressure agun fell, he became much
weaker and became almost nonresponsne The plasma NPN was
up to 203 mg percent The urmary volume, which had dropped
abruptly to 200 cc on the 26th dny, rose to 1,300 c¢ /day  His tem-
perature w1s 102° and WBC, 26,000 His blood pressure continued
to fall and was unobt unable the next day  His respirations became
gasping and no cardinc sounds could be heard after & shift i hus
position on the Stryher frame  Intracardiae adrenalin gave 1 prompt
and vigorous return of cardiac action  He was then given norcpmeph
rime mtrayeneously by slow drip  With this, his blood pressure and
pulse were maint uned at satisfactory Jevels, but he remaimed comatose,
non responsive, and expired on the 30th day after injury

In the patients with extensive wounds and remal fuslure, hyper-
haliemia, uremia, wound and pulmonary mfections, and severe mul
nutntion were xmportant compheations  Weight Josses of 20 to 30
pounds m 2 to 4 weeks were frequent, and losses up to 45 pounds
1 the same period of tume were not uncommon  Malnutrition after
mjury wes not himuted, however, to those pattents with battle wounds
and concomztant renal fatlure but occurred m many sersously myured
patients without renal dysfunction, the more severe the trauma, the
greater the nutritional disturbance

Several factors are miohed 1n the development of malnutrition
following wmjury  Derangements mn water, electrolyte, yitamin, fat,
carhohydrate, and protein metabolism occur Charactensticnlly an
mjured individual excretes excessrve amounts of nonprotem mirogen
m Ius urine for 3 to 7 weehs following mury  Durmg this time he
18 10 negative mirogen balance and1s gradually losing body protem
The mtensity and duration of this pentod of proten depletion depends
on & number of factars, among which are the extent of the myury and
the state of the mdividual at the time of myury Howerer, we still are
not entirely clear as to what the basic mechanism 15 for the metabolic
derangements after myury There are a number of fictors wvolved,
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ncludmg autolysis and absorption of tissue breakdown products, 1m
balance of endoerine activity, mactivity and reduced dietary intake
The possibihty that n disturbance 1n the metabolism of ane or more of
the essent1al amno acids 15 one of the important factors n the patho
genesis of the increased catabohism following injury was suggested
» number of jears ago by vartous investigators However, there
have been no conclusive data mn this regard  Plasma amino acids have
been hittle studied 1n the past for lack of approprite methods In
the past few years, with the advent of 10n exchange chromatography,
1t has become possible to separnte quantitatively each of 19 amino
acids, and to study their quantitative relations to the other plasma
NPN components We have been investigating these problems in
battle mjuries with and without associated renal falure Samples
of plasma were collected by members of the Surgical Research Team
at the 46th MASH and at the 11th Evacuation Hospital (the Renal
Insufficiency Center) These samples were immediately frozen and
shipped 1n the frazen state to the Army Medictl Service Graduate
School

Tigure 1 shows a representative separation of the plasma amino
acids obtained by the 1on exchange chromatographic technique The
peak labeled sermne plus glutamine plus asparagine can be separated
by 1solation hydrolysis, and subsequent rechromatographing, the
result of this procedure 15 shown 1n the upper right section of figure 1
The level of each plasma ammo acid 1n normal adults 1s fixed near
a given value, and in health deviates from thus level only slightly

It had been previously thought that trauma of various types 1s
followed by a general rise 1 plasma amino aexds  We have found
that such 1s not the case  For example, 1n patients with battle wounds
and renal dysfunction, the total nitrogen of the free amino acids
remained very close to normal, 1n spite of extremely high NPN's—
some higher than 400 mg percent (See figure ) Examination of
the individual amino acids reveals that each of the plasma amino
acids reacts to imjury of the orgamsm n its own fashion  Smularly,
the total free amino mitrogen concentration was little affected hy
extracorporeal dialysis for 6 hours by an artificial hidney of the
Kolff type

We studied varations mn the plasma amino acid levels and the
other NPN components n 5 eritically wounded young soldiers  Four
of these men died Shock and renal failure were present in all 1n
varymng degrees  In four, the renal failure was persistent, with
eventual plasma urea mitrogen levels up to 400 mg percent. Extra
corporeal dialysis by a Kolff type artifictal kidney was performed
W three for the purpose of reducing, hyperpotassemin or relteving
uremia  Temporary biochemical and/or ¢limeal ymprovement fol
lowed the dialysis, but eventually, all died
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Fiopee 2—Plasma nonproteln nitrogen in a patient with severe battle wonnds
and renal failure

Among the mndividual free amino acids in the plasma, proline,
threonine, histidine, and glycine stayed near normal concentrations,
leucine, 1soleucine, lysine, valine, tyrosine, alanine, and taurine rose
sharply on the third or fourth day after myury and fell about the
tenth day , glutamrc acsd fell on the third day and gradually returned
towards normal (figures 3, 4, 5,6, 7, and 8) When extracorporeal
dualysis was carried out, the levels of the individual amino acids were

nearer normal at the end of the procedure (fig 9) than at the
beginming
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FIeurE 3 —Plasma aming acids in g patient with yevere battle »wounds and renal
fallure {valine tyrosine alanine)

i

O

Although the total free ammo acud concentrations remain sear
normal, large quantities of an amno acid conjugate charactersstically
appear m the plasma of patients with imjury and renal dysfunction
Early m our work on the plasma ultrafiltrates of human subjects, we
noticed that one chromatographically distinet mnhy dran reactive com
ponent 1s unsteble to acid hydrolysis If a plasma ultrafiltrate s
heated mn & sealed tube with 8N HCT at 110° for 20 hours, the second
peak 1n figure 1 becomes reduced m height Concomtantly, certamn
of the other peaks sre rawed The acid stable portion of this com
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F1ausE 4 ~Plasma amine acids In a patient with severe battle wounds and repal
failure (feucine iscleucine lysine)

ponent 1s urea, the other 15 an amino acid conjugate We 1solated,
chromatographically, a number of these components, hydrolyzed them
as outhned above, evaporated the resultant mixtures of thew hydro
chloric scid, and rechromatographed them Some results are shown
n figures 10 and 11 The strihing central fact 1s the quantitative and
qualitative varmbihty of the composition of this fraction among the
patients

The two normal subjects were young healthy male laboratory tech
maans  In both, glutamie acid and glycine comprised almost al) of
the conjugate, o small amount of threonine was also found 1n one
The plasma of the patients, howeser, contamned the conjugate m
greater quantity, and the component amino acids in greater variety
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Frovne §~—Plasma amino acids in a patfent with severe battle wounds and renal
failure {glutamlic acid phenylalanine)

In two patients studied (figs 10 and 11} the plasma conjugate levels
rose with the plasma urea levels, though not proportionately As the
Jevel of the plasma conjugate fraction rose, more and more different
ammo acids were found within the component, the quantstative rela
tions of the amino acids within the conjugate showed an ever shifting
pattern, with first one amino acid becomng predomnant then another
By the 11th postwound day, mn patient C J (fig 10), 12 of the natu
rally oceurring amuno acids were present m the conjugate, with leucine
and proline i addition to glycine and glutamic acid occupying guants-
tatrsely umportant positions  Patient A XK (fig 11) showed the same
sort of shifts in amino acid composition, but with different amino acids
mvolved, leucine became even more predormnant
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Frovee 6.—1I lasma amino acids in a patient with severe battle wounds ang rensl
faflure (proline threopine histidine glycine)

These observations suggested that the amino conjugate fraction 1s
not homogeneous Accordingly, we chromatographed the intact con
Jjugate on paper by the *circular” technique, using butanol acetc acid
water (6 1 1) as the solvent, The conjugate of C J two days post
m)ury was thereby separated into four mnhydrin reactive components
and that of another patient nto three A speaific ehromatographic
analysts was made 1 one subject (C J ) for the peptides carnosine
and anserine, normal intracellular constituents Neuther was found

The conjugate, as a whole, acted as a metabolic end product with
respect to extracorporeal dialysis (fig 12) The plasma concentration
of the conjugate fraction was reduced after 6 hour dialyses 1n approx:
mately the same ratios as urea, uric acid, other purines and the crea
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T1evrE 7-—Plasma amino acids in a patient with severe battle wounds and renal
fajlure (taurine)

tme plus creatimine fraction This 1s 1n marbed contrast to the be
havior of the plasms free amino acids

Further studies are m progress to determine the nature of this com
ponent, 1ts metabolic origin, and 1ts phystologic actrvity

From the practical pomnt of view, we know that one of the most
important factors which influence the metabolic response to mjury
and the extent of subsequent nutritional depletion 1s the food intake
The mtake of the seriously mjured patient 1s normally decreased

248



(METHIONINE) co,d w,23yrs
(1953)

DIALYZED DIALYZED
+273

+250]
+225.]
42001
?l75.l
+150.)
+1254
+100
+75 .

+ 50

+25] o

PERGENT OF VARIATION FROM NORMAL

s )

} IS I L - J

o 1 z 2 4 % 6 71 8 95 10 W
DAY POST INJURY

Fioure 8 —Plasma amine actds in a patient w{th severe battle wounds and renal
fallure {methionine)

12

the early period following trauma and this accentuates the nitrogen
loss. If the dietary intake of the seriously injured individual were
maintained at an adequate level, beginning shortly after trauma, many

of the problems associated with the development of malnutrition
would be averted.

Situation at the MASH Level

The following remarks are based on observations made at the 46th
MASH dunng Junuary and February 1953 The majority of
patients remained at the MASH for only a few days, and were chiefly
on intravenous fluds (blood, dextran, glucose, water, saline) during
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f16Lee 13 —\itrogen metabolism following burns I ffect of proteln intake
e

s

of the Renal Ward during most of this period  Most of these patients
lost weight rapidly  Wound complications and mortality paralleled
weight Joss W hat the weight loss speaifically represents m terms of
body tissue, water, fat, ete 1510t known

The first weights recorded are those on admission of the patient to
, the Lith Evacuation Hospital At this time, many of the patients

were presumably waterlogged Insensible water loss must be an
= ! important factor 1n the welght loss of these patients, since prolonged

rav

!
b

2

, hyperpnea 1s 2 common festure However, examination of metabolic

data available 1n o few patients reveals a large nitrogen “loss” (1 e,
NPN accumulation 1n the body water, NPN lost by dulysis, and
NPN excroted 1 the unne) In one patient, tms amounted to about
45 gm mitrogen per dvy, which represents the daily breshdown of
sbout 25 pounds of body tissue (excluding fat)  Itisnot posmible at
present to compare this figure with the mtrogen loss by patients with
“eTIous Imjury without associated renal dysfunction—the data are
Tot avalable Urinary mitrogen losses of 45 gm of mtrogen per day
{or greater) are not uncommon among young adult males with ser1ous
ted renal dysfunction, but these latter patients
ient ntakes as low as the patients studied at
Tospital  We know that the level of dietary
derable difference 1n the amount of mtrogen
zen Joss after injury

rated by figure 13 which depicts datn on two
Le vith almost identieal mjuries  The injuries
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were full thickness burns mvolvung tbout 12 percent of the body
surface  The patients were placed on econstant dets supplymg to
cach 45 cal per kg body weight but no protem was meluded 1n the
duet of patient A, whereas patient B ingested one and one-half grams
of protein per kg body weight The net loss of body mitrogen by
the two patients 1s strskangly different The patient ingesting pro
temn net loss was 16 gm of mtrogen m the first 25 days after myury,
while the net loss of the patient recetving no dietary proten was
175 gm of mtrogen orten tymes as much

Providing an adeguate nutrient mtake was a very difficult problem
mn these pattents  Many were unable to take food orally over long
pertods of time  Parenteral slimentation was limited by the pohicy
of rigid flusd restriction during the pertod of ohiguria {which m some
cases has persisted for 2 to 3 weeks) The problem was further com
pheated by the policy of no protemn admumstration during this same
period  (One wonders whether m the face of a very low ealonc
intake the mirogen load 15 any less mn those patients not recerving
protein versus those recelving some protein) Consequently, the
nutrient mtahe of these patients was very Jow The average datly
aloric mtake when the patient had been on only parenteral fluds was
500 to 1,000 calories per day~—supphed as glucose Inadequate datn
yre available as to the utibzation of earbohydrates by these patients
(ef the “intolerance” to carbohydrates by individuals with extensive
injuries) but the rate of mfusion has been generally slow  When
flwd mntahe was restricted, the glucose was usually given as a 25
or 50 percent solution by continuons drip through 2 polyethylene
cannnla nserted into the iliac vemn via the femoral vem

The only parenteral vitamm preparations wiich were aialable
were vitarmn C (1n 500 mg ampoules), thimine chlonde (50 m /ee),
and varsous vitamm K preparations

It was not possible to determine the oral dietary mtahe of these
patents from the available records, but 1t would appear that the oral
food wntake was low until long 1n the convalescent period  Oral n1ta
wnn mtake had usually been three of the standard Army multyitamn
capsules per day

It 15 clear that madequate food ntake 15 one of the umportant factors
m the pathogenesis of the malnutrition observed following mjury
We do not yet know what the optunal mtake should be for the severely
wounded soldier One of the difficultres 1s that little objective data of
the phystologic and chimeal sequelas directly attributable to the early
metabolie reaction to myury are available I was glad to hear Dr
Allison mention that he was beginnmg to follow the healng of expen
mental wounds as a techmque for studying certam nutritional

roblems
r We, of courss, ere vitally interested m this approach smee the -
jured man must heal his wounds for ful recovery, 1c
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obeervations of the healing of wounds, traumatic, operative and experi
mental, would provide objective evidence 1n one important area as to
the sigmficance of the “catabohic” period  For example, the sertously
mjured mdividual acts brochemically ike & scorbutic in the first days
and well after mjury, does he also act like a scorbutic 1n regard to the
healing of lis wounds? Further, the intensity of the urinary mtrogen
1oss following mjury may be decrensed by the mjection of testosterone
propronate  Since the anabolic effects of testosterone are different for
different tissues, what does the decreace 1n uriary mitrogen excretion
mean 1n terms of wound healing?

1t has been postulated by some that no attempt be made to reverse
the Yeatabolic ? renction because 1t 15 & “defense mechanism” to supply
metabolites to the mnjured aren There 1s no concrete evidence to sup
port this  There 1 no Teason, at the moment, to assume that the m
jured area 1s necessarily more proficient than other tissues in “utiliz
mg’ the circulating metabolites We have recently studied the
hesling of experimental laparotomy wounds in normal and severely
burned rats  Observations of the gross appearnces, tensile strengths
and hstolome features of the incisions were made The healing of
laparotomy wounds 1n the burned rats was sigmificantly different from
that 1n the unburned controls Epithehzation was not affected, but
there was a defimte delay in the formation of granulation tissue 1n the
meaistonal wounds of the burned ammnals with & lag 1n the appearance
and maturation of the fibroblasts and the ground substance The
eventual number and amount of these two elements, however, did not
appear to be affected, and abundant granulation formed 1n the wounds
of the burned rats in tume

Summary

In summary, during the recent Korean conflict malnutrition was an
ymportant complication in the severely imjured soldier with acute
renal failure  Since a disturbance 1n the metabolism of one or more
amino acids might be one of the factors in the pathogenesis of the
nutnitional deterioration, observations of the plasma amino acids were
made n some of these patients, using an 1on exchange chromatographie
techmque Prehminary data 1hdicate the total nitrogen concentration
of the free amno acids 1n the plasma remained close to normal, 1n spate
of extremely ligh NPX's Siumlarly, the total fres nmine mtrogen
concentration was little affected by extracorporeal dialysis for 6 hours

Among the individual free amino acids 1n the plasma proline, thre
onine, hstidme, and glycine stayed near normal concentrations,
leucine, 1soleuctne, lysine vahine, tyrosine, alanime, and taurine rose
<harply on the third or fourth day after mjury and fell about the
tenth day , glutamc acid fell on the third day and gradually returned
towards normal When extracorporeal dialysis was carried out, the
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vears ago  He pointed out the deficlencles the questions we needed to solve
and the Jine of sork which should be pursued in order to make a proper advance
1t seema to be my duty to coneider what haa been raid todny to see how far it
goes toward meetlug the objectives outilned by Dr hing and to proect into the
futere the work which must be done to go still further forsard in this field

1t 13 guite obvlous that I cant review each paper In detall particularly on the
basis of the specific objectives which each had It seems to me that what I must
do 18 look at the symposium 8s a whole to zee how well 1t has folfilled its
objectives.

You will remember that the symposium fa on the subject of Methods for
Evaluation of Nutritlonal Adequacy and Status’ We muat therefore consider
what that means in more specific terms and keep in mind that it means adequacy
ot dlet, sdequacy of dlet in terms of Individual nutrlents adequacy of dlet for
test animals and for man-——and aleo means nutritional status and how to evaluate
{t for both animals and man not only nnder relatively normal conditiony but
under condltlons of the most severe stress and straln both physical and mental

Finally we must keep in mind that the partlcular concern of the Armed Forces
18 with nutritional status and behavior under stress and straln and our ability
to determine ft or to #s<ess it under these conditlons

There have been many papers in the symposium Yo much of the work re-
ported 1s of course not directly concerned with the specific objective of the
assessment of nutrition and nutritionat status  But it all polnts up in that direc
tion Certalnly it is no deprecation of the work with animals or bacterla or
work of any other Lind to say that from that work we go forward to determining
these situations in man and in particular in the personnel of the Armed Forces

We started out our program I thought with a very slguificant discussion by
Dy Cramptfon, who of conrse us of the importance of the use of
blostatistical technlques and procedures in our work I think we are arriving
finally at the position in which we call In the architect for the building of our
experiment before we start the building and are gnided by his recommendations
1n order that the house may be most sound effective and perhaps beauntifal

There has been I think, some deficiency on the part of the statisticlans I am
not at all sure they were in the beginning equal to providing us with proper
plans ip certaln fields which were somewhat new to them I refer particularly
to the studies of nutrition of populations in which there seemed to be a con
siderable difference of opinion as to what the statistical limlts and landmarks
were

It would seem to me that now not only do we have them in better shape in
regard to what we might call standard and better known blologieal experiments
but also tn regard to these complex and newer methods of estimating the nutri
tion of populations

This matter came into focus again in connection with Dr McGanity s paper
which essentlally was a plea for critlque in the use of A method which is notori
ously open to subjective error error of the Individual and I think, emphasized
again the importance of proper procedural and statistical control

It seems quite clear we have gone a long way with regard ta proteln and are
«penfng up new vistas with regard to amino aclds and thelr part not only In

nutrition but the part they can play in interpreting for ns the funetfon of Droteln,
the eymptoms &nd signs of proteln deficiencles and errors in proteln nitritlon

I think there 1s still a place for studies of totat proteln in the quantitative sense
and to give a single example the polet made by Dr Cannon of the surprisingly
large amounts needed for repletion Is ndicative of that polnt
rnﬁxzzﬁ::t:o"‘e-‘-" that we are going to go moch further ln the feld of the

e on of enzymatic in our understand
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ing of many of the Dphysiological problems which have been facing uy Here ts
one of the few {nstances in which the threat of a Dossible deleterioug effect of
overnutritlon appears

I am not enough of an enzymologlst to be able to judge correctly or discuss in
detail Dr Snell s reference to the production of excessive amounts of enzymes,
and the possible influence they might have on our physlological processes But,
I have for some time been Questioning in my mind the ultimate result of increas
ing—I dont like to use the word better but I will for the moment—better
nutrition  Better nutrition was discussed by Dr Sebrell this morning in relation
to the increasingly rapld rate of growth in children  You can do It In animals,
too of course We all are famillar with the fact that the size of individuals in
our population and the rafe of growth of the young at least in this country
have Increased over the decades The question remains however whether that
Is advantageous and certainly one can get some evidence which I wont attempt
to give In any detall today that this may have an influence on the factors of
longevity and the aging process an effect on maturation which may in turn
be an indication of and a factor in relation to aging and longevity That brings
us again to Dr Carlsons remark regarding the use of life span in animal
experimentation as & measure of the effect of varlous types of nutrition

We seem to have gotten to somenhat of & platenu with regard to our noder
standing and use of excretion tests particularly of the water soluble vitzmins
and blood Ievels of certain vitamins Perhaps the biggest gap at the moment is
our failure and I think it is regrettable to have arrived at better standard tech
ni{ques Each laboratory can make studies of this hind and arrive at conclusions
which are satisfactory to them under their circumstances and which we will
generally accept as valld under the partrenlar circumstances But when one
attempts to apply that on a larger scale and wants a larger volume of evidence
to use he finds that he has difficulty In picking from this man s work and that
man s work tests of suffiicient similarity so they apply to the larger problem
which he hag in mind

I think most of us would agree now that the levels of excretion both with
and without test loads and the levels of concentration of certain mutrients in
the blood under proper conditfons may be sed with proper critique and dis
cretion as Indleators of nutritfonal status If we do disngree at times in indl
vidual Instances I think that 1f we whil clearly state just what we bad in mind
Just what we expected to get from it we will ot have the disagreements we were
having 10 years ago with regards to the significance of some of these tests

The ion of mineral ad was very interesting to me becanse it again
may bave forced some revision in our thinking with regard to the significance of
the size of Intake of what seem to be desirgble nutrients the difference between
behavior on the basis of a customary lower intake and the basis of a c\lstomm‘z
high intake of caleinm and in some cases the difference in the compositlont;;z
the body which resulted under those two conditions I refer of course to me
changes in character of the bony skeleton I think we might bring into tns
same picture the changes which Dr Levenson spoke about a moment ago l;
which Dr Allison discussed in regard to wound heallng You will Temem! e:
that when the wounds were henled under conditlons of poer nutrition they dm:x
heal as well but the tensile strength was greater When they healed faster
under conditions of Improved nutrition although they showed better evid:nsc:
microscopically and histologically of healing the tensile strength Wwas l: »
That is a reversal of a trend which I think may be of some sigmficance o he
a small straw in the wind to go along with the changes that occurred in
sheleton on lower levels of intake of calclum
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Tet v point out the conditions of the bones—a somewhat lesser de nsity of
bones with a high intake and a high turnover than you would get with a lower
intake and a slower turnover You are perfectly free to disngree with me

The rat monkey and chich work a3 1 have indicated connot in any way what
ever be slighted  The type uf experiment carrled on by Dr Flyehjem la typleal
of the thing which must be done In order to give us leads with regard to human
metabolism  However I think you will all agree with me when I say that
although we do get very important information and leads from these experl
mente there is the error of attempting to carry over completely or too rapldly
the results of experiments on one species to another  We are all famitlar with
that danger but the mistake is qnite commonly made even yet There Is a
tendency to extend knowledge to A too great Iength to the place where It becomey
so tenuous it breahs and that again 19 one of the aspecta in which critique 13
highly desirable It I8 also an area in which judgment becomes of the grentest
importance

With regard to the surveys of population we seem to have come again to a
situntion somewhat similar to that of the excretion of vitamins and blood levels
of vitamins and thelr slgnifleance for nutrition  We have been carrying on In
the world rather broad seale rurveys of the putrition of populations for about
15 years If I am not mistaken It was nhout 1939 at the meeting of the
Nutvition Institute in New Orleans when reports were made regarding 1 or 2
of the very early population surveys Since that time they have been done re-
peatedly and extended In thiy country  They have been carrled on abroad  We
have gone through two wars Ve have uced it for an estimate of the nutritlon
of troops both under conditions of garrison and conditions of combat and we
have arrived at a pretty good of the ity the
and the values of this type of procedure

1 feel that we have now reached about the limit In certaln respects with re-
gard to these rurvers To give you an example it is nnlikely we will ever be
able to overcome the dlsposition to hide the source of food of an Individnal—
for an individual to hide his source of food in a time of short food supply
As Dr Sebrell mentioned this morning we will probably never overcome that
psychological that protective reaction On the smaller scale of physiolegical
experiments we will never probably be able to do away with the Interference
of intake which comes with putting an ob ¢rver in the home If any of you
ever tried to record what you ate vou will renlize the problem yon have the
hesitancy you have to eat something because you have to write it down and
these factors will also limit ang interfere with certaln of the procedures and
techniques which are used in the surey of populations

Nevertheless we have 1 think learned much sbont the etrars  We have
fearped the values Ve have learned the technlques We have tralned per
sonnel and we can use such procedures to advantage as .ng as we keep thelr
use within the limits of what we know s proper The same thing can be sald
of tbe physfeal ion and ¥ test: t the hind reported this
morning and efternoon by Dr Johnson but the kind reported hy Dr JoNifte
the mare clinical the quich tyje Ve have learned our limitations Ve have
learned what we can du and what we cant do They will continue to be
u eful tools improving ouly as we get additional {nformation from other stud
fes swch ag those that have been presented here andl as more baste Information
comes along which we can Incorporate In our (linteal procedures and technlques

Dr John ons end Dr Levenson s papers Indlcate the two.way flow of jdeas
whith male for progress Dr Johpson as I have already Indl-ated and Dr
lavenson and people like them Incory irate in thelr studies the things that
are fed up to them from the anfmul exjeriments from the more particularized
{ndlvidual experiments on humans from the nork with bacteria
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On the ather hand experiments like those of Dr Johneon and Dr Leven
son feed back to the more basic problems the questions which are ralsed and
they can answer when the question s ashed when they study these people
S0, we have here the two way exchange which as 1 say, makes for progress

Finnlly, we have the paper by Dr Bro¥eh which polnts out one of the prin
cipal objectives of this symposium and the principal responstbility and oblec
tive of the Armed korces and that §9 performance 4s he has said perhaps
the best test of the football player is to see how he performs on the football
fleld and X am sure that the best test of performance and ability of a soldier
sailor, or afrman i3 how he performs his particular function It is rather In
teresting to note that ay warfare becomes more mechanized at least three of
the attributes which he mentivned that is speed and accuracy 2nd coordina
tion become more important than some of the grosser indices of performance
and that again 1s a thing with which the Armed Forces have particular coneern

1t seems to me thet we are having more epportunity to do this testing under
conditions which approach the actusl playing field or battlefield Although
1 may be wrong maybe I am getting & little softhearted but it <eems to me
that the Armed Forces, those nho control these things are more receptire to
our feeling tbat in the end a good many of these things must be tried must
be determined under conditions as clase to the actual game as possible We
are approaching that situation

In closing I eant help but comment upen what I think is the highly sue
cessful onteome of this symposium T and many others here bave been watch
ing nnd working with this thiog for 15 or more years and have been pretty
clasely connected with the specific purposes of this svmposium I think that
this sympostum hay marked a very significant advance in all lines of that
kind in which we are interested
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VII Round Table Discussion on Body Composition

Morron I Grosssean, Moderator



Aspects of Nutritional Status Reflected by Body
Composition

Morron I Grossarax
Medical Nutrition Lodoretory

The apothegm “you are what you eat! mght be tihen as the theme
of this panel discussion on Nutrstion and Bedy Composiion  But,
Itke most maxims, this one at once savs too much and foo Iittle, at Jeast
mnsofar a5 1t apphes to our topic It says too much m that diet 15
not, the sole determinant of body composition  Physseal achwaty and
genelic factors have an mmportant effect It soys too httle m that
some dietry abnormahities are not reflected m a change 1 major body
constituents but produce elimeal signs or symptoms or hiochemcal
changes which are better mdices for therr detection

Nutritions! status 1s 2 complex concept, not measurable by anv
single eriterton  The new methods for mesuning body composition
provide much greater precision in the description of nutritional status,
espect tily the cuoric aspect  Horwever, even this one tspect has com
plex relatians to general nutrtion  Deficsency of profemn or wifa
rans, a5 well s deficiency of ¢alories per se, may lead to caloric under
nutrition  On the other hand, some deficiency diseases, such as seurvy
or pellagra may develop i persons with normal body weight Per
sons w good health exiubit a wide range of values for hesght and
werght Information required for the establishment of “norms” for
body composttion (e g, percent body fat) are only now begimming
to be acoumulated

A new parameter ks been added to nutritional studies mn recent
years, namely, the metsurement, of the major components of the body
and the application of the methods for their determation to human
subjects  For many years height and weight have been the prineipal
criterta of calorsc nutrition 1t 18 now possible to get snformation
hving subjects on the absolute and relatsse amounts of the mayor com
ponents which go to make up this heght and weight

Whit are these major components? Water, muneral, fat, and
pratewn are the major constituents of ammal bodies 1n Jiemieal ferms
As yet, methods are availablo for the direct determnstion n hving
subjects of only one of these, namely, water and its varions compart
mental subdivisions However, by the apphcation of certan well
validnted hypotheses 1t 15 possible to make reasonable estimates of the
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fat content of the body by a variety of methods which will be elabo
rated upon by the essayists of the panel  Since fat 15 by far the most
varinble constituent of the body and the one most clearly related to
nutrition, this aspect of body composition will recerve major attention
1n the presentations which follow

The appleations of body component measurements to nutritional
studes ary mamfold and only a relatively small number of the posst
bilities hase been explored 1n the few jears since these measurements
have become feasible  Now 1t 1s possible to describe obesity and Jean
ness 1 quantitative terms, the absolute or relative amount of fat in
the body  Likewise we can now establish norms for body fat content
n terms of actunl measurcments of fat to supplement criteria of height
and weight Inergy requrements and caloric allowances can be
related to the composition of the body  The tools have been provided
for an attack on the problem of the optimal body composition for
longesaty, for resistance to metabolic diseases, for physical fitness and
for other eriteria of good health

Perhaps an 1llustration of the application of these methods will
serve best to indicate their usefulness During a field experiment
conducted by the Medical Nutrition Laboratory in the winter of 1953,
the data presented in table 1 were collected Observations on total
caloric 1ntake, body weight, and percent body fat (by skinfold
measurements) were made on 35 soldiers whose body weight changed
by less than 0 5 percent during the week of study  Multiple regres
sion analysis revealed that the caloric intake varied with both the
body weight and the percent body fat and that the coefficients for
Doth of these terms were statistically significant It 15 interesting to
note that the coefficient for percent body fat 1s negative  This ind1
cates that for a given body weight a man with a high percent body
{at hiad a lower caloric intake than one with a low percent body fat
Speculation on the interpretation of this finding will not be ndulged
1n here because these data are presented only for 1tlustrative purposes

TABL=x 1
RELATION OF CALORIO INTAKE T0 BoDY WrTont aND PEECEXT BopY Far 1v 33

OLBIFRS STULDIED Fok A 1 WEEK 1 ERIOD DUEING W nt1cH N0 MA~ SHOWED MorE
T1a~ 05 Precent CraxGe 1N BopY WEIGHT

y=mean caloric {ntake=3646 (2543-3997)
2,=mean body weight="012 (.4 05-50.30)
2 =mean percent body fat=4 58 (1 8-12.8)
1=23102 42280 X —u3 10\

Multiple regression coefficient =0 496
Standard error of e timate sy 1-=294
Slgulficance of regre sion coeficients
Ford t=.9%1<0tx

For Y, t=.55 1 <00
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The methods for measuring body compostion m vizo may be
divided, for descriptive purposes, into four categortes (a) Anthro
pometrics mcluding body weight, external body measurements, shin
fold thickness, and X ray meqsurements, (b) body density determmna
tion by water or gaseous displacement or by gaseous dilution, (c)
body fat determination by the use of fat soluble indicators (e g
mitrogen, cyclopropane, and fat soluble dyes), and (d) measurement
of body water and 1ts subdivisions by dilution techniques A crtical
appraisal of the prineiples and techmiques of these procedures wall be
presented by the members of the panel

A new and powerful tool 15 i the hands of nutritiomsts It 1s
an adjunct to and not a substitute for established methods Wisely
used 1t can yreld inportant information for the solution of some of
the most fundamental problems in nutrition
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tsn Nutto 7
ment of Body Compartmen >
Meqsi‘trceseqrch Comment on Selected Mt~y

Josrr Broirk

Labdoratory of Phyrinlon 1 Bp~re
Driveraity of Uirnsents

Introduction

Composition of the body mass ghows ankae 4 a":‘ St m:
indinidusls, Compare the grotesquely obe s farres ¢ ‘“F‘ oy
airgus, with perhaps more than half of s bode orm > 22 be f‘l
the nictim of prolonged starvation, with Dittle o= ro deper {3t wroety
ehrurk muscle mass, and excess of extracellularbalewes eorn 0!
as edema and ascites, and o patient with seveme = v o
equally * lean™ but “dry *

The evaluation of nutritional statug, based on be ght 2t Lwe 12
1s not satisfactory even 1n normal ndividuale {7} whee o P d
from the pomt of body composition 1t may be grnaby ¢ 4l in
patients with 2 varety of diserses affecting i a daf? ereriat way
principal components of the body mass

The elaboration of procedures for a quantitatire eval 13t o {1+
of the human body canstitutes one of the s nficart deyel (2 ectein
the field of human nutrition during the pa ¢ decade  Sit wtbe gl
cation of Behnkes pioncering paper {2) & pood deal of «f et b
been devoted to the development and validation of metindy § ¢t s
study of body compartments in the iming man

The tash of providimg a background for the considerations of th+
panel on bedy composition could be approached 1n a varity of way«
Using the hustorical approach, one could consider the developmer t of
the concept of body composition, as a facet of nutritional status an ) of
particular methods used for the measurement of body com(annwm‘n
One could undertake, on the other hand, a systematic clasification of
the methods that have been proposed by different investygat \
present, in tabular form, the definitions of the basie cones H\\ Qwhﬂ‘\‘
numenical values of the ‘ constants used 1 th epts and the

he estimation of equa

The researchirs on which thi,

T ® paper 1 based were supported

et ;0 \:g;(iﬂ‘;l’f‘\‘wr\;:l\&z II:IE Dew York the Willams “':l:’:;l::’l?;;:‘?:‘ ‘;"“I‘
w

Meatth Pute o S ttlonal Heart Institute of the Matlonal lynll(ulu‘" 14

%
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tions  Also, wn attempt at o eritical anslysis of the underlying 1deas
and mathematical procedures would not be without merit.

In view of the limited amounts of available space this presentation
will be focused on a positave yet enitical expasition of the logic and
mathematics of the methods developed or modified at the Laboratory
of Physiologmcal Hygrene, University of Minnesota, with a minimum
of reference to the other approaches. Particular attention will be pad
to the differentration between {a) definitions, (3) ptions, quan
tatative 1 nature, and (0} empincally dersved values A compre
hensive analysis of the methods for the study of body composition
(with special reference to the estimation of body fat in adult man},
of the sources of variation n body composition (age, sex, physical
actsvity, and body bumld), and of some applications (such as analyais
of weight changes and defimtion of optimal reference mass for com
putations of basal metabolism} have been presented elsewhere {14)
‘The positave role 1n the evaluation of nutnture played by body meas
urements as well as the limtatsons of nutritional anthrapometry have
been discussed recently (7) and will not be reviewed here

In the Laboratory we have strived to develop a theoretical frame
work for the study of body composition, trus with reference to knowr
facts yet internally consistent and allowmg a * translation” of the
different systems of analysis—hydrometnie, densitometric, anthropo
metrie—~—into ona another The basic pts are “histock 1,71 e
t1ssun masses defined 1 chemcal terms of reference Thus “fat” refer:
to ether extract, not to the anatomically separated adipose trssue
Even when skinfolds are used they are considered as endecators of the
fat content Sumlarly, the bony dimensions are to be mterpreted
1deally 1n terms of bone mineral rather than the skelet?l mass  This
15 preferable but not absolutely necessary, as the description of body
composition 1n terms of anatomical compartments has 118 Justification
and usefulness 1n nutritional research, especially n fieldwork

There are several reasons for preferring a terminology of macro
scopic histology, of chemically defined tissue masses Fyrst of all, the
results of the analpsis will be more usefu} 3n metabolie research Se;
ondly, an important pomnt 15 the validation of the procedures for w}ucd
the direct chermeal analyss of cadavers 1s the final court of appesl an
provides the basic data  /n vavo, the validation of skinfold measu;'e
rments as ndieators of total body fat must be done an terms of con;e n
tions with the hydrometrically or densitometrically determined values

The latter two methods have been developed sn terms of tissue m;;}sez
which nre :dentical (fat, bone) or “transiatable” (see table l)n hgh
Sealls,” i the hydrometric approach, represent 30 percenltl cIe fgater
(19 percent of total body weight) plus 70 percent mitraceliu ?irextrn
(64~-19=45 percent of body weight) The mtraceliular ax; Foody
cellular water ndd up to total body water (45-+16=61 percent o
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mass) Mathematically, this consistency has been achieved by shight
adjustments 1n some of the coefficients and constants, m the estimation
cquations, always remaming withm the limits of empirieally estab
lished facts

TABLF 1

Booy CourosiTioN of THF “RrrrpEncE Man (Minwrsora Sysrrs) Busen
oN THF DENStTOMETRIC AND HYDROWFTRIC ANATTAIS

The mass of the components 1s expressed as percentage of hody weight

Densitometric approach T{vdrometrie approach
Percent Percent
Fat 14 || Fat 14
Bone mineral © || Bone mineral ]
Cell <olids 19 )| Cells 64
Vater 61 || Extracellular fluid 16

In order to round out the picture, before proceeding to a more
detailed discussion of the selected approaches, 1t may be useful to
review briefiy the procedures which will not be considered mn this
pre<entation 1 deta:l These include the following methods 1n the
field of (I) phystcal anthropology, (II) biophysics, and (III) bio
chemistry and physiology

(I) 1 Anthropometric eshmation of anatomically defined tissue

masses (19)

Interpretation of the deviations of standard body weight
1n terms of “fatness” (10)

Measurement of tissue “breadths” from roentgenograms
(£6)

(IX) 1 Body volume (and body density) from amr pressure
changes (28)

Body volume from inert gas dilution (£7), body fatness
estimated from combined data on density and body
water

X ray analysis of bone mineralization (18)

Fat soluble indicators, nitrogen (1)

Tat soluble indicators, ¢y eclopropane (15)

Alternative methods for the estimation of body fat from
total body water (17)

Lean body mass estimated from creatimine excretion and
basal oxy gen consumption (21)

w

w

12

(IIm)

D

-

Densitometric Analysis

In a svstem consisting of two components of hnown densities
(dy, d;) the empirieally determined value of the density of the system
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(D) allows the enleulation of the proportianal
Somonts (s ke proportionnl masses of the two com

TABIE 2

THr PRIncivir or DENGITOMETRIC ANALYSIS oF A Two-Comrovent Srgrrae

Total mase, e 1,431,
Tatal solume Vz;’:*-‘(-;-
Density D=/} With ==, Myt By

D= ey
htd

Solving for A,
1d dy__d,

1 s B
o M‘BDdr"dl d1—d;

Behnhe and his coworkers (25) have defined the first body com
ponent as body fat (with dp==0918}, the second component ns lean
body mass {(d,=11) Subststutmg these two values m cquation (1)
(table2), weobtam the well known equation

(1) F= 55 5485 014,

except. that Behnke hins used speaific gravity rather than density  The
confusion of these terms wes unfortunate  One refers to the ratio of
mass and volume of the body (D=J3f/1"}, the other relates the density
of the body to the density of water (sp gr =D/Dy,0)

When the density of the water mn the tank 15 used 29 the reference
point, specific gravity can be obtamned as the ratio of the mass of the
bodv 1 mr (3) and the mass of the water displaced by the submersed
body (sp gr=2M/W} ‘Lhe mass of ° gnen volume of water
(W=T XDmo) 18 u function of denstty which, m turn, depends on
the temperature of the water  The temperature, and consequently the
density, of water has vaned i different Inborataries 1 which gravi
metrie determmations have been made (30° to 31° G 1w Belinke's work
and around 36° C at Munnesota) and the values of speaific gravity
cannot bo directly compared It 13 preferable to earev all the ealouln
t1ons and report the datn in terms of dennity

The nssumed composition of the lean body mpss hus undergone
radical Tevision with the pessage of the yenrs, the “casentint hipidy’
beng teduced from 10 percent (2} to 2 percent (4), mithout a change
1n the assigned denstty

The need for a revision of Behnke’s syotem becime appurent as a
result of three studies Which, at the same time, made posstble the de
velopment. of an alternative method of densitometric analysis  The
first study (6) provided dntn on the body denmity of the reference
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standard, defined as a 25 year old man, with a body weight standard
for hus height and age  In the second study (77) the density of body
fat at different temperatures was determined  This provided a needed
tool for the third study which analyzed the composttion of tissues
gamed by positive calorie balance over s1¥ months w 1thout change m
the amount of physieal actiity (Laboratory of Physiologieal Hygiene,
to be published)

The value used 1 the past for the density of body fat has varied
(0918 1n Rathbun and Pace (25),093 in Behnke et af (4)) Fidanza
¢t al (11) obtamned the average value of 09000, with the density of
samples from five ndniduals varying within narrow himits (subcu
taneous fat from 0 8992 to 0 9009, the internal fat from 0 8998 to 0 9004)
These values refer to ether extract at 37° C For the uverage tem
perature of 36° C, at wiuch the fat may actually exist in the body,
the density of fat 1s somewhat higher (d,=09007) Using this value
and the two other yalues noted above 1n Behnke's formula (table 3)
we obtamn for the “normal joung man” {(d=1063 or specific granty
of 10695 at 35° to 36° C, cf BroZek (6)) the range from 158t0201
percent of body weight accounted for by fat Thus the importance
of ustng a correct value of dr1s qmite clear

TABLE 3

EfFrCT oF THE ABSUMED DEXRSITY OF BopY FAT 0¥ THE ESTIMATION OF ToTAL Boby
FAT A8 PERCENTAGE OF BodY WEIGHT IN BERNKE 8 S¥sTEM

polds & dy

D d—d, di—dy
With D=10629 dr=110 and
dr==09007 F=158 percent
dr==0918 F=17 6 percent
dr=093 F=201 percent

In a2 study on experimentally induced chesity, carried out by the
staff of the Laboratery of Physiological Hygene, 1t became quite
clear that when the men gained werght—under the g1ven experimental
conditions—the gain {G) was not fat, definable ns ether extraet The
mean density of the gain was 0948 gm /ec (table 4) Thus 15 some
what higher but of the same general magnitude as the value of 0937
reported by Behnke, Feen, and W etham ef al (3) for a tissue lost by a
man whose wesght decreased from 91 6 kg 1 7 months  The density
of weight gains observed in 6 men over a period of 2 years ranged from
0903 to 0941 (4) In considering the differences between groups of
thin and fat individuals, Behnhe, Feen, and Welham (3) arrived at

091 as the density of the tissue which accounts for the difference 1n
the corporeal density

827201 O—55——18 269



TABLE 4

AVERAGE DENSITY OF THE T1ssue GAINED 1y 8t MovTas of Postrive Cavonre
ALANCE

Values represent averages for 10 men

(Laboratory of Physiol 1 Hvgiene, unpublished data)
Imtial values | Fmal valyes Difference
Body weight kg __ - 69 834 81 275
gadw volume, liters  _ _ __ _ 66 168 78 239 }é é;}
ensity - . 1 0554 1 0388 9478

All these data indicate that the tissues which are guned or lost con
tai other components than the fat of the density of 09007 For pur
poses of analyzing the composttion of the body 1t 1s preferable to break
down this adipose tissue 1nto 1ts histochemicnl components In the
Mimnnesota obesity study 1t was shown that extracellular flud ac
counteC for about 14 percent of the total gained mass, leaving 2 dry
gain with a density of 0 9395, consisting of fat and cells which repre
sent about 72 and 28 percent of the dry gamn or about 62 and 24 percent
of the total gan

Assuming that mnterindividual differences i body composition are
due to just such tissues, we can define a reference man of standard
aensity and mass (), and determine 1 a given individual the mass of
T1s body accounted for by the & tissues or by the fat contained in the &
tissues (AF==062@) (seo fable 5) The reference man was defined n
tha Minnesota version of the densitometric method as the 25 year old
man, of standard weight for height and age and the empirically deter
mined density of 10629 gm /cc  The values of & (or AF) indicate
the way m which the individuals differ from the standard and the
values can be exther positive or negative, defining the individual’s rela
tive position along the leanness fatness continuum

TaBre 5

DENSIroMETEY MINNESOTA SYSTEM ESTIMATION of G TISSUES AND OF THE Far
CoNTENT (AF) or G

U=84+G with =1, 8=1—-G
For ds=10629 da~=0948

1dy ds__do _lg gea_g 935
@ O=f =g —5—q,p® 88 2
With AF=062 ¢

1
(3 AF=p5 427—5 108

of an indrvidual, his devia

Most frequently 1t 1s the relative fatness e

tion from the standard, which 15 of primary nterest The to
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amount of body fat (F) can be estimated having made an assumption,
consistent with the known facts, that m the standard reference body
(with d<=10629) fat represents 14 percent of the weight Inagiven
mdividunl the total fat 18 obtawned as the sum of the fat contained
1n the S and & fractions of the body, Fg and AF  AF represents the
amount of fat by which the given person differs from the standard
(i which =0 and, consequentily, AI"=0)  The formula for pre
dicting total fat from body density 18 developed 1n table 6

TABLF €

DENSITOMETRY MINNESOTA SYSTEM I'STIMATION OF TOTAL FAT

F=Fs+AF
with Fs=014 §=014 (1—G)
AF=062

F=014 (1-G}+062 G= 14+ 48 G

p=114048(};8 1538235

1
4) F=i) 42013813

There are several reasons why the use of the standard body mass 13
preferable to the fat free body mass or Behnhe’s lean body mass as 2
reference standard Perhaps the most ymportant reason 1s that our
reference man represents the central point 1n the leanness fatness con
tinuum. Consequently, errors 1n the estimated fat content of the body,
ansing from the uncertamnties about the composition of the & mass, will
be smaller when we start adding or subtracting & from the center than
when we are adding it up to the fat free or lean zero pont
(F=Fg=5F versus F=F.+AF)

In exeruning the precision with which body fat ean be estimated
densitometrically, we must consider the variability for the constants
of the two components m the system, § and @ This vaniability 1s
only inprecisely known at the present time, especially as far as S 15
eoncerned

One of the factors which potentially disturbs the vahdity of the
densitometric analysis 15 the hydration of the body The equations
for the calculation of body fat (whether this refers to AF or F) are
applicable, without correction, when the body hydration 15 normal
In the standard reference man the extracellular fluid, measured as
equiralent of the inulin <pace (£=07 7, where 7T 1s the fluid 1n the
thiocyanate space), accounts for about 16 percent of the body weight
(see table 1)  An ncreased amount of extracellular fluid, with its
low density, would simulate Ingher fat content  When measurements
of the extracellular fluid are made 1n conjunction with determinations
of body density, the deviations 1n hydration from the value of the
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standard reference man may be taken inte aceount m the ealeulation of
the excess fat (AF) and the total fat (see table7)

TABLET
DensirouerRY Minnesora Svsres, Correction ror Exciss Hrorartov

With E=welght of the extracellulnr flutd
as fraction of the total body weight

(3a) F=F5 35003664 052

4a) F=~}34 14002833 717

Because of the Jack of clarity 1 the use of the terms “density” and
“spearfic gravity,” the defimtions nnd the caleulational formulae are
gwen 1o table 8 If specific gravity s used, the temperature of the
water 1 the tanh should be specified so that the values obtamed by
different investigators ot different water temperatures could bes com
pared The reduction te density, as the basic umt, 13 recommended  In
addition to the problem of comparabihity, there are two other com-
pelling reasons for thinking and reporting the dats in terms of density
Furstly, the theoretical deviations of the estimation equations are based
on considerations of the ratios of masses and volumes  Secondly, when
body volume 1s obtained by axr displ t rather than by water dis
placement, 1t would be a strange and devious procedure to consert the
densities into spearfic gravity values

TABLE 8
DexsITY AND SPECIFIC GRAVITY

M D
D=y Sp gr = Dep
The mass of water displaced by submersed body
W=M —~M
in Air m no
The mass of the body under water
M in g’¢=M ' fn ,’a+ Va XD,’D where
2'==the app mngs of the subl d body
¥r==the volume of air in the lungs and respiratory passages at
the time whea 1 was determined

The volume of displaced water {and of the body {teelt}

volume of AISPIACER HALET
Ve id

Dugp

Substituting the proper valaes in the equation for density
Mgy por X Do
D= —
Mo s~ M o VaXDgo

Using the denxity of the water In the tapk as the reference point
JL

= —VaXDgo
A n A Min e : _.f:_..__,-—’———._..__—
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TABLE 9

FrrEeT OF IMPRECIEION IX THF VALUE OF SPFCIFIQ GRAVITY 0% THE ESTIMATED
AMOUNT oF FAT v THE DopY

Using In the formula {(25)

= 084
F P o7

ap gr (at 386 ©)=1070 F=141 percent

ap gr (at 25 C)=10066 F=161 percent

density =1063 F=1705 percent

The magnitude of the duifferences in body fat, estimated from the
formula of Rathbun and Pace (25) when different values of speaific
gravty aro used, 15 indicated m table 9 Obviously, the eflect cannot
be neglected

Hydrometrie Analysis

In the analysis of body weight on the bass of the determination of
body water the development of the formulae for the calculation of
body fat (14) has proceeded, in principle, along the path followed by
earlier mvestygators The merits or, at any rate, the goals of the
Minnesota revision revolve around three principal pomts

(a) Clanty of the logic mvolved 1n developing the calculational
formulae, while this does not gnarantee the factual accuracy
of the system, 1t should make 1t more readily amenable to
amendment by the use of more vahd coefficients and constants

(d) Examination of the magnitude of the errors of estimate re
sulting from the interindividual variability of the biological
constants utibized 1n the dernvation of the estimation equa
tions

(c) Estabhshment of a reference standard consistent with the
densitometric model

Pace and Rathbun (2}) considered the body mass (M) as a two
component system M =F-+ L where F=fat and L==Iean body mass, of
relatively constant composition  Assuming a value (1) for the water
content of the lean body mass (A=1L), we can estimate the latter
when the total amount of body water {4) had been determined em
pirically (L=4/k) Fat s obtnined by difference, F=M~1 Ex
presung all the values as fractions of body weight and using the
der1ved value for L we obtamn F=1~ 4 /4

Pace and Rathbun (24) spplied to man the average value of
A=0732, derived from lterature and thew own date os the average
fraction of the fat free body mass represented by water in rats, gunea
pigs, tabbits, cats, dogs, and monkeys Osserman ef al (2£3) assumed
the value of fat as was estimated from specific gravity in a sample of

81 male subjects. This procedure can be justified, provided the
rationale 1s stated clearly McCance and W 1ddowson (17) used
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TABIF 11

FItoRovFTRIC ANALYSIS QUANTITATIVE ASSUMPTIONS AKD COMPUTATIONAL
FORMULAE

o cell golids B=C—I
Computation of I=070C_then C=1/070=142071
8=0429 (A—F)
1 O (where C=142% (4—F))
—~F—F—R

16 B==000 and M=100

Comprutation of bonc mincraly

Assuming average values } =014

B/
B=013%4 (A—E)
Computation of body fat F=M—A—F~B
With Ar=1

F=1—A—8—-B
Substitutlng for 8 and B
(6a) F=1—A~06063 (A—E)
For normally hydrated body (L

16 A1)
—1758344-0080
(6) F=1090-1.5034

The values for 8, Z and the combined standard error of the co
efficient used 1 calculating F are given 1n table 12 It 1s apparent
that most of the uncertainty in the estimate of the total fat 13 related
to the hydration of the cells In the hydrometric method of analysis
the effect of the variations in the bone component 15 small  Using the
average (reference) man’s values of A=061 and £=16, the = 1
& E range of the estimated fat values calculated from equation (7),

table 12, would be about 11 and 16 percent of the body weight, respec
tively

TABLE 12
EYDBOMETRIO ANALYSIS

STANDARD ERRORS OF THE COEFFICIENTS INVOLVED IN THE COMPUTATION
or 8 B anp F
Cell golids 8=k (A—E)
For the assnmed (average) concentration of water in cell mass 70 percent
hg=0429

For the one-standard deviatlon range of =25 percent around the mean (with
Iimite of §7.5 and 725 percent) hy=0481 and 0370 yielding

8.B of hg=%0051
B=(0429:+0051) (A—E)
Bone mincrals B=hy (A—-F)
For the assumed (average) value of B=0 060 Af
kp=0134

For the one-standard deviation range of 0005 around the
of 0005 and 0 070) ?p=0140 2nd 0124 ylelding mean (with mits

S E of Rp==0010

B=(013420010) (A~E)
Total body faf Fe=M—A—§—B
Coumblulng the and

errors for B and B (Je) ylelds
{7) F=1—A4-(0503:£0052) (A—E)

275




In actual analyses the effects of variations in the absolute 1alues of
4 and £ (when obtained by different solutes) and the mtramndividual
verability (error of measurement) would be added to the furly Jarge
uncertainty resultmg from the intermdividual differences m the as
sumed biologtcal constants

Table 13 presents the data for the conversion of the hydrometric
standard nto the densitometric equivalent The value of bone min
eral has been taken from the Iiterature The density of human fat at
body temperature has been determmed empirically (77) The density
of the extracellular fluid corresponds to a protemn concentratron of
about 05 gm /100 ml whach 1s the lower Limt reported for mterstitial
fld  In the computations presented m table 13 the plasma protems
(about 08 percent of the body weight) may be thought. of as being
combined with the cells Had the plasma proteins been constdered
as a part of the extracellular flud, the density of this compartment
would have risen to about 1 006 and the denstty of the cells would have
decreased by about 0 001

TABLE 13

ConvEersion OF THE HyDROMETRIC INTO A DENSITOMETRIC STANDARD OF
EFERENCE

(D=M|V, V=M/D)

Mass 1

Densut; Volume *

Component (gm /cc}) (p;z;;g:)o( (relative)

- 30 6 200

B:ne mmeral__ . A 0507 %é %g g;

cellular flud - 1 002

ge(]tl::fﬂ-lu ﬁ.’ .m - (1 0566) 64 (60 57)
Total body 1 0629 ‘ 100 [ 94 08

13g /100 kg or gm /100 gm
1dm¥/100 kg or ce /100 gm

Anthropometric Analysis

Data needed for the estimation of the fat content from shinfold
measurements have been reported (8) The equations were Tecal
culated m terms of density D=8p gr X D#'0 1 the tank, for 35°
{0 86° O, pr?o 0994) and are given 1n tables 14 and 15 The skin
fold thicknesses were determined by calipers With a very small contact
surface and high pressure (about 35 gm /mm?) which ncreased some
what when the opeming of the calipers mcreased  Further limtation
of this particular study 15 given by the fact that an average correc
t1on rather than an ndividually determined value of residual air hn;
been used 'This has decreased, to some extent, the coefficients o
correlation between the skinfolds and the specific gravity Neverthe
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foss, the caefficient of multiple eorrelation was farrly ]ll[!h for the
younger men (R=0876 using all s variables, £=0871 using the
elected thres yammbles, for the older men the respeetive values of
R were 0741 and 0743)

TABIF 14

T} ror PrEDICTING BopY DErarry ($=a+tbl) rrov SiNaI ¥ SRINFOI DS
Eaukmons v 1n MY AND RFLATIVE Bopy SyErant
e
Y ounger men (N=116 Otder men (N=211
menn age=22 years) mean age=49 years)

1 Shinfolds abdomen 109800 00130 X, 10778000085 \,

2 Skmfolds chest 10978~0 00168 \4 (0205000104 1,

3 Shinfolds back 1 1006-0 00176 \ 10786000114 14

4 Shinfold upper arm 1 1028—0 00230 \, 10819—0 00183 X,

5 thigh 11049000319 ¢ 10784—000218 \4

6 Relative body weight 11518—0 00078 Ay 11161 —0 00060 X
TABLE 15

‘EQuaTios For PrEpICTING BObY DERSITY (Y) rroy CoMBINED
SRIRYOINE IR mma ANt ReEwatee Bovy Wmanr

Using all variables Using sclected vorigdles
For the younger men For the older men For the youhger men
T =11038 T=10901 T=10051
~000020 \1 -+0 00004 1 —0 00028 \1
—~0 00068 X2 —000042 X3 —000073 \1
4000018 X3 —000032 X3 —0 00088 X4
~0 00071 \¢ —0 00051 X4« For the plder men
~000037 Xs —000025 X3 ¥=10001
~000012 Xo —D 00016 ¢ —000039 X1
—000031 Xa
—000059 X4
—D 00017 \a

This procedurs has been devised primarily for work in the field
where the more elaborate methods are not applicable, especially when
one deals with large numbers of subjects Nevertheless, 1t was found
useful also in Inboratory investigations (5)

Problems Needing Further Researth

Any single handed attempt to outhine systematic research in the
field of methods for the study of body composition would be Presump
tuous However, ¢ review of some of the problems that demand fur
ther or fresh investigation may be useful

There 1s a definite need for addstional mnformation obtamned by di
rect chenueal anelysts of cadasers, preferably combined with the de
termmation of the density of the body as a whole and of 1ts principal
anntomically separable parts  Bodv dimensions, especially the bon;
diameters, should also be included While we are grateful for the
h:};ms of the workers at the Unnversity of Ilhnois (Mitchell et ol
sg.g » Forbes et ol (J2)) and the Department of Experimental

edicine, University of Cambridge (W 1ddowson ef of (£9)), the data
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needed for mncreasing the fund of basie knowledge relevant to an n
direct evaluation of body composition require less comprehensive
analyses than had been undertthen by these inv estigators  An impor
tant contribution would be made by increasing the number of cadavers
analyzed, with concern for the relative chinmcal normality of the sub
Jects, but reducing the load of work by limting the analysis to the
determination of water (by desiceation), fat (ether extract), and
bone mmerals (ash), with the cell sohds obtained by difference
(S=A~A~F—B) Data on cadavers closely stmlar to the normal
young man, used as the reference pomt 1n the Minnesota system of
analysis, would be particularly useful

Preliminary reports have been pubhished about the determination of
body volume by air displacement, either by changing the pressure in
the enclosed space containing the subject (28) or by the dilution of a
foreign gas (helwum in Sirt’s report (27)) More detailed description
of the procedures, their technical difficnlties, rehability of repeated
measurements, and their validity as compared with underwater weigh
ing will be of considerable interest

As indicated earlier, an attempt was made to provide a common
frame of reference for the three approaches described here This has
been done on the basis of empirical data (conversion of shinfold thick
nesses mto body density), and partly on the basis of theoretical con
siderations (conversion of hydrometric analysis into densitometry)
Simultaneous application of the hydrometric and densitometric
methods, as has been carried out for the stmpler estimation of body fat
from total body water and specthic gravity of the body by Messinger
and Steele (20) and Osserman et al (23), shonld reduce some of the
present uncertainties i the conversion factors

Finally, 1t 1s desirable to provide additional data for predicting
body density on the basts of the muntmum number of shinfold measure
ments made at locations recommended for general use {over the tr1
ceps, at waist, below scapula) using calipers with a constant tension of
10 gm /mm?
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Bodv Flmd Compartments and Indices of Body
Composition

Davio E Bass

Chics Blochemistey Section Vatich QM P and D Command
Lecturer on Physiology Boston University Schoot of Medicine

The concept of a metaboheally actine, fat free mass (FFA) of con
stant composition 18 an attractive thesis to those interested n assessing
nutritional status from total body composition ($) It has stimulated
sereral physiologeally rational appronches for assessing body com
posttion m man (9)  One of these approaches 18 by water {17} If
body water 1s o constant fraction of the FFA/, it should be possible
to determine the weight of the FFA simply from mensurement of

total body of water FI'A/= t—osﬁ(%y—w‘:whem k=the fraction of

the FFA{ represented by total body water The body fat 1s then simply
the difference between total body weight and FFAM  Various nttempts
have been made to measure & and establish 1t as a phyvsiological con
stant. 'Thus, Rathbun and Pace (12) analyzed the bodies of 50 evis
cerated guinea pigs for water, fat, and nitrogen, and caleulated that
total water was T2 4 percent =2 11 of the fat freetissue Simlar direct
apalyses have been reported on very few cadavers Keys and BroZek
(9) have summarized this work, and list water as 732 percent and
684 percent of FFM 1 the only two human cadavers that could be
constdered “normal

Attempts have been made to measure the percent of mater n the
FFHY of hving persons by indirect means Osserman ef ol (10) meas
ured total body water 1n 81 subjects, using antipyrine (13) They

estimated FFA from body speafic gravity (4), using th t)
of Rathbun and Pace (12) v, § Tho sdihon

554
Percent body fat=100 (:—p——g%—5 044) They reported that ant1
pyrine space constitutes 718§
66.3-79 pereent)
Almost a1} efforts to assess bod
y composition from flmd compart
me(rllti have been directed at total body water However, Cmgdaﬂ
‘]‘nr:ed nd}e]rson (5) early sug, ssted that thiocy anate space was corre
with metsbolic activity  Dahlstrom (6} found close correlation

percent of the FFAM (range
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between “extracellular” fluid (thiocyanate space) and BMR regard
less of age or sex  Recent work from this Inboratory emphasizes the
possible usefulness of SCN space as an index of body composition
Thus, 1t was found that this space has a sigmificantly higher coefficient
of correlation with FFA{ (estimated by the sanfold method) than with
body weight (1) In a further study (/4) 1t was found that SON
space correlated better than all other fluid compartments with basal
metabolism tn a series of 17 healthy young soldiers The mmpact of
the extracellular fluid on the prediction of BMR was twice that of the
mtracellular flud  If basal metabolism may be considered a measure
of active metabolic mass, these findings may provide useful clues for
assessment of body composition from extracellular flnd volume
During the past 2 years we have measured antipyrine {(42), thio
cyanate (SCN), and T-1824 spaces 1n 54 healthy young soldiers The
data are being prepared for pubhcation (2) All three spaces were
measured simultaneously by a single injection In addition, percent
of body fat was determmed from skinfold thickness (9) The data are
summarized in table 1
The average values for plasma volume and antipyrine space agree
with those of other workers The SON space 18 higher than that re
ported by Henschel ¢f al (8) However, they allowed less than 1
hour for diffusion of SCN, whereas we allowed 2 hours on the basis
of astudy of the kinetics of diffusion (Z)  The coefficients of varation
are smallest for all three compartments when expressed as percent of
FFXM (table 1), indicating that the shinfold technique at least partially
removes a source of variability, presumably fat The reduction n
variability was small, this probably reflects the homogeneity of the
sample with respect to age and fat, since the ages covered only a sigle
decade (19-29 yr ), and the range of fat was relatively narrow
From the data 1n table 1, we calculated the FFAL of each subject by
four methods
AP space
1 FFM= o078 (10}
9 FFM=Total body wt (100—percent fat from skinfolds)
3 Percent fat=1090—1563 A2 (equation No 40 from (9))
4 Percent fat=1000—1563 AP+0349 SCN (equation No 38
from (9))
In methods No 3 and No 4 above, AP and SCN are expressed as
percent of body weight, and the fat was subtracted from body weight
fo obtain FFA{ These caleulations are summarized n table 2
The mean FFAM from skinfolds was 6232 Lg as compared with
55 08, 5625, and 56 18 by the other three methods This difference
was highly sigmificant  The close agreement among methods 1, 3,
and 4 1s not surprising, since all three methods assume total water to
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Thiocvanate space had the highest correlation wath 7 F W (r=065)
The intracellular fluid volume (7€ F) had the lowest correlation with
FFY (r=0%2) de-pite the high correlation between {7 and 7¢ 7
(r=08)) The correlation hetween €V and 71 was neghuible
(r==002) Ts mteresting finding mav be merehy 1 reflection of
cumulative experimental errors, sinee the /¢ F includes the errors of
both 47 and SCA deternuinations  the homogenaity of this <eries
would favor such macking  On the other hand, the Inck of correlation
could indicate that the “stat mechanteme for these two compattments
(SCA and JCF) operate independently of ¢ach other to 1 certun de
gree It has been chown that the impacts of theee two compartm-nts
on basal metabolism are sndependent of one another (7§)  Partial
(first order) correlations of the prescnt stnds reveal a smilar mde
pendence in their respective correlations with F FVf (2)

General Comment

The concept of a fat free mass of constant water content appears to
have phy<iolomic rationale  However, cince total body water repre
sentstno major melievsr inferreures (extra and intracellular water), 1t
1~ possible that one of the<e provides a better reference standard for
tody composition  Data presented Yiere indicate that thiocyanate
“Pace 1s as good or better than total bads water and superior to mtra
cellular flmd for thns purpose  The relatively low correlation coefl
cients found indicate that simple measurement of any flind compart
ment has poor prediction value for 7 7 1
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Relation of Body Composition to Metaholic Activities®
WicLiwar R Best
Unuersity of Ihnots College of Medicine

The previous speakers have considered the importance of 1 vivo
quantitation of body composition to the nutritionist and have dis
cussed the various techmiques by which this composition might be
estimated My remarhs will be concerned with some facts and specu
tations regarding the theoretical and practical relationships of body
composition and metabolic activities

Basal oxygen consumption has generally been considered the best
available index of general metabolic processes Traditionally 1t 1s
expressed per umt of surface arex This use of surface area has
recently been challenged (7, 2, 3, 6, 9, 10, 11, 12,18)  The basic ques
tion mvolved 1s this “Does each mass of metabohically active tissue
utilize oxy gen at = fairly uniform basal rate regardless of the relative
«1ze of an individual within the species? Or does the overall size
as represented by surface area momtor the rate of utilization within
each constituent metabolically active mass?’ Surface area does show
1 general correlation with basal metabolism when comparing all mam
mals from the mouse to the elephant (10) This relationship appar
ently 15 due to heat dissipating needs in the mantenance of a constant
body temperature Within a spectes, however, the vascular and re
spiratory mechamisms can readily compensate for widely varying
needs for heat exchange Though a good correlation may be found
between surface area and oxygen consumption within 4 spectes, this
does not establish a prime relationship Many spurious correl ttions
related to overall body size may be found  In ths regard it 1s worth
reemphasizing the fact that the commonly employed formula of
DuBois and DuBois (5) estimates the surface area from height and
werght alone Tt was dertved in a rather empiric fashion fo fit the
actual surface arex as measured by body molds m only 6 men and 3
women By analogy with specific internally regulated biochemical
<ystems, 1t appears more probable that m the basal state each umt o{

wctive mass 1s reacting at a rate independent of the total m-gamsmnf
size This problem has been considered by several groups, most o
whom are represented on this panel Some of the evidence has been
mdependently reviewed by Keys and BroZek (9) and by Behnke (/)

IThe data for this paper were obtained at the Army Medieal Nutritton Laboratory
during the time of the author s gerilces as medical officer
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It may be summed up as follows (2) Changing nutrtional states i
ndividuals  In starvation and rehabibitation the basal oxygen eon

sumpton of individuals remains more nearly constant when caleulated
on the basis of active tissue mass or fat free mass than on the basis
of body weight or surface aren  (b) Comparson of different age
groups  Older men of the same average height, weight, and surface
area ns a younger gronp showed lower rates of basal oxy gen consump

tion  'The older men had = higher percentage of body fat, and when
the metabolic Tate was corrected for active tissue mass the rates were
almost the same  (¢) Comparison of the two scxes  The npparently
lower rate of metabolism of females when computed on the basis of
calculated surface nrea becomes essentially the same as for males when
based on metabolically active mass  (d) Comparison of tndividuals
tn the same age sex group but with an array of body types Basal
axygen consumption 1 milliliters per minute has been correlated
with varous body measurements Highly sigmifieant correlations
are found with height, weight, surface areq, and lean bodv mass, as
well as other body measurements (2, 3) This 1s not unexpected,
as all of these measures are closely related to each other sn most 1

dividuals  Miller and Blythe 1n 48 subjects had a correlation co

efficient of 084 for oxygen consumption with surface area and of
092 with lean body mass (72)  These values are compared with others
i table 1 In 22 young men we noted corresponding coefficients of
080 and 088 (2, 3) In neither of these first two studies was the
difference in coefficients statistieally significant for the number of

TABLE 1

Comraratrve CORRELATIONS OF BasaL OxycEN CONSUMPTION WITH VARIOUS
0DY MEASUREMENTS

Col:relsltmn coefficient with
2sal otygen consum
Number | Method of estimat tion e P
Author of mg active proto-
subjects plasmme mass
. | Surface | Body
area weight
Mll}ezr and Blvthe 48 Sp]ecﬁﬁc gravity 0 92 0 84 085
M
Bestetal (2 3) 22 | Shinfolds-LBM 8 ~
Steele et al (17) 82 ﬂtlpyﬂne space 7§ gg &
t1)
Wedgnood ef af 17 pyTine space 76 74 68
{18)
Thloc?snate 80 74 68
space
Garnetal (6) 49 (M) § Leg musele width 82 83 8
by \ rasvinchil
ren
46 (F) 73 65 68
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subjects 1ncluded
other estimates of afé:;l¥rézr;2:$ons e geen obtaned wsing
1¢ mass t
found practically equal correlations of basal oxy, e:ecle o assocites
total body water by antipyrine det e armption with
Ve pyrine determination and surface area (17
edgwood et ! had stmilar results (18 )
esults (18) These authors did
4 superior correl “ s dhd show
tlonp o orre! f:ltlon of “thiocyanate space” with oxygen consump
ey noted that there 1s an ap
preciable correlation of t}
cyanate space with surface area Wh e el
en thiocyanate s h
constant, the partial correlation of pace 1 Peld
0X)gen consumption with surf:
wrea becomes neghgible Garn and a cupe
ssociates noted
Ilnlor gorrellftmn of oxygen consumption with radleogt:peliqllg;}l(;r;:tl;i
med ca Lt
gt (8) muscle width as compared to surface area or body
T
n th{: t]otal evidence, though stll not conclustve, strongly suggests that
etabohism 1s closely related to the act:
e active protoplasmic mass regard
les’; }l:f other parameters of total size
15 leads to an important corollar
v The basal oxygen consumption
of normal indeveduals should be used as the &!andarg for emluitmq
zact:la;t:'lghz:wal estunates of the active protoplasmic mass For prac
frenl asons 1t would be desirable to have 2 method for the prediction
active protoplasmic mass from simple measurements such as height,
weight, age, and sex  In deriving swmitable equations for this purpose,
the basal oxygen consumption of normal individuals of all ages, both
;exes, land all body configurations should be utilhized The proper
tor}inu ae may then be derived by the logical apphication of statistical
echniques The factor necessary to convert predicted rate of oxygen
consumption into kilograms of active protoplasmic mass 1s at present
not known For the present, one must be sahisfied with this mdex
alone We have done g pilot study of this nature on the previously
mentioned 22 young men (2) It 1s apparent that within a group
having a spectrum of leanness fatness configurtions, height and
weight alone are madequate for the estimation of lean body mass
Tswo ndividuals, one heavy boned and muscular, the other hght
framed and obese, might have 1dentical measurements of height and
weight Some independent measure of relative obesity 1s necessary
for the accurate prediction of active protoplasmic mass It would
be desirable to have such a measurement which could be taken by a
relatively mexperienced techmeian or physiein with satisfactory re
curacy and with mimimal discomfort or embarrassment to the patient
Possibilities include abdominal girth, postersor brachal skinfold
thichness by caliper measure, or 2 combination of several caliper
measurements  In our study, tbdominal eircumference at the umbili
cus following normal expiration was used for this purpose
A statistzeally dertved prediction equation should fulfill the follow
g eriterta (a) It should predict the oXygen consumption with great
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er accuracy in normal subjects than do other proposed equations
(B) Tt should be dimensionally consistent (e g, as the estimte 15 of
active protoplasmic mass, a formula should give the equivalent of
linear measurement to the third power) (c) It should have geo
metric, anatomie, and/or physiologic meaming, 1f posstble  Several
ty pes of formulae were tested, and the one gy mg the best predictionn
a single, simple equation was

(1) ml O/mm =451Xkg body wt —165 (meters abd cire )*+2356

Height was found unnecessary for this equation It 1s our hope that
when enough raw data of this type are analyzed, a single equation or
sertes of equations may be dernved to express the normal basal oxygen
consumption and activ e protoplasmic mass m terms of sex, age, weight
and/or height, and a single index of cbesity  I'xcept for an index of
obesity thus 15 essentially the appronch of Iarris and Benediet (7)
These formulne conld then be converted into nomogtams or shde rules
for rendy climenl and evperimental reference The BA/R 1n mdr
vidual cises would then be expressed directly as a percentage of the
theoretical oxygen consumption

There 1s also suggestise evidence that other measures such as eardine
output, respiratory minute volume, renal clearance, and urmary
creatimine excretion nught better be expreseed on the basis of active
protoplasmic mass  The crentimine exeretion rite under standard con
ditions 1s presumedly related to the total muscle mass, the largest single
component of the 1ictive protoplasmic mass It should therefore
show a superior correlation with measures closely related to active
protoplismic mass  In our series of 22 men we found correlations of
creatimmne excretions to be 067 with basal oxvgen consumption, 061
with lean body mass, 0 59 with surface aren, and 0 57 with body weight
(2,3) These correlations are not sigmficantly different from one an
other on the basts of the number of men included  Miller and Blythe
(11) have also shown 1 close agreement between creatinine excretion
and lean bodv mass

My comments so far have been concerned with the body metabohism
in the basal state  On speculation 1t appears equally probable that the
body composttion 1s of importance m the expenditure of energy 1n
activestates and in relation to weight changes during periods of energy
mmbalance  The literature gives only erude average values for the
ener,) cost of varions actinities  There are no ood dat1 relating this
cost to body composition T should like to make the armehair postu
lates that two extremes of energy expenditure mght be recognized
(a) Relatnvely quict activities i wlich the caloric expenditure 15
closcly related to the lean body mass (ns a measurable estimate of ¢
trve protoplasmic mass)  This would mnelude sleepin,, Iying quietly
awal e, sitting motionless and standing stsll  (3) Relatively vigorous
uctivities in which the expenditure 1s related to the work wcomplislied
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in foot-pounds or dyne centimeters  In such activities the work would
be related to the load or tofal body weight (1 e, lean body mass plus
weight of f1t)  Examples would mclude chmbing, Jumping, and per
forming certun calisthemes Between these extremes should be a
series of activities i which variable expenditure rates might be found
wm relation to lean body mass and to the additional load of body fat At
each time of the day, ¢, the rate of expenditure of the current, activity
related to lean body mass can be taken s z, and the add:tional amount
related to excess fat asy  Then, for a given day, the energy expend:
ture would be
4 ]

2) Cal expenditure=LBM | Xdt+BF |y dt

24 hr 24 hr

i which ZBM represents lean body mass, and BF represents the
weight of total body fat In the course of another experiment (16),
we observed 81 soldiers? during two 3 week periods in which they
engaged 1n a vigorous and relatively umiform, and constant actinity
program as momtored by close observation and analysis of activity
records During the first period their average measured caloric intake
was 8453 4 cal /d , and they lost an average of 0027 kg /d  During the
second period their average measured caloric mtake was 22635
cal /d, and they lost an average of 0190 kg /d  Assuming a umform
relation of weight loss to caloric deficit the following formulae may
be constructed

(8) 0027 kg /d =h; (Coat-SDA—34544 cal /d)

(4) 0190 kg /d =hy (Co+SDA—22635 cal /d )

Specific dynamie action, SDA, was calculated to be 73 percent of the
first caloric mntahe and 7 percent of the second €, 1s the caloric ex
pendhture related to actnaty states By solution of simultaneous equa
t10ns one obtains a value of 0 VOV14Dhg jeal for by, and 3385 eal /& for
expenditure exclusive of SDA4  The former value 1s equivalent to 674
cal /gr weight change, which 1s within the range of previous est1
mates (8,9, 16)

During the second restricted caloric period lean body weight and
body fat as estimated from skinfold measurements and total body
weights at the begmning of the pertod were recorded (4, 74) The
inter mdrvidual variations m food mteke were shght enough
(s d=547 cal/d) that we considered itahe as uniform Th;
format of equations 3 and 4 was combined with the spirt of equation
toguve
(5) he/d wt loss=Ro[ (hoLBM +kaBF+1,)+SDA—cal /d mtabe]
Using the value of £, obtasned above plus the me wsured data from each
excluded due to interfering periods of {llness

#Six of the original B7 subjects were
or Injury
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man, the following multiple regresston equation was dernved accord
ing tostandard statistieal techmques (15)

(6) Lg/d=0000140 [(2017 BM+
35 0BF +1317) + 8D t—cal /d mtake]

The three terms i parentheses, representing the dmly expenditure
related to actinity states, are to be compared with predicted values had
the men remaimed at all timesn a basalstate (£)

%) eal /d expend =224 LBM+1176

or 1616 enl /A for thece men of average I BM, 669 hg  Comparison
of equations 6 and 7 shows increased factors for all components of
expenditure during tlus particular vigorous program  The particn
Iar values of &4, &y, and 4, of equation 5 which are found in number 6
cannot be applied outside of the conditions found i this particular
study The fact that values of proper sign and reasonable magntude
may be derived for such constants from the rmpartial analysis of care
fully gathered field data, howeter, lend encouragement to the theorres
embodied 1n equation ¢ The relation of body composition to the
energy cost of standardized activities 1s a subject deserving of fur
ther intensive laboratery investigation

In studving the programs of caloric over and under nutrition, dat
must be obtamed on the following aspects with relation to body com
posttion  (a) Actual caloric intahe The study of Peckos (13),
though lacking 1n precision and completeness, 1s a start 1n this direc
tion () The actual utilization of calories ingested (¢} Detailed
account of daily actrvities  (d) Relative conservation or extrivagance
of energy 1n performance of daily tashs  Asa casual observation, one
15 sometimes 1mpressed with the fact that the obese individual does
things the lazy, phlegmatic, conservative way, while the lean man
1s frequently hy perkinetic, fidgets, and njects more body motion than
necessary into his daily activities  In relation to the svme field exper:
ment which T have here discussed (16), Dr Grossman has outhned
this afternoon a shghtly different method of analysis On 35 sub
jects showing less than 04 hg weight change during a particular
period he has found the following regression equation
8) c1l/d intahe=226 body wt —552 percent+2316 2
This 1s to be compared with the thiee terms in the parentheses of equa
tion 6 Z; and &, of that equation are so nearly the same that a single
constant for body weight (lean body mass plus fat) should be almost
8s good 1n this instance  The nteresting, feiture 15 the decreasmg
caloric expenditure with increasing relative obasity despite a uniform
activity program  Thus finding may lend some support to the concept
that efficiency in performing particular tashs 1s related to the lean
ness fatness configuration  (e) The actual ealorie costs of standard
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1zed activittes as discussed 1bove  (f) The weight equivalent of calorie
imbalance Tt seems reasonable that the composition of tissue account
mg for weight gain or loss m the lean may be different from that in
the obese If thus 1s so, the caloric equivalent of weight change should
vary according to the 1mtial body composition

In summary, there 1s an icreasing body of evidence which tends to
mdicate that active tissue mass or some closely related measure such
as lean body mass might be superior to surface area for the estimation
of basal oxy gen consumption The implieation 15 that withn a spectes
there 15 a characteristic metabolic rate for each average mass of active
tissue

It 15 suggested that the basal oxygen consumption of normal ind:
viduals be used as the reference standard for evaluating other est1
mates of active protoplasmic mass  Other physiologic and metabohe
measurements including creatimine excretion appear closely related
to thismass

It 15 postulated that energy expenditure 1s variibly related to lean
body mass and to the additronal load of body fat depending on the
type of activity  Statistical data from a field study of 81 men during
two 8 week pertods are present These dat are compatible with such
a postulate Additional theoretical considerations relating body com
position to energy balance are discussed

As simple, relinble methods of the quantification of body compost
tion gain general acceptance, they should lead to more precise estab
lishment of physiological norms and to more adequate evaluation of
nutritional requirements
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“MopeEraToR GROSSMAN

I will ask the other members of the panel to Join me at the so called round
table

I would like first to ask the members of the panel to discuss each other s work
and I believe that it would be appropriate at this time to ask Captain Behnhke
to comment on the pre<entations that he has heard
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Defimtions

(a) Speeific graraty refers to the weight of a body m ar div ded by
1ts loss of weight (corrected for air i the lungs) m water (b) Fat
The distmetion between pure fat (), as extracted by ether and
other solvents, and trsene lost or gained (F + <) by healthy mmda
viduals under controlled conditions of diet which tend to maintam
mtrogen balance 1s important as emphasized by Keysand Brozeh (12)
The ewistence of the /' 4+ < components revealed by the densimetric
studies (density 092 to 094) has been referred to 1n our presious pa
pers s “hssue gmined or lost,” “excess fat,” “adipose tissue,’ and
simply, fat  The F or ether extract substance 1s the major fraction,
the # component appears to be a small, constant percentage of I' + s,
essentrally water nnd dry matter which 1s gained or lost by the body
together with gam or loss of fat (F)  Although the precise nature
of the & component 1s not known, 1t does not apparently change the
relative proportion of water, protein, and mineral in the fat free body
Tentatavely, 1t appears to be inseparable from the lean body mass
(LBM) and 1n a sense, 15 “growth substance and not associated with
abnormal hydration

Procedure

For the determination of speafic gravity, the essential measure
ment, brsed on Arclumedes’ principle, 1s the quantity of water dis
placed by the smmersed body whieh can be ascertained conveniently
by the method of hydrostatic weighing  The dufference between the
werght i air and the weight i water, divided by the density of the
water, measures the volume of the body Tt has proved to be suffi
ciently accurate for our purpose only to divide weight n air by the
weight lost 1n water to obtain specific gravity without converting the
buoyant force nto its volume equivalent and expressing the value ns
density The comfortable water temperature for quescent indi
viduals 1s not more than a degree or two from 31° to 32° C and this
was the approximate range of temperature n all human mmersion
experiments  When 1solated tissues or carcasses were examined, the
water temperature was about 20° to 25° C The percentage of fat 15
approximately the same when it 13 computed from either a “specific
gravity” or a “density” formula

Trwo weights recorded when the body 1s immersed 1n water serve to
ensure the accuracy of the procedure, one taken at the completion of
maximal mspiration, and the other at the end of maximal expiration
The difference between these w eights converted to the volume equiv
alent and corrected for the effect of mean hydrostatic pressure on

thoracic volume, 15 a mensure of vital capacity comparable to that ob
tained by standard spirometry
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Sources of error  The chief variables affecting 1ceuracy of replieate
analyses center m the determination of residnal air volume and
the presence of gas in the alimentary tract Despute these difficulties,
1t 15 possible, w1th the sxme attention to detal required 1n any quantita
tive procedure, to obtain replicate values on the same mdrs 1dual which
are within the range of 0004 specific gravity umts, represented bya
standard deviation of = 0 0006 specific gravity umts

Experimental Data

It was found that 1n 4 group of 175 Navy men (average age, 29)
the specific gravity values ranged from 1 021 for the most obest ind:
vidual to 1097 for the leanest man There wis no doubt from gross
mspection of the Naval subjects that low values of specific gravity
were generally associated with overt obesity, and high specific gravity
values with leanness Then, by means of « single crucial experiment
extending over a period of 7 months, 1t w1s found that the weight loss
of 19 5 pounds 1 an 1ndividual on a reduced calorie but high protem
diet, was mversely proportional to the specific gravity of the body
as a whole From several specific gravity values recorded during the
pertod of weight loss, 1t was computed that the density of the “lost
tissue” was of the order of 093 to 094, 1 e, the density of adipose
tissue

From two basic assumptions, numely, that fat was the chief variable
altering spectfic gravity, and that the lean body mass was of homeo
static constancy approximating a specific gravity value of 1100, 1t
would be computed that a specific gravity value for the body as a
whole of 1082 indicated about 10 percent fat (termed “essental” m
the original report of Behnke, Feen, and Welham (4)) and that &
value of 1035 indicated about 36 5 percent total body fat of which
26 5 percent was regarded as “excess ”

The wmverse relationship between the fat fraction of body weight
and speafic gravity mmtially regarded as hinear, was later correctly
formulated by Morales ez al (15) as,

1 1
F_D body D lean or fat fb

(1) W i 1
D fat~ D lean or fat fb
This basie formulation which 1mplies a rectangular, hyperbolic rela
tionship underlies all subsequent equations, e g, those of thhlll;‘n
and Pace (20), which have been so helpful for the calculation of the
percentage of body fat from specific gravity or density values

The caleulations 1n the original report quoted previously relamlljg
specific gravity to specific percentages of adipose tissue {# +¢) may be
fitted 1nto the framework of (1) as follows
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sp gr I'+e

=04
= 31° ¢
@ fa_T163 6 oo,
L] <p gr sp gr TBV:”)‘;Q
31° C

where LB I included 10 percent escentinl fat
Comerting to density, and with reference to the fat free body, (2)
Decomes,
I'ts 6451 "rts=0%3
(3) =D - 5900, v
fat f b =1094

At this pont 1t may be well to emphasize that equations (2) and
(8) represented nt the time only = first approimation 1n the o v2vo
analysis of gross body composition It was the objective to study
svstematically the varmtion of such components as water, mineral
and protein 1n the LBV or fat free body, and 1n turn to relate these
entitres to metnbolism  Subsequently, the objective 1n part has been
realized 1n the ivestigations of DaCosta and Clayton (8), Kraybill
ctal (13}, Morales et al (15), Pace and Rathbun (19), and Rathbun
and Pace (20) which have clarified the relationship between specific
grauty on the one hand, and extracted fat and 2n vitro body water
analyses on the other hand in guinea pigs, rats and cattle (tables 1
and 2)

TABIE 1

PracknTacE TAT CanciiaTep FrRom BPECIFIC GRaviiy CoMpanen Wath ANaL
¥ses BY OTRER METHODS

Standard deviation
of difference

O ermanetal (15) | Percent fat from | Percent fat from +£326 r=0900
specific grav antipy ninespace
ity

hravbill etal (19) | Percent fat from | Percent separable +159 r=096
rpecific grav fat

ity
Rathbun and Pace | Percent fat from | Percent fat ether +187! r=0072
(°0) specific grav extract
1ty

* tandard error of predictlon of Deccent fat (gross w izht} from specific gravity

When Brodie (6, Soberman (22), and J Muriay Steele (23) and
their coworkers imestigated the feasibility of computing body fat
from total body (antipyrine) water determnations, it became possible
to comp e densimetry yalues with the mnjor component of the LB Y
Such studtes were extended 1 man by Osserman et al (18), and the
procedures applied in ummal husbandry (cattle} by Krayviall, Bitter,

and Hankins (77)  In what follows we shall outline the results of
these 1nvestigations
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Vorales and s conorhers (/3) dinided the body nto a five phase
syetem (fat muscle shin nerve, and bone) and from a summation of
values of these individual tissues of guinen pigs they obtamned a value
of 1099 as the denaity of the lean body mass  Tlus value was nearly
dentical with the value {1098) for the speaific gravity, approy
23°/23° C, of an aliquot sample of whole body guinea prg homogenate
(20) For man, a roundcd value of 1100 (or approimately the
specific gravity value obtaned on extremely lean ndividuals) was
ascribed to the LB and 0918 as the denaity of fit From these
values the formula of Rathbun and Pace for man may be written as,

- 1, = 918
R A A L B TS
p gr (31° C approx) VD e=1100

From densimetric determinations and chemieal analyses of the
carcasses of guinen migs (19, £0), classieal data was provided which
not onlv tended to support the concept of an myerse relhionship be
tween the fat fraction of the body mass and specific gravity
(r=—097), but al=o to elucidate the direct proportionality between
specific gravity, and total body watet  Thus, “a strught line fit was
made by the method of least squares to the experimmental values of fat
content versus the iy erse of specific gravity and the equation

' Dpe= 9018

(5) Percent fat= 10()(5 135r —4 694)

sp g "D f b=10939

represents the least squares hy perbola through the datv The correla
tion coeflicient was computed to be —0 972, and the standard error of y
onawas0 0187, or =1 87 percent fat content ’

Wath reference to the estimation of body fat from the percentage of
Water in gross weight, the Pace Rathbun equations are,

(6) Percent of fat—100— PEICEnt water

0732
and
(7) and Percent water= 100(4 424 — 4061
sp gl‘

Osserman et al (18) earried out specihe gravity and antipyrine
Space determinations on 81 men (18 to 46 years) Iat was caleulated
from equation (4) The correlation between body fat and body water
was —090, the percentage of fat varied from 0 to 38 4, the mean per
centage of water in the LB was 718=29 percent The S D of the
differences between percent F caleulated from specihie gravity, and

percent F from antipy rinespace, was 3 25 (table1)
—_—
Inserted by this author
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Kraybill, Bitter, and Hankins (13) obtamned excellent agreement
between the percentage of separable fat, antipyrine space determmn

tions, and m 30 cattle T have substituted their specific

sp gr
20°/20° C
gravity data i the following formula which represents but a shight
alteration of the Rathbun Pace formula (4),

Pp= 910
® %’:55263_ T84,
P gr =110

The S D of the difference between the percentige of separible fat
and the percentage calculited from specific gravity was 159, or
X=01%159, r=— 956 The correlation between the percentage of
water 1 gross body weight and specific gravity was 0982 The per
centige of water in the LBY was 726 The S D of the differences
between percentnge of water (determmed as ntipyrine space) and
percentage of water {from specific gravity) was 0 284, or X =000 254
(table 2)
Discussion

Accuracy of prediction of F or F + ¢, and LB or fat free body
For precise results the specific grawity technique regiuures the same
meticulous attention to detail mvolied 1n any quantitative procedure
The remarkable consistency of replicate analyses on the same indi
vidual even when determmations of the quantity of residual awr m
the lungs are not made at the time of the underwater weighing 15
obtained 1n part by the necessity for agreement between the measure
ments of vital capacity by water displicement and by spirometry
Laking care to standardize the physiological variables or specify the
parameters which affect homogeneity of composition of the ZBY, as
uge, composition of diet, flmd balance, ambient temperature, state of
traming, time of day, alimentary gas, and restdual air mn the lungs,
then 1m the same mdividual 1t 1s possible to obtam replicate analyses
within a range for all determinations of 0 004 specific gravity units,
or expressed 1s standard deviation, * 0007

In a given healthy adult male 1t 15 possible to judge the validity
and accuracy of body fat values computed from specific gravity by
the correspondence between v eights of the ZBA (W~F) over vurying
intervals of time, especrally when the gross werght 1s subject to luge
variation In one such individual followed over v period of 15 years
durmg which he was subjected to the mimpulations of various tech
nical personnel and during which gross weights varied as’_much :;s
15 kg, the values for lean body weight were recorded as 705, 73 ,
70%, and 703 hg When the helum gas dilution techmque (£ )
was used to measure body volume mnstead of water displacement 1n
this subject, 1t was possible to compute from yalues of body density

300



and body water (tritium space) substituted 1 Sirrs formula, that
the 7HW was 7131 g Applymg a functional test for the estimation
of TH¥ , 1t was found that from the subject™ basal met ibolism, the
IBW could be computed ns 698 kg (5)  Total body water deter

mmations on this subject, in one case using antipyrine 1n the other
(3 veurs later) using tritum, were 4906 and 499 hiters respectively
(table %)

Additronal comments on the distinction hetiween I (ether evtract)
and storage material (F+ <) qained o1 lost by the adwlt body as e result
of dictary alterations  Lauations (4}, (5), md (6) enable one to
caleulate escentinlly the percentage of pure fat i the body from specific
gravity 1alues  Inthe mitial experuments however 1t was found that
the density (specific gravity) of the tissue lost by an individual on
& gradwal weight reducing diet was about 093-094  Subsequently
(5), 1t was found that tissue guned ns a result of hyperalimentation,
has & density also of the sume order of magmtude, but somewhat
greater range (table 4), 1 e, of adipose tissue  Thus storage tissue
(the s component) as previously pointed out, appers to be essentially
of the same composition as the bone free (specific gravity 1060) TBY
The problem would be <olved 1f F+ & were simpls newly formed adipose
tissue (weight mun) or consumed adipose tissue (werght loss)  Agaun,
a great deal more data are required but the results of some 1epresent
ative experiments may be eited showing the constancy of hydration
of the fat free body 1rrespectine of the amount of fat mitially present
wthe body  We exclude, of course, hydration changes during rapid
fat gan or loss  For example, 1n norma! and obese mice the per
centage of water mn the fat free tissue mass was not sigmficantly dif
ferent (24) (table 5) In cattle which varied in fit content from
15 to 45 percent, the mverse correlation between fat (ether extract)
and water content was 099 (Z7) (tible 6) In the ivestigations of
Osserman ef of (18) the percentages of fat caleulated from antipyrine
space,

(71 8—percent body water)
718

Percent I'=100

and from spectfic gravity using the Rathbun Pace equation (4),1 e,
Dy, 0 918, Dypyy 1 100, were not sigmficantly different in the ringe of
speeific gravity 1100 to 1022, or 0 3 to 40 1 percent fat

In the experiments of Pace and Rathbun, thete wis u <omewhit
lugher percentage of water (7304) m the fit free tissue of ten fat
wUinen pigs (25 1 percent F) compared with 7009 percent water m
fat free tissue of ten lewn guner pigs (48 percent F) It 15 tenta

nno ss 2
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TABLE 6

Correvations Berween Fat (Erper ExTRaCT) WATER anp PR
OTEL
Dressep Carcass AND Oth 10th, 11th Ris Cur 1n CarrLs Yo

Hauokins and Howe (11) Fatbfrom edible portien 9 10 11th

120 cattle percent range 1l

fat 152t044 8 —wi1th water portion re==—0099
—with protetn portion r=—093
—with fat dressed carcass r=+003

——with water dressed carcass r=~-093

Percent fat
Percent
Number of subjects Group specific ¥ water
gravity rorg From LBM
specific
gravity AP space
20 1 085
4 {1 100-{ 085) 5 56 615 720
1
(1 081-1 057) 142 147 n7
20
(1 057-1 022) 25 15 24 42 78

Concluding Note

About 1943 the speaific gravity technique was emploved by Ancel
Keys 2t the suggestion of this writer, in the well known human re
stricted diet experiments It has been interesting to follow the sub
sequent experiments of Keys, Brozeh, and their coworkers (f%),
which for the most part have confirmed the results reported n these
notes They have mmproved somewhat the mmtial technigue, sinee m
replicate measurements, their standird error has been 1educed to
+00004 density umits  Frdanza et ! (9) have contributed some
data which suggest that the density of human fat at 37° C 15 09000
gr /ce and this 15 1n good agreement with the Handbook value and
the extrapolated value for Dy (9018) from the Rathbun Pace equ
tion (4) We venture to suggest that the fourth decimal place figure
15 perhaps not significant  Therr best estimating equation for body
fats,

Dyp= 9000
aF=(5427/D=5106), 7" """ 1 600

where the reference man contains 14 percent fat For total body f1t
their equation (proferred with some reluctance) 1s,

8728 )
AF = (4201/D—3 813, g‘!”: f; 1- estrapolation

substituting 10629 ns the “true dens Keys B
for D1n the formula, AF = 139
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Substituting the speaific gravity value of 1069> wlneh Keys and
Broseh record for their reference man, m the Rathbun Pace equation
(4}, weobtain avalue for AF= 143

To express the relationslip between 2 and the percentage of fit
i the bods, let us emplov the mitial formula (3) of Rathbun and
Pace which represented the least squares hyperbola through then
data on extracted fat versus speeific gravity m gmnea pigs We shall
~ubstitute D for specific gravity m their formula, then

_nn (8185—4694) Dy, = 9018
Percent fat=100 o Dt tree=10039
substituting 1 0629 for 1,
Percent fat=137

This s the equation of chotce  See table 7

TABLE 7
Equations ror trE Carcutatiov of Bopy Far

From specific gravity

From density
Rathbun Pace (20)

Tveys BroZek (1£)

3
y 0915
Pfat free 1100

5548 4201
F= — =
o 5044 F 7} 3813

Dr 8728

Dfat free 11095
3 body

Percent fat=143

ep gr D
10695!' 106291  Percent fat=139
Percent fat=220 1050 1045 Percent fat=197
rom den=ity From density
Rntgblxzx;‘; Pace? heys Brofeh
P==1—4 691 P=B42T_5 106
Dy 09018 D=0 9000
Dfat free 10939 Dreference=1 0629
F=137 D man
10629t (14 percent fat)
F=220 1045 F=87-(14)=227

y The Keya-Brotek refc ence man mean valus obtalned on 25 men

quation of hest fit for ether extracted fat and specific gravity in gulnes plgs  Density (D) has been
substitoted for specific gravity 22 /23 C in the original equation

Progress 15 expected to be made by extendmng the painstaking data
Presented 1n this report to mclude experimental values showng the
normal variation of the components of the lexn body mass or fat free
body, and to clarify the nature of F+2 Isit in fact adipose tissue or
1s the & materal w 1dely distributed throughout the body as “growth
substance? or storage “water and protemn * We grant as do most
vhysiologists that abnormal by diation, starsation, etc, wall alter the
homeostatic density of the 71 1/, and also that schizophrenic patients
do not make gzood subjects Ve are i agreement with Kevs and
Brozek on thee pomts
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II In Vo Estimation of Body Fat From Measurements
of Gaseous Desorption or Absorption

Smee 1t 15 possible to introduce aqueous diffusible substances into the
body which permit the measurement of total body water, so lihewise,
one may admimster substances with 4 lugh (o1l/water) partition coef
fictent  Since substances characterized by high hpid affinity are fre
quently towc, e g, CCL, or have other undesirable properties, e g,
dyes, one 1s lumted to the use of such substances mn their lowest con
centration compatible with maximal diffusibibity, 1 e, 1 gaseous form
The realization of this objective was evident recently in the remarkably
precise experiments embodying the use of cyclopropane by Lesser,
Blumberg, and Steele (74) i their mensurements of the fat content
of rats It may be of interest, by way of imntroduction, to review ex
periments conducted two decades ago m which the objective was to
estimate the fat (and water) content of the body {from measurements
of the dissolved mitrogen in the tissues of dogs and men (1)  Such
measurements can be very precise 1f care 1s taken to control errors
arising from cutaneous gas diffusion and from the mmtial nitrogen n
the lungs during the preparatory “lung rinsing” period but they are
tedious

Manner of absorptwon or elimenation by the body of an wnert gas
(table 1) Al of the molecular mtrogen appears to be dissolved m
“flmds” and fat 1n the ratio of about 1 to 5 or 6 except for a small
quantity dissolved 1n hemoglobin  This gaseous mtrogen can be re
moved from the tissues and measured 1f the body 1s placed 1n an oxvgen
atmosphere Dogs tnesthetized by the injection of a suitable drug
serve well for such experuments If the first 7 minutes of an expen
ment be utilized to rinse the lungs and apparatus free of mtrogen,
then during ~ subsequent period of 3 to 4 hours, the dog’s body becomes
mitrogen free  The fact that dog “G” was fat and dog “A” lean (table
1) 1s reflected 1n the mtrogen values per hg of body weight which
varied from about 11 (very lean dog) to 19 cc (fat dog) Com
parable values have been obtamed 1n man

Gaseous nitrogen wn relation to the flurd and fat content of the body
The folloning values were obtained on dog D by chemienl analysss,
body weight, 12 934 kg , fat (CCl, ext ), 1889 kg , dry solids, 3117
kg , and water (by difference), 7228 kg  If these weights wre multt
plied by the respective solubihity coefficients of mtrogen m body fat
and fluids, corrected for the ambient equilibration pressure of mtrogerfl
m the lungs (570 mm Hg ), then the mtrogen dissolved in the fat 0
dog “D" 1s 1 89X 52 or 98 cc , and 1n body flurds, 7 23X 9 or 65 cc The
total mtrogen 15 163 cc or 13 ce per kg of body wetght

The quantity of nitrogen recovered from dog #D” was 124 cc  The
difference between 163 and 124 cc represents the estimated quantity
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of mitrogen elumnated during the first seven mnutes or rinsing
period, and 1s 1n agreement with ynlues based upon extrapolation of
the experimental curve, 1 e, 305 percent of the body total Inprac
tice, 1m order to avoid the use of extrapolated values, the quantity of
nitrogen for the 7 minute period 1s taken as equal to the measured
quantity obtamed from the 7th to the 20th minnte (table 1)  From
the total mtrogen values 1n the table, the quantity of fat may be com
puted as follows

Let e equal weight of F, and b equal weight of fluids,

then 52 a—9 b=body mtrogen cc

If e=body weight (W)—fat free weight (LBW), and b= 172

LBW,
then457 LBW =52 W—N,,
and ZBW=1138 Wi;~0 0218 N, (1)

Measurements en man, mtrogen desorption technique (table 2) 1f
2 human subject 15 placed 1n an enlirged oxy gen recirculating system
simlar to that devised for the dog, the gaseous mitrogen can also be
1emoved from the tissues The following data (2) relate to meas
urements of nitrogen eliminated from the body of « deep sex diver
over 1 peried of 17 hours  The specific gravity of the body as a whole
was also determined on this subject

TABLE 2

ESsTIMATION OF Bopy FAT FROM THE DISSOLYED NITROGEN IV Bopy TISSUEs
{deep sea drver)

Total body nitrogen (exp) 1076 cc

Body weight. 70 kg

Lean body welght® _____ . __________ 562 kg

Fat. 138Lkg XB2=T177cc FatM:

Fluids (072 LBW) e 405Lg X 9=3645cc FluildN;
10822 cc

Percent fat (body wt ) from N =197 1060

Sp gr whole body. - 200

Percent fat from sp gr - =

1LBW =1 138 W—0 0218 total body N; cc

Computing body fat from a single gas requires an 1pproximation
of the percentage of body flmds i the LBM  If the partition co
efficient 1s lugh, e g, cyclopropane, there 1s only a small error 1n
volved However, by means of the differential solubility of two wmert
gases 1n body tissues and 2 hnowledge of therr solubihty coefficients,
tlnus source of variation can be elimmnated .

Measurement of total body fat by absorption of eyclopropane (table
3) Lesser, Blumberg, and Steele (1£) have developed with px‘efcxt
sion (for the rat) the most direct method of measuring body far
wn 1200 I terms of quantity uptike of 1 gas with ngh nfﬁnht) fh
hipids nd charicterized by relatively low toxicity Compared w1
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mtrogen (about 5 to 1), the o1l/water solubihity ratio of cyclopropane
1 more than 52 to 1 Althongh this ratio n the body 1= reduced to
about 26 to 1 due to the greater uptake of cielopropane m proten
solutions compated with water, 1t was found, nevertheless that about
90 percent of the nbsorbed cyclopropane was contaned m body fat

Wide varmtion in estimates of the aqueous <olvent fraction, ns pre

svioush pomted out, have but httle influence on the aceuracy of the
results  The gns absorption techmique awaits application in man
When 1t becomes nimlable, posaibly n connection with tracer sub

stances, ne shall hate an unequivocal standard for evalunting all en
uro techmiques mimed at the mensurement of body fat  This 1s
evident from the data 1n the table of Lesser of ol

TABLF 3

Coxrartson OF Boor Far Varizs v 11vine Rats as OsTaiven 81 Creio
PROTANF AR ORPTION AND BY FTHER FXTRaCTiON MeTHODS

Proportion of fat of body
By etherBody fat] poo weight (percent)
Rat number | Werght | €¥trne [bv eyelod "oy
tion {propane| ™ 1 Ether
gm gm & Ciclo- | Duffer

c‘ttl;anc propane| ential
1 247 437 43 6 01 177 177 00
2 ks 04} 763 59| 189} 204 15
3 43| 460 452 8 123 121 2
H 25] 443] 465 22| 150] 158 8
H 07| 496 491 5| 162| 160 2
g 245| 280 268 15| 114) 108 6
‘ 332 38.3 353 20 11 & 106 9
8 270] 250) 221 29 93 8.2 11
9 236| 268( 284 16/ 13| 120 7
1o 355| 288| 314 26 81 8.8 7
mean 303 401 40 4 +2 1 13 2 13 2 * 7
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M ¥ Morales {Naval Medical Research Institute)

There is probably no one here whose research 18 more distant from this
subject than 1s mine and ordinanly I would feel very silly indeed in address
ing you this way but en route to this meeting I read a review which I take to
represent current thinlung on this problem and this has resssured me that 2
few platitudes are not entirely out of order

I would like to go over some of this well trodden ground but with my own
symbolism merely because it 1¢ more familiar The fundamental ideas in this
work are Captain Behnkes as you all know my participation in this develop-
ment consisted in the mere translation of these Ideas into formal language and,
as analysis goes this was no trick at all but consisted essentially 1n writing down
the definition of density

Density D is mass/volume If one considers the human body to consist of &
Jean mass Af; and an adipose mass Me then the numerator of our ratlo Is
Uy + Ma If D1is the density of the lean mass then 1ts volume 18 A1/D1
if Ds is the density of adipose tissue then Ma/Ds 1S Its volume If the Jean
and adipose components do not intermix 1 e 1f thewr rolumes are additive
then the denommnator of our ratwo is (31/D1) + (Me/Da) Rearrangement of
this formula leads to the symmetrical expression

My__ (/Dy=Q/Dy).
(1) et Il (3/Da}— (/D)
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But it would be a pity indeed if preoccupation with accuracy distracted or de
tracted from what 1S unquestionably a good first approximation that is if one
lost sight of the forest for the Leys

BASS

Tor our purposes are we reallv interested in the right parameter that is
between lean fat mass and fat® Should we not attempt to dissect the body in
terms of our other components? For instance it alw ays seems to me the con
cept of the fat free mass which was expressed by Captain Behnke with the
himitations has been extrapolated by people who have been using the term freely
and treating 1t 1s a single physiolozic parameter which aets as 1 single parameter
Of course that is not so Obviously we have two major media intra and
extra cellular which our data indicates seems to be responsive to at least in
part § phy=wlogic hani in mndrriduals  On BMR and our 54
men it indieates our intra and extra cellular foods are not reciprocally related
but can be different in different individuals without one bemg affected by the
other and I think we should alnays be careful in thinking of the fat free mase
w thinking of 1t just as a means of skimming off from the total body werght so
we can get the fat and nothing else In other words physiologically it may not
be too meaningful

BEHNKE

It might be better to think of constancy as structure We mean really homeo-
static A tendency to come to eqmlibrinm bring up the body temperature at a
certain time of day in healthy individuals is 1bout the same magmtude and »0
is the composition of the body It 1s obvious that excess fat 1< the chief variable
affecting the homeostatic constancy One of thee compartments or the extra
cellular space was examined first then total body water We would like to
Lnow the mineral content and then protein content It may be possible 1n time
to have all of these gross entities and then add them up and find out what their
relationship 1s

There is one thing that surprises me I dont know how you can relate the
careful measurement you made on extracellular flmd with your studv—what is
Fyour standard of estimating what the fat free body is?

BASS
We use skinfolds and we don t think we demonstrated it wasn t a true balance

BEHNKE

There 18 something yery interesting about the extracellular fluid volume from
your work it appears it bears a rather constant relationship to gross weight
rather than lean weight but 1t is difficult for me to see how it would be a better
reference standard with reference to the fat free body than total body weight
because the percentage of the total body weight 1s largely mtracellular water
which varles much less than the extracellular water | bod

On general grounds 1t would seem that the total body wa
highergcorrelatwn with the fat free body than the extracellular finld \'ulumi1
which contains two things that vary a great deal—the water betwseen the cel
spaces and the blood yolume

ter would have &

BASS

We have parceled out the blood volume or the plasma volume in our s‘t]:d:st
but we did not find there was a better correlation with total body weig!
rather with fat free mass as determined by shinfolds
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