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INTRODUCTION

The problem of survival when only minimum food and
water are avallable aroused the interest of investigators
concerned with baslie, applied, and technologleal aspects
of the sclence of Nutrition during Vorld War II and the
immediate post-war period. A person isolated from soci-
ety by shipwreck, plane crash, or similar disaster must
be able to reduce the adverse physiological effects of
his environment to a minimum if he is to survive. While
abllity to protect himself from exposure to unfavorable
environmental conditione and to conquer fear so that he
approaches the situation intelligently are of primary
importance to the survivor, he also must have access to
a food supply that partlally, at least, will meet his
partlicular needs. The body can withstand water depriva-

tlon only for relatively short perlods of time; needs
for salt too may become critical and are determined to

a large extent upon water intake. On the other hand,



the physiologlcal need of the body for food is less
acute; a castaway rarely dies from starvation. The indi-
vidual accrues many psychologlcal benefits, however, from
the ingestion of food, and its provision becomes &an
important consideration.

A satisfactory survival ration 1ls one that 1s palat-
able, keeps well, and provides the nutrients most essen-
tial for the malntenance of physical stamina and the
prevention of deterloration of the body or its functions.
Calories and protein rank highest among the nutrients in
meeting nutritive needs peculliar to these particular
stress conditions. Protein, however, ls not completely
oxldized by the animal body and requires water for elimi-
nation of i1ts metabollc end-products, and its use hereto-
fore has not been recommended in survival rations.

Interest in the problem of the formulation of sur-
vival rations in the Home Economice Nutrition Laboratory
at the Iowa State College was stimulated first by studles
in which the nutritive value of egg proteins was investi-
gated. The incorporation of egg proteins into a protein-
free dlet reduced the quantity of nitrogen excreted in
the urine by adult male rats below that occurring when

the basal low-nitrogen ration was ingested (Marshall,



1943). Thie finding indicated, not only that ege pro-
teins were utilized effilclently, but also that their
presence in the diet, in amounts commensurate with the
maintenance of nitrogen equilibrium, did not lmpose
additionsl strain upon the organism in respect to the
eliminatlon of nitrogenous end-products. That egg pro-
teins or other equally blologlcally efficient protelns
may be used advantageously in survival rations was
suggested.

It has been believed that carbohydrate and fat have
speclal merit as components of survival ratlions. The
idea that they are partlicularly valuable in the conserva-~
tion of the hody water of the castaway 1s based on the
concept that carbohydrate and fat are completely oxlidized
and gilve rise to substantial amounts of water in metab-
olism, thereby reducing dehydration and, at the same
time, causing no increase in the amount of obligatory
urine.

In starvation, body tissue is broken down to pro-
vide energy. This destruction can be averted by the
ingestion of either carbohydrate or fat. These nutri-
ents decrease the catabollism characteristic of starva-

tion being oxidized in preference to body tissue and,



as a salutary secondary effect, minimize the quantity
of water needed for the excretion of protein end-
products.

The idea thet carbohydrete may possess a grester
protein-sparing actlon than fat has prevalled since the
time of Voit (1869). Vorkers in general have agreed
fhat carbohydrate can exert its sparing effect on elther
tiesue protein or dietary protein (Munro, 1951). For
thies reason the early survival rations consisted of pure
carbohydrate only. The use of carbohydrate instead of
fat was favored, also, because metabollism of fat in the
absence of adequate carbohydrate 1s assoclated with
ketosls and disruption of water balance.

Conelderation of theee ldeas suggested that omission
of fat from the basal diet used in the studlies at the
Iowa State College might influence protein metabolism
favorably. Experiments were initlated to study the
endogenous protein metaboliem when varying proportions
of caerbohydrate and fat served as sources of energy in
the dlet. The relative efficacies of carbohydrate and
fat in reducling body catabolism of adult rats were deter-
mined when & low-calorlie, nitrogen-free diet was fed that

was similar in many respects to the survival ration.



In these experiments, protein-free dlets containing
elther carbohydrate and fat (20 per cent) or carbohydrate
only were fed to adult male rate in graded quantities
supplying 100, 75, 50, or 25 per cent of the dally energy
requirement. Wwhen rations were consumed in isocaloric
guantitles, response to the feeding of the fat-free and
fat-containing dlete was the same when the ration pro-
vided 50 per cent or more of the needed calories. How-
ever, when calorlc reductions exceeded 50 per cent, a
more rapid cetabolism of body protein occurred in the
rats receiving the fat-free dlets than in the animals
recelving fat (Stevenson et al., 1946). Results, there-
fore, were exactly the reverse of those that had been
expected on the basls of the classlc experiments.

Hoover (1950) repeated the same experiment under
more precise conditions. Wishing to rule out the influ-
ence of faulty appetlite and at the seme time to adminis-~
ter the fat-contalning and fat-free diets in strictly
isocaloric quantities, she adopted a force-feeding
technique. Again the feeding of a low-fat diet in re-
stricted quantities cc¢coesioned a larger increase 1n
nitrogen in the urine than did analogous reduction of

the high-fat dilet. Increments in urlnary nitrogen in



response to caloric reduction were even greater when the
dlets were force-fed than when animals ate of theilr own
accord from a food cup. Hoover found that the augmented
excretions of total nitrogen induced by caloric reduction
reflected 1ncreases in urea and ammonia fractlons of the
urine. As was true for total nitrogen, the feeding of
the low-fat ration caused greater increases in urea and
ammonla then did the high-~fat diet. The increment 1in
emmonia nitrogen was varticularly evident indiceting that
alterations had occurred in the pathway of nitrogen
metabolism.

The results of these experiments ralsed the question
that if fat 18 needed, how much 1is needed. Is there a
critical level of dietary fat below which nitrogen
catabolism is increessed? In the next experiment (¥Willmen
et al., 1947), ratione in which either 20, 15, 10, 5, or
zero per cent fat were incorporated into the dlet, were
fed at the four levels of caloric intake used in the
Stevenson et al. study. Body catabolism proceeded at
the same rate at each level of caloric intake when the
rations provided 20 to 15 per cent of fat. When the fat
content was reduced to 10 per cent, however, destruction

of body tissue was greatly accelerated when the diet



provided only one-fourth of the needed energy. The
plcture when dlets containing 5 per cent of fat were fed
was essentlally the same at all levels of caloric intake
a8 when the fat-low rations were adminlstered.

These experiments have ylelded imvortant basic
knowledge regardinz the course of protein metabolism in
experimental situatione uncomplicated by the addition
of food protein. However, many questione still remain
unanswered. For examnle,

Are all fats equally effective in reducing
the nltrogen catebollsm caused by the feeding of
protein-free, low-energy dlets?

Does body fat have an influence on the nitro-
gen metabollsm of rats sublected to these dietary
condlitions?

What property or component of the fat mole-
cule 18 responsible for its tilessue-sparing effect
under the specific experimental condltions imposed?

Are the characterlstic effects of the inclusion
of dletary fat in rations of varying caloric value
transient phenomena?

How does the incluslon of fat in a protein-

free diet influence time of survlival when the



energy value of the ration veries?

The first problem arose because results to date
have been obtalned from experiments in which a mixture
of equal varts butterfat and lard have been used. It
seemed desirable to determine whether the favorsble in-
fluence was peculliar to this perticular combination of
fats or whether other sources of fat, elther singly or
in combinatlion, were equally effectiﬁe in conserving
body tissue.

It seemed possible that stores of body fat might
function like dietary fat in reducing the rate of tilssue
catebolism characteristic of underfeeding. It was ob~
served upon necropsy that the quantity of depot fat
varied aporeciably in rats subjected to caloric restric-
tion. Large body stores of fat were assoclated with a
low incidence of lung infection, small losses in body
welght, and, when calorlc restriction wae imposed, with
low excretions of nitrogen in the urine. On the basis
of these observetions 1t geemed desirable to study the
influence of dietary fat and carbohydrate on nrotein
metabolism in animals reduced to approximately the same
degree of fatness before the initiation of the experi-

ment.



One of the fundemental aspects of this problem was
to learn why fat favorably influenced the nitrogen metab-
oliem in a protein-starved rst fed a diet providing an
inadequate number of calories. It seemed worthwhile to
ascertzin If the protective effect of fat was related
to 1ts essential fatty acld composition or to its degree
of saturation.

The beneficial effect of fat in protein-free dlets
ls observed immedisztely when caloric restriction is
imposed. None 1s evident when the diets are of full
caloric value. Whether or not the same phenomena occur
when the experiments are contlnued for the remainder of
the life span seemed worthy of investigation.

The respective merits of carbohydrate and fat have
not been defined in respect to ability to,prolong life
in protein-depleted animals receiving rations sufficlent
and insufficlent in energy value. Determination of the
rete of catabollsm in relationship to the survival time

represgented another aspect of this interesting problem.
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REVIEW OF LITERATURE

Fat has elways occupled a prominent place in human
dletaries. It provides a concentrated source of energy,
hes a hich satlety value, and imparts s sreciflic appe-
tizing quality to food. Nevertheless, desplite its wilde
accentance, 1t cenerally has been regarded as an op-
tional dietary component replaceable, at least 1in
dletaries of average caloric velue, by other esources of
energy. Resesrch in the last 25 yeare, however, has
shown that fat has functions in the diet over and beyond
the provielon of energy.

For instance, 1t was recognized early, that many
natural fats serve as carriers for the fat-soluble vita-
ming and that they enhance the absorption of these
vitamins from the gastrointestinal tract. Intereest in
fat as =z dletary component was stimul: ted further by
the discovery by Burr and Burr that certaln unssturated
fatty aclds are essential for the normal growth and
development of the young rat (1929). Symntoms suggestive
of fat deficiency have bezn observed in infents (Hansen,
1937). Recently, Hansen and Wiese (1954) have presented

evidence indicating that human belngs may require the
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essential fatty aclds for optimal well being during
periods of growth., They showed that the concentratlons
of dienoic and tetraenoic fatty aclds in blood serum
were higher in well-nourished than 1n malnourlshed
children.

That other beneficlal effects accrue from the in-
gestion of substantial amounts of fat as part of the
dally dletary has been suggested by recent research,
Thus, experiments with anlimals have shown that rats re-
ceivlﬁg high-fat diets grow at a faster rate, exhiblt
better reproductive performance, show increased work
capaclty, and survive longer following a period of
fasting than do anlimals subjected to a low-fat feeding
regimen. The non-caloric functions of fat have been
summarized admirebly by Deuel (1950).

It has been recognized for many years that fat as
an energy-producing component of the diet may profoundly
affect the course of protein metabolism in the body.
Recently there has been a revival of interest regarding
the relative effectiveness of fat and carbohydrate as
sparers of dletary and tissue protein. The review that
follows is devoted to the general toplc of the influence

of non-protein calorles on protein metabolism. Since
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only adult animals have been studisd in the present
invesgtigation, the literature review, for the most part,
will be confined to recorded observations on adult

animals.

RELATIONSHIP OF ENERGY INTAKE TO PROTEIN METABOLISM

Early Investigations

The concept that either carbohydrate or fat may
exert a conserving effect on protein metabollsm is one
of long standing acceptance. Larly investigators
demonstrated that proteln was metabolized less economi-
cally as a sole dietary constlituent than it wes in the
presence of carbohydrate or fat.

In 1881, Carl Voit found that nitrogen equilibrium
could not be establighed in a dog by feeding a quantity
of meat provlding the emount of protein catabollzed
during a perlod of starvation. Equilibrium was attalned
only when the meat furnished flve times the gquantity of
nitrogen excreted during the fast. Voit and Korkunoff,
puplls of Carl Volt, performed a similar experiment and

found that in the dog they studied three and one-half
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times the amount of protein metabolized in starvation
wae required for equilibrium (1895).

Lusk has recorded (1928), that C. Volt also observed
that less protein was burned in starvaetlon when the body
wae fat than when 1t was lean. As a result Voilt postu-~
lated thet if protein snd fat were insested together,
the amount of proteln required for equilibrium would be
reduced. Voit and Korkunoff (1895), testing the hy-
nothesis of the master, found that when fat and meat
were lingested slmultaneously, the quentity of meat nec-
esgary to accomplish nitrogzen equilibrium was reduced
to between 1.5 and 2 timeg the starvation minimum.

It alcso hae been shown thet when the diet provides
carbohydrate, 1t is possible to estebligh nitrogen
equillibrium with less proteln than when the dlet con-
tailns either protein alone or a mixture of protein and
fat. Siven (1900) demonstrated for the first time that
nltrogen equilibrium may be maintained at even a lower
level of protein intske than 1s represented by the
nitrogsn excretion durlng starvatlon when carbohydreate
1s present in the diet. He stepwise reduced the protein
intake of a healthy men welghing 60 kilograms and con-

suming a mixed diet containing 16 grams of nitrogen
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: dally. The ration was rich in carbohydrate and provided
2444 Calories daily. Siven found that equilibrium could
be established with only 6.26 grams of nitrogen per day.
Human subjJects charascteristically eliminate 10 grams of

nitrogen daily during eesrly daye of starvatilon.

Nitrogen Balance And Total Energy Value Of The Diet

The obeservation that either dietary carbohydrate
or fat may influence the protein requirement suggests
that the total energy intake may determine the level &t
which protein metabolism proceeds. Investigations with
human subjects and experimental animals have illustrated
beautifully the dynamic relationship which exlsts between
protein metabollism end energy intake. Only those studles
in which nitrogen excretion has been measured in response
to progressive increments in the energy value of the diet
will be reported in the following section. Both protein-
contalning and protein-free dlets have been used in these

investigations.
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When Diets Contain Protein

One of the firet experiments in which the quantity
of nltrogen apnearing in the excreta was measured in re-
sponge to progressive increments in the energy content
of the diet was conducted by Rubner on a man in 1903.
Keeping the vrrotelin and carbohydrate content of the dlet
constant, Rubner added fat in increasing quantities and
found that each dletary modification was reflected by a
lowered output of nitrogen. Similarly, Neumann (1919)
studied the elimination of nitrogen by a human subject
wvhen carbohydrate was added in lncreasing quantities to
a diet of constant and adequate protein value. The basal
dlet provided celories linadequate for the attainment of
nitrogen equilibrium, but the nitrogen balance improved
progressively as the energy value of the food wes in-
creassed by the addition of carbohydrate. Considercble
nitrogen retention occurred at the higher lntakes of
carbohydrate. In both of these experiments an approxi-
mately linear relationship existed between nitrogen
balance and energy intake.

Recently Munro and Naismith (1953) confirmed the

results of theese investigations. Using adult male rats
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they studied nltrogen balance as they varied the energy
intaske by altering elther the carbohydrate or the fat
content of a dlet that was adequate in protein. Each
increment in energy content, regardless of whether car-
bohydrate or fet was altered, was accompanied by a cor-
responding decreaege in nitrogen exeretion. Agsin, the
relationship between nitrogen balance and energy content
of the diet was linear. That the relationship was con-
tinuous from points of negative balance through equilib-
rium to points of positive balance led these authors to
postulate that a dynamic relationship exists between
these two factorse. These results indicate that, pro-
viding the proteln intake 1s adequate, the energy con-
tent of the diet determines the quantity of nitrogen
that 1s retained.

Results of investigations pertaining to the
utilization of protein by a group of 68 women living on
thelr regular self-selected dlets bear out this state-
ment (Swanson, 1952). The diets of these women pro-
vided 10 grems or more of nitrogen daily. The energy
values, however, varied from 1200 to 2400 Calories.
When nitrogen retentions were grouped according to the

caloric values of the diets, they became vrrogressively



17

less negative with each increment of 400 Calories. The
experiments of Rose (1949) with human subjects ingesting
amino acld mixtures or ascld-hydrolyzed proteins further
1ilustrate the dependence of nitrogen balance upon the
energy velue of the dlet. When nitrogen was provided by
amino acids or protein hydrolyzates, more energy was re-
quired to establlsh equilibrium than when an intact

proteln was fed.

When Diets Contain No Protein

Experiments With Rats. When proteln-free diets are

administered to adult rats, nitrogen balance no longer
serves as & sensltlive indicator of the energy content
of the diet. Only marked reductions in caloric value
of the diet occaslion increments in nitrogen output. In
this connection, Mitchell reported in 1924 that the
amount of a nitrogen-free diet consumed by adult rats
bore no direct relationship to the excretion of urinary
nitrogen except when 1ts energy value was decressed
below the maintenance requlrement. Addition of energy-
providing nutrients to these submaintenance diets was

reflected by improved nitrogen balances. Trelchler
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and Mitchell (1941) also reported that altering the
caloric consumption of adult rats in a range close to
the maintenance requirement, i.e., from 37.5 to 45.3
Calories per day produced very little change,in the
guantity of nitfogen excreted In the urine. 'Yillman
and associates (1947) in the laboratory of the writer
observed that excretion of nitrogen was falrly constant
in rats receiving low-nitrogen dlets, as long as at
least one-half the quantity of energy food ordinarily
chosen by the rat was provlided. Further decreases in
food intake, however, were assoclated with increases

in the negativity of the nitrogen balances.

Experiments With Dogs. Regults obtzined from ex-

periments on doss indlcate that a close relationship
exlsts between energy intake and nitrocen balance over

a wide range of caloric coneumption. In 1907, Murlin
studled the nitrogen metabolicm of dogs fed increasing
doges of carbohydrate after a period of starvation. He
found thet each increment in energy intake was accom-
panied by & decrease in nitrozen excretion and that this
inverse relationship held even after the intake exceeded
the energy requirement. Allison and Anderson (1945)

added carbohydrate to a protein-free dilet fed_to dogs
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and found that as the energy value of the ration was
increased from 80 to 100 Calories per kilogsrem of hody
welght, a corresponding reduction in nitrogen catabollem
occurred. Thus, dogs and rats seem to respond different-

ly to supermaintenance levels of energy intake.

Experiments With Human Subjects. 1In human subjects

nitrogen balance apparently depends upon energy intake
to a greater extent than is the case in the rat. Thus,
Johnson et al. (1947) in Deuel's laboratory demonstrated
that nitrogen balance improved as the caloric intake of
human subjects consuming & nitrogen-low diet was Iincresased
from 600 to 1200 Calories. One person in this study had
gserved as a subject in a slmilaer experiment conducted in
1928 in which the dlet »rovided 2000 Calories (Deuel et
al.). Comparison of the respective quantities of nitro-
gen excreted in the two 1nvest1gations clearly shows

the protective influence of energy-produclng nutrients

on protein metabolism, i.e., 2.74 grams dailly when the

dilet provided 600 Calories vs. 1.74 grams when 2000

Calorles were furnished.
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Baslic Energy Value Of Diets And Nitrogen Balance

It has been shown that successive increments in the
energy value of the dlet nrogressively decrease catabolism
when protein-free diets are fed and improve retention
under condltions of proteln feeding. The phenomenon also
has been demonetrated under various other experimental
conditions. In the followinc section attention has been
given to the influence of speclfic alterations in the
energy-producing componsnts of the diet on nitrogen

retention.

When Submaintenance Diets Are Fed

Reporte in the early literature indicated that when
elther carbohydrate or fat was added to the diet of dogs
receliving insufficient meat to maintain niltrogen equilib-
rium, nltrogen retention improved (Voit, 1869; Bischoff
and Voit, 1860). Munro (1951) in an excellent review
article criticizes these reports on the basls thst the
experiments did not provide for physlological adjustment
to the various exverimental regimes, Allison, Anderson,

and Seeley (1946) have reported an experiment in which
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dogs were fed a dlet nroviding only 25 per cent of their
normal energy intake. When the energy value of the diet
was doubled by the additlion of either carbohydrate or

fat to the diet, improved nitrogen balances resulted in

esch instzhce.

When Malntenance Dlets Are Fed

Effect Of Decreasing The Energy Value Of The Diet.

One way of measuring the effect of the caloric value of
the diet upon the utilization of nitrogen has been to
remove carbohydrate or fat from an adequate dlet. Lusk
(1890), at the suggestion of Voit, tested the hypothesis
that the sudden withdrawal of carbohydrate from the food
would increase protein metabollism. Lusk first establisghed
himeelf in nitrogen equilibrium. When he then removed
350 grems of carbohydrate from this maintenance diet,
protein metaebolism lncreased.

Boessghardt and his co-workers (1948) demonstrated
the phenomenon in mice, the removal of either fat or
carbohydrate from an adequate diet fed to mice lncreceing
the catabolism of nitrogen to approximately the same

extent.
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Effect Of Incressing The Energy Value Of The Diet.

A type of experiment used by many investigators interested
in the topic of energy-nitrogen relationshlps has been
the measurement of the effect of adding extra calories
eilther as carbohydrate, as fat, or as a mixture of the
two, to diets capable of supporting nitrogen equilibrium.
Cuthberteon, McGirr, and Munro, in 1937, determined
the effect of adding extra calorles in the form of either
sucrose or glucose to the already adequate diets thet
were beilng consumed by two of the authors (Cuthbertson
and Munro). The addition of both carbohydrates sub-
stantially lowered the quantity of nitrogen excreted in
the urine., In a continuation of their studiee, Cuth-
bertson and Munro (1937) also demonstrated that the
degree of nitrogen retention was related to the amount
of excess energy that was superimposed upon the exist-
ing adequate dietary. The quantity of urinary nitrogen
excreted dally when 780 additional Calorles were pro-
vided from a glucose supplement was 2.18 grams less
than that excreted on the unsupplemented diet furnieh-
ing.2890 Calories. Vhen the supplementary glucose

wae doubled nitrogen excretlion was reduced further,
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falling to a level 3.72 grame lower than that observed
on the original adequate dlet.

That carbohydrate and fat exert the ssme sparing
phenomenon on the nitrogen metabolism of dogs has been
demonstrated by Larson and Chaikoff in 1937. These
authors showed that either glucose or sucrose when added
to a dlet already adequate in food energy value depressed
excretion of nitrogen.

The relative effectiveness of carbohydrate and fat
added singly to a dlet of adequuate energy content has
been studied in rats. In 1939 Forbes, Bratzler, Thacker,
end Marcy described an experiment in which the dynamice
effects of energy-providing nutrients were determined in
young and in mature rats. In additlion to measurements
of energy exchange, the utilization of nitrogen was deter-
mined in response to feeding the basal ration and subse~
quently to feeding the same ration supplemented with
either dextrin or lard. In each case, nltrogen retention
was improved. In one instance lard spared protein tb a
gre:ter extent than did dextrin in adult rats. Thils.
observation was not confirmed upon repetition of the

experiment.
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Influence Of Body Reserves Of Carbohydrate And Fat

On Nitrogen Excretion During Starvation

The carbohydrate and fat stores of the body repre-
gent a potential source of physliologlcal energy, the
effect of which can be ascertained by studying nitrogen
metabolism during starvation. Early studies (Prauenitz,
1892; Morgulis, 1923) indicated that during a fast the
quantity of protein catabolized during the first few
days was lese than that in subsequent periods. Bene-
dict (1907) in hie classical experiments on human
fasting attributes this pattern of nitrogen excretion
to the sparing effect of reserves of glycogen present
in the body during the first few days of a fast. When
the glycogen stores are exhausted nitrogen excretion
increases.

It 18 generally believed that in starvation the
excretlion of nitrogen remains falirly constant as long
es8 the body contains appreciable stores of fat. How-
ever, when such reserves are depleted, the quantity of
nitrogen excreted in the urine tends to inorease, This

inerement in output of protein end-producte during the
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late stages of prolonged fastine often 1s referred to
as the "premortal rise" in nitrocen excretion.

The administretion of fat or carbohydrate to a
starving animal with diminished fat stores has been
studied by Chambers et al., (1939). A marked reduction
in nitrogen output occurred when food energy was adminis-
tered showing that the use of body protein as & source

of energy was averted.

DIFFERENCES IN THE PROTEIN-SPARING PROPERTIES OF
CARBOHYDRATE AND FAT

In the previous section of the present review,
evidence has been presented that indicsates that diets
of high energy value not only promote retention of
nitrogen when protein-containing rations are ingested
but also exert protective action against the catabolism
of body tissue that occurs when protein-free diets are
consumed.

However, the writer believes that psrt of the
intersction between protein and the energy-yilelding
nutrients may not be inherent in the energy-producing

properties of carbohydrate or fat. Results obtalned
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from two typees of experiments support this hypothesis,

They are:

Flret:

Cecond:

Carbohydreste or fat sdded to dlets of in-
sufficient energy value decreases nitrogen
output. Thle observsetion mwsy be inter-
preted to meen that rrotein from the diet
or from the body stores 1s utilized for
enerzy whan the fuel vslue of the dlet 1s
ingufficlent. Thie interrretation is
invelidated, however, by the observation
thet when carbohydrste or fat 1s added to
a calorically eufficlent diet, nitrogen
retention ie imnroved. The protein-pro-
tecting nower of carbohydrate and fat,
therefore, must involve something more
then additional calories.

If carbohydrate and fat affect protein
metaboliem simnly by serving as sources
of energy, then 1isocsloric equlvalents of
the two nutrients should affect niltrogen
output in the same manner, However, euch
i# not alwaye the case, and dats will be

pres~nted thet show carbohydrste end fat
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vary in their protein-sparing effecte

under specific experimentel conditions.

Evidence From Feeding Diets Lacking In Carbohydrate

There are few investigations recorded in the 1it-
erature that report the effect on the human subject of
the consumption of diets of adequate energy and rrotein
content but deficient in cerbohydrate. In one of the
most notable studliee of this type (McClellan and DuBois,
1930 and McClellan et al., 1930), two normal men volun-
teered to live on an excluslve meat diet for a verlod
of one year. Both fat and lean portions of the meat
were eaten, between 75 and 85 ver cent of the total
calories belng derived from fat. One subject was able
to maintaln nitrogen equilibrium for the majority of
time that he subsisted on the meat and fat dlet., The
other subject showed definite negative nitropgen balances
in three experimental periods. It was belleved that
the negative balances could be explained by gastro-
intestinal disturbances which were experienced by

this subject while ingesting the diet.
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Evidence From Isgocaloric Replacement Studies

Two types of experimental proceduree have been
used to demonstrate the effect on nltrocsen excretion
of subgtituting fat for & calorically équivalent guan-
tity of carbohydrate 1n dlets of adequate energy value.
In the first, the subject or experimental animal is
provided with s diet supplying normal quantities of
carbohydrate, fat, and orotein. %hen a satisfactory
adJustment to thle dlet has been made, carbohydrate 1is
removed eand replaced by an isocaloric quantity of fat.
The amount of nitrogen excreted in the urine in the
two experimental periode 1e determined. In the second
type of experiment individuals do not serve as thelr
own controls. Nitrogen excretion of individuals or of
groups ls measured following the feedlng of diets of
constant energy and vrotein value but varying in theilr

percentace composition of cerbohydrate and/or fat.

Complete Replacement Of Carbohydrate With Fat

In 1894, Kayser reported a balance study in which

he served as hls own sublect. He egtablished nitrogen
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equilibrium while consumlng a dlet providing 2600
Calories and 21 grame of nitrogen. Vhen the carbohy-
drate of this diet was renlaced by an isocaloric guan-
tity of fst, nitrozen balances became increasingly
negetive. When carbohydrate was returned to the diet,
the protein lose stopped lmmedlately, and poesltive

balance ensued.

Partisl Replacement Of Carbohydrate With Fat In Diets

Adequate In Enerey And Proteln

The substlitution of fat for part of the dletary
carbohydrate hae been a favored approach in experiments
with human beings as well as with enimals. 1In 1902
Tallqvist, exnerimenting on himself while working in
Rubner's laboratory, studled the effects of partial
renlacement of carbohydrate in an adequate dietary by
an equal number of calories from fat. The diet orovided
around 2900 Calories dally or 36 Calorlies per kilogram
of body welght, an amount estimated by Rubner as ade-
quate for meeting the energy requirements of the body.
Nitrogen balance was determined over a period of eight

days, divided into two periods. During the first
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four-day period, the dilet was rich in carbohydrate
while in the succeeding four days it was rich in fat.
The replzcement of about one-half of the quantity

of carbohydrate with fat--an esmount renresenting about
one~third of the total fuel value of the diet--shifted
the subject from nitrogen equilibrium into negative
balande.. However, the negative balance persisted only
two days. The ﬁrompt return to nitrogen equilibrium
indicated that partlal replacement of carbohydrate with
fat may have no influence, or at best only a transitory
one, upon the amount of protein metabollized. The ehort
experimental periods and the fallure to provide for
ad justment nrecludes deductions of too definite a
nature.

| Atwater and Benedict studied the protein-sparing
properties of fat and carbohydrate incorroratzd into a
dlet of high protein value in an athletic young man
who performed a considerable amount of work (19C3).
Tpe experiment lasted for 15 days, divided into four
experimental perlode, during which dilets rich in car-
bohydrate were alternated with diets rich in fat. Both
diets provided arcund 4500 Calories and the change from

one diet to the other involved about 2000 Calorices.
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Negative nitrogen balance.followed the feeding of both
diets with a difference in favor of carbobydrate.
Experlments also have been conducted in which
doge have been used as experimental esublects. In gen-
eral with this svecles, results have shown that when
dletary fat replaces all or part of the carbohydrate,
an lncrease in nitrogen excretion accompanies the in-
crease in fat inteke, In 1916, Unmeds studled the re-
tention of nitrogen when 30 grams of caseinogen were
superimnosed uvon three typee of experimentel diets,
i.e., one rich in carbohydrate and poor in fat, another
intermedlate in carbohydrate and fet content, and a
third rich in fat and poor in carbohydrate. Before
the addition of extra caseinogen the diets all contailned
7.2 grams of nitrocen provided by varying prorortions
of oatflour, dried milk, and caselnogen. The experi-
ments were conducted on a single dog. Significantly
better retention of nitrogen from caseinogen was ob-
served on the carbohydrate-rich than on the fat-rich
diet, 35 per cent of the added nitrogen being retained
from the former as contrasted to 8.5 per cent from the
latter. When the dlet was intermediate in carbohydrate
and fat content, 28.6 per cent of the added nitrogen

wag retained.
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Changes in nitrogen excretion induced by varying
the energy components of the diet have been studied in
the rat. Lathe and Peters in 1949 maintained rats on a
25 per cent fat dlet for five days. Nitrogen excretion
was measured during this period and in a subsequent
five-day period in which seven animals were traensferred
to a non-fat diet while eight continued to receilve the
fat-containing dlet. Animals traneferred to the non-
fat dlet excreted sliphtly less nitrogen than did those
recelving fat, but the dlfference apnesrs too small to
be significant.

In the studles noted ebove, metabollc measurements
were made immediately following the substitution of car-
bohydrate with fat., However, the work of others has
shown that i1f a conslderable period elapses between
the time that an alteration in the energy comnonents
of the diet 1s made and the time thet nitrogen balance
ls determined, there is no particular benefit in favor
of carbohydrate. Indeed, with time allowed for adjust-
ment, improved retention and utillzatlon of nitrogen
gometimes is assoclated with the feeding of dlets in
which fat replaces carbohydrate as the major energy

component. For examnle, Samuels, Gilmore, and
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Reinecke in 1948 administered high-fat and high-carbo-
hydrate diets of equal caloric value to mature male
rats for four weeks. Both dlets were adequate in pro-
tein. The quantity of nitrogen excreted was measured
during the last five days of the feeding period and in
subsecuent intervals of total fasting. Vhile ingesting
the two types of diets, rats conditioned to the fat-
conteining diet excreted less urinary nitrogen than

did animals receiving the high-carbohydrate diet (317
mg. vs. 338 mg. per dey). During the subsequent period
of total fasting the same animels contilnued to excrete
less urinary nitrogen than dld animals previously fed

a carbohydrate-rich diet (110 mg. ws. 177 mg. per day
during the first four days of the fast).

Swift and Black (1949) summarized the results of
an extensive series of studles conducted in their
laboratory with adult male rats fed diets adequate in
proteln and varying in fat content from 2 to 30 per
cent, Heat production and nitrogen retention were
determined in the animals after sufflclent time had been
allowed for adjustment to the different test rations.
Some of the experiments indicated that the presence of

a substantial amount of fat in the dlet favored nitrogen



34

retention. Cereful examination of the resulte from
many experiments, however, led the asuthors to conclude
that the fat content of the dlet was without positive
influence on the utilizestion of nitrogen.

Thus, in general, 1t seemsg that 1f the rat is con-
ditioned to fat-feeding, the effect of dletary fat upon
the couree of niltrogen catabolism is not unfavorable.
Adverse nltrogen balances that have been noted in
several species following the substitution of fat for
csrbohydrate in the diet may represent a temnorary ad-
Justment that is evident only in the firet few days

following the dietary modification.

Partial Replacement Of Carbohydrate With Fat In Diets

Inadequate In Protein And/Or Energy

The effect of feeding fat or carbohydrate as the
ma jor source of calorles in submaintenance diets for
hogs was reported by Keetcn 2nd associates in 1931.
These investigators found that the average nitrogen
balances accrued in experimental periods of 28 to 41

days duration were not any different in two hogs
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receiving high-~fat diete than they were in two hogse
receiving high-carbohydrate dlets.

Scheer, Codie, and Deuel (1947) imnosed severe
caloric restriction on young adult rats. The dlets
were of equal caloric and orotein value but varied in
their content of fat. These workerg observed slower
declines in body welght, fewer deaths, and more ranid
gains during recovery from underfeeding in animals re-
celving libersl amounts of fat than in those recelving
fat-free dlets. Schwimmer and McCGavack (1948) have
reported results of a study with human beings receliving
isocaloric submaintenance diets. They observed that
subjects receiving moet of their calories from carbohy-
drate excreted more nitrogen than subjects receiving
a high proportion of caloriles from fat. The subjects
recelving a 30 per cent fat dlet in quantities pro-
viding 900 Calories and 6 grazms of nitrogen per day
maintained positlive nitrogen balance.

In 1944, Anderson determined nitrogen balances in
obese patients receiving dilets in which either fat or
carbohydrate contrlbuted most of the csalories and in
which the vrotein intake was insdequate. Nitrogen out-

put was greater in response to the feeding of the
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hlgh-fat diet than to the carbohydrate dlet. His re-
sults were directly opnosite to those of Schwimmer and
McCGavack, However, in Anderson's experiment, nitrogen
belances were determined in the immediate interval
following the initiestion of the experimental diets and
hence the recsulte may reflect a transitory sdjustment
effect rether than a permanent response.

In another estudy (Zeller, 1914), the effect of sub-
stituting fat for pesrt of the carbohydrate was studled
when only 3 grams of protein per day were provided in
the diets of human subjects. A slicht progressive in-
crease in the excretion of nitrozen occurred as the
percentage of calorles contributed by carbohydrate was
decreased from 100 to 50 per cent and the percentage
contributed by fat increased correspondingly from 0 to
50 per cent. However, with reduction of carbohydrate
to the point where 1t nrovided only 25 per cent of the
total non-protein calories, the trend was reversed, a
drop in the guantity of nitrocen excreted in the urine

being observed.
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Evidence From Feeding Protein-Free Dlets

Protein-free diets also have been employed in stud-
ies which have attempted to determine whether or not
carbohydrate and fat differ in protein-sparing nroper-
ties., In these experiments it has been assumed that
the urilnary nitrogen is of endocenous origin and repre-
sents the wear and tear quota plus the quantity of
protein catabolized to secure nitrogenous metabolites
essentlal for the maintenance of 1ife. This approach
in studlies using a protein-depleted rat as the test
animal has been used in the laboratory with which the
author 1s asroclated. Reference has already been made
to these studies, and further reference of a detalled
nature will be forthcoming in a subsequent sectlon
(Stevenson et al., 1946; Willmen, et al,, 1947; Swanson
et al., 1947; Hoover snd Swanson, 1950; Swancon, 1951;
Edwerds and Swanson, 1952). Data in all of these re-
ports show that the inclusion of fat in a protein-free
ratlion retards the rate of catszbolism when the nitrogen-
low diet is of low caloric value (14 Calories per day).
This property of fat 1s not apparent when the rations

meet the energy needs of the proteln-depleted rat.
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Munro and Naismith (1953) have presented data
showlng that dietary fat in a protelin-free ration is
assoclated with a lesser excretion of nitrogen in the
urine than 1s the case when carbohydrate 1s the mailn
source of energy. It is iInteresting that these authors
feliled to recognlze these observatlons.

A few exveriments have been recorded in which the
nitrogen excretion of a human subject ingesting a car-
bohydrate-rich dlet has been compared wlth his nltrogen
output while ingesting a fat-rich dlet. These studies
ere of interesgt desplte the fact that inadequate and
unbalanced dlets were used. For examnle, Landergren
(1903) recorded an experiment in which a human subject
ingested low-nitrogen dlets of full caloric value in
which either carbohydrate or fat provided most of the
calories. Thie subjJect excreted 12 grams of urlnary
nitrogen on the day before exnerimental feeding was
begun. After four days of administration of the carbo-
hydrate diets, the excretion fell to less than 4 grems.
Replacing the cerbohydrate with an equicaloric quantity
of fat caused the output of nitrogen to increase prompt-
ly. & level of 10 grame was reached by the third day.

Landergren found that metabolism also could be reduced
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to the weer and tear quota of 4 grame of nitrogen by
feeding s dlet containing one-half of ite calories as
cerbohydrate and one-half as fat.

Cathcart (1922) also studied the metsbolism of
nitrogen of a humsan subject fed olive oil alone or olive
01l plus varying quantities of dextrose. The dlets were
epproximately equivalent in energy value. Each was fed
for a period of three days. The subject excreted a sig-
nificantly grester guantity of nitrogen when fat was fed
gingly than when sugar and fat were fed together. As
the cerbohydrate content of the dlet increased, a general
tendency for the output of total nitrogen to decrease
was observed.

Experimente involving the use of elther carbohydrate
or fat following a period of starvetion also may be con-
seldered as falling in the category under discuscilon.
Nitrogen excreted when food energy was provided has been
compared with that eliminated during starvation. Several
workers have used dogs for experiments of this kind.

Voit (1881) found that the feeding of 100, 200, and 300
grams of fat to a fasting dog whose body stilli contained
fat did not alter the quantity of urea excreted., He

believed that dletary fat served merely to replace body
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fat and that the protein catabolism wes unaffected by
the dletary alteration. Bartmenn (1912) confirmed Voit's
results reporting that fat when given alone to provide
an excese of 50 per cent of the energy requirement reduced
nitrogen catabolism of the fasting dog only 7 per cent.

On the other hand, when Wimmer (1912) administered
carbohydrate to etarving dogs he found that 55 per cent
lese protein wae catabolized than during a previous pe-
riocd of fasting. Richet and Minet also determined the
quantlty of nitrogen eliminated by dogs during an abso-
lute fast and after alimentation with sugar or fat (1925).
In the case of sugar-feedlng the quantity of nitrogen
excreted was less than during the absolute fast., Vhen
fat was glven, excretione for the most part were higher
than during the fasting period. Eight animals were
studled and the excretions varied widely from dog to
dog in response to the feeding of fat. The authors be-
lisved that the variation could be attributed to 4if-
ferences 1ln the stores of glycogen.

In an experiment with a human subje:t, Grafe (1910) ¢
reported that the nitrogen output was reduced signifi-
cantly below the fasting level by the administration of

sugar.
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Rats have also been used in investigatione in which
the respective abilities of energy-producing nutrients
to reduce the nitrogen catabolism characteristic of star-
vation has been tested. Attempting to aescertain whether
or not the animal organlsm can convert fat to cerbohydrate,
Gregg (1931) fed to young rats a diet consisting of butter-
fat and salts. In connection with his studles, he deter-
mined the quantity of nitrogen excreted in the urine
dally and found that thie was lower in all cases for rats
recelving butterfsat than for a gingle rat to whom no
food was offered. In 1934, Krise, Forbes, snd Miller
reported the results of a study in which the nitrogen
excretion of fasting rats was compafed with that of rats
recelving elther 3.92 grams of starch or 1.56 grame of
olive oll dally. The daily excretiome of urinary nitro-
gen were 122 milligrems for the fasting rats, 30 milli-
grams for rats receliving starch, and 70 milligrams for

rats recelving olive oil.
Evidence From "Time Factor" Studles

Larson and Chaikoff (1937), in supermeintenance

feeding exveriments with adult dogs receiving adequate
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diets, observed that nitrogen retention could be improved
by the addition of sugar to the dlet 1f the supplement
were provided within a four-hour interval before or after
the ingestion of the protein-containing mesl. The authors
emphasized that the spaering effect was not permanent,

the elimination of nitrogen beginning several hours after
storage had occurred.

Cuthbertson and Munro believe that proximity of car-
bohydrate to protein ingestion may be required for maxi-
mal utilization of dletary protein also under ordinary
feedlng conditions. In 1939, these investigators carrled
out experiments with four human subjects using diets
which could be separated into two portions, one contain-
ing essentially all of the carbohydrate and some of the
fat, and the other containing all of the protein and
the remainder of the fat. Each sublect lost an average
of 2 grams more nitrogen per day when the carbohydrate-
fat and the protein-fat portions of the diet were con-
sumed separately than when the portlions were comblned
for ingestion. These investigators also have used adult
rats as subjects in this type of experiment (Cuthberteon,
McCutckhzon, Munro, 1940). Again, an increased output of

urinary nitrogen occurred when the diet was separated
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into csrbohydrate-~fat and protein-fat meals.

More recently, in a strictly controlled exmeriment
using adult male rats, Munro (1949) demonstrated that
carbohydrate only was responelble for the slteratione
in nitrogen balance observed in his earlier experiments
induced by variaetions in the time of ingestion of nutri-
ents. Nitrogen balance remained unchanged when the time
of fat ingestlon was the only experimental variable. Of
epeclal interest is the fact that results of this experi-
ment indlicated that the beneficlal effect assoclated with
slmultaneous ingestion of carbohydrate and nrotein was
transitory. The improved nitrogen balance observed when
carbohydrate and nroteln were fed simultaneously lasted
only a few days, after which nitrogen balance returned
to 1its original level,

Geiger et al. (1950) express the opinion that the
favorable effect on nitrogen balance observed by the
above investigators may have been only transitory because
the adult well-fed enimal has a limited capaclity to store
nitrogen. Working with growing rats, Geiger (1948) found
that better growth resgulted from feeding cerbohydrate
and proteln together than from feeding the two nutrients

separately and that the improved growth persisted for



Ly

the durstion of the 2l-day exveriment. In thle case,
undoubtedly, retsined nitrogen 1e converted into new
body tlesus.

Subsequently Gelesr and collaborators (1950) tested
the abllity of protein-depleted adult rate to store
nitrogen when the time of feedlng of protein was sepa-
rated from that of carbohydrate. They found that nitro-
gen retentlon and welzht gaing of animals receiving
carbohydrate and protein together were in all cases
superior to those in rats fed the two nutrlents sepa-
rately., The effect was not restricted to a period of
only two or three days but lasted for extended perilods
of at least 14 days, 1.e., until revletion of the
proteln-depleted rats was complete.

Another illustrztinon of the importance of time
conslderations 1s seen in Leverton's study in which
negative nitrogen balances were induced in human sub-
Jecte (college women) when an adequate sunply of pro-
tein orlglnally distributed over the three meals of the
day wes redistributed so that it occurred in lunch sand
dinner only (Leverton and Grem, 1949).

The effect of feeding extra carbohydrate apart

from the vrotein of the diet has been studied recently
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in man, the dog, and the rat (Munro and Wikranmanayake,
1954). These investigators found that extra carbohy-
drate cen reduce nitrogen excretion even when carbohy-
drate and protein are fed separately, the maximum
perlods of separation being 5-1/2 hours in man and 12
houre in the rat and the dog. Isocaloric quantities
of fat were also effectlive in improving nitrogen re-
tention in the rat when administered apaert from the
protein component of the diet. These investigators
belleve that carbohydrate can affect protein metabo-
lism in two ways. The first effect 1s 1llustrated

by the favorable influence on protein utilization ob-
served when carbohydrate and protein are ingested
simultaneously. This influence 1s specific for car-
bohydrate. The second effect, supported by the data
in their report, 1is independent of time and is exhibited
by both carbohydrate and fat. Presumsbly the latter
18 related to the energy-producing capacities of the

two nutrients.
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Summary Of The Effects Of Carbohydrate And Fat On
Protein Metabolism

In the review of literature herein presented, an
attempt has been made to clarlify the position of non-
protein calories in the metabolism of protein. The
studles described show that the nroblem has been inves-
tigated under a wide variety of experimental situations.
The comnlexity thus introduced makee 1t extremely diffi-
cult to summarize facts thet seem to have been estab-
lished about the energy-protein relationship.

Many variables influence the relationship. Some
of these are: (1) species of animal, (2) length of
experiment, (3) general nutritional state of the exneri-
mental animal, (4) existine body stores of protein, fat,
and carbohydrate, (5) method of feeding, (6) time allowed
Tfor adjustment of animal to specific dietary treatment,
(7) presence or absence of protein from the diet, (8)
time of ingestion of protein in relation to carbohydrate,
(9) quantity of dietary protein, (10) source of non-
orotein calories, and (11) energy value of dlet.

The experimental evidence supports the view that

part of the protein-sparing effect of fat and carbohydrate
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1s attributable to thelr energy-producing properties.
The addltion of cslories, elther as fat or as carbohy-
drate, to dietes of adeauate protein value occasione an
improvement in nitrogen balance than cen be demonetrated
in many exverimental animels over a wide range of cslorilc
intakes varying from submaintenance to supermalntenance
levels. The progressive improvement in nitrogen balance
thst occurs with increments in the caloric value of the
dlet suggeste thet a dynamic relationshlp exists between
energy velue of the dilet and utilizatlon of rroteiln.
That cserbohydrate or fat added as suprlements to dlets
of adequate protein and energy value can imnrove reten-
tion of nitrogen 1ls noteworthy.

In certein specles, the addition of energy-rroducing
nutrients to a protein-free dlet usually improves nltro-
gen balance. The situation in respect to the mature
rut, however, needs definition. While nitrogen balance
can be improved in rats maintained on protein-free or
low-protein diets of low energy value, increments in
the caloric value of the ration beyond 50 per cent of
daily needs have no effect on the nitrogen metabollem,

The relative efficliency of fat and carbohydrate in

sparing protein seems to depend upon the experimenteal
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conditlions employed. Generally, initilal nitrogen balance
ls more favorable when diets contailning adequate protein
provide a high proportion of carbohydrate than when a
large part of the calorles are furnished by fat. Nitro-
gen excretions of animale transferred from a high car-
bohydrate to a high-fat dlet usually increcse. Howevér,
"conditioning" to fat feeding, particularly in the rat,
may reverse the vprocess 80 that nitrogen metabollem
procecds more efriclently when fat rather than carbohy-
drate »nrovidees a high proportion of calories.

When protein-free rations are ingested nitrogen
balances are of the same order for rats receiving either
a mixture of carbohydrate and fat or carbohydrate alone
a8 long as. the energy needs of the animal are met. Re-
duction of calories below 50 per cent of the energy
reculrement is accompanied by an lncreased rate of
catabolism. However, when fat 1s present in the calor-
ically restricted ration, the destruction of body tissue
1s decidedly less marked than when the ration is devold
of fat., On the other hand, limited evidence from human
experimente in which protein-free diets of adequate energy

value have been used indicates that nitrogen metabolism
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proceeds more efficlently when high-carbohydrate rather
than high-fat diets are ingested.

Comparison of nitrogen excretions of animals incurred
during a perliod of starvation with gubsequent excretions
when either carbohydrate or fat is administered generally
has indicated a greater sparing action for carbohydrate
then for fat. The administration of fat alone during
starvation produces different effects in various speciles.
In the rat, the feeding of fat has been assoclsted with
lower excretions of nitrogen than obeerved during starva-
tion, whereas in man and in the dog, the metzbolism
characteristic of starvation has been maintalned when
fat has been used as the principal source of energy.

The nrotein-sparing effect of carbohydrste 1s en-
hanced when the nrotein and carbohydrate portions of
the diet are ingested simultaneously. The favorable
effeoct is temporary in adult well-nourished rate and
dogs but persiste for a lonrer period of time in srowing
animale and 1n anlmals depleted of thelr protein reserves.
Excess carbohydrate and fat, on the other hand, improve
nitrogen retentlion irrespective of the time &t which

they are fed.
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Throughout the present review attention has been
directed to the influence of specific experimental con-
ditions in determining the effect of non-protein calories
on the course of protein metabolism. The advisability
of interpreting results in relation to the experimental
conditions employed 1s obvious. In thie connection the
writer belleves that experimenters working in this fleld
should make sure that the results of thelr experimenta-
tlions are deflned in terme of the experlmental conditlons

under which the researches were conducted.

SUGGESTZD MECHANISMS BY WHICH FAT EXERTS ITS8 PROTEIN-
SPARING ACTION IN A PROTEIN-DEPLETED ANIMAL

In the Home Economice Nutrition Laboratory of the
Iowa State College it has been demonstrated consistently
that fat, when fed as a part»of a protein-free ration
of limited energy value, has the unique ability of con-
serving body protein. It 1s 1lnteresting to speculate
regarding the nature of the mechanism by which fat exerts
this sparing asction. A number of separate possiblilities

will be presented in this section of the review.
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Pathway Of Energy Production When Carbohydrate
Metabollsm Is Impaired

The energy aspects of metabolism have received much
attention. The body 1s often compared with a heat-pro-
ducing machine with protein, fat, and carbohydrate identi-
fled as the energy-yielding nutrients. The actual
production of energy for work and the malntenance of
body actlivities 1s secondary to the direction of energy
Anto important metabolic channels. This requires highly
speclalized metabolic machinery, and materlals must be
avallable for construction of these working parts.

Metahollsm has been classified into two categories,
energy-producing and operative (Peters, 1951). While
the three major foodstuffs can all provide fuel for the
body machine, each hag exclusive metabolic functions.

No one of these can replace another entirely in providiﬁg
certain of the operatlive components of the body in
metabolism.

Peters has designated some of the operatlive aspects
involved in the metabollism of each of the three major
foodeturfs. Thus, carbohydrate is needed for the forma-

tion of pyruvic acid which, in turn, by combining with
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carbon dloxide is converted to oxaloeacetic acid. Both
substances are requlred for the functioning of the Krebs!
cyecle, Pyruvic acid is the principal source of fuel for
the production of energy, but, in case of emergency, the
two-carbon derivatives of fatty aclds can substitute

for pyruvic acid., Thisg, however, does not eliminate
completely the need for pyruvic acld since 1t serves as

a precurgor for oxalozscetic aclid, an operative métabolite,
that 1s needed for the initistion of the reactlion seguence
of the Krebs'! cycle. Some of the oxaloacetic acld is
used up as energy production proceeds and it must then

be replaced in ordsr to keep the cycle intact.

The essentlal fatty acide, in line with Peters!
postulation, are needed for the formation of phospho-
lipide. These are important constituents of tlssue
cells which presumably serve as vehicles for the trans-
port of the fatty acids and as instruments that facili-
tate their oxidation. The phosvholipids thus form
essentlal parts of the body machinery operating in
metabolism,

The structural functions of protein distinguish it
from the other major foodstuffs. It is well recognized

that certain amino acids must be supplied in the food.
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These together with non-essential amino acids are synthe-
slzed 1nto tissue protein. But proteins also have oper-
atlve functions in the body. For example, they are the
bullding stones for the elaboration of other proteins,
such as enzymes and hormones, needed for the differenti-
ation and speclslization of vitael activities. Protein
also in serving as a source of energy for the body pro-
vides the essentlal pyruvic acid. But in addition it
has other specific operative functions. The difference
between the operative and energy-producing functions of
protein 1le 1llustrated by the type of nitrozenous end-
products that are excreted. The production of ures and
ammonla describes the energy-producing aspect; the quan-
tity of each varies directly with the amount of protein
thet 1s oxldlzed. On the other hand, urlc acld and
creatinine are formed es a result of operative functions
and thelr excretion remains essentlsally unchanged in
response to veriations in protein intake.

A mechanism based on the operative aspect of metabollam
has been postulatsed to explain the protein-spering effect of
fat in the protein-depleted animal. Hoover, working in the
same laboratory as the writer, demonstrated that the glucose

tolerance curves of animals conditlioned to a protein-free
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diet contailning no fat except a source of the essential
fatty acide were mildly diasbetic in character. Appar-
ently these animals were not metabolizing carbohydrate
efficlently. It may be assumed that when carbohydrate
can no longer be used effectively for the production of
pyruvic and oxaloacetlic acids, the metabolltes needed
for energy onroduction in the Krebs! cycle, the catabolism
of protein increases to provide pyruvic acid. In the
animal receiving no energy-producing food except carbo-
hydrate, the degradatlon of protein serves as the last
regort for the malintenance of life, The excessive cuan-
tities of urinary nitrogen excreted by Hoover's rats
(1389 mg. per 5 days) suggest strongly that body protein
was serving as a principal source of energy.

In the protein-depleted animal receiving a 20 per
cent fat diet the metabolic processes function more
efficliently than in the animal receliving no fat. Not
only is the expenditure of tissue nitrogen less lavish
(459 mg. per 5 days) but aleo the glucose tolerance
curve approaches that of the normel animal. In accord
with the modern concept of metabolism, it 1s postulated
that in the fat-fed animal, the two-carbon derivatives

of fatty acid metabollism serve as the source of fuel
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for the Krebs! machinery. These two-carbon fragments
cannot, however, be used for the manufacture of oxalo-
acetic acid, the operative comnonent needed for keeping
the Krebs! energy-nroducing machine intact. When the
mechaniem 1is imvaired by which carbohydrate is oxidlzed
to pyruvic acid and the pyruvate in turn 1is converted
to oxaloacetate, an alternative pathway may operate in
the anlmel receiving part of its calories as fat. Peters
succests that, in thle case, fatty aclds may be conveyed
to the liver by a less used metabollic route. Here they
are degraded to the conventional two-carbon groups and
these are immediately coupled to form the four-carbon
intermediates, scetoacetlic and beta-hydroxybutyric acids.
These keto aclids now can be used to replace oxaloacetic
acid and hence may explain the mechanism by which the
energy-producing scheme continues to function in the
animal that utilizes fat in preference to carbohydrate.
The renlacement of oxaloacetlc acld by the keto
aclds formed during the metabollsm of fatty aclds is
carried out less efficiently than the formation of oxalo-
acetate from pyruvate. However, these metabolites may
contribute significantly to the machinery of energy
production in this particular type of experimental
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aenimael., Diminished protein catabolism on the part of
animals receiving an appreclable portion of their
calories as fat suggests that less demands are placed
on body protein for the provision of intermediates in
the Krebs! cycle.

In Hoover's experiments (1950), analysees of the
glycogen contents of livers of protein-depleted anlmals
receiving high- and low-fat diets in restricted quan-
titiles revealed that animals recelving fat in the ration
stored glycogen than did animals ingeeting high-carbohy-
drate diets, i.e., 2.0 per cent ys. 0.7 per cent in the
carbohydrate-fed group. Apparently rats fed the re-
stricted low-fat ration were unable to convert the
non-nitrogenous portions of the degraded protein mole-
cule into glycogen. It should be noted that the ability
to retaln glycogen was assoclated with a glucose toler-
ance curve of close gimilarity to that exhibited by
the normal snimal; on the other hand, a decreased
ability to store glycosen and abnormal glucose toler-
ance in an animsl deprived of fat indicated some 1im-
palrment of the body to utilize carbohydrate.

The work of Samuels, Reinicke, and Ball (1942)

agrees with Hoover's findings. They reported that
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glycogen disappeared from the liver less rapidly when
dilets of hlgh-fat content were fed than when a high-
carbohydrate feeding regime was employed.

That ketosls develops as a consequence of replacing
dletary carbohydrate with fat has been recognized for a
long time. An observation in the early literature
(Zeller, 1914) suggests that the appearance of ketosis
in a human subject receiwing a low-protein diet in which
carbohydrate was progressively replaced by fat, was
asgoclated with a lowered output of nitrogen in the
urine. An excretion of 5.75 grams of nitrogen attained
when the subjects recelved 75 per cent of thelr calories
as carbohydrate was reduced to 5.04 grams when the per-
centage of calories contributed by carbohydrate was
decreased to 10 per cent. At this Juncture, the oro-
vision of only 10 per cent calories as carbohydrate and
the other 90 per cent as fat, ketosis was apparent.

Even less nitrogen was excreted when 25 per cent
of the calorles were provided by carbohydrate and 75 per
cent by fat. Since ketosls dild not appear on this
feeding regime it may mean that keto aclds were being
used efficlently in the provieion of intermediates for

the Krebs! cycle. Further substitution of fat for
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carbohydrate increased the production of ketone bodies
where they could not be utilized completely and ketosis

wes evidenced.
Alterations In Pathways Of Metabollsm

Hoover's studles shed some light on the course of
protein metabolism in animals receiving limited energy
eilther from carbohydrate alone or from a combination of
carbohydrate and fat. Urea production increased in both
groups of animals, the animals excreting 330 mg. per
five days on the high-fat dlet and 875 mg. per five days
on the low-fat diet. Urez accounted for a large share
of the augmented nitrogen output that accompanied caloric
restriction. These data show that protein was being
broken down for energy purposes. The quantity of ammonis
nitrogen excreted by both groups of animals also in-
creased, the output being apureciablé grester for ani-
mals deprived of fat than for animals recelving a fat-
containing ration (349 mg. vs. 42 mg. per five days).

The ratio of ammonia nitrogen to urea nitrogen was 13
per cent for animals receiving the high-fat diet and

40 per cent for animals not given fat. The high
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proportion of ammonia nitrogen to urea nitrogen in the
urine of the semistarved animal may indicate that when
fat 1s absent from the dlet the animal is unable to
handle the acidic intermediates released during the
degradation of protein and, hence, the kidney attempts
to com ensate by manufacturing ammonia for neutralizing
the acldlec products.

In these experiments the rations were force-fed,
the high- and low-fat ratlione being administered at
both full and restricted levels of caloric intake, VWhen
the amino acld compositlion of the urines of the animals
subjJected to the various feedlng regimes was studied by
one dimenslonal chromatography, certain differences were
aprarent, Anlmals recelving sufficient calorles to meet
their requlrements from the diet of low-fal content ex-
creted conslderably more of the amino acides tyrosine,
arginine, cystelne, cystine, glyecine, lysine, aspartic
acid, l1lsoleucine, and norleucine than did animals re-
celving restricted amounts of the low-fat ration or any
of the animals to which fat was fed. Methionine was
not identified as an excretory product in any of the
animals studied. This observation stimulates further

speculation because earller observations from thils
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laboratory (Swenson et al., 1947 and confirmed by Hoover,
1950) have shown that methionine incorporated into the
low~fat, low-calorle diet 1is as effective as fat in pre-~
venting the destruction of body tissue. It has been
postulated that methionine may serve as an essentlal
component of immortant metabolite(s) in animals deprived
of a dietary source of protein and that they raid theilr
own tlssues to seocure 1t for this purpose.

Other workers have observed that when rats were fed
dlets of adequate vrotein value in which calories were
provided by elther fat or carbohydrate, nitrogen reten-
tion wae better in animals receiving the fat-contalning
diet (Pearson and Panzer, 1949). A reduced fecal output
of phenylalanine, valine, lysine, and methlonine and a
lower urinary output of valine and methlonine was
assoclated with the feeding of fat. Again a high pri-

orlity for methionine is indlcated.
Role Of Methionine
Reference has been made to the serles of investlga-

tions conducted in the laboratory of the author in which

the favorable influence of fat in preventing excess
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catabolism of tlssue protein during a period of severe
caloric restriction has been demonatrated. Reporte from
this laboratory (Swanson et al., 1947 and Hoover, 1950)
have shown that methlonine incorporated into the low-fat
diet was equally as effective as fat in preventing un-
toward losses in body nitrogen observed in connection
with feeding an unsupnlemented low-fat ratlon in re-
stricted quantities.

Hoover observed that the nltrogen losges in the
urine dbrought about by restrlcting the intake of the
fat-free ratlon were assoclated with increases 1in both
1ts urea and ammonia nitrogen contents. The increase
in ammonia was partlcularly evident so that the usual
proportlon of urea to ammonle nitrogen was distorted
markedly. The addltion of methlonine to the low-fat
retlon was succegsful in reducing outputs of both urea
and ammonia. The ratlio between the two components,
however, remailned distorted. Although methionine is
capable of decreasing the total nitrogen excretion of
rats recelving low-fat dlets, the observation that 1t
does not alter the ratio of urea to ammonia nitrogen

from that observed on the unsupplemented ration suggests
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that methlionine functions in reguleting the speed of the
process by whieh body tlssue 1s catabollzed.

That no methionine was excreted by any of the ani-
mels recelving protein-free rations regardless of whether
or not fat was provided further 1llustrates the vital
importance of this amino acld to the animal organism,
Apparently the body 1s very conservative in eliminating
the methionine obtained from rsilding its own tissues.

The mildly diabetic glucose tolerance curvesg 6x-
hibited by animale deprived of fat and receliving re-
gtricted diets became more nearly like those of the
normal animal when methlonine was fed in conjunetion
wlth the low-fat ration. This finding may explain in
part the "methionine effect". Researches nf Triffiths
(1950) and Lazarow (1946) have suggested that sulfhydryl
compounds play a significant role in the alleviation of
alloxan and urilc acld induced dlabetes, Grifflths
further demonstrated that uric acld was dilabetogenic only
when glutathione in the blood wss depleted by the feed-
ing of & methionine- and cystine-deficient diet. Methi-
onine then may exert a fzvorable effect upon carbohydrate
utilization by furnishing appropriste sulfhydryl moletles

for the manufacture of certain enzyme systems.
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If 1t 1e¢ assumed that an impalred ability to utilize
carbohydrate is one of the factors operating in the pro-
tein-depleted animal receiving all of 1ts food energy
from carbohydrate, the ablllty of methionine to avert ex-
cesslive tissue catabolism in these animals sugrests that
this amino acid may be a component of an enzyme system re-
quired for the utilization of carbohydrate. It has been
established that acetyl coenzyme A arising from the union
of decarboxylated pyruvic acid and coenzyme A is a vital
intermedlate in carbohydrate as well as in fat metaboliem.
Coenzyme A contains a sulfhydryl component. The benefli-
cial effect of methlonine suggests that in rats fed a low-
calorie, low-fat diet deficlent in protein, carbohydrate
metaboliem may be affect=d in a way other than that postu-
lated in a preceding section. Instead, the metabolism of
carbohydrate by the normally operating route may be dis-
rupted because the synthesis of coenzyme A 1ls retarded in
the absence of dietary protein. The provision of methi-
onine to these anlimals then stimulates the manufacture of
coenzyme A and carbohydrate metabollism proceeds at the
regular rate.

The common ability of fat and methionine to reduce
tissue destruction in the particular type of experimental

animal used in this laboratory does not mean necessarily
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that they are performing an identical function. The
ability of the animal body to adlust metabollically to a
wide varlety of conditions 1s well recognized. Possibly
the apparent ldentity of these substances in this par-
ticular aspect of metabolism represents Juet such an
adjustment phenomenon. It may be thst dietary fat opens
up a new metabollc route whereas dietary methionine

permits metabollem to proceed along usual pathways.

Specific Dynamic Effect

Ingestion of food is followed by increments in heat
production, the inocrements varying in magnitude according
to the type of foodstuff fed. This stimulating effect
of food on energy production is known as specific dynamlc
actlion, and is greater for protein than for either of
the other energy-ylelding nutrients. Forbes and Swift
(1944) preface the renort of their work on the assoclative
dynamlc effects of »rotein, carbohydrate, and fat by a
statement to the effect that a nutrient fed alone 1is
never metabolized alone. These workerg tested the
dynamlc effects of protein, carbohydrate, and fat singly

and in four combinations fed as supnlements to a
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nutritively complete, basal, malntenance dlet. This
procedure, they felt, was more representative of nutri-
tive practice than the usual method of measuring the
dynamic effect of single test meals fed to animals in
a post-absorptive state. Forbes and Swift observed
dynamic effects of 32 per cent, 20 per cent, and 16 per
cent for beef protein, cerelose, and lard respectively.
The dynamic effects of the mixed sunplements contalning
fat were lower than the effect of fat alone. They con-
cluded that the fat content is the most important factor
in determining the specific dynamic effect of a diet.
In the same laboratory Forbes, Swift, Elliott, and
James (1946) conducted resplration experiments, with
mature slbino rats as sublects, to deter:iine the extent
to which the heat increments nroduced by the feeding
of complete diets was influenced by thelr content of
fat. Heat increments were measured as the difference in
heat production from maintenance to sunermalntenance
dlets, conteining 2, 5, 10, 30 per cent fat and equal
quantities of protein and calorles. Heat increments
decreaged as the fat content of the diet increased and,
at the same time, both the digestlibllity and retention

of nitrogen imnroved. The authors attributed the inverse
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relationship that existed between energy expense of
utilizatlon and the fat content of the ration to a
decreased catabolism of carbohydrate and a decreased
synthesls of fat from carbohydrate in animals receiving
signiflcant amounts of fat.

It seeme logical to assume that the dynamic effect
assoclated with the utiliiation of protein is still
operating when body protein 1ie metabolized for the pro-
duction of energy. In the proteln-depleted rat receiving
a limited number of calories from carbdhydrate alone or
from a mlxture of carbohydrate and fat, energy production
in one instance is influenced by a mixture of proteln
and carbohydrate and in the other case by a mixture of
the three energy-producing nutrients. It may be re-
called that Forbes and Swift (1944) found a significantly
higher dynamic efi'ect assoclated with the utilization of
a mixture of carbohydrate and protein than with a mixture
of the three energy-providing nutrients. It is conceiv-
able that a lower especiflc dynamic actlion aseoclated with

the utilizatlion of the thres-nutrient mixture may con-

"serve energy for the operatlon of body processes and mey

explain, at least partially, the lowered catabolism of
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body protein that has been observed in connectlion with

the feeding of high-fat, low-calorle rations.
Changes In Metabolic Rate

Another possible mechanism by which fat may spare
body protein when the diet contains insufficient energy
and protein 1s by influencing the metabolic rate.

Wesson and Burr (1931) and Burr and Beber (1937) studied
the respiratory quotients and metabollc rates of animals
conditioned to diets containing no fat as compared with
those of rates receiving a mixed diet. They found that

a hich metabolic rate was assoclated with fat defilciency
and that 1t was present in a pronounced degree in rats
Just entering the condition recognizable as character-
istilc of the deficlency dlsease. Also they were able

to demonstrate that the animals maintained on fat-
deficlient diets exhlibited resplratory quotients above
one indlcating that they had noi lost thelr ability

to form fat from carbohydrate. In nelther experiment,
were the investigators able to account for the difference
in metaﬁolic rate by a difference in the activity of the

animels receiving the two types of dlets.
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Alterations In Enzyme Activity

Evidence ieg accumulating which indlcates thst liver
enzyme activity may be zltered markedly in resvonse to
dletary conditlons., Thus, it was demonstrated by Miller
(1948) that catalase, alkaline vhosphatase, xanthine
dehydrogenase, and cathepsin from ret liver all decreased
in activity as the result of a seven-day fast., Loss of
these vltally important functional protelns accomnanles
general loss of proteln from the body.

Since all of the rats used in the present studies
heve been conditioned to the feeding of protein-free
diets, one might expect that they would exhibit diminished
enzyme activity. Other evidence suggests, however, that
the activity of certain enzyme systems may be grecter in
animals conditloned to a fat-free dlet than to diets
containing fat. Thus, Swanson and Artom (1950) found
that the mitochondria of the cells in the liver have a
high lipide content. Many of the essential oxidation
processes occur in the mitochondria, including those
represented 1in the succinic oxidase and cytochrome oxi-
dase and cytochrome oxidase systems. On the basis of

these observations, Kunkel and Williams (1951) postulated
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that the activity of these enzymes might be affected by
fat deficlency. They proceeded to study the relation of
essentlal fatty acld deficlency to enzyme activity. They
Tound that hepatic tlssue of a fat-deflcient rat exhibited
& marked increase in cytochrome oxidase activity, and a
marked decorease in endogenous respiration. On the other
hand, the activity of succinic oxidase remained unchanged.
The results suggest that the body has the ability to re-
taln certaln enzyme systems during fat deficlency but
that the balance between the various respiratory enzyme
systems may be altered during fat deprivation. The ob-
servation that an increase 1n cytochrome oxidase activity
occurs concomitantly with an overall decrease in endo-
genous respiration suggesté that the increased activity
of this enzyme may occur at the exrense of a decrease

in another respiratory enzyme system. As already indi-
cated, the basal metabolic rate of animale deprived of
fat tends to increase. A slmultaneous increase in
metabollc rate and in the activity of the cytochrome
oxldase system in fat deficiency may indicate that the
regulation of the speed of metaboliem is mediated, at

least partially, by this particular enzyme.
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Unpublished data collected in a preliminary experi-
ment in this laboratory are in accord with the results
of Xunkel and Willlams. The cytochrome oxidase activity
of hepatic tissues of rats subjected to protein-free
diets vroviding limited calories from either carbohydrate
alone or from a mixture of carbohydrate and fat was
measured. All of the animals fed the fat-free dlets
showed greater activity of cytochrome oxldase than did
the animals receiving fat. These animals also excreted
greater quantities of nitrogen in the urine in response
to a reduction in celoric intake than 41d anlmals re-
ceiving fat. The destructlon of body tiscsue observed
when the low-fat, low-calorie diet was fed may reflect
an increased rate of metabolism controlled, in part at
least, by the cytochrome oxidese enzyme system. Slnce
caloric needs are not met by the food, 1t follows that
a high metabolic rate would stimulate oqtabolism of

tis.ue protein for energy purposes.
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EXPERIMENTAL PROCEDURE

PLAN OF THE EXPERIMENT

Experiments from the Nutrition Laboratory of the
Home Economice Research Department at the Iowa State
College have shown repeatedly that dletary fat incor-
porated into a protein-free ration for adult mele rats
is effective in averting excesslve destruction of tilssue
vroteln occasioned by the imposition of severe calorlc
regtriction. That the presence of fat in the diet
exerts a more fevoreble effect upon nitrogen metabollsm
than is observed when carbohydrate serves as the princi-
pel source of energy 1s a surprising observstion. It
has been the tendency of inveetigators ever since the
time of Volt to attribute a greater nitrogen-snaring
action to carbohydrate than to fat.

The research to be pregented 1s divided into four

unite, each of which ig described below.
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Relative efficacy of different fats
in sparing body vrotein of rats sub-

Jected to severe caloric restriction

The source of fat in the original
experiments was a mixture comnosged of
equal parts of butterfat end lard.

The first step in etudying the influ-
ence of dletary fat on metabolism
under the exnerlmental conditions 1im-
nosed was to ascertaliln whether or not
all fats were equally effective in
retarding cetabolism ceused by the
caloric reduction of a protein-free
ration. Several common fats and dif-
ferent combinations of theses fats were
chosen for the etindy. In the first
part of this exveriment, animals were
fed from a food cup. The response of
these enimals to calorically lnade-
quate diets wag compared to that of
another group of animals simlilarly
treated that received dietes of ade-

gquate energy value,
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In the second phase of Experi-
ment I, the fate and fat mixtures
assoclated with the greatest differ-
ences 1n performance were retested

using a force~feeding technique.

Dependence of the protein-snaring
action of fat on the essential fatty
acld content or on the degree of

hydrogenation of the fat molecule

The second study was planned to

identify, if possible, the essentlal

component or vroperty of the fat proved

to be most potent in alleviating the
destructive course of catabolism in
nrotein-deficient animale msintained
on regtricted caloric rations. The
fat of demonstrated superior werform-
ance in Experiment I had an essential
fatty acid content different than
that of other fats tested. It also

was saturated to a different degree.
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In view of these varilaeblee, the influ~
ence of Teadlng an esgentisl fatty
acild and & sample of Tully hydrogen-

ated coconut oil was tested.

isffect of body stores of fat on the
metabollsm of vrotelin-denleted anl-~
rmele receiving rations of inadequrnte

energy value

It se=ms loglecal thst body fet
may epare tissue vroteln in the same
manner se dietary fet. If body fat
ie capalle of avertin: excess destruc-
tion of tlssue rroteln, then the ypre-
vious fat stores of the animal may
determine the level at which protein
metabollism nroceeds. It was belleved
that reducina animals to the same
oririnal body welcht through starva~
tion before the inltlstion of the
experlimentel regime mlocht exclain,

at least partlally, the role of body
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fat in this narticular experimental

situation.

Relationshlip of the rate of nitrogen
catoboliesm to esurvival time in rats
Ted a protein-free dlet in restricted
or unrestricted quantities as 1nflu-
enced by the distribution of energy-

producing nutriente in the ration

The beneflclial effect of fat
renorted in previous experimente was
observed during relatively short n»er-
lods of caloric restriction. The
permanent nature of thls effect was
questlioned. Accordingly, Experiment
IV was designed to determine the rate
of nltrogen catabollism in animals fed
fat-free or fat-contaeining dlets when
the perlod of calorlc restriction was
extended until death intervened. The
survival times of animals subjected
to the varloue experimental regimes

were observed.
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This study was enlarged to in-
clude animals upon which no caloric
restrictions were imposed. It seemed
desirsble to trace the course of pro-
tein metabollsm as affected by the
prolonged ingestlon of two types of
nrotein-fres dlets in the latter
group of animals, The effect of the
level of nitrogen meteboliem unon
the survival of animals was determined
in rate sublected to the two experi-

mental regimes.

EXPERIMENTAL ANIMALS

Adult male rats of Vistar stock, strain A, were
used, Studies were conducted over a three-year period
so that the animals repregented the 10lst to the 110th
generations of rats inbred by brother and sister matings
in the Nutrition Laboratory. They ranged in age from
g8lx to eight months at the time of the initiation of each

experiment.
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The rate at weaning (28 days) were housed either
singly or in pairs in round wire-meshed cages until the
beginning of the experimental perlod. Body weights were
recorded once each week during this interval. During
trhis time they were fed the laborztory stock ration des-
ignated as Steenbock XVII. Thils ration has been used
for the maintenance of male animals in the stock colony
of the Nutrition Laboratory since June, 1949. It differs
from the Steenbock V diet used nrior to this time in that
dried whole milk 1is incormorated directly into the retion.
No milk was included in the Steenbock V retlon and re-
constituted dried milk was offered daily as a supplement.

Rats used 1n these experiments ranged in welght
from 280 to 440 grams. The animals were examined care-
fully before belng assigned to the experiments. Rats
with erratic growth performance or wilth obvious signs of
respiratory Anfection were discerded,

In each main experiment, the rats were distributed
throughout the groups on the basis of body welght on
the day of assignment to the various groupe. Each group
initlally was comprised of from slx to ten animals, the
welchts of the individual animals in each group repre-

senting the range of welights characteristic of the
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entire group of animals selected for each particular
experiment. Average weights of the animale in all grouns
in a particular experiment were almost identical. Litter

matesg were not assligned to the same exverimental group.
EXPERIMENTAL DIETS

The synthetic low-nitrogen ration that has been used
in this laboratory for a number of yesrs was used in all
of the investigstions. This dlet 1s considered adequate
in all respects excevt for protein, The dlets differed
only in regard to thelr fat content. It was necessary
to provide a source of essentlal fatty aclds to animals
receiving the low-fat rations. Fifty mg. of VWesson oil
per day were used as a carrler for alphe tocopherol which
wees offered to animals receiving both types of dlets.

In the fat-contsining rations, elther a single fat or a
mixture contalining equal parts of two fats comprised 20
per cent of the dlet. 1In diets from which fat was
omitted dextrin substituted for an equivalent quantity
of fat., The comnosltion of the basal dlets 1s indlcated
in Table 1.
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Table 1. Composition of the low-nitrogen besel dlets

Ingredients High-fat Low-fat
diet diet

4 %
Dextrina 73 93
Fat 20 -
Osborne snd Mendel saltsP L L
Ruffex® 2 2
Sodium chlorided 1 1
Total 100 100

8Figher Sclentific Co.

bOﬂborne, T. B. and Mendel, L. B.,

37, 557-601 (1919).

CEimer and Amend, New York.

dpeker Chemical Co.

Jd. Blol. Chem.

Certain fats used in the diets needed special

prevaration. Butter was purchased from the Iowa State

College Dairy in a large enough quantity to cover the

needs of one experiment. It was prenared in the fol-

lowing manner. The butter was melted in the top of a
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double-boller and the milk solide removed from the top
by careful skimming, The melted fat was then filtered
through a hot-water funnel, usling several thicknesses
of cheesecloth. Margarine fat was nrepared in the same
manner, It was noted that the margarine contained av-
preclably larger quantlties of milk solids or other non-
fatty material than did the butter. Lard used in the
exneriments wae Cudahay's "Pure Leaf" lard purchased on
the local market. The hydrogenated coconut o0ll waes a
nreparetion provided by Dr., H. J. Deuel, Jr., of the
University of Southern California. The source of
hydrogenated vegetable fat was Crisco; the vegetable
0oll, Vesson o1l; end the margarine, Allesweet.

A1l solild fats were liquefied before they were
comblned with the other dletary ingredients. The salt
mixture and Ruffex were passed through a fine sleve;
thls procedure insured more uniform mixing of the dietary
ingredlents and dlsposed of small lumps which may block
the needle or catheter used in force-feeding. Dry in-
gredlents were blended thoroughly and transferred to the
Hobart mixer after which the liquid fats were added.
Diets were mixed at medium speed for thirty minutes,

materlal adhering to the paddle and to the sides of the
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bowl being screped into the mixture at intervals. Diets
were refrigerated immediately after prepsration.

The low-fat ration was prepared in the same manner.
Dextrin was substituted for the fat component of the
dlet.

Two vitamin preparations were used. The composi-
tion of these preparstions 1ls given in Table 2. The
one used in the first part of Experiment I (Fall, 1950)
was the standard vitamin preparation that has been fed
in previous experiments. It contained all known pure
vitamins except By, and follc acid with rice bran
polish serving as a source of unidentifled factors. All
of the vitamins with the exception of tocopherol and the
fat-solubles furnished by cod liver oll were mixed with
dextrin so that 500 mg. of the mixture provided the
dally allowance of each vitamin., Vitamins were prepered
1n 500-gram lote, & quantlity which provided 1000 daily
doses. Before each experiment began a sufficient number
of lots wae prepared to last for the duration of the
experiment; the lots were combined and carefully blended.
The preparatlion was stored in brown bottles in the deep-

freeze to prevent deterloration from light and heat.
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Table 2. Composition of the vitamin supnlements

Vitamin

Allowance per
per day

rat

Gm. per
doses

1000

Prep. I Prep. II Prep. I Prep. II

Choline chloride
Bilotin
Rice Bran Polish
Factor II
Thiemine
Riboflavin
Pyridoxine
Inositol

Peare-emino benzolc
acld ’

Calcium pantothenate
Nicotinic acid
Ascorbic acld

Folic acid

Alpha tocophesrol
Cod liver oll

Bio

5.0 mg. 5.0
1.0 meg. 1.0
100.0 mg, ---

Lo.0meg. 40.0

60.0 meg- 60.0

40,0 meg. 40.0
10.0 mg. 10.0
10.0 mg. 10.0
0.1 mg. 0.1
0.5 mg. 0.5
1.0 mg. 1.0
-— 8.0

ng.

meg.

meg.
meg.
mncg.
mg.

ng.

me,
ng.
ng.

meg.

0.75mg. 0.75 mg.

50.0 mg. 50.0
-— 0.5

ng.

meg.

5.000
0.001

100,000

0.040
0.060
0.040
10.000
10.000

0.100
0.500
1.000

5.000
0,001

0.040
0.060
0.040
10.000

10.000

0.100
0.500
1.000
0.008
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Small amounts were removed and kept refrigerated during
the course of the experiment.

The laboratory eupply of rice bran polish was exhausted
by the time the 1950 exreriment was completed, and a new
supply could not be procured. By this time, folic acild
and vitamin By, were avallable and were ueed in the mixture
in lieu of the rice bran pollish extract. Elight mcg. of
folic acid and 1.5 meg. of vitamin By were provided per
rat per day. The quantity of vitamin By, was later re-
duced to 0.5 mcg.

Detalled descriptions of the methods used in the
preparation of the dry portions of the two vitamin hixtures
are on file in the Nutrition Laboratory.

Dry vitamins for all animale were measured in a cali-
brated spoon during the preliminary conditioning period.
This method was continued for the entire experiment when
rats were allowed to eet from food cups; when force-
feeding was used, vitamine were mixed with the rations.

The only exception to this practice was made 1n Exveriment
II in which vitamins were force-fed apart from the regular
rations.

Vitamin By, alpha tocopherol dissolved in Wesson

0ll, and cod liver oll were measured from callbrated
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droppers. These liqulde were sdded to the supplement cup
containing the dry vitamine or, in case of force-feeding,
they were homogenized with the diet in appropriate
amounte.

Nitrogen balance tests with animals recelving ade-
quate food energy from protein-free rations containing 20
per cent fat supplemented with each of the two vitamln
mixtures have been conducted. The results of these tests
indicate that nitrogen metabollism 1s unaffected by the
alteretion that was made in the composition of the vita-~

min supplement.
Administration Of The Dlets

In the experiments reported by Stevenson gt al.
(1946) and by Willman et al. (1947) in which a favorsble
influence of fat in diets of low-protein, low-energy
value was demonstrated, food was offered ad libitum
during the preliminary depletion perlod and in the sub-
sequent balance test during which response to full
caloric feeding was messured. When calories were re-
duced, the animals were glven the appropriate frection

of the actual quantity of food they had consumed during



85

the first metabolic perliod. Faulty apnetite is commonly
observed in animaele ingesting protein-free dilets. Hoover
(1950) introduced a force~-feeding technique in order to
insure a specific energy value of the administered dlets
and to equalize the caloric intakes of animals receiving
the different diets. Both methode of feeding have been

employed in the present investigation.

Feeding From Food Cup

All animgls fed from a food cup were offered the
ratione ad libitum during the preliminary deplestion period
(18 days) and the subsequent five-day test period in which
metabolic measurements were made. Animals which were
maintained on diets of unrestricted energy value continued
to recelve the dlet in the same manner througzhout the ex-
periment. When caelories were reduced, two procedures were
used in determining the quantity of food to be offered.

In Experiment I, the quantity of food offered during the
period of caloric restriction was assigned arbitrarily.
In this experiment ad 1ibitum consumption in the first
perlod of the metabolic test was somewhat below the

quantity that the rats were expected to eat, the rats
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fed the low-fat ration consuming an average of 35.7 Cal-
orles per day and rats recelving the various fat-contein-
ing diets ingesting on the average 38.4 to 45.1 Calories
daily during the unrestricted f=eding veriod. It was
belleved that reducing calories to one-fourth of the
actual ad 1ibltum intake would impose too great a strain
upon the organism., It wae declded to offer slightly more
than one-fourth of the quantity of food consumed in the
firet metabolic test period. Each rat was offered a
quantity of diet that would provide 12 Caloriles.

In subsequent experiments, adjustment of food intake
during the period of caloric restriction was based on body
relght. The average number of grams of food consumed
daily per gram of body welecht was calculated from data
collected in the first metabolic te=st (calories unre-
stricted), the average body welghts of animals during
this period being used. Each rat received one-fourth of
this average calculated value times 1its ectual average
body welght during caloric restriction. For Experiments
IIT and IV, the average number of calorles provided by
high- and low-fat rations on the basis of the above cal-
culations was 12.4, The low-calorie rations when fed

from a food cup were offered in two portions dally.
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Force~Feeding

Vhen force-feeding was used 1n Experiments I and II,
the diets were prepsred in the manner described by Hoover
(1950). Twenty-four ml. of dlet containing 12 gm. of
high-fat dlet or 15 gm. of low-fat diet and 0.5 gm. of
vitamin mixture were fed to a 300 gm. rat dally during
the period of unrestricted feeding. The weight of dry
diet was increased or decreased by 0.8 gm. for each 10
gm. 1increase or decrease in body welght. When calories
were reduced, 24 ml. of the dlet contained 3 gm. of high-
fat dlet or 3.75 gm. of low-fat dlet and 0.5 gm. of vita-
min mixture., The volume to be fed to each rat was
calculated from the body weilght at the beginning of force-
feeding, The same amount was fed throughout the remainder
of the experiment.

Force-fed dlets were adminlstered three times dally,
slightly smaller quantities being fed in the afternoon
than in the morning and evening because of the shorter
time between feedings. Animals were fed at 9 A, M., 4
P. M., and 9 P, M, Rats selected for force-feeding ex-
periments were offered the rations ad libitum for the

first 15 days of the test. Force-feeding was inltiated
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on the 16th day. 1In order to accustom the animals to the
technique, one-third of the total quantity of dilet was
force-fed on the 16th day, two thirds on the 17th day, and
the full amount on the 18th dey. On days when only'part
of the food was force-fed, an additionsasl quantity of food
was provided in a food cup.

The force-feeding technique as developed for uese in
thie laboratory is described in detall by Hoover (1950)
and by Clark (1950),

EVALUATION OF NITROGEN METABOLISM

Plan Of The Test

When protein-free diets are fed to rats, the lavish
expenditure of nitrogen observed in the flrst few days
following the ingestion of the dlet graduelly decreases
until finally a more or less steady state of catabolism
18 reached, The plan of the present investigation demanded
that a constant level of nitrogen excretion be attalned
before metabollc measurements could be initiated. Hoover
(1950) determined the quantities of urinary nitrogen

eliminated at sucocessive intervals following force-feeding
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of low-nitrogen diets. Results indicated that nitrogen
excretion did not plateau until 18 days had passed. This
work was repeated during the present investigation using
ad libitum feeding of the high-fat, proteln-free diet as
well as force-feeding twice dally and force-feeding three
timee daily. In the precent experiment the plateau wae
attained at approximately the ssme time as in the cor-
responding test conducted by Hoover, and it was decilded
to retain the experimental periods suggested by her. It
is interesting that in animals force-fed the dliet three
times dally, urinary nitrogen decreased more regulerly
and a more steady plateau was maintalned than was observed
for animals fed ad libitum or force-fed twice dally.
Partly because of this observation, the procedure of
force~-feeding three times dailly was adopted in this
investigation.

In general, cach experiment extended over 32 days,

divided into the following perlods:

Full calorie feeding perilod

Preliminary adjustment period 18 days
Collection period (Period I) 5 days

Reduced calorie feeding period

Adjustment perilod L days
Collection neriod (Perilod II) 5 deys
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When csloric restriction wes not impoced, the animals
were malntained on the rations for the same length of time
as the restricted animals, collections during Period II
being made in response to the ingestion of a diet of
adequate energy value.

Stock diet was removed from the cage at 10 P, M. on
the day before animals were offered the experimental dlets.
This procedure was also followed on the day preceding each
balance period for animals fed from a food cup. In the
cage of animals force-fed the rations, the last feeding
was administered at 4 P. M. on the day prior to the initis-
tlon of a balance perlod. On the first day of the balance
perlod, the animals were transferred to wide~meshed
metabollem cages at 8 A. M. The feeding schedule for the
last day of the balance period corresponded to that on
the dey preceding the test. Animals were removed from
the metabolism cages the following morning at the same

hour as they had been placed on balance.
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Collection Of Urine And Feces

Urine was collected on acid-treated fillter paper*.
Seven of these papers were placed on Pyrex plates under
each metabolism cage for each flve-day collection perlod.
One was removed each dsy and placed in a l-liter, wide-
mouthed, Erlenmeyer flask which contained 200 ml. of 20
per cent hydrochloric acid.

Feces were collected dally, brushed free from hair,
and placed in an Erlenmeyer flask containing 50 ml. of
20 per cent hydrochlorilc acld. Ferric oxilde was employed
a8 a fecal marker, 100 mg. per 100 gm. representing the
proportion of marking material to dry diet. Red dilets
were fed on the first day of each baslance period and on
the day following the completion of each period. On the
firat day on which feces were collected, only red ones
were saved. Subsequently all were collected until red
feces appesred agaln marking the end of the balance perlod.

At the end of each test interval, rate were trans-

ferred to ordinary cages and the metabollsm cages were

*500 9-inch filter papere (Schleicher and Schull, No.
597 ) were left overnight in & solution of 900 ml. of 95
per cent alcohol and 100 ml. of glacial acetic aclid and
dried.
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washed quantitatively with hot distilled water and the
washings added to the flask for urine collection. The
papers were washed with hot distilled water using suction.
The volume of the a cld solution of urine was adjusted to
2 liters, and a sultable allquot was saved for analyslis.
In Experiment IV urine collections were extended
beyond the regular balance perliods. Urine was collected
dally during this interval. In this case the flasks
containing fllter paperse and urine in hydrochloric acid,
representing a one-day collection, wers autoclaved for
one hour. The contents of the flask were transferred
quantitatively to a l-liter volumetric flask, and the

volume was adjusted accordingly.

Determination Of Nitrogen

Concentration of nitrogen in food, urine, and feces
was determined in Experiment I using the Kjeldahl-Gunning
procedure. Ammonla was collected in approximately 0.1 N
hydrochloric acid containing a mixed indicator of methylene
blue and methyl red. In the remaining experlimente only

urinary nitrogen was determined.
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The size of sample, volume of concentrated sulfuric
acld used in digestion, quantity of catalyst, and the
length of the digestion period were adjusted in relatlon
to the type of materlal being analyzed.

The ability of the author to recover nitrogen from
a standerd solution was demonstrated. Recovery of nitro-
gen from the metabolism cage sprinkled with a standard
solution of (NHyL)oS04 was also satisfactory. (See

Appendix, Tables A and B.)
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RESULTS ANTD DISCUSSION

EXPERIMENT I

The first pert of thls experiment, conducted in Fall,
1950, wae designed to determine the effects of a number
of gingle dletary fats and various comblnations of thece
fats on the protein catabolism of protein-devlieted animals
recelving e ration of limited energy velue.

Since a butterfat and lard mixture was the fat com-
ponent of the originsl diet with which a favorable influ-
ence was assoclated, the protein-sparing propertiee of
each of these fats fed alone were investigated. It was
not known whether the influence was specific for one of
the fats or whether 1t represented an additive or supple-
mentary effect of two single fats. It seemed possible
that single fats might act differently than the same fats
in combination. In addlition to butterfat and lard, three
other common sourceeg of fat were selected for study,
namely, cottonseed oil, hydrogenated vegetable fat, and
margarine fat. The effect of combining butterfat or lsrd
with each of the other fats was determined to ascertain

whether any other mixture was ag effective ag the
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butterfat-lard mixture in decreasing catasbolism under the
speclific conditions of thls experiment. Three butterfat-
containing and three lard-containing mixtures were formu-
lated, 1.,e., butterfat and lard each were combined with
cottonseed oil, hydrogenated vegetable fat, or margarine
Tat.

The various fats and fat combinatlons were incorpo-
rated into the basal protein-free diet in quantitles to
provide 20 per cent of the diet., In all of the mixtures
of fat equal parts of the two fats were used. The re-
sponse of rats to the feeding of these dlets was compared
to the response of animals recelving butterfat and lard
as the source of fat and to that of anlimals receiving no
dletary fat. In the low-fat dlet addltlional dextrin was
added at the expense of fat.

Thirteen experimental diete were used, each fed to
a group of 12 rats. Animals in each group were fed the
respective rations ad libitum for the first 23 days of
the experiment. During the last five days of this feed-
ing regimen, nitrogen balances were determined. On the
24th day, the dietary modification was introduced, 1i.e.,
restriction of calories to aporoximately one-fourth of

the quantity voluntarily eaten by the rats. At this
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Juncture, calories were decreased for eix of the animals,
while the remaining eix continued to consume the rations
ad libitum.

This method of procedure permitted two typee of com-

parieons:

(1) Comvarison of the nitrogen balances accrued by
the same animals whille ingesting full or re-
stricted quantities of one diet; in thile way
each animal served as his own control, l.e.,

a longitudinal control;

(2) Comparison of the nitrogen halances of different
animals receiving full and restricted quantities
of one diet during the second Interval of the
test period, 1l.e., a cross-sectional control.

The nitrogen metabolism of animals fed the various

diets in unrestricted quantities (Period I) and in restrict-
ed quantities (Period II) 1s indicated in Table 3 (the
longitudinal control study). The mean nitrogen balance

of animale fed the low-fat, unrestricted ration in Period

I for five daye was -213 mg. Corresponding mean belences

in the same interval for animals receiving the different
fat-containing diete ranged from -238 to -296 mg. The

latter difference is of the order of the standard
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Table 3. Mean nitrogen metabolism of rats ingesting dlets
containing different sources of fat and varioue
combinations of these fats during intervele of ad
1libitum feeding (Pd. I) and of restricted feeding

(Pq. II)

Source of Number Dally energy Nitrogen balance

dietary fat of value of per 5 days
rats dlet Periods Increase in
Perlods I II cataboliem
I IT
Cal. Cal. mg. mg. mg.

Low-fat 5 35.7 9.9 =213 =739 526
(50 me. oil/day)
Cottonseed oil 6 1.7 10.7 -296 =348 52
Butterfat and 6 LOo,0 11.4 -239 =343 104
lard
Butterfat and 6 42,3 11.4 -259 =455 196
margarine fat
Lard and 6 2,9 11.4 -248 -449 203
margarine fat
Lard and 6 4o.2 11.4 -239 =456 217
hydrogenated fat
Lard Ls,1 11.5 -250 =472 222
Hydrogenated 5 41.8 11.0 -238 -475 237
vegetable fat
Butterfat and 6 L2,0 11.5 =255 <502 247
hydrogenated fat
Lard and 6 40,5 11.4 245 <bLo4 249
cottonseed oil
Butterfat and 6 40,2 11.4 248 -553 307
cottonseed oll
Margerine fat 6 38.4 11.4 -242 =572 330
Butterfat 6 39.3 11.4  -244 -B57 413
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devlietion from the mean balance of some 300 nitrocen
balances of rats fed the nitrogen-low, 20 per cent fat
diet in this laboratory. The significance of the lower
balance accrued by rets Angesting unrestricted quantities
of the low-fat ration will be discuesed in relstion to
Experiment IV,

¥hen the energy value of the dlet was decreased
(reriod II), nitrogen catabolism increased in all of the
animals studied. Nitrogen balances in the five-day
period of reduced calorie feeding ranged from -343 mg.
to -739 mg. Feeding the restricted low-fat diet brought
about the greatest incresse in the negativity of the
nitrogen balance. Conelderable varistion wae noted in

response to the feeding of the low-calorle, fat-contain-

-ing diets. In animals recelving butterfat, the rate of

nitrogen exnenditure increased to about the same extent
as 1t dld when animele were provided the low-fet ration.
On the other hand, the feeding of a dlet containing
cottonseed o1l or a dlet containing a mixture of butter-
fat and lard was accompanied by very smell increments
in the rate of nitrogen catabolism.

It may be noted that the calorlc values of the dally

dlets consumed by the different groups of animals were
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not identical in Period I. 1In this experiment, rate
were allowed free access to the respective rations during
the firet period of metabollc measurement, and ate dif-
ferently. The average energy values of the food chosen
by the various groups of rats were between 35.7 and 45.1
Calories per day. Although lsocaloric quantities of the
restricted raetlions were provided the animals in Period
II, failure in some cases to consume the full quota of
rations was reflected by slight differences in the
caloric value of the food eaten. It is believed, how-
ever, that the differences in energy value of the con-
suned restions occaslioned by the method of feeding were
without effect upon the results observed, except perhaps
in the case of the rata fed the low-fat diet. Animals
receiving cottonseed oil as the source of fat demonstrated
less evidence of cataboliem than did animals recelving
any of the other rations, yet the former animals actually
consumed fewer calories than animals fed any of the
other fat-containing rations (Period II).

An interesting observation was made in connection
with the nitrogen balance findings. It has been
sugcested that the slze of the standard deviation

in a velue measuring the response of animals to



100

experimental dlets varying in respect to one component
may measure the general nutritional adequacy of the diets.
The greater the variastion withiln a group the less adequate
1s the diet. Individusl animals, in general, within the
groups exhibiting a lesg favorable nitrogen balance fol-
lowing the reduction in caloric intake showed greater
varliation from the mean values for their respective
groups than did animals from groups in which the response
to calorlc restriction was more favorable. The standard
deviation characteristic of each mean nitrogen balance
was celculated. These data were then plotted against
the mean nitrogen balances (Figure 1). The relationship
1s clear, and indicates differences in the nutritive
value of the fats fed.

Although results of this analysls are suggestive,
whether or not the large stendard deviations observed
in connectlon with the feeding of certaln of the experi-
mental dlets were entirely of nutritional origin was
questioned. It was belleved also that the physical con-
dition of the animal at the end of the experiment might
provide some explanation for the variations in nitrogen
excretlons observed among the animals.

Findings at necropsy revealed the presence of in-

fectlion in the lungs in a small proportion of animals.
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There also was a wlde veristion in the stores of body
fat among the animals; some animals were completely de-
void of vieible body fat. It was noted that welght
lossee vszrled appreclably during the period of caloric
restriction. Some of the animals exhibited preciplitous
drops in body weight in response to caloric restriction
and may have been approaching death. Increased catabo-
lism often appeared in individuel rate 1n which the
following symptoms appeared: large losses in body
weight, presence of lung infection, and absence of body
fat. Nitrogen metabollem data obtained from animals
who met two out of three of the following criteris were
eliminated:! presence of moderate lung infection, a
LOo-gram or greater lose in body weilght during the nine
days of caloric restriction (four days adjustment; five
daye, Perlod II), absence of visible body fat. The re-
sulte obtained from animals exhlbiting a severe degree
of lung infection or from animals who were moribund at
the end of the expsriment were similarly omitted. The
remailning data represent fesults uncomplicated by the
effects of pathological conditions that misht affect
the performance of the rats in the nitrogen balance

test. The data were reanalyzed and results commared
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with those obtained in the analyses Just presented.
This procedure has been followed in presenting results
from all of the experimente that follow.

The screened nitrogen balance data of animals free
from pathological abnormalities and recelving single fats
first in unrestricted and subsequently in restricted
quantities are shown in Table 4. Results still show that
the nitrogen balances occasioned by calorlc restriction,
in general, were of the same order but of lower magnitude
than thoee reported in Table 3. As before, the use of
butterfat in the rations was assoclated with a greater
catabolism than that induced by feeding the low-fat dlet
and again cottonseed oll rated the highest of all of the
fats fed., Data from animals free from abnormalities
indicated that other fate fell into the following order:
margarine fat, hydrogenated vegetable fet,and lard. The
observation that butterfat and lard, the components of
the original fat mixture with which a sparing effect
was demonstrated, were both ineffectlive as eingle fat
components of the protein-free rations 1lg of particular
interest.

A two-way control was used in the present experiment.

The results obtalned when the crosg-sectional type of



Table 4. Longltudinal control study of mean nitrogen metabolism of rats in-

gesting diete contalning single fats during intervals of ad liblitum

feeding (Pd. II)

Source of No. of Daily energy Nitro R
gen balance Urinsry nitrogen
dletary fat rats vaég:tof per 5 days per 5 days
Periods Periods Increase in Periods Increase 1in
catzabollsm ~ urinary
I I I II in Perilod I I nitrogen in
I1 Period II
Cal. Cal. mg. mg, ng. mg. mg. mg.
Low-fat 37.5 10.4 241 <434 193 151 395 2l
Cottonseed 40.9 10.6 -280 =303 23 193 288 95
oil
Margarine 3 42.1 11.5 =258 =363 105 173 336 163
fat ’
Hydrogenated
vegetable 3 41,4 11.0 -285 ~419 134 175 383 208
fat
Lard L Li,7 11.5 -283 -463 180 188 422 234
Butterfat 3 39.8 11.4 -257 -493 236 176 454 278

#01
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control was used are of lnterest also. Results are pre-
sented in Table 5. The extent of nitrogen catabolism
indicated by the comparisons of these two types of
measurements 1s of slightly higher magnitude but of
exactly the same order as was shown when each snimal
served as his own control.

In Table 6, nitrogen balance deta for animals re-
celving the rations conteining butterfat alone or butter-
fat comblned with other sources of fat are presented.
While the presence of butterfat as the only source of
fat in the ration was assoclated with a marked incre-
ment in the rate of tissue destruction, the feeding of
butterfat in combination with certein other fate evoked
a more Tavorable response. The butterfat-lard combina-
tion was most effective in averting excessive losses of
body nit:iogen, then in order came butterfat-margarine
fat, butterfat-hydrogenated vegetable fat, and butterfat-
cottonseed oll. It should be noted that the combination
of butterfat and cottonseed oll had no protective
influence.

The feeding of lard as the only source of fat was
accompanied by an incresse in the rate of nitrogen ex-

pendlture; an increment of 180 mg. was observed for the



Table 5. Cross-sectional control study of mean nitrogen metabolism of rats
ingesting diets contzining single fats during intervals of ad
1libitum feeding (Pd. II) and of restricted feeding (Pd. II)

Source of

Dally energy

Nitrogen balance

Urinary nitrogen

dletary fat value of dlet per 5 days per 5 days
Periods Periods Increase in Perlods Increase
11 1T 1T 1T catabollism 11 11 in urinary
1008  25% 100% 25¢ Dnltrogen
Cal. Cal. Cal. Cal.
Cal. Cal. mng. mg. mg. mg. mg. mg.
Low-fat 35.2 10.4 -213 -4 34 221 141 395 254
(6)2 (3) (6) (3)
Cottonseed oil 44,8 10.6 248 -303 55 177 288 111
(5) (5) (5) (5
Margarine fat 40.5 11.5 =242 -363 121 172 336 164
(6) (3) (6) (3)
Hydrogenated 43,1 11.0 -238 -419 181 162 383 221
vegetable fat (6) (3) (6) (3)
Lard L5.3 11.5 -250 ~483 213 169 422 253
(6) (&) (6) (&)
Butterfet Ls, 2 11l.4 -2Ul -493 249 172  Lsh 282
(8) (3) (6) (3)

8Number in parsnthesie indicates

number of animals.

90T



Table 6. Mean nitrogen metabolism of rats ingesting diets containing butter-
fat or butterfat comblned with other fats during intervals of ad
libitum feeding (Pd. I) and of restricted feeding (Pd. II)

Sourc T No. of Dally e
dig%ar§ gat gaé; av&{uengggy Nitrogen balance Urinsry nitrogen
diet per S5 days per 5 days
Perlods Periods Increasse in Periods Increase 1in
catebolism urinary
I 11 1 11 in Perilod 1 II nitrogen in
II Period II
Cal. Cel. mg. mg. mg. mg. mg. mg.
Butterfat 3 39.8 11.4 -257 -~493 236 176 454 278
Butterfat 6 L40.0 11.4 244 <343 99 173 312 139
and lsrd
Butterfat and 5 bz2,5 11.4 -260 =382 122 175 349 174
mergarine fat
Butterfat and L 43.0 11.5 =299 =444 145 203 403 200
hydrogenated
vegetsble fat
Butterfat and 4 ho.3 11.4 -275 -483 208 185 452 267

cottonseed oil

40T
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five-day period (Table 7). As was the case for butter-
fat, diets containing combinations of lard with margerine
fat or hydrogenated vegetable fat retarded excessive
destruction of tissue protein while the diet containing
a combination of lard with cottonseed oil d4id not. It
mey be noted that the mixture of lard and margsrine fat
was a8 effective as the mixture of lard and butterfat

in preventing logsee of nitrogen from the body. Compari-
son of the data presented in Tebles 6 and 7 may indlicate
that the influence of the butterfat-lard mixture upon
the course of nitrogen metabolism is more dependent upon
1ts content of lard than 1ts content of butterfet.

In all of the results presented, when the quantities
of nitrogen excreted in the urine by these animals are
compared with the nitrogen balances for these same ani-
mals, it is seen readily that the order of the two
estimates 1s allke. The quantity of nitrogen excreted
in the feces varies with the total quantity of dlet fed
but is aoproximately constant in response to the dif-
ferent dletary modificationes used. In view of this ob-
servation, the quantity of nitrogen excreted in the
urine hes been used as the index of meeasuring dif-

"ferences in the nutritional values of the diets.



Table 7. Mean nitrogen metsbolism of rats ingeeting diets containing lard or

lard combined with other fats during intervals of ad libitum feeding
(Pd. I) and of restricted feeding (Pd. II)

Source of No. of Dazily energy

Nitrogen balance Urinary nitrogen
dietary fat rats vaé?:tof per 5 days per 5 days
Periods Perlods Increzse in Periods Increase in
catabolism —/—7— urinary
I 11 1 11 in Period 1 11 nitrogen in
II Period IIX
Cal. Cal. mng. mg. me., mg. mg. mg.
Lard L Lh 7 11.5 -283 -463 180 188 422 234
Lard and 6 40.0 11.4 244 -343 99 173 312 139
butterfat
Lard and L 43.7 11.4 -271 -~343 72 179 309 130
margarine fat
Lard and 5 40.3 11.4 -260 =383 123 178 350 172
hydrogenated
vegetable fat
Lard and 3 Lo.h 11.5 -267 -494 227 197 455 258

cottonseed oll

60T
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The results of thlie experiment have been summarized
in Table 8. Single fats as Judged by thelr ability to
decrease the rate of catabolism when the caloric value
of the protein-~-free diet was reduced rated in efficlency
as follows: cottonseed oll, margarine fat, hydrogenated
vegetable fat, lard, and butterfat. With cottonseed
0ll in the dlet, the quantity of nitrogen in the urine
was Incressed by only 95 mg. in the five-day period;
with butterfat, 278 mg. Results of arranging the vari-
ous fat mixtures tested in order of thelr effectlveness
disclosed an interesting trend. Vhile cottonseed oil
far exceeded the other single faté in retarding catabo-
lism, the combinations containing cottonseed oil and
eilther butterfat or lard were legs effective than any
of the other fat comblnations.

It is interesting that butterfat acquired beneficial
properties when combined with lard or margarine fat.

When fed slone 1t ranked at the bottom of the list, Com-
bining butterfat with either of these fats brought about
approximately one-hslf as great an lncrease in catabolism
in response to caloric restriction as dld the feeding of

a dilet containing only butterfat.



111

Table 8. Increase in quantitlies of nitrogen excreted in
the urine in response to reduction of calories
when rate receive egingle fats or fat mixtures

Urinary nitrogen per 5 days

Difference Difference
between between
Pd. I and i‘d.e I and
Pa. II Pa. II
mg. mg.
Fats Fat mixtures
Cottonaeed oil 95 Lard and 130
margarine fat
Margarine fat 163
Lard and 139
Hydrogenated 208 butterfat
vegetable fat
Lard and 172
Lard 234 hydrogenated
fat
Butterfat 278
Butterfat and 174
margarine fat
Butterfat and 200
hydrogenated
fat
Lard and 258
cottonseed
oll
Butterfat and 267
cottonseed

oil
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In the spring of 1952, a confirmatory experiment
was conducted. It secmed desirable to repeat the expreri-
ment with the rigid control of the energy value of the
dally food consumed thet force-feeding permitted. Four
of the experimental diets used in the orlginal investi-
gatlon were reevaluated, i.e., the diet low in fat and
diets containing a mixture of butterfet and lard, butter-
fat only, and cottonseed o0ll only. Two methods of
feeding were employed in the 1952 study, feedinz from
a food cup and force-feeding. The quantity of nitrogen
excreted in the urine was the index used for measuring
the relative efficiencies of the various dlets. Results
obtained in the food-cup feeding test are presented in
Table 9. Data from the 1950 test are included for
comparison. Results from the 1952 experiment are of
the same order as they were in the originsl experiment.
Differences between the groups were statistically sig-
nificant in the 1950 experiment but not in the 1952
test.

When the same dlets were force-fed, increases in
the rate of catabolism following the restriction of the
diet were not as large as in previous experiments ranging

now from 70 to 120 mg. per five days (Table 10). Again



Table 9. Mean quantities of nitrogen in the urine of rats ingesting
dlets contalining different sources of fat during intervals

of ad libitum feeding (Pd. I) and of restricted feeding
(Pa. II) in two experiments

Source of Urinary nitrogen per 5 days Incresse in
dlet i it
letary fat Period I reriod II urinary nitrogen

0 1952

1950 1952 1950 1952 195 95

mg. mg. mg e 7 mg. mgo mgo

Low-fat 151 151 395 386 244 235
Cottonseed oil 193 195 288 318 95 123
Butterfat and 173 193 312 377 139 184

lard

Butterfat

176 175 Lk 386 278 211

ETT



Table 10. Mean quantitlies of nitrogen in the urine of rats force-fed
diets containing different sources of fat during intervals

]

of full (Pd. I) and restricted (Pd. II) feeding

Source of No. of Urinary nitrogen per 5 deys
dietary fat rats Period I Period II Increase in
urinary nitrogen
ng. mg. mng.
Low-fat 6 193 313 120
Cottonseed 6 221 294 73
011-20%
low-fet
Butterfat-10% b 209 279 70
lard-10%
Butterfat-20% 6 186 297 111

HTT
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the use of butterfat in the diet was without benefit
(increases in urinary nitrogen: low-fat diet, 120 mg.
per 5 days; butterfat diet, 111 mg. per 5 days). Cot-
tonseed o0ll and the butterfat-lard mixture both decreased
the increment in excretion of nitrogen following caloric
restriction to the same extent (50 mg. per 5 days).

The relatively small increases 1n urinary nitrogen
occurring in this test suggest that when the restricted
diet was force-fed 1t was utilized more efficlently
than when 1t was eaten from a food cup. The difference
is hard to explain., However, force-feeding distributed
the limited quantities of the dlet over three intervals
of the day. These rats were qulescent and did not seem
to be hungry. When allowed to eat from a food cup the
rats consumed the ratione immedlately and exhibited
symptoms of hunger between intervals of feeding. They
were constantly searching for food and expended a great
deal of energy pawing the cage and attempting to escabe.
The greater activity of animals fed from a food cup may
have increased their requirement for food energy and
may explaln, at least partlally, why they excreted more
nitrogen in response to caloric reduction then animals

force-fed isocaloric quantities of the same diets.
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Perlods between feedings approximeting stervation may

also have been an influencing agent.

EXPERIMENT II

The obeervetlion that cottonseed oll incorporated
into a protein-free ration was particularly effective
in preventing destruction of tissue protein caused by
caloric restriction suggested that the protective in-
fluence might be attributed to some particular property
or component of the cottonseed oil. The highly un-
saturated nature of cottonseed oll and 1lts content of
linoleic acid, an essentlal fatty acid, distinguished
it from the other fats tested.

It was believed that the favorable influence of
cottonseed o0il might reflect either its high degree of
unsaturation or 1its content of linoleloc acid. Two test
procedures were adopted. A negative approach was used
to study the effect of the degree of saturation upon
the protein-sparing effect. A laboratory prepared,
purified sample of hydrogenated coconut oil which was
almost entirely free of unsaturated fatty aclds was

procured. It was believed that if the protective
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influence of cottonseed oll was derendent upon its high
degree of unsaturation then the feeding of a completely
saturated fat should evoke the seme response as feeding
a dlet devold of fat. The effect of adding the methyl
ester of linolelic acid to the low-fat retion was also
tested.

The response of rate to the feeding of a low-fat
dlet supplemented with 100 mg, methyl linoleate daily
or a dlet containing 20 per cent hydrogensted coconut
0ll was compared to that of rats fed the low=fat dlet
or diets containing elther 20 per cent cottonseed oil
or 20 per cent butterfat.

All animals in this experiment were force~fed the
experimental rations In three portions daily. In order
to provide a vehicle for the methyl linoleate, the
vitamin preparation was homogenized with a small quan-
tity of water and force-fed apart from the regular
ration, The vitamin mixture, either with or without
methyl linoleate, wae administered daily immedistely
preceding the feeding of the first portion of the ep-
propriate diet. The supplements were force-fed during
the entire 32-day exrmerimental period. Animals who

became accustomed to the force~feeding of the vitamin
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mixture from the beginning of the experiment offered
little resistance to the force-feeding of the entlre
ration. In this experiment, animals adjusted to caloric
restriction for three instead of four days before meta-
bolic measurements were made.

Results are presented in Table 11. Animals in this
experiment responded 1ln much the same manner as alre:sdy
was noted for animals force-fed rations in Experiment I.
Again caloric restriction was accompanied by a relatively
small increase in the rate of cataboliem. It should be
noted that the rats in this experiment were in unusually
good physical condition at the beginning of the experl-
ment and came through in excellent condition. Animals
recelving trne ration contalning the hydrogenated coco-
nut olil or the diet supplemented with an unsaturated
essentlal fatty acld showed essentially the same response
es animals fed the low-fat diet, the respective incre-
ments 1in excretion induced by caloric restriction being
36, 64, and 46 mg. for the five-day period. Vhen the
diet containing 20 per cent cottonseed oll was fed the
level of excretion remained constant during periods of
full and restricted feeding. Once agein, the ineffec-

tiveness of butterfat was demonstrated. The incorporation



Table 11. Mean nitrogen metabollsm of anlimals force-fed the basal
low-fat or high-fat rations during intervals of full

(Pd. I) and restricted (Pd. II) feeding

Source of
dietary fat

No. of
rats

Urinary nitrogen per 5 days

Periocd I Period II Increase in
urinary nitrogen

mgo mg. mg.
Low-fat 100 mg. 7 168 232 64
methyl linoleate
Hydrogenated 7 193 229 36
coconut oil (20%)
Low-fat 7 173 219 Le
Cottonseed oil 7 233 240 7
Butterfat 6 187 238 51

61T
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of equal amounts of elther butterfat or hydrogenated
coconut oll into the ration brought about incremente
in excretion of 51 and 36 mg. respectlively.

When fed as a supplement to a low-fat dlet already
sdequate iIn essential fatty aclds, linolelc acld exerts
no protective influence. Perhaps 1t might be effective
at a higher dosage. Also, it is entirely poseible that
other unsatursted fatty acids may vpossess a protein-
sparing effect. Since olelc acld and linolelc acid
occur in spproximately the same proportlions in cotton-
sead o0ll and sccount for moet of 1ts unssturated fatty
acld content, the possibility etill exlete that olelc
acld may be effective in preventing increments in the
output of nitrogen in the urine in response to caloric
restriction.

At thls point it may be well to call attention to
a phenomenon that has appeared before and appears even
more clearly in thie experiment. Rats receiving cotton-
seed oll in the diet excreted more nitrogen when the
ratlion was administered in a quantity estimated to meet
the energy requirements of the animal (Period I) than

did animals force-fed an isocaloric quantity of low-fat
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ration. This problem will be treated further in
Experiment IV.

Although the results of the present experiment are
inconclusive, nevertheleseg, this experiment has stimu-
lated considerable thought regsrding other approaches
that might be used in studying the protein-sparing
properties of fat, One might ascertain, for example,
whether the protective property characterizes the saponi-
fiable or the non-saponifiable portion of the fat mole-
cule. Since cottonseed oll contains large quantities
of tocopherols, it 1s concelvable that these may be
functioning in a special capacity under the particular
stress conditlions thet have been desoribed, i.e.,
over and beyond their recognized functions as vitamin
E and as antloxidants. The guantity of tocopherol
furnished by the carbohydrate dlet is significantly less
than by the dlet containing cottonseed oil. It is elso
possible that some other fraction of the non-saponi-
flable portion of cottonseed oll may be responsible
for its protective action. It would also be desirable
to test the effectiveness of the saponifiable portion

or specific fractlions thereof of cottonseed oll. The
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potency of progressively hydrogenated fractions of a
pure sample of cottonseed oll might be one approach.
The value of the glycerol fraction of fat should not

be overlooked.
EXPERIMENT III

A Dbeneficiel effect of dietary fat in preventing
excess catabolism of tissue protein under the stress of
caloric restriction has been demonstrated when protein-
free rations are fed to rats depleted of their reserves
of body protein. It seems reascnable that under this
strese condition stores of fat 1n the body may act in
the same manner as dletary fat. Findings at necropsy
in previous experiments had lndicated that conslderable
variation existed among animals in regard to the size
of fat stores. Animals with little or no visible fat
often catabollized body protein faster than animals
with appreciable reserves of fat.

The rate of niltrogen catabollism has been determined
in a group of animals in which an attempt was made to
equalize fat stores. Two groups of animals were used,

one deslgnated to receive the low-fat basal ration and
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the other to receive a 20 per cent fat ration contain-
lng cottonseed o0i1l. B8tores of fat were equallzed by
reducing all animels to the same body weight through
starvation before initiating the 32-day test. The
starting welght was set at 325 gm. In previous experi-
ments, rats of this starting welght have withstood
caloric restriction without complete exhaustion of body
fat. Animals whore initial welight was 325 gm. were
assigned immedlately to the exmerimental rations. Ani-
mals whose weight exceeded 325 gm. recelved no food
excent for the daily vitamin supplement until they
reached the deslignated weight. They were allowed free
access to water.

Data, screened in respect to incidence to lung
infectlon and unduly large losses in body welght as
described in Experiment I, are reported for 13 animals,
seven recelving the low-fet ration and six, the high-
fat ration (Table 12). At the time of selection the
- body weighte ranged from 323 to 440 gm. From zero to
ten days of starvation were required by the individual
animals to reduce body weight the desired amount. The
animale remained unusually calm and exhibited no un-

usual symptoms during the starvation period. The rats



Table 12. Individual and mean nitrogen metabolism of animals reduced in
welght to 325 gm. before inlitiation of expsriment in response
to full (Pd. I) and restricted (Pd. II) feeding

Rat Original Starvation Urinery nitrogen per 5 days
no. body wt. period Pa. I Pa. II Increase
in urinary
nitrocen
in Pd. II
gnm. days ng. mng. mg.
Low-fat diet
3 327 0 170 259 89
b 333 0 202 280 78
6 337 1 175 278 103
7 370 4 132 296 lek4
8 376 5 133 235 102
9 Lo8 9 114 272 158
10 L23 10 111 214 103
Av. 148 262 114
High-fat diet
11 323 0 213 256 43
12 334 1 224 248 24
13 345 1 193 310 120
14 348 1 210 256 40
17 379 5 160 217 57
19 Lio 10 216 223 7
Av. 203 252 49

et
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were permitted to eat ad libitum between the time that
feeding was 1inltisted and the end of Perlod I of the
metabollem test so that body weights vsried somewhet
during the perliod that nitrogen excretion was measured.
Even so, the range in actual body weights was less (270
gm, to 319 gm.) than that observed in experiments of
this type when no control ovsr body weight was
exerclsed,

Individual and mean excretions of nltrogen are pre-
sented in Table 12. The constant nature of the individual
data, particularly in response to the feeding of low-
calorie dlets 1s notable. This observation coupled with
the fact that the present animals were of greater body
welght than many cf those used formerly may indicate that
uniform storeg of body fat are influencing the response
of the rats gliven the low-fat dlet.

Increments in excretlion were small in comparison to
other results reported herein when the low-fat ration was
fed in restricted quantities. Values for the rats fed
the high-fat diet, however, were of approximately the
same order as those previously noted. The analyses are
particularly difficult to interpret because the long
perlod of starvation affected the response of certain

rats (note rats 7, 8, 9, and 10 and rat 17). The
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excretions of nitrogen of these animale were very low in
Period I. Starvation apparently hed induced the protec-
tive adjustment in nitrogen excretion that occurs in
protein deprivation.

As in previous experiments, the increase in catabo-
lism demonstrated by animals receiving low-fat dlets was
double that of the increase in anlmals fed fat. The ex~
cretion of nitrogen in Period I was malntained at a high
level by the fat-fed rats, and emphasized the difference
in response of the two groups. However, if the rats that
had been starved from four to ten days in the low-fat
group are omitted, the effect of reducing caeloric intake
is about the same as that observed previously. It 1s of
interest that the administration of the fat dlet kept the
excretion of the rats that had been starved either five
or ten days at a high level in Period I. In general, the
experimente to date have shown that anlmals receiving fat-
contalning diets ad libitum mainteined nitrogen catabolism
on a higher plane than animals receiving all of thelr
calories from carbohydrate. In view of this fact, a long-
time study of nitrogen‘metabolism in animals receiving

fat-free or fat-containing diets in full or restricted
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quantitles was indiceted. Such an experiment is reported

in the following section.

EXPERIMENT IV

Results to date have indicated that dietary fat has
the unique ability of conserving tissue protein when in-
corporated into a protein-free dilet supovlylng approximately
one-fourth of the calorles needed dally by the rat. In
thegse experiments, results were evaluats=d in terms of the
degree of tissue catsbollsm induced by feeding high- and
low-fat dlets deficlent in protein and of varying csloric
value. The nitrogen metabolism dates that were reported
reflect the immedlate reaction to caloric restriction of
rats fed eilther fet~free or fet-containlng dlets. It was
recognized that the more favorable nitrogen metebolism
assoclated with the feeding of the fat-contalning dlets
under conditlons of caloric restriction might represent
a temporary adjustment. "hether or not the effect of the
inclusion or fat in low-cseslorle, protein-free diets con-
tinues to be manifested over a long period of time was
studied in thls phase of the investigation. In addition,

the influence of fat when present 1n diets providing the
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full quota of required energy was investigated in a
similar long-time experiment.

Also time of survival of the animals fed the various
test dlets provided snother measurement of the relative
effectiveness of fat-free and fat-contalning diets in
proteln metabolism. The course of protein metabollsm in
the two groups of animals wss followed, therefore, day
by day until all of the rets in each group had died.
Four main groups of anlimals were studied in this experi-
ment:

(1) Animals fed the low-fat dlet in restricted guan-

tities until death (10 rats),

(2) Animels fed the 20 per cent fat dlet in re-

stricted quantities until death (10 rats).

(3) Animale fed the low-fet dlet ad libitum until

death(3 rats), and

(4) Animals fed the 20 per cent fat diet ad libitum

until death (3 rats).

In order to provide a basis for initial comparison,
the regular five-day metabolism tect firset was conducted
under the conditions of full and restricted feeding. At
the completion of thieg test, the rats were fed the same

dlet fed in Period II untll they dled. The quantity of
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nitrogen excreted in the urine dally by some of the rats
in each group was determined. Four rats receiving re-
stricted quantities of each diet and two animales receiving
each of the retions ad llblitum were studled.

Cottonseed oll was selected as the source of fat in
this experiment because of the demonstrated superiority
of this fat over other gingle fats in retarding the nitro-
gen catebolism caused by the ingestion of calorically
inadiequate diets containing no protein. The heat of
combustion of cottonseed oll as determined by bomb
calorimeter analysle was 9.3 Caloriee per gram. With
the use of this velue the caloric vaelue of the cotton-
seed oll-containing ration was calculated to be 4.8
Calories per gram in contrast to 3.7 Calories per gram
for the low-fat ration. Mean quantities of dlets consumed

dally were isocaloric (Table 13).

Rate Of Catabolism In Initlal Five-Day Test And
Length Of Life

It should be noted that animals fed fat again ex-
creted more nitrogen in Perliod I than anlmale recelving

the low-fat ration., The differences in responee induced



Table 13. Catabolism of animals fed protein-free rations, elther fat-free or
fat-containing, at initiation of long-time metabollc test

Rations No. of Daily energy Urinary nitrogen per 5 days
fed rats value of dlet Pda, I pd. II Increase in
Pa. I pd. II catabolism in
Period II
Cel, Cal. me. mg. mg.

When rations are inadequate in energy vslue

Low-fat 10 4.6 12.4 161 398 237
20% Cotton- 10 o, 1 12.4 225 308 83
seed oil

When retions are adequate in energy value
Low=fat 3 36.6 Li 6 170 162 8

20% Cotton- 3 37.6 43,5 199 199 0
seed oil

0¢T
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by the feeging of the two types of dlets in Period I
magnified the difference between the excretions of
Perlod I and Period II for rats receiving the carbohy-
drate diet, The small increment in excretion occasioned
by caloric restriction in animels recelving the fat-
contalning diet partly reflected the higher nitrogen
output of these animals in Period I of the metabolism
test. However, a comparieson of the Period II excretlons
(398 mg. per five days, low-fat diet; 308 mg. per flve
days, high-fat diet) showed that the low excretion of
animals fed the low-fat dlet during Period I did not
account for all of the unfavorasble increment in excre-
tion that accompanled the feeding of this dlet in
restricted quantities.

Anlmals that continued to recelve ad libitum quan-
titles of the two dlets malntailned a constant level of
excretion in the two perlods of the test. These data
demonstrate clesrly that the premise on which these
experiments have been based 1is valld, i.e., the main-
tenance of a csteady state of catabolism during the two
metabollc test perlode when a dlet of adequate energy

value 1s fed.
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When the catabollism in Period II was associated
with time of survival, interesting information regarding
the influence of fat in response to different dietary
conditions was obtained (Table 14). Thus animals fed
a fst-contalning diet withstood caloric restriction for
39 days as compared to 27 days for rats ingesting a
low-fat diet. A low excretlon of urinary nitrogen in
Period II seems to be aseoclated with longer survival.
On the other hand, rats allowed to consume the protein-
free ration ad libitum lived longer when no fat was
included in the diet than when fat comprised 20 per
cent of the ration. Again survivel time apparently
could be predicted by the nitrogen excretion. Animals
recelving fat-contailning diets gd libitum excreted more
nitrogen during each of the two five-day metabolism
teste than animals deprived of fat (Teble 13). The
favorable influence of fat 1in low-calorie diets and the
unfavorable influence in diets of adequate energy value
were further empheslized by the study of the daily

nitrogen excretions.



Table 14. Output of nitrogen during Period II and survival times of animals

recelving fat-free or fat-containing diets in restricted or un-
restricted quantities

Ration fed No. of Dailly energy Urinary nitrogen Survival
rats vslue of diet per 5 days prior
fed in sur- to initiation of
vival teat survival test
Cal. mg. days
Low-fat 10 12.4 398 27
20% Cottonseed oil 10 12.4 308 39
Low-fat 3 Li. 6 162 174
20% Cottonseed oil 3 43,5 199 121

€et
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Day By Day Metabolism Of Rate Fed Caloriocally

Restricted Protein-Free Dlets

The mean dally outputs of nitrogen in the urine

for four rats ingesting restricted low-fat ratlions and

four rats ingestinz restricted high-f«t ratlions are

shown in Filgure 2. Thece measurements were msde between
the tenth day of caloric restriction and the time that
death occurred for each animal®. It 1 immediately
obvious that nitrogen catabolism continued at a higher
plane over the entire remaining life span in the ab-
sence of dletary fst than when fat was present. Al-
though rats in each group excreted increasing quantities
of nitroren as caloric restriction was prolonged, rats
ingesting fat showed & more gradual increase in excre-
tion than did those receiving none. They never attalned
as high a level of excretion as did rats deprived of

fat (180 vs. 266 mg. nitrogen per day). The mean peak
in urinary nitrogen came on the eighth day for rats

receiving restricted low-fat rations. The peak

*The determination of the amount of nitrogen ex-
creted dally was 1initlated at the completion of Period

IT. Day 1 in this serles, therefore, actually represents

the tenth day of caloric restriction. This fect should
be kept in mind in regard to statements that follow,
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excretions for indlvidual rats in this group all came
between the sixth and ninth days, the indlvidual excre-
tions renging from 269 to 296 mg. per desy. The highest
individual daily excretions in this group were obeerved
eight to fifteen days prior to death., The first death
in this group occurred on the 1l4th day.

For animals ingesting fat, several peaks in excre-
tion occurred. The first and highest came on the 1l4th
day. Agaln, the rats reached thelr highest excretions
over a very narrow time range, 1i.e., between the 12th
and 15th days of the dally balance studles. The peak
excretion of each rat in this group was lower than that
in any animals deprived of fat and ranged from 178 to
243 mg. per dsy. The first animal dled on the 30th
day of the test.

The trends deplicted in Figure 2 are emphaslzed
when the date are pooled and arranged to show excretions
during successive five-day intervals. The rearranged
data for rats recelving restricted rations are presented
in Figure 3. Successlve five-day welght losses and
nitrogen outputs of individual animals ingesting re-
etricted low~fat and restricted high-fat rations are

presented in Tables 15 and 16. Inspection of the
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Table 15. Nitrogen metazbolism and lose in body weight during successive 5-day
intervals of individual rats fed low-fat ratione in restricted
guentities (after 28 days on protein-free, low-fat ration)

Interval 1st five days® 2nd five days 3rd five days U4th five daye 5th five days

of te8t N in  Loss N in  Loss N in _ Loss N in _ Loss N in  Loss

Rat urine in wt. urine Ain wt. urine 3in wt. urine in wt. urine 1in wt.
no.

ng. gm, mg, gm. mg., gm, mg. gm, mg. gm,

b 355 14 835 30 1149 38 710 17 _— _—

5 330 10 623 31 1076 32 875 28 — -—

6 315 15 505 29 1273 38 945 22 542 14

8 Los 16 735 27 1265 35 996 25 -— -

Av. 351 14 674 29 1191 38 881 23 — _—

8pcpiod II of metabolism test.

8ET



Table 16. Nitrogen metabollem and lose in body weight during successive 5-
day intervals of individual rats fed high-fat rations in restricted
guantities (after 28 days on protein-free, high-fat ration)

Rat N in Loss N in Loes N in Loss N in Loss
no. urine in wt. urine in wt. urlne in wt. urine in wt.

ng. gm. mg. gm, mg. gm. ng. gm.
let five days 2nd five days 3rd flve days Lth five days

35 295 14 455 19 755 23 869 31
36 275 14 420 20 540 15 695 2L
37 295 13 390 18 470 10 783 31
38 255 15 354 19 Lig 12 705 18
AV. 280 14 Los 19 552 15 763 26

5th five days 6th flve days 7th five days 8th five days

35 603 16 655 11 340 3
36 665 18 657 21 366 L 420 19
37 622 16 560 20 Ls3 6
38 565 18 597 17 350 7 300 9
Av. 614 17 617 17 377 2

360 14

6£T



140

figure and tables indicaetes clearly that the feeding of

a low-calorie, fat-free ration was punctuated by an im-

medlate and severe breakdown of body tissue that resulted

in esrly death. In rats similerly fed fat-containing
rations, catzbolism, ag evlidenced by the amount of uri-
nary nitrogen excreted, proceeded at a slower rate and
life was prolonged considepably.

Losses in body weight paralleled losses in body
nitrogen. The largest losses in welcht occurred between
the 15th and 19th days of caloric restriction (Interval
3, Table 15) for animals fed fat-free diets, between
the 20th and 24th days (Interval 4, Table 16) for ani-
mals receiving fat. These intervels corresponded to
the periods in which the highest excretion of nitrogen
was observed. The greatest individual welght losses in
this five-day period ranged from 32 to 38 grams for
animals ingesting carbohydrate diets, and from 18 to 31
grams for animals receiving fat.

In both groups of animale the pesk excretions were
followed by perlods of lower output. Animals ingesting
fat lived 15 to 20 days after they had attained the
peak excretion., In thls interval, they showed regular
decreases in output of nitrogen and a lessened tendency

to lose body welght. Animals devrived of fat exhlblted
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the same tendency but epparently they were unable to
decrease the rate of catabolism soon enough, and, hence,
the decline in nitrogen output was interrupted by death
(approximately 10 days after the neak excretion). An
immedlate premortal rise in the excretion of nitrogen

wae not observed in elther group.

Day By Day Metabollism Of Rats Fed Protein-Free

Diets Adequate In Energy

When fat was 1ncluded in a protein-free ration fed
in ad 1libitum quantities it no longer exerted a protec-
tive influence upon the rate of tissue catabolism. The
average dally excretions of nitrogen of two rats re-
celving fat in the dlet and two rates receiving only
carbohydrate during the interval corres~onding to the
tenth day of caloric restrictlion until death are shown
in Figure 4. It was noted previously that rats ingesting
fat-contalning diets excreted more nitrogen in Period I
of the regular metabolic test than animals deprived of
fat and that length of 1ife was shorter .for rats fed fat
than for those ingesting carbohydrate only in unrestricted

quantities. Apparently in animals ingesting fst-containing
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diets ad 1libltum, the high level of nitrogen catabolism
characterietic of the metabollem test was mainteined for
approximately 50 days. During this time animals fed
fat-free dlets continued to decrease thelr excretion
below that observed during the regular metabollc test
intervals conducted before studles of dsy by day metabo-
liem were initlated.

Tables 17 and 18 present date pooled in five-day
intervals and arranged to show 1nd;vidual nitrogen ex-
cretions and losses in body welght for animals fed the
two rations ad libitum. The bar graph (Figure 5) pre-
sents average excretions during successive flve-day
intervals of the day by day metabolism experiment. The
dats demonstrate that under these experimental conditions
the amellorative Influence of fat 1s lost and that,
therefore, rats receiving the high-fzt diet cannot do
ags good a Job in extending survival as the rats fed
carbohydrate only. In the latter group, catsabollism pro-
ceeded at a low and fairly uniform plane for apnroxlmate-
ly 100 days. Then dally excretlion of urinary nitrogen
dropped by one-half and continued at this point until
death. These low excretione probably represent the 'wear

and tear® guota of nitrogen or the "nitrogen minimum",



Table 17.

Nitrogen metabolism and loss in body weight during successlve 5-day

intervals of individual rate fed low-fat rations ad libltum (after 28
days on protein-free, low-fat ration)

Rat N in Loss N in Loss N in Loss N in lLoss N in Lose
no. urine Ain wg. urine in wt. urine in wt. urine in wst. urine in wt.
mg. gn. mg. gm. mg. gm, ng. gm, mg. gm,
lst five daysa 3rd five deys Lth five days 5th five days 6th five days
65 178.3 8 108.3 5 102.7 9 124, 2 10 120.6 11
68 - 4 152.9 & 169.5 5 103.6 11 96.4 6
Av, 6 130.7 4.5 136.1 7 114.0 10.5 108.6 8.5
7th five days 8th five days 9th five days 10th five days 11th five days
65 112.3 7 107.5 14 102.8 4 155.4 3 145.2 7
68 89.5 5 93.1 8 90.4 L 141.3 3 129.7 8
Av.  101.0 6 100.5 11 97.0 0 148.4 0 137.6 7.5
12th five days 13th five days 1ll4th five days 15th five days 16th five days
65 148.9 2 148.5 6 131.1 5 131.8 3 150.3 7
68 142.6 10 138.9 1 127.5 5 131.0 3 126.2 6
Av, 145.4 6 143.7 3.5 129.3 5 131.4 3 138.3 6.5
17th five days 18th five dsys 19th five dsys 20th five days 21st five days
65 129.5 1 14bL.7 3 156.3 11 159.1 1l 74,0 5
68 141.2 0 128.6 9 132.5 5 128.3 1 70.6 3
Av, 135.5 0.5 136.7 6 ik, 5 8 143.8 1 72.4 L

AN OR . .

- - - -

T







65
68

Av.

65
68

Av,

65
68

Av'

65
68

Avl

65
68

Av.

12th five days 13th five days 1bth five days 15th five days 16th five days
148.9 2 148.5 6 131.1 5 131.8 3 150.3 7
142.6 10 138.9 1 127.5 5 131.0 3 126.2 6
145.4 6 143.7 3.5 129.3 5 131.4 3 138.3 6.5
17th five days 18th five days 19th five days 20th five days 2lst five days
129.5 1 1ab,7 3 156.3 11 159.1 1 78,0 5
141.2 0 128.6 9 132.5 5 128.3 1 70.6 3
135.5 0.5 136.7 6 144, 5 - 8 143.8 1 72.4 L
22nd five days 23rd five days 24th five days 25th five days 26th five days
95.7 6 8h 4 3 71.1 5 96.9 8 77.3 2
69.6 10 83.1 2 79.9 9 76.3 0 83.6 6
82.7 8 83.7 0.5 85.5 7 86.7 kL 80.6 L
27th five days 28th five days 2Gth flve dsys 20th five days 31lst five days
68.6 1 6k4.5 0 - - - - - -
71.7 1l 70.2 0 81.4 5 81.2 5 83.2 5
70.3 0 67.5 0
32nd five desys 33rd five days 34th five days
60.6 3 76.5 11 7;.0 8

aIntervals.







Teble 18.

Nitrogen metebolism and loss in body weight during successive 5-day

intervals of individual rats fed high-fat ration ad libitum (after 28
days on nrotein-free, low-fat ration)

Rat N in Loss N in Loss N in Loss N in Loss N in Loss
no. urine in wt. urine 1in wt. urine in wt. urine in wt. urine in wt.
ng. gm. ng. gn. mg. gm, ng. gm. mg. gm.
1st five days® 2nd five days 3rd five days 4th five days  5th five days
22B 222.9 13 233.1 11 229.9 13 182.0 5 232.4 10
16B 210.6 18 - 1 - 8 - 8 - 10
Av., 15.5 6 10.5 6.5 10
6th five days 7th five days 8th rive days 9th five days 10th five days
228 217.4 5 209.7 2 222.8 3 189.0 9 179.3 8
16B - 7 - - 9 - 7 - 2
Av. 6 L.s 6 8 5
1lth five days 12th five days 13th five days 14th five days 15th five days
22B 152.5 3 104.0 5 - 11 - - - -
16B 89.2 8 82.9 3 84.2 6 81.8 2 76.6 6
Av. 5.5 4 8.5
16th five dzyes 17th five dayes 18th five days 19th five days 20th five days
22B - - - - - T - - - - -
16B 82.0 6 L 67.1 4L 70.9 3

Av.

63.9

W

SHT







22B
16B

Av,

22B
16B

Av.

228
16B

Av,

22B
16B

Av.

22B
16B

Av.

gy e sm.

lst five days®

L - PBilte

2nd five days

e Eiie

3rd five days

L X gule

4th five days

s . mite

&th five days

222.9 13
210.6 18
15.5

6th Tive days

233.1 1l
- 1
6

7th five days

229.9 13
- 8
10.5

8th five days

182.0 5
- 8

6.5

Oth five days

232.4 10
- 10

10

10th five days

217 .4 5
- 7

6

11th five deys

202.7 2
4,5

l2th five days

222.8 3
- 9

6

13th five days

14th five days

179.3 8
- 2

5

15th five days

152.5 3
89.2 8
5.5

16th five days

104.0 5
82-9 3
iy

17th five aays

- 11
84,2 6

8.5

81.8 2

19th five days

76.6 6

20th five days

82.0 6

2lst five days

4

22nd flve days

18th five days

67.1 4

23rd five days

70.9 3

24th five days

59.4 5

60.4 1

80.0 5

75.8 3

63.9 5

8Intervals.

4T
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In contrast to the rats fed the low-fat diet, very
high and sustained excretions of nltrogen by animals re-
celiving fat were apparent for the first 50 days. Then
the excretlons drop to about the same level as the excre-
tions of the carbohydrate-fed rats, The augmented excre-
tion in the early part of the period was reflected in
a shorter life. During the interval in which nitrogen
outputs were large, losses in body welght also exceeded
those in animals fed low~-fat dlets. No premortal rise
in nitrogen output was observed. It may be recalled that
animals fed in restricted quantities showed no tendency
to excrete more nitrogen than usuel 1h the immediate
interval prior to death.

In Table 19 the survival timee and total weight
losses incurred from the beginning of the total experi-
ment untlil the time that death occurred are presented for
indlvidual animals used for the long-time nitrocen study.
Length of 1life when diets free of protein and low in
energy were fed was related to the average dally loss in
weilght incurred. Rats fed the low-fat diet were able to
tolerate average losges of 7.2 gm. per day over a 27-day

pericd. On the other hand, mean daily losses in body
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Teble 19. Totsl weight losses from beginning of experiment
until death and survival times of individual
animals fed fat-free or fat-containing diets

Low-fat dlet Fat-containing diet
Rat Total loss Survival Rat Total Survival
no. in wt. after cal- no. loss after cal-
during orles re- in wt. ories re-
experiment duced in duced 1in
gome groups gome groups
gm. days gm, dsys

When diets are lnadequate 1n energy value

OV O, WunbFfFwnH

(=

Av.
velues

Av, wt.
loss/day

65
68
11B

Av.
values

Av, wt,
losc/day

163 20 31 179 28
163 14 32 214 39
199 30 33 192 32
192 2l 3L 182 30
196 27 35 209 L2
157 31 36 219 Le
213 32 37 216 39
223 29 38 229 Le
189 17 9 230 Le
249 Le 0 2L8 Le
195 27 - 232 39

7.2 - - 6.2 -

When dlets are adequate in energy value

232 156 16B 167 156
20 183 228 168 70
22 182 13B 180 137
220 173 - 172 121

0.8 _— -— 1.4 _—
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welght of 6.2 gm, per day extended 1i1fe on the average
to 39 days in the fat-fed group.

Exactly the reverse 1is true when the proteiln-fres
dletrs were fed ad libitum. Now mean losses 1in body
welght of 0.8 gm. per day were assoclated with a 1life
span of 173 days in the carbohydrate-fed group. Rats
given the fat dlet lost, on the average, 1.4 gm. per
day and lived for only 121 days. Thus, 1t is seen that
the dletsry conditions employed have exerted a profound
influence upon the rate at which body weight was lost.

Time of survivel, losses in body nitrogen and
loeseg 1n body welght may be correlated from data that
are preéented in Table 20, Rats fed fat lost weight at
the rate of 3 gm. per day and body nitrozen at the rate
of 97 mg. per day during the intervel of the dailly
metabolism tests., Comparable daily welight and nitrogen
losses for animals recelving restricted quantities of
low-fat ration were 4.1 gm. and 120 mg., respectively.
Thus, fat in the diet retarded dally losses, and as a
result rats maintained on thie dlet 1lived longer and
were able to withstand a greater total output of body
nitrogen than rats fed the carbohydrate diet inadequate

in energy.
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Table 20. Cumulated welght losses, cumulated losses in bhody
nitrogen and survival times of rats fed various
dlets from time thet specific varlations in caloric
feeding wers initlated until death

Diet Rat no. Survival Lose of Lose of
on body body
exp't'l. nltrogen welight
reglime

Restricted L 2k 3049 99

low fat 5 27 2904 105

6 31 3580 125
8 29 3401 121
Av. velues 27 Johl 112
Av. loss body N/day - 120 ———
Av. loee body wt./day - —— 4.1
Restricted 35 L2 3972 100
high fat 36 Lg 4038 128
37 39 3573 114
38 Le 3571 120
Av. values 39 3788 115
Av. loss body N/day - 97 -
Av. loss body wt./dey - —— 3.0

Ad 1libitum 65 156 3336 146
low fat 68 183 3678 156
Av. values 173 3507 151
Av. lose body N/day - 20 -

Av, loss body wt./day - —~— 0.88
Ad libitum 16B 156 30002 131
high fat 22B 70 2l 59 101
Av. values 121 2729 116
Av. loss body N-day e 22 —

Av. loss body wt./day - B 0.96

aValues for first 10

performance of other rats.

5-dasy periode estimated on basls of
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Rats allowed to eat low;fat rations ad 1ibltum
lived longer (173 ve. 121 days) and excreted s greater
quantity of nitrogen (3507 vs. 2729 mg. N) than animals
consuming high-fat rations ad libitum., Animals fed fat
now lost 2 mg. more nitrogen daily and 0.1 om. more
body welilght deally than animals deprived of fat. The
protective value of the energy components of the dlet

is clearly 1illustrated in this table.



SUMMARY

Four questions have been raised in the present in-
vestigation regarding the influence of non-protein cal-
ories on the rate of catabollsm characteristic of rats
depleted of bodily reserves of protein and maintained on
nitrogen~low rations of varying caloric value. Answers
to these questions were gought within a 8spécific experi-
mental framework.

A protein-free ration providing energy from elther
carbohydrate alone or from a mixture of carbohydrate and
fat was fed to adult masle rats. The quantity of nitrogen
excreted in the urine under the various experimental
regimes imposed was used to measure rate of body catabo-
liem. The respective rations were fed ad libitum for 18
days after which the nitrogen metabollsm of the animals
was measured for a five-day interval. The snergy content
of the diet then was reduced to approximately one-fourth
of its original value, and after a four-day adjustment
period another five-day metsbollsm test was conducted.
Animaele in a control group recelved the same rations in
amounts that met their energy needs in the second meta-

bolic interval. In one experiment, the rations
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administered in the metabolism test were fed until death
intervened and urinary nitrogen was determined dally.
The four guestions ralsed and the experimental work
deslpgned to answer the questlons are presented below.
Are gll fats equslly effective in preventing excess
catabolism of body protein induced by caloric restriction
of protein-free dlets? The effect of butterfat, lard,
margerine fat, hydrogenated vegetable fat, and cottonseed
0ll, as well as of certaln fat mlixtures, was dztermined.
Reactions of animals to the feeding of diets containing
the different sources of fat at two caloric levels were
compared to those of animals ingesting a low-fat dlet,.
Fats apparently vary appreclably in their ability to
gepare body proteln under the stress of caloric restric-
tion., Of the single fats tested cottonseed oil was the
most effectlve; butterfat, the least effective, Mar-
garine fat ranked second, while hydrogenated vegetable
fat and lard were intermediate in effect. The lard-
butterfat and the lard-margarine fat combinations were
the most effectlive fat mixtures, while the mixtures con-
taininr cottonseed oll were the least effective. The
margarine fat-butterfat mixture and the two mixtures

containing hydrogenated vegetable fat were of intermediste
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value., Force-feedling of the test rations was assoclated
with smaller increments in excretion of nitrogen than
was feeding from a food cup. Effects produced by force-
feeding some of the dists described were of the same
order as produced by cup-feeding,

Yhet properties of cottonseed oll are responsible
for its protein-sparing effect? It was thought that the
superiority of dlets containing cottonseed o0ll in reducing
catabolism caused by celoric restriction might reflect
the high degree of unsaturation of the oll or its con-
tent of essentiel fatty aclds. If the unsaturated fatty
aclds exert a protective influence, the feeding of a
completely saturated fat should induce & negative response.
A saturated preparetion of coconut oil did prove ineffec-
tive when fed as the gource of dietary fat, and in the
next test, therefore, the low-fat ration was supnlemented
with a pure preparation of methyl linoleate. No decrease
in the excretion of urlnary nitrogen occurred. Thus, the
favorable influence of cottonseed oll cannot be attributed
to linolelc acid., Other unsaturated fatty aclds present
in cottonseed oll may be active, however. Or, 1ts po-
tency may be ascsoclated with the non-saponifiable

fraction of the fat molecule,
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Does body fat act in the same manner as dietary fat
in preventing excess catabollem of tissue protein in
response to caloric restriction? Animale were starved
until they reached a weight of 325 gm. after which they
were sublected to the regular experimental metabolic
regime. Individual rats in this test exhlbited very
uniform performance, especially in response to caloric
restrliction, suggesting that body reserves of fat may
play & part in the body-sparing phenomsnon,

WYhat 1s the long-time effect upon the nitrogen
metabollsm of protein-depleted rate of feedino nitrogen-
low ratlone of adequate and inadequate calorlc value?
Whether or not the appsrent protein-esparing effect of
ocottonseed oll in diets of low energy velue wes &
permanent or a transient phenomenon was studled as well
as the extent to which the rate of nitrogen catabolism
affected the time of survival of animels receiving the
various test ratlions. Animals were fed in full and re-
stricted quantities either the basal low-fat ration or
the ration containing 20 per cent of cottonseed oil
untll death occurred. Nitrogen excreted in the urine
by the rats was determined dally. As the period of

caloric restriction lengthened, animasls receiving low-fat,
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low-calorie dlets excreted increasingly lsrge quantities
of urinery nitrogen delly over an interval of about 20
days. Then excretion of the constituent dropped from

240 to 180 mg. per dsy. The animals survived caloric

restriction for an averaze of 27 days. Animals recelving

fat, in comparison, metabolized protein at a slower rate
and life was prolonged considerably, 1.e., 39 days efter
the 1lnitiation of caloric restriction. At no time did
these rats excrete more than 150 mg. of nitrogen per
day. They exhliblted & markedly low catabollism in the
latter days of 1life (70 mc. of urilnary nitrogen per
day).

Dietary fat behaved in a different manner when the
same dlets were fed in amounts that met the energy re-
quirement of the rate. HBRsate receivins the fat diet in
unrestricted amounte maintained the high excretion of
nitrogen observgd in the flrst perlod of the regular
metabolism test for an average of 50 days when feeding
the dlet was continued. Then, in the remaining days of
life, they decressed theilr excretion of nitrogen by
approximately one-half. On the othesr hand, the rats
receiving the carbohydrate ration of full celoric value

excreted considerably less nitrogen in the urine than
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did the fat-f=d group in the first intervals of the
experiment. As a result they survived on the average

174 days instead of 121 days.
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CONCLUBIONS

Unequivocal subetantliation has been obteined of
datz previously reported from this laborstory that
under specific experimental condltions dletary fat
plays & role in the maintensnece of nutrition over and
beyond the provielon of energy and essential fatty
acids. It eo acts only when a ration low in nitrogen
1s fed to protein-depleted rats in gquantities incde-
guate to meet energy needs. Under these circumstances
& ratlon contalning fat reduces the rate at whilech body
tissue is cetsbollized, s0 that abllity to survive
under the strese condltions imposed 1e extended. On
the other hand, fat in 2 proteln-fre: dilet of adequste
energy value is asgoclated with a shortened life span
&nd an incre:zsed rste of catabollsm.

Dietary fats vary In efflcecy in decreasing the
rate of nitrogen catabollsm in animale in r:=sponse to
caloric restriction of protein-free dietes, Of the fats
tested, cottonssed o0ll conesistently has retarded
breakdown of body tissue to & grester extent than any

other fat,
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Table A, Concentration of nitrogen in 15 ml, of a
standard creatinine solution (15.01 mg. per

cent N)

0.1 N HC1 Nitrogen Theoretical Recovery
neutrallzed in 25 ml. quantity of of

aliquot nltrogen nitrogen

present

ml. mg. mg. per cent
10.57 14.80 15.01 98.60
10.65 14.91 - 99.33
10. 59 14,83 98.80
10.74 15.04 100. 20
10.62 14.87 99.07
10.66 14.92 99.40

Average 99.11
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Table B. Recovery of nitrogen from a standard solution
of ammonlum sulfate distributed at intervals
over metabollism cages

Cage Quantity of Quantity of Recovery

no. nitrogen nitrogen of nitrogen
theoretically recovered
present
mg. mg. per cent
l 401.15 399.74 99.65
Loo.27 99.78
397.66 99.13
2 401.15 401.18 100,00
398. 54 99.35
399.42 99. 57
3 401.15 L00.79 99.91
396.18 98.76
L Lo1.15 400.55 99.85
399.74 99.65
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