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LHTRODUCTION

Protein has long been recognized as an essential dietary
substance, necessary for the bullding and repair of bedy tissue. How-
ever, in recent years we have learned even more of the versatility of
pretein in bedy pmnm:. In addition te the need of pretein fer
growth and repair of tissue breakdown, protein compounds are now known
to a-r?n also as parts of hermones to regulate body processes, enzymes
to digest foods, plasma albumin to maintain water balance and blood
volume, globulins to resist infection, and hemoglobin to transport
oxygen to the tissues, V

In times of food shortages, protein deficiency is more like-
ly to occur than that of any other of the important dletary essentials,
This is due to the fact that there iz a shortage of the foods that
furnish protein of high biological value, i.e. the proteins of meat,
milk, eggs and cheese, At the presemt time, where food shortages
exist, these foods are scarce and when avallable expensive, Because
of this situation, research concerned with protein metabolism is
especially significant today.

Proteins differ from onc another on the basis of the number
and kind of amino acids of which they are made., S5ince there are nine
(possibly 10) essential amino acids, that cannot be synthesized in the
body in adequate amounts from other amino acids, they must be present
in the food, These essential amino acids are found in protein of
animal origin, Plant protein is good for supplementing other protein,
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but alone, it is inadequate for maintenance and growth in the body,
With complete protein foods both scarce and expensive, a knowledge of
the protein requirement, the factors that affect its utilizetion, and
how the body needs are met are of prime importance,

The protein requirement has been determined from the data
obtained from protein (or nitrogen) balance experiments in man, How-
ever, due to the nature of the data and the many variable factors in-
volved in the amino acid content of various dietaries, there have
been disagreements as to the real requirement, some advocating a high
intake, others suggesting a lower intake, Today a compromise of the
two extremes is generally advocated. The National Research Couneil
has suggested an adult protein allowance of 60 to 70 gm. per day,
from a diet of mixed protein (both anim@l and plant foods).

In view of the fact that the number of studies to deter~
mine the protein requirement of human beings has of necessity been
small, this problem was originally undertaken te observe the effect
of the variatiealaf caloric intake on protein use by means of the ni-
trogen balance experiment.

In developing a low protein diet for the above study, cof-
fee was suggested by one of the subjects to make the diet more pala-
table, This raised the question of whether or not coffee might in
gsome way affect protein utilization or nitrogen'axnration. A search

was made for data on this point. In reviewing the avallable litera-
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ture it was found that workers between 1853 and 1912 had done some
work on the effect of eut;’uim on the nitrogen in the urine of men
and dogs, but their results were contradictory, and in most sases
they had used varying and unspecified amounts of caffeine., 3Since
that time this problem has apparently been neglected..

In the hope of obtal y further information concerning the
effect of coffee on nitrogen metabolism, this study was planned with
the following purposes: To

1. mmmummmuemmrormonw
gen balance experiment,

2. Attempt to reach the polnt of nitrogen equilibrium in
subjects on a known protein and caloric intake.

3. Determine the effect, if any, of the ingestion of a
known amount of coffee on the total nitrogen, urea and
ammonia excretions, :




EARLY HISTORY OF PROTEIN RESEARCH

A new era of progress, which brought about the glantfi&a»
tion of the proteins that remained up to the early part of the pres-
ent century, was introduced when Francis Magendie (1783-1855) con~
¢luded from feeding experiments with livestock that the nitrogen of
the tissues is derived from food nitrogen,

Geds Mulder, a Dutch chemist, gave the name "protein" mean-
ing primary, in 1840, to these substances and stated "It is one at’
the most complicated substances, is very changeable in composition
and is undoubtedly the most important of all known mbaMu in the
organiec kingdom”,

The studies of Boulssingault, in 1851, showed that the
protein or nutritive value of a food or feed could be estimated from
the nitrogen content alone, This was strengthened by the publica-
tions of Liebig who believed that vegetable and animal products o
tain more or less identical protein substances, ,

- Pettenkofer and Voit, in 1866, found that proteins are not
needed for energy, if sufficlent carbohydrate and fat are furnished,
Voit, in 1872, found that the funetions of protein cannot be met with-
out considering the amino acid content of the protein, In 1897,
Rubner saw that proteins of varying origin had different biological
values, Osborne's and lendel's experiments on the nutritive value



of proteins "of known character in respect to the relative proportions
of their decomposition products" showed that certaln amine scids can
be synthesized by the growing mnt, while other wﬁm acids caunot
and have to be supplied in the food, _

These studies on the nutritive value of purified proteins,
with similar investigations begun sbout the same time by MeCollum,
Funk, Hart, Steenbock, liopkins and others, led to the discovery of
vitaming, This resulted in almost complete sbandonment of experi-
ments on tdm nutritive value of proteins,

The emphssis in protein research since the early Mmin'
has been on the amino acid content of foods and the bielogical value
of each in the body. |

In 1935, Bose was able to specify all the amino aclds re-
quired for normal growth of the albino rat, Rose and his co-workers,
in 1942-43, reported that methionine, threonine, leucine, isoleucine,
and phenylalanine were indispensable for maintaining nitrogen equili-
brium in the human sdult. The John Hopkins Hospital also reported
that tryptophan and lysine were found indispensable in balance stud-
ies on human subjects,

THE COMPOSITION AND USE OF PROTEIN IR THE BODY

Protein is used as a group name for nitrogenous compounds
formed by the union of many amino acids, probably linked through
abstraction of a molecule of water from an amino group of one and a



carboxyl group of another, Protein is composed of carbon, hydrogen,
oxygen, sulfur, nitrogen, and frequently phosphorus and iron, In the
body, these elements are combined to form muscle tissues, cellular
tissue (nucleoprotein, forming the nuclei of the cells, which breaks
down into purins) blood, brain and nerve cells.

The food proteins, after their digestion inte amino acids
serve several functions, The amino acids carried by the blood to
the cells are synthesized into the proteins characteristic of the
cells. Euch cell selects a certaln number of amino acids of th§ type
necessary for the naogatm@m of its proteins and protoplasm, The
amino acids are used in the manufacture of enzymes, genes, hormones,
and other nitrogenous coliu}.ar products., From them m made the blood
proteins which are indispensable because of their colloidal osmotie :
pressure and for the maintenance of the acid-base balance, Protein
not needed for a specific purpose is deaminated, the amino group
split off from the amino acid and the residue used for the produce

tion of energy.

THE BIOLOGICAL VALUE OF PROTEINS
The nutritional or biological value of a protein or mixture
of proteins depends on the particular kinds of amino acids it contains,
In body tiamiou, if any specific amim acid is entirely lacking or
avallable only in inadequate guantities, the muscle protein cannot pe

synthesized., The body can transform some amino acids to other kinds
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but there are others that cannot be supplied adequately in this way
and must be in the food. Proteins containing these essential amine
acids are sald to have high biological value.

In addition to the amino acid content biological value also
depends upon the amount of hydrolysis which occurs in digestion, the
level of protein in the dietary, its preparation and the rate at which
it passes through the alimentary tract.

Several methods have beén used in studying the biological
- value of proteins, most of them very indirect and with varying re-
sults, In 1909 Thomas used the nitrogen balance method which has
been used by later workers with some modifications. Nitchel uesd

the formula:

Biological _ _
value = 200X

Body nitrogen spared

Foed nitrﬂgt absorbed
Osborne, ilendel, and Ferry (1919) used the growth and main-
tenance method with the formula:

Biological _  Gain in weight
value - Intake of protein

MeCollum and Simonds (1929) modified the above procedure by determine
ing the actual protein (N x 6,25) retention which is possible when a
given protein is consumed at an arbitrary level of intake.

Mitehell and Beadles (1929-30) devised the paired feeding
method, which is especlally good for studying the supplemental re-
lationships between proteins and amino acids in which the animals



may be deficient, There 1s no really good methed for studying the
nutritive value of proteins, however awy of the above can give an
idea of the comparative v}aluuk of different foods.

In the last few years considerable progress has been made
in scoumilsting information sbout the amine scid mske-up of proteins
by feeding experiments with animals, by actually isolating individual
amino acids from proteins, and by a method of Van Slyke which gives
figures for eight fractions of the nitrogen a: a protein,

In general, proteins of animal origin have a higher mutri.
tive value than those of any other clase, This is understandable,
particularly in the case of milk and eqgs, since these proteins must
provide all the amino aaid# rcéué.md by the young animal vmd develope
ing chick,

THE PROTEIN RECUIREMENTS OF THE BODY

The amount of protein Wimd per day is a matter, concernw
ing which tim-o\ is considerable difference of opinion,However, accord-
ing to Mona Splegel (Wohl 1945) it may be said that there are three
levels of protein reqﬁirmnmz {1) the minimal or emergency level,
18-40 gm, daily, barely sufficient for life and health, at least for
a restricted time; (2) the average level, 70-80 gm, recommended by
the Hational Hesearch Council and (4) the optimal level 110-140.gm.

Adequate protein must be provided for the wear and tear
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yhiah the body sustains and for other needs., When these demands are
met, the body is said to be in nitrogen equilibrium and its actual
requirement for protein has been met,

Inecreasing the amount of protein in the food beyond that
needed to replace the endogenous protein loss will result in its use
f@r energy. If the diet is already adeguate in carbohydrate and fat
calories, the excess energy supplied will be stored as body fat, caus-
ing an increase in weight. Thile a high protein diet may throw an
extra burden on the digestive and excretory organs and lead to ine
creased intestinal putrifaction, there is little evidence of harmmful
effects to normAlVLudividuazu on diets moderately high in proteins,
In fact, recent reports by Sake (1943) seem to indicate that “a high
protein diet is essential to safeguard against infoatien’.

On a low level of nitrogenous equilibrium the amount of
nitrogen in the food may be sufficient to cover all the prétcin Cam
taboliged, but the body may need more energy than it obtains from
the ingested food, and to obtain it, body stores of fat are attacked
and the body loses weight, If this continues until the fat is de-
pleted, the protein intake may be partly utilized for energy and the
nitrogen equilibrium would be lost, resulting in more tissue destruct-
. don than rcgnnerﬁ%ian;

Due to the incompieteness of our knowledge, and the fact

that vegetable proteins are deficlent in certain amino acids, there



may be an advantage in having an abundance rather than a minimum of
awino sclds available at all times., For this reason a generous allow-
ance of mixed protein is generally recommended for all people, with
part.iealar emphasis on protein needs for growth, pregnancy and debili-
tating diseases,

_ "THE WATURE OF PROTEIN METABOLISM

- The chemical processes of digestion, by a serles of specific
enzymes under optimal conditions, accomplish the breakdown of the com-
plex pvétes.n molecules into simpler, smaller, more soluble, and more
diffusible molecules. This makes possible the absorption of amino
acids through the intestinal mucosa and provides material for the syn-
thesis of proteins mﬁaunnm of the body rather than the food

IPUrCe.,.

“Folin and Denis (1912) clearly demonstrated that, as amino
acids are absorbed from the intestine their concentration first rises
in the portal blood, then in the liver, and as the blood passes
from the liver into the systemic circulat.ion, the latter shows a high
tide of amino scids. Tne high level in the blood soon falls, while
that of the muscles and the organs rises, showing that these tissues

remove amino acids from the blegd, Simultaneously with the flooding



of the liver, systemic blood, and tissuee with amine acids, the form-
ation of urea begins, and continues until the blood and tissue eontent
of these acids returns to the fasting level; after absorption from the
intestines is completed. Van Slyke and Meyer (1912 ) confirmed
Folin and Denis! findings in every detall, uaing Van Slyke's direct
method for estimating amino acids" (Wohl 1945).

Ueiligation ,
It is not known mct.ly how the cell protoplasm takes the

necessary amino acids from the tissue fluid and synthesizes them into
its own specific protein, iccording to the theory of Bergmann and
diemann 1937, the bullding of amino acids into proteins is a function
of certain ensymes always found in the cells of the body, which belng
capable of synthesizing must alné be able to aplit up the compounds
they form., The enzymes facilitate the synthesis of these t.im PPO-
teins or their destruction depending upon the point of equilibrium
of the substrate, When the supply of amine acid is sufficient, the
engymes build up tissue protein; when the supply of amino aeid is
detreased, the proteins are decomposed,

The destruction of protein in the body giva;a rise to two
clagses of waste products, the nitrogenous and the nonenitrogencus,
The non-nitrogenous include carbon dioxide and water, which are also
produced by the catabolism of fats and carbohydrates,

.
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The nitrogenous products are peculiar to protein catabolism,
ginece the proteins are the only foods that contain nitrogen. The
most important of these products are urea, ammonia salts, uric acid
and creatinine, In addition to thgsa, the proteins give rise to
waste products éon&aining nitrogen, sulfur, and phosphorus, which
are excreted exclusively by the kidneys,

It is generally known that a certain amount of the amino
acids carried by the portal vein from the intestines to the liver
is deaminated and the nitrogenous part converted into urea by the
liver, In the wear and tear which the proteins sustain during
cellular activity, amino acids are also deaminated; the resulting
ammonium carbonate 1s carried to the liver to be transformed into
urea, which is the prineipal end product of prsiein metabolism in
‘the body. The ammonium salts excreted in the urime are chiefly
those of the inorganic acids, for the organic ammonium salts are
largely transformed into urea.

Urie acid is the final waste product of nueleoproteins
and nucleins, The uric acid formed from ingested food is known
as ﬁexngeﬁnaa” and that from the nuclear material of the tissues as
"endogenous® uriec acid.

Creatinine, like uric acid, 1s of both exogenous and en-
dogenous origin, The endogenoue ereatinine is considere& to be
fairly constant and is taken as an index of the real tissue wear



and tear.

NITROGENOUS EQUILIBRIUM IN THE BODY
When the nitrogen intake and excretions are the same, the
body is dald to be in nitrogen or protein balance, If the intake is
greater than the oxérotian, nitrogen is being retained or stored in
the body, and the body 1s said to be in positive balance. When the
nitrogen exeretions exceed the intake the body is in negative bal=-
ance, and the needs of the body for protein are not being adequately

supplied.

Nitrogenous equilibrium can be established at various
levels, either with a high or low protein diet, for the body tends
to adjust itself to the level of protein intske, provided the essen-
tial amino acids are supplied, The time needed for the adjustment
depends upon the difference between the new level and the protein in-
take to which the body has been accustomed, With a very high level
of protein, the excess will be deaminated and used for energy, and
if there is sufficient carbohydrate and fat in the diet, a gain in
welght will result, On the moderately low levels of protein intake,
carbohydrates and fats furnish most of the energy, and the protein
if made up of the proper amino acids will be adequate for maintenance
and health,

Chittenden (19139 made ixbonaivo experiments ahewiﬁg that
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balance and health could be maintained in professional men, soldiers
and athletes on a moderately low level of protein (44~53 gﬁ. protein
for a 70 kg. man, on the average), Sherman madc‘a study in 1920 of
109 experiments in 25 different investigations and found that an
average of 44.4 gm. per 70 kg, man could be taken as an apparent re-
quirement, However, Sherman, Voit (1860 ), Atwater (1903),
Christianson (1934), Susskind (1934) Hinhede (1934) and others favor
& higher protein allowance than this for optimal maintenance, growth

and health.

To determine the effect of a protein free diet on the nitro-
gen gxcretion, and the nitrogen minimum, Deuel (1928) lived for 54
days on a diet nearly free from protein, (0,24, 0.32-0,51 gm.nitrogen).
He found that there was an immediate and progressive decrease in the
total niﬁrcgen excretion., This was very rapid’ab first but declined
more slowly after about 9 days. His nearest approach to nitrogen
minimum, or level of tissue wear and tear, was 1.79 and 1,75 gm. or
24,7 and 24.1 mg. per kg. of body weight., Thomas (1910) obtained a
26,6 mg., per kg. level and Smith (1926) 0,0242 gm., per kg, It has
been pointed out, however, that there are larger amounts of nitrogen
in the feces on the high carbohydrate, protein-free diets, This
oceurs because there is a low urea output in the urine under these

conditions. Basu and Basak (1939) found that in twe' Indian subjects
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the ninimum nitrogen exeretions were 1,499 and 2.302 gm. in the urine
and 0,946 gm, and 1.133 gm. in the feces, a total of 0,05-0.07 gm. per
kg

Even on a protein~free diet, as shown in the ahove, the body
tends toward balance. /s the time iz extended, the negative balance
decreases very slowly but surely., If this continues long enough, death
would result when the nitrogen excretion reached bal&m& if not before.

The levels of carbohydrate, fat and protein are all factors
in nitrogencus equilibrium in the body., Lusk (1890) showed that a
sudden withdrawal of carbohydrate from the diet would inerease the
nitrogen exeretion materially, making a greater negabive balance,
This showed that carbohydrate acts as a protein sparer, From the
experiments of Kayser (1893) and Tallquist ( 1902), it seems that if
carbohydrate is almost entirely replaced by equal fat calories, it is
unfavorable to nitrogen balance, ‘hen fat calories make up only one-
‘half of the total calaﬁea, the difference in protein sparing action
is but slight. l

Elman, Davey, and Kiyasu (1945) found in experimenting with
dogs on a diet of 25-50 culories per kg. of body weight, that the
dogs on a diet of BOE protein and 208 carbohydrate were in marked
positive balance on both caloric levels, With the 80% carbohydrate
and 20% protein diet, one dog was in positive balance on the 50 cale
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ories per kg. ievel. This would suggest that balance is more easily
obtained on a high level of protein than on a low level and that better
physiological results may be obtalned By increasing protein in the

diet and decreasing the carbohydrates, rather than the reverse us aone
people have advocaleds :

- The type of protein foods used will ulso huve some effect on
the nitrogenous balance., 4 number of experiments using different
imrens and various mixtures of proteins have been made and equili~
brium has been obtained at comparatively low levels, ewen with pro-
teins that are not of the highest mutritional value., HRose and Coopsr
(1917) showed that eauilibrium could be reached with potato protein
at & level of 0.5 gm. 'per kg. of body Auight. Sherman and Winters
(1918) showed similar results using nine-tenths of the protein from
corn and one teuth from milk, In general, however, it may be stated
that the more closely thie protein of the dietary mixture approaches
the exact composition of the body proteins, the less protein will

‘have to be fed to balance the needs of the body.

THE PHYSIOLOGICAL EFFECTS OF COFFEE

The important water soluble producte in coffee are tannin,
caffeol, caramelized carbohydrates, and carbon dioxide,

Ukers (1922) believes the tannin substances to be misnamed
and harmless, Caffecl gives coffee its characteristic taste, is very



volatile and is present is such small quantities that it is harmless.
Caffeine is the alkalodd that may act as a stimulant in coffee..

liac Leod and Nason (1937) state that the concentration of caffeine in
the average cup of coffee is from 1.5 to 1.75 grains, about 80% of it

being extracted in the first 2 minutes in coffee making by any of the

usual methods.

"Coffee, used in moderation, is a valuable stimulant increas-
ing personal efficiency in mental and physical labor., The action in
the alimentary tract is that of an adjuvant food, aiding digestion,
favoring increased flow of the digestive juice and promoting intestinal
peristalsis, It reacts on the kidneys as a diuretic, and increases
the excretion of uric acid. Coffee has been indicated as a specifie
for various diseases, its action being the raising and sustaining of
low vitalities., Coffee and caffeine are physiologically antagonis-
tic to the common narcotics, nicotine, morphine, opium, and alcohol
and are frequently used as antidotes for these poisons"., (Ukers 1922)

Ukers quotes from the British Pharmaceutical Codex that
caffeine exerts three important actions in the human body. The first
of these is on the central nervous system, producing a condition o
wakefulness and increased mental activity when taken in moderatéon,

The second action is on muscles including the cardiac, facilitating

the performance of all kinds of physical work, actually inereasing
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the total work which can be obtained from muscle, accelerating the

pulse and slightly raising blood pressure, The third action is on

the kidney, producing an initial vaso-constriction by execiting the

medulla, wﬁioh at first retards the flow of urine but shortly after
exerts a diuretic effect. |

The question of the influence of caffeine upon tlssue changes
and the eonsoéucnt nitrogenous elimination has not been distinetly an-
gsind, although Ukers states that the most probable conclusion is that
the action of caffeine upon urea elimination and upon the general
nutrition is not direct or pronounced.

In the Bernheim,F. and Bernheim, M report (1945) on the
effect of caffeine on the metebolism of liver and kidney slices in
vitro, caffeine was found te interfere in both tissues, with the utie
lization of added ammonium salts, and in liver it inhibited the form-
ation of urea, It was observed however, that if sufficient amounts of
‘ornithine or glutamine are present the inhibition can be overcome.

Earlier workers ( Lehmann, 1853, Robuteau, 1870, Roux, 1874,
Farr and Walker, 1912) investigated the nitrogen excretion -in the
urine after varying and in most cases unspecified amounts of caffeine
had been administered. Their results were contradictory. Since that
time the problem has apparently been neglected.

As Bernhéé# and Egrnheim point ojt Wgine@ the caffein

inhibition of urea formation from ammonia is so definite in vitro,
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it will be of interest to determine whether it also occurs in vivo,
That m of the earlier workers found & low urea excretion after
caffeine and others did not, indicated that certain conditions may
be necessary before the effect is demonstrable in the whole animal,
The faet that caffeine can interfere with the nitrogen metabolism
in the liver and kidney msy eventually explain its effects on the
basal metabolic rate, and on the production of prothrombin,®

Haldi, Bachman, Ensor and Wynn (1944) have shown the rate
of absorption and the action of caffeine in coffee and tes is the
same as that of the pure alkaloid in solution,

In the light of these findings this study was planned to
find the level of nitrogen equilibrium in two subjects on a known
protein intake and to determine the effect, if any, of coffee on
the total nitrogen balance and on the ures amd ammonla exeretions
of thesé subject,
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The two women who served as experimental subjects for this
study were selected from a group of four who were on a previous ex-
perimental pcﬁiod for nitrogen bslance on normal and low protein diets,
Since the amount of analytical work involved ls great, it was found
that fewer subjects should be used,

The subjects were living in the daimiteriaa at the Virginia
Polytechnic Institute during the winter and spring of 1946 and each
was doing graduate research and attending classes at the time,

The subjects maintained average good health throughout the
experimental period, with the exception of the first day of the test
period when both were ill, probably from some toxic substance con-
tracted in the laboratory. Subject II maintained her normal welight
of 131 pounds throughout the expsriment. Subject I, weighing 123}
pounds in the beginning, lost steadily until the last supplemental
period, at which time she weighed 121.5 pounds. An effort was made
to increase calories to prevent the loss, but in spite of thias the
weight loss persisted. These additional calories were chiefly

from fat due to the sugar shortage.

Lasgl Diet
This basal diet was preceded by a two day period in which
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all animal protein foods were excluded from the diet,

Period I, This basal diet was designed to bring the subjedts
into negative balance, supplying a minimum of poor guelity protein
foods with an adequate supply of ail other nutrients, The diet was
originally planned to furnish 2000 calories but due to difficulties
presented by the local food situation, actually contained only 1726
calories., Tables 1 and 2 give the actual food intake for each sube
Ject, and tables 3 and 4 give their percentage composition, This
basic diet, when tested with a Kjeldahl analysis was found to con-
tain 1,07 grams of nitrogen representing 6.69 grams of protein,

The dia@ became very monotonous but was well tolerated by both sube-

Jects.

Period Il. This first supplement to the basic diet was
based on the theoretical amount of protein needed to bring the
negative balance of Period I up to the point of nitrogen equili-
brium, This supplement consisted of 200 grams of whole milk (1,14
gm., nitrogen) and 49 gm, of whole egg (1.02 gm. nitrogen) given
in addition to the the basal diet of Period I. Increased sugar
and fat were g$v¢n to Subject I in an attempt to check weight loss,
Slightly less calories of the Basic diet was supplied for Subject
II, although the new caloric total was slightly larger than the
previous total., The total nitrogen intake for both subjects in
this period was 3.23 grams of nitrogen or 20.34 grams of protein,
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Table 1

Experimental Diet - Subject I

Protein Reaction
liagure _ Crams Calories Acid Base
Orange julce 190 ece, e 75.0 11.2
70 60 ce. — 17.4 2.4
Pistilled water €90 ce. — e
'm}l“ﬂm‘ m EMe 0.2 5209 2.8
Dlsomargarine 28 gm. e 2040 Heutral
Franch dressing L5 gm, 0.3 192,0 Heutral
Carrots 100 gm. 1.0 36,0 14.0
lstbtuce m £t 3..0 3930 70‘#
Cookies 120 gm. 1.1 Lik0 6.897
7-9 To. o 420,0 Neutral
T3 m o oo et s v
Vitamins — S
Distilled water 750 ee. — e e
Ddet I total 6.69' 1726 6.89 37.8
Diet I (modified) 6,69 1882 6.89 37.8
ks whole * 200 gm. 7.27 138 3.6
Fgs, whole Wem 638 0 562
Diet II total 20,34 2090 12,56 Ll.4
fet I (modified) 5.&9 1882 6.89 37.8
jilk, whole 256 gm. 9.31 177 L3
, whole 65 gme  8ubh 93 il
Diet III total 2h.b4 2152 16,39 L2.1
Diet IIX 2ho bl 2152 16.39 42,1
Coffee 968 ce. s 30 .......L PP, ;
Diet IV total 25.94 2158 16,39 42,1

/ Determined by Kjeldahl

21 gme N = 6,32 gm, of milk protein or 6.25 gn. of other protein
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Table 2
Experimental Diet - Subject II

- ‘ Protein Reaction
Food Measure  Grams _ Calories  Aecid __Base
Orange juice 190 ce. e 75.0 11.2
Lemon 60 cc. - 17.4 2.4
Distilled water 690 ce, an R
Applesauce 115 gm. 0.2 52,0 2.8
Grape jelly 60 gm. — 180,0
Oleomargarine 28 gm, e 204.0 Neutral
French dressing L5 g, 0.3 192,0 ~ HNeutral
Carrots L 100 g 1.0 36.0 14.0
String beans = 100 gm, 1.0 18.0 ;
Lettuce S 100 g 1.0 20.0 Tebs
Cornstaréh e
cookies 3;26 gm. 1.1 Lk 0 6.897
 Sugar e 420.,0 - HNeutral
Fondant —— 66.4 : Neutral
mﬂrﬂl‘ W —— }
Bis‘hillaé *a'hﬁr‘ ‘ e -——— — : ,
nm, 1 mg.s. | 6.69' 1726 6.89 37.8
Diet I (mmm) o 6,69 1617  6.89 37.8
Milk, whole 2 '~ 200gm. 7,37 138 3.6
Fggs, whole 49 gn. 6&% Zg ﬁgéz ‘
Diet m mtﬁl 20,3, 1825 12,56 Ll.Ah
Dlet I (méﬁ.fimﬁ) ‘ 6.69 1617 6,98 37.8
] iiilk, whole 228 gm, 8.29 158 , % §
Diet III total 22.92 1862 13.99 41.9
Diet III i 22,92 1862 13.99 41,9
Coffee | 968 ce. 1,50 6
Diet IV total 2h.42 1868 13.99 h1.9
i 3

! Determined by Kjeldahl
21 gm, N=6.38 gn. of milk protein or 6.25 gm. of other protein



Period III, Additional supplements were needed to obtain
balance, so this second supplementary period was introduced. In this
period Subject I received 266 grams of milk (1.46 gm. nitrogen) and
65 gm. of egg (1.35 ﬁ. nitrogen) making a total intake of 3.88 gm,
of nitrogen or 24.44 grams of protein, calculated to the amount need-
ed to reach balance, Subject II received 228 gm. of milk (1.3 gm
nitrogen) and 61 gm, egg (1.27 gm. nitrogen) in addition to the
basic diet, making a total of 3.64 grams nitrogen or 23 gm, protein
ingested, 3Subject Il reached balance on this diet but Subject I
did not,

Period IV, This third supplement gonsisted of 968 cc of
coffee (0.24 gm, nitrogen) given in place of the distilled water for
drinking in the previous periods, 4ll other foods remained the same
as in Period 1II for both subjects. The purpose of this period was
to observe the effect of coffee on nitrogen balance and on the level
of urea and ammonia in the urinary nitrogen excretion,

The coffee in this diet is estimated to contain about 12
grains or .77 gm. of caffelne,

CHEMICAL METHOD

Urine was collected for 24 hour periods beginning at 8 a.m.
in bottles containing 15 milliliters of glacial acetic acid as a



preservative, The specific gravity of the urine was determined and
recorded, The original volume was measured and the urine diluted to
one liter or to the nearest hundred millilibers if the volume was
greater than one liter, This increased volume was recorded and used
in all caleulations, The sample was shaken thoroughly and a portion
poured into a amaller container from which samples for analyses were
taken,

Tests were made at intervals on the urine for glucose and
albumin, using the Benedict and Heller's Ring tests,

‘Fecal samples were dollected in glass casseroles for 24
hour periods beginning st 8 a.m. The samples were covered with 25
milliliters of glacial acetic acid., They were homogenized by the
use of a policeman, distilled water and a strainer when necessary,
Transfers were made with minimum loss, Pools were made of 1 to 3
day's samples, The pools were carefully weighed, snd weighed sam~
ples for analysis were taken directly from the pool. larkers were
not used as they were not found to be partieﬁiwly helpful in a

previous period,

The Xjeldahl method was used for ﬁhc determination of
total nitrogen, In this method the various nitrogenous substan-
ces of the sample are converted into ammonium sulfate by bolling
with sulfuriec acid., The ammonium sulfate is then decomposed by
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means of strong sodium hydroxide and the liberated ammonia collected
in an acid of known strength, By titrating this partly neutralized
acid solution with an alkali of known strength the nitrogen content
&f the sample is computed, :

Agcurately measured 5 milliliter urine samples and 10 gm,
fecal samples were digested with 20 milliliters of concentrated
sulfuric acid, distilled with 80-90 milliliters of strong sodium
hydroxide and the ammonia liberated was collected in .5 vormal
hydrochloric acid and titrated with ,1 normal sodium hydroxide,

In caleulating the nitrogen in the sample, the milliliters
of .1 normal sodium hydroxide used in titrating were subtracted
from the number of milliliters of .1 normal hydrochloric scid used
(5% number of milliliters of .5 normal hydrochloric acid) which gave
the number of miliiliters mtmiuad by the ammonia from the sample,
Since 1 milliliter of .l normal hydrochlorie acid contains ,0014 gm,
of nitrogen the number of milliliters neutralized was multiplied by
+0014 whiech gaia the amount of nitrogen in the sample, This figure
was divided by the number of milliliters in the sample to get the
nugber in 1 milliliter from which any desired caleulation was made.

A1l samples were run in duplicate and checked within 1
mi11iliter of sodium hydroxide in titrating.

In this study, Folin's Kicrochemical Modification (in Hawk
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and Bergeim's Physiological Chemistry) was used in the determination
of ereatinine, This method is based an‘the property of creatinine to
develop a certain definite color in the presence of pieric acid in v
alkaline solution, a reaction due to the formation of a red tautomer
of creatinine picrate,

One milliliter of the standard ereatinine solution (1 mili-
gram per milliliter) was measured into a 100 volumetriec flask and
1~2 milliliters of urine in another, To each was added 20 millilibers
of saturated pieric acid end 1,5 milliliters of 10% solution of sod-
ium hydroxide by burette, The _flaaka were rotated for 30 seconds,
and allowed to stand for exactly 10 minutes then were diluted to 100
milliters, mixed, and compared at once ina colorimeter, set at O with
a blank reagent solution, The ereatinine content was determined by
the formula:

m:llligmsa of creatinine in
sample used

Samples were run in duplicate and a new blank and standard

made for each series of tests,

The method of Van Slyke and Cullen was used for the deter
mination of urea and ammonia, In this method, the exmyﬁc urease, at
ordinary temperatures, transforms urea, guickly and completely into
ammonium carbonate, The ammonia of the urine is set free by the addi--



tion of an alkall and this ammonia is then carried over by an alr
current into a tube containing a measured amount of standard acid.
The excess acid ls then titrated., The method as deseribed in Hawk
and Bergeim does not stress pH and temperature but it has been found
necessary in some cases to adjust these for proper ensyme action,

4 series of 9 test tubes was set up 80 that tests for
total ammonia and urea nitrogen and ammonia nitrogen alone would be
made on urine simultaneously and in duplicate, using the same air cur-
rent, time etc. for aeration. The tubes were lettered as 4 or B
with each A4 tube joined to a corresponding B tube, The A tubes con-
tained the sample for analysis, the B tubes the acld for collecting
the ammonia,

Into tubes A and A, (see Figure 1. page 29) were placed 5
milliliters of fresh diluted urine ( 5 milliliters urine to 50 of
distilled water) and 2 drops of caprylic aleochol. Into tubes Ay and
AS s 5 milliliters of fresh undiluted urine were pipetted and 2 drops
of caprylic aleohol were added, Into all the B tubes were placed 25
milliliters of 0,02 normal hydrochloric acid, 2 drops caprylic alco=-
hol and 5 drops of Mbyi red indicator, (4 sample of dilatt urine
was tested for pH with phenophthalene, using just enough dilute sode
ium hydroxide selution to prevent the change of color). Sodium
hydroxide solution was dropped into tubes A and Ay as indicated by
the pH cheek on t:-h.o sample Mut:.mi; 2 milliliters of urease solution
and three milliléters of buffer sciution were added and the tubes
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Figure 1, The AmmoniaeUres Aerstion Apperctus

olosed and pleced in beskers of wrter just under 60 C., and ellowed %o
stend for 30 mirutes. The series wae then connectsd with the sir owr =
rent snd ellowed to aerste for sbout 3«4 minutes, Five milliliters

of setureted pctusimi carborate was then introduced into all A tubes
end the series agein sercted for 30 minutes, to cerry the ammonis im
the A tubes into the B tubes, The excess acid in the B tubes was

ther titrated with 0,02 mormel sodium hydroxide solutiom.

When checks were obtained for tubes B und Dy the milliliter s
of 0,02 normel acid neutralised by the ammonias from the sample is mule
tiplied by 0.068 to give the number of gm. of wres plus aminos in
100 milliliters of the urine. For tubes By and By the number of
milliliters of 0,02 normal ecid neutrslized is multiplied by the feo-
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tor 0.0056 to give the ﬁmbar of gm, of ammonia nitrogen in 100
williliters of urine. By subtracting the figure for ammonia from
the figure for ammonia plus urea the figure fér urea is found. The
total outpit of each may be calculated from these figures,



DIETARY PERIODS AND NITROGEN BALANCE

Four feeding periods were introduced to observe the point.of
nitrogen balance with milk and egg protein, and to see the effect, if
any of coffee on the nitrogen excretion,

Period I, The diet of this pcrio& contained 1726 calories
for both subjects and was appreximatelyléﬁ% carbohydrate, 335 fat and
1.5% poor quality protein, This relatively high proportion of fat
was used because of the shortage of sugar, and the high caloric yield
of fat, The caloric needs were adequately met for Subject II but ine
sufficient for Subject I, who lost one pound of weight during this
four day period. \

When the two subjects began the low protein diet (1,07 gm.
nitrogen) a large negative balance was observed, This may be seen in
tables 3 and 4., Both the total nitrogen excretion and the negative
balance decreased progressively on each of the four days of the per=
iod, Deuel (1928) observed that on a non-protsin diei this decrease
is very rapid at first, but after 6 to 8 days becomes more gradual
and irregular, indicating two types of storage protein, one more
quickly utilized than the other. It was observed that Subject 1I
excreted more nitrogen each day than Subject I.

The high nitrogen excretion and creatinine output on the
first day of the period (see Tables 5 and 6 and Graph I) °‘was due

largely to some toxic substance which caused a temporary illness
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in both subjects. The average excretion of nitrogen in the feces
during this period was .81 gm. and .97 gm. representing about 20% of
the average total nitrogen excretion for each subject. This is high~
er than is usually found on an average diet.

Period II, The diet for this period was calculated, using
tables to approach the nitrogen requirement to bring about balance,
Additional calories were given Subject I to check weight loss, For
both subjects 200 gm, of milk and 48 gm. of egg were added to the
diet of period I, St.{bjoct I wgs now receiving about 2090 calories
consisting of about 57% carbohydrates, 39% fat and 3.9% protein,
Subject II received 1825 calories, 60% carbohydrate, 35% fat and
Lo4% protein., This represented a total addition of 35 carbohydrate
gn, and 24.4 gm fat for Subject I and 11 gm, carbohydi‘atc and 7.9
gm, fat for Subject II.

Subject I continued to lose weight on this diet, her total
weight loss at the end of this period was 3 pounds. Subject I had an
average negative balance for the period of -.77 gm. of nitrogen (4.8
gn, protein), On the third day of the period she had a -,08 balance
but on the last day it waes ~-1.12 which shows that the adjustment is
very irregular., This poor adjustment may be partly due to the
extra activities and long hours spent in working on this experiment,

Subject II showed a more regular bal@ee, ranging from 424
to -.20 on the last day. Her average balance for the period was -,37
gn, of nitrogen (2.3 gm. protein). Both subjects were beginning to
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Table 3

Hitrogen Balance for Subject I

_ Titrogen |
(9 | (o) | (one) | Gome)] omtree

1726 65.2 33.3 15 107 3.5 93 L3 =340
3.?26 55.3 33.3 1.5 1.07 3elB 9 hell ""3034
1726 65,2 33.3 15 107 ZZ 68 3,65 2,58
1726 .2 B3 5 17 &N W68 3,34  -2.,27
2090 573 38.8 3.9 323 297 106 383 - .60
2090 57.3 | 38,8 39 323 291 177 .68 =Leh5
2090 57.3 38.8 349 3.3 a7 oS 3.3 - 08
2090 57.3 38.8 3.9 323 3.3 o34 3,81 -,
2090 §7.3 388 3.9 323 277 158 LB 2 -la2
2152 562 3943 ka5 308 - - -
2152 5602 39.3 LS 88 3;19

2152 5602 3903 a5 3.88 3.21 +98 &01? - -31
W 5&&3 %43 ‘h’ 3«“ 3%57 ! 1% ‘Mﬁ& - 167
2158 56,0 3942 LB L2 - - - -
D58 56,0 9.2 A8 hd2 352 140 A92 - (80
258 56,0 9.2 LeB LR 347 Bl K28 - 16
ﬁﬁ %’@. 39.2 &va 4ed2 3‘&6? +81 LeiB st dﬁ

pproach balance but neither could be said to have reached balance in

this period.

Period III. In again attempting to reach balance; it was

estimated that about 4.8 gm: of protein would be needed for Subject I

and about 2.3 gm., for Subject II., Subject I was given a diet of 2153

celories, 56% carbohydrate, 39% fat and 4.5% protein. The caloric
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Table 4
Nitrogen Balance for Subject IIX

Wi s Intake Output Nitrogen
Total Carbohy- Fat Pro- Food Urine Feces Total Balance
Calo- drates (%) tein N N N N
ries (%) (eme) (gm) (om.) Eﬁ”—

on

1726 65.2 95,3 1.5 107 5467 115 6B 5.5
1726 65.2 3.3 15 107 3.5 1.15 Leo67 -3460
1726 65.2 33.3 1.5 1.07 3,00 B0 380 2.7
1726 65.2 33’3 1.5 1.677 2.80 .@ 30&0 ""2053

1825 6006 3500 t}t& 3'23 2-% A 2099 - 02&-
1&5 60-6 35 OD t}oh 3023 2. 59 o?s 3& 57 e %
1825 60,6 35.0 Lo 3.23 3,25 «81 4,06 - o83
1825 60,6 35,0 bk 3.23 2,79 Ml . 360 - 07
1825 60,6 35,0 L.k 3&23 2:.Th wég 3.43 -

1862 59.7 35:4 4e9 3464k  -— e e ——
W 5‘?‘7 3501} 5--9 3-6‘t 3-% ; '75 3-99 e 035
1862 59.7 3B.h b9 364 3,02 1.03 4405 - old
1862 59.7 35.4 49 364 2,35 1.02 3.37 - 427

1868 59.5 35.3 5.2 3.88 —— e
1868 595 35.3 5.2 3.88 2,67 .98 3.65 - «23
1868 59.5 35,3 5.2 3.88 3.23 W50 3,73 -~
1868 59.5 35.3 5.2 3.88 .42 +50 3.92 - 0k

intake was again inadequate, for she lost 2 pounds in this four day
period. Subject II was given a diet of 1862 calories, 60% carbohydrate,
35¢ fat and 4.9% protein,

Subject I had an average negative balance of mbout -.49
(3 gm, protein)., The lowest daily balance was -.31, Subject II had
an average balance of ~,16, the last day having a positive balance of
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4,27, This dietary is thought to:be very near balance for Subject II,
but the diet for Subject I is thought to be about 3 protein gm, short,
Period IV, This period was planned to observe .t-:h. effect of
the ingestion of 968 milliliters of coffee given in addition te the
intake of each subject in Period III. The coffee was made in a drip-
olator, using 5 Tb, of coffee to 4 cups of water. It is esfimated that
968 milliliters of the coffee wntaim& about 12 grains or 0,77 gm. of
caffeine, Adding the coffee nitrogen , 0,24 gm. as determined by the
kjeldahl analysis, to the figures found for the diet in Period III,
the intake, excretions, and balance were figured as before,

In this coffee period, Subject I did not reach balance, how-
the weight loss was checked. 3he had an average balance of -.44 which
is about the same as in the previous period. The nearest approsch to
balance was made on the third day when the balance was ~,16, It would
seen that coffee had no effect on nitrogen balance for Subject I,

Subject II was definitely in balance during this period,
There was an average & ,19 balance on the second and third day and the
balance was -.04 or true balance on the last day. This may be inter-
preted as the tendency of the body to adjust its nitrogen output with
its intake when the dietary change is not too great and adequate time
is allowed, It would seem that coffee had no effect on balance in
Subject II.

From the sbove findings, it would gppear that coffee does not

“ffect the amount of total nitrogen excretion or nitrogenous equili-

e
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brium,

Due to the fact that carbohydrate has been found to be a
better protein sparer than fat, a higher percentage of carbohydrate
misht have helped to make Subject I o into balance on a lower intake
of protein, It will be noted in Table 3 that the percentage of car-
bohydrate in the diet was decreased 9% while that of Subject II was
was decreased only 6%; the fat was increased 6% for Subject I and only
2% of the total calories for Subject II, It is believed that a higher
carbohydrate and lower fat intake might have been more favorable to

balance for Subject I.

DISTRIBUTION OF URINARY NITROGEN
A comparison for the subjects in this experiment with an
. average of the partition products found on a low protein diet by Beard
is found in Tables 7 and 8, Beard's average nitrogen excretion rep-
resents asbout 50 gm., of protein., This would be considered a low
lcvoi of protein in the diet but is at least twice that of the level
used in Perieds III and IV in this study. In comparing Peried III
of Subjects I and II respectively, with Beard's figures, urea was
about 89 and 93% lower, ammonia 66 and 75% lower, and the creatinine
output abeut the same., This would indicate that the values for urea
and ammonia in this aiudy are extremely low, Graph 2 gives a good
picture of these comparisons.

Folin (1605) found that a decrease in the total nitrogen
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excretion was always accompanied by a decrease in the percenlage of
the total nitrogen excreted as urea, and that after regulating the
diet of a normal person to cause the excretion of tobal nitrogen to
be reduced to 3-4 gm. in 24 hours, only about 60% of this nitrogen
appeared in the urine &s urea, The highest percentage for urea ob-
tained in this study was 40.4%, the lowest was 2,28, lawk and
Bergeim (1937) state that the average output of ammonia in the urine
is about 0,7 gm. ammounting to 2.5 - 4.5% of the total nitrogen ex-
eretion, Folin showed that a pronounced decrease in the extent of
protein metabolism, as measured by total nitrogen in the urine, is
frequently accompanied by a decreased elimination of ammonia, He
also found that a decided decrease in the total nitrogen excretion
is always accompanied by a relative inecrease in the ammonia-nitro-
gen, provided the food does not yield an alkaline ash, All of the
diets in this study yield an alkaline ash as shown in Tables 1
and 2,

The lowest ammonia value found in this study was (3% and
the highest 5.2%. The period averaszes however, ranged from 2,28
to 4.1%.

in this study, the figures for urea would seem too low to
be plavsible. In working with a protein-free diet, Deuel found his
lowest urea excrestion was 0.75 gm. in 24 héurn when the total nitro-

gen excretion was 1,75 gm. The urea represerted 435 of the total



uitrogen excretion,

In Tables 5 and 6 and in Graph 2, the comparative results
in Periods IIJ and IV of this study for each subject may be seen.
The average ammonia ineresse for %ub;}m I was 1.6f and 8¢ for urea.
Subject II showed a 1.4% decreass in ammonia and an average 3% ine
erease in average ures exeretlon during the coffee period.



Table 5

Food Intake and Nitrogen Ixcretions for Subject I
in the Four Experimental Periods

Hay 7 M

Intake: Total Caloriss 1726 1726 1726 1725 209 2090 2090 2090 2090
Carbohydrate (gm) 21 280 281 ‘24 316 36 A6 316 36

Fat (gm) 6 6 6k - - 6k - 90.h 904 904 0.k 9.4

Protein (gm) 6.69 6,69 6,69 6,69 20,34 20,34, 20,34 20.3h 20,34

Nitrogen (1) 107 107 107 1.07 323 323 3.2 . 5.23  3.23
Urinary Nitrogen (gm) 3.50 3.48 2,97 2.66 27" 29 AT %N am
Total Fitrogen Txcretion (gm) 4.43 Aokl  3.65  3.34 3.83 468 3.31  3.87 435
Eitrogen Balance w3l ~3.3h 2,58 =2.27 2 = 60 =lb5 - 08 - 64 112
Creatinine Hitrogen (gm) S A SR e W i
Creatinine (gm) 2,70 2,45 2,45 245 2,18 2,18 2,310 1.67

Creatinine Hitrogen (%) » ¥ N " »mw W

‘iceidental insdequate sampling



Food Intake and Nitrogen EZxcretions for Subject I

in the Four Experimental Periods

Nay 16 uap 10 DAY 38 Ny 19 May20 day DU 0MV 22 vay 23
Weight sy I I;mS . I o Ims ImSs 0 ms o oIms
Intake: Total Calories 2152 2152 2152 2152 2158 2158 2158 2158
Carbohydrate (gm) 322 N ma = = 322 322 322
Fat (gm) 94 % 9k 9% 9L 9%y 9k 9%
Protein (gm) Rubly 22,44 22,4k 22,5k 25,95 25.9h  25.9%  25.94
Nitrogen (ga) S08 0300 3 388 A A3 A A
Urinary Nitrogen (gm) v 339 321 357 = 3.52 3.47 3.67
Total Nitrogen Excretion (gm) -—— b9  he55 o L92 ky28 hok8
Hitrogen Balance (gm) ; — - 31 - 67 e - 80 - .16 - .68
Creatinine Nitrogen (gm) — .60 R 70 .71 .68
Creatinine (gs) —_— 1.62 1.89 1,91 1.83
Urea Nitrogen (gm) — 3440k L69300 98084 ——— 1,42511 29699  1.25953
Ammonia Witrogen (gnm) -  JO45696 .098784 .085456 ———— 183735 112336 139944
Creatinine Nitrogen (%) e 19 17 S— 20 20 19
Urea Nitrogen (%) SRS, 10.7 21.3 274  ——m- 40.4 8,5 34.3
Ammonia Nitrogen (%) RS 1.4 20l ———— R 3.2 3.8

3

‘sccidental Inadequate Sampling



Table 6

Food Intske and Nitrogen Excretion for Subject II
in the Four Experimental Periods

“Feriod 1 Feriod I
Telant ‘oM o m WMo m o®m o m
Intake: Total Calories 1726 1726 1726 1726 1825 1825 1825 1825 1825
Carbohydrate (ga) 261 281 281 280 292 292 292 . 292 292
Fat (gm.) . W & & pa o mdma na g
Proteln (gn) 6.69 6.69 6,69 6,69 0.3k 20,3, 20,34 20,34 20,34
. Nitrogen (gn) 1.07 1.07 1.07 1.07 3.23 3.28 3.3 323  3.23
Urinary Mitrogen (gm.) ‘ 5,67 353 3.00 2.80 2.99 2.59 3.23 2.79 2.74
Total Nitrogen Excretion (2m.)6.82 4,67 3,80 3.60  2.99  3.57  4.06  3.60  3.43
Nitrogen Balance w575 W30 =273 o253 2.2 =3k =83 = IT =20
Grestinime Mitveges () = 1.2l Jh 84 o0 e Jh T R .25
Creatinine (gn.) 5,23 199 226 1.k deie LW W LW .G
Creatinine (%) 21 a 28 21 — 29 23 i8 9

! Accidental inadequate sample.



Food Intake and Hitrogen Excretions For Subject II
in the Four Experimental Periods

Period II1
May 16  May 17 . May 18

Tieight 131 131 131
Intake: Total Calories 1862 1862 1862

Carbohydrates (gm.) 295 295 295 295 295 295 295 295

Fat (gm.) Thi Thh . T8 i D& D DI 3.4

Protein (gu.) 22,92 22,92 22,92 22,92 2442 2442 2heh2 2442

Nitrogen (gm.) 3.64  3.64  3.64 3.6,  3.88 3.8 3.88  3.88
Urinary Nitrogen (gm.) =  3.24 302 235 @ —— 2,67 3.23  3.42
Total Nitrogen Exeretion (gm) —— 3.9  4.05  3.37 —— 3.65  3.73  3.92
Nitrogen Balance (gm) o -a35 ~ohl 1,27 —— 4,23 1,15 ' -.04
Crestinine ¥itrogen (gm) —_— 51 .71 64 — 75 .75 .83
Crestinine (ga.) — 137 191 172 = 2,02 2,02 2.23
Urea Nitrogen (gn.] —  OT327 61404  J5TTR e 36278 1.07352 .3L4720
ammonia Kitrogen (gm.) s J136136 .07476 101472 ~———  L113288 ,06552 ,01008
Creatinine Nitrogen (%) ; i 16 24 27 — 28 23 24
Urea Ritrogen (%) —— 2.2 20,3 245 —— 13.2 33.2 9.2
bbdbhia Hitrogen (%) = eeew 42 24 hade e 42 2. 3




Table 7

Comparison of the Average of Different Forms of Hitrogen Excretion
of Experimental Subjects with iverages Found by Beard

Subject I
Volume of Urine 1408 ce
Substance amount HNitrogen Fer cent JAmount Nitrogen Per cent Amount trogen ¥
B - - liitrogen . Hitrogen
(gm.) (mm.) (am.) (em.) () (gm.)
Total ﬁi&mﬁ‘& E e 7.?’? sees - ases 3*32 sese sese 3.55 seee
Urea 13.20 6.16 T1.29 - lobd 672631 20.26 2413 .99388 28.1
U052 0.43 7539 W17 076979 2.32 .18 145338 4.1

gm Aﬁiﬁ GC“ ﬁ.m - 2.2& La 2 = e s = = 2 sRes e E E = 3 esee Lo = & 2
Greatinine leé? 0.62 ? Q?s 1:63 50 18,00 l.88 <70 19*7
Undeternined ni-

trogen by dif~ <.ee V.58 7428 ssse 1.97 59.33 esee 1.71 48.2

ferantsecesns




Table 8

Comparison of the Average of Different Forms of Nitrogen Excretion
of Experimental Subjects with Averages Found by Beard

: Subject II
Volume of urine ; GCe 1427 ce. 1824 cc,
Specific Gravity 1,019 1,015 l.0l4
Amount Hitrogen Per Cent Amount Hitrogen Per Cent imount Nitrogen Per Cent
Content of Total Content of Total Content of Total
o Nitrogen ~ trogen ooy Hitrogen
(gm) (gms) (gm.) (am.) (gme) (gm.)
Total Hitrogen cn'";.i;u 797 seene sssse 2.87 seses csvse 3411 ssene
Urea 1303) é.lé 77;29 i? Dw %069 lvls 05563‘ l? -69
smmonia 0.52 0,43 5439 J3 0 abkias 3.6 08 062963 2,02
{}!‘iﬁ ﬁ@iﬂ Gtﬁ“{& ﬁalﬁ 2-26 seo e s aE seeed Seed e eseee seeee
Creatinine lié? 3062 76?5 l¢67 ;62 23-056 2.10 078 25.%
Undetermined ni- ,
m*hy di-f" o;n;i 60‘58 97‘2& e O'. 1073 66018 sesee la?g 55036

¢ 'fﬁmgﬁqoi;;‘i :




Total nitrogen intake and excretion determinations were
made on two subjects in four feeding periods of low protein intake
(1.5 =5.,2%). Total nitrogen determinations were made by the
Kjeldahl method,

In the fourth period coffee was added to the diet of the
third peried and the hdtrogen partition products of the urine com-
pared for the two periods,

" Creatinine was determined by Folin's Modification using
§ho photoelectric colorimeter. Urea and ammonia were determined
by the Van Slyke and Cullen method,

The data from this study reveal the following:

l. VYhen subjects were given a low protein diet, the re-
sulting total nitrogen excretion and negative balance
decreased progressively each day.

2., DBalance was easily obtained for the subject given the
lowest calorie intake, with 65 -59.5% of the calories
furnished by carbohydrate, 33 -35% by fat, and 1.5 -
5.2% of protein,

3+ True nitrogen balance was not obtained for the subject
on the higher calorie intake, with 65 -56% of the cal-
ories from carbohydrate, 33-39% from fat, and 1.5 ~
4.8% from protein,

4. Balance was reached by the subject on a caloric intake
of 1862 calories, with 22.92 gm. protein largely from
milk and eggs, or with 24,42 gm, protein when the coffee
nitrogen is added.

5. Coffee had no noticable effect on total nitrogen excre-
tion or on the nitrogen balance,

6. The creatinine output on the whole was relatively stable.
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with the exception of several deys in which eccidently
inasdequate samples were obtained,

7« The urea gm. and percentages were very low compared with
other studies.

8, With the addition of coffee to the diet a small averege

inoresse in urea output was observed with both subjects.
8% and 3%)

9. With the sddition of coffee to the diet am increase in
the eversge output of ‘smménia-was noted for otne-subject
(1.6%) and a deoreased (l.4%) output for the other sub~
Jeote ‘

The figures in this study for ures and ammonia exoretion
are known to be unrelisble. Furthur experimentation with the urea~-
ammonia apparetus has shown thet the rubber tubing was not always
oompletely airtight., In meking this apparatus, it was impossible
at the time to secure new tubing of the proper size.

The time suggested by Heawk end Bergeim (Physiologiocel
Chemistry) for the actiom of the enzyme is definitely inadequate
for a quantitaetive determination of urea. It was found that the en~
zyme, with optimum temperature and pH, should be allowed to stand for
at least 1 hour before adding the potassium cerbonate and aerating

for 30 minutes.
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RucGENTS (SOLUTIONS)

All reagents were of the highest quality end as free as
possible from nitrogen.
0.02 Hormal Oxilde Acids

1,26 gne oxslie scid
Distilled wetver to meke 1 liter,

0402 Normal Sodium Hydroxide:

o8 gm. sodium hydroxide

pi 110& water to meke 1 liter

Check ageinst 0.02H oxalie acid using phmopzhthalm.
0,02 Normal Hydroshloric Aefid:

1.8 ml. ooncentrated hydroghloric seid

Distilled water to meke 1 liter.

Cheek against 0.02 N sodium hydroxide using methyl red,
Os1 Hormel Sodium Hydroxide:

4 zn. sodim hydroxide
Distilled weter to meke 1 liter.

'046_Normal Hydrochlorie hcid:

45 ml. concentrated ochlorie neid
Distilled water %o meke 1 liter.

Seturated Picrie Acids

1 liter distilled water
Excess of pierie acid.

Satureted Pobtsssium Cerbonate:

600 mles distilled water
Excess of potessium cerbonste,

Buffer Solution:

6.2 e boric aeid

746 gm. potassium chloride

35,6 ml, of 0s2 N, sodium hydroxide
Pistilled water to make 500 ml.

Urense Solutions

Binmer and Amend Urease Solution number So-Uw-26,.
Standerd Crestinine Solution:

Bimer and smend stendard creatinine solution.
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