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INTRODUCTION



IXTRODUCTION

Plasma and serum protein determinations have
been used with other clinical tests to assess nutritional
status (Youmans et 8le., 1943)s Normal human plasma and
serum values reportedly range betweep 6.0 and 8,0 grams
protein percent (Epstein,.1912: Rowe, 19163 Linder,
Lundsgaard, and Van Slyke, 19243 Bruckman, D'Esopo, and
Peters, 19203 Peters and Eisenman, 19333 Cameron and
White, 1942; Fagan, 1942; Bieler, dcker, and Sples, 1947).
The significance of values ncer the extremes of the
normal range is a matter of speculation. _

The concept of a state of dynamic equilibriun
between plasma proteins and food and body proteins was
forrulated by Madden and Wwhipple (1940), Experimental
data to support this concept were publighed by
Schoenheimer and Rittenberg (1940), These workers fed
amino aclds containing isotopic nitrogen to animals and
found that the greatest concentration of the isotope
wes present in the serum proteins, 4

Since proteins are closely associated with many
vital functions of the body, it might be expected that a
constant concentration of blood protein would exist,
Experimenters have demonstrated, however, that blood
proteins may vary in concentration,

Some experimental work has shown that plasma

or serum protein concentrations have decreased when
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D
animals were fasted or maintained on diets low in
protein (Frisch, Mendel, and Peters, 19293 Metcoff,
Favour, end Stare, 1945; Field and Dam, 1946), On the
other hand, Leathem (1945 and 1947) demonstrated that
animals on high protein diets (78 percent casein or
lactalbumin) did not show significant increases in plasma
proteln concentration,

The quality as well as quantity of the dietary
protein alsd may be a factor in altering blood protein
concentration, Some proteins appear to be more efficient
than others for the regeneration of plasma proteins (Kerr,
Hurwitz, and Whipple, 1918; Madden and Whipple, 1940),
This is probebly due to varying amino acid contents of these
proteins, for Madden and his co-workers (1943) have shown
that the ten amino acids essential for‘the growth of the
rat are needed for the production of serum proteins in the
doZe .

The relation between blood and dietary proteins
also has been demonstrated in humans, ©Peters, Wakeman,
and Eisenman (1927) observed that the plasma protein
concentrations of 19 cases of severe malnutrition
ranged from 3,44 to 7,17 grams percent, A decreagse of
0673 gramg protein percent plasma was found by Keys et al,
(1946) when they exahined blecod from 34 men who had been
existing for six months on 49 grams of protein per day.

Most of this protein came from vegetable sourcese The
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recommended daily allowance for an adult mer is 70 crors
of protein (Focd and ntrition Boérd, 1943), Walters,
Rossiter, and Lehrenn (21947) exs—inel blocAd from 12
Indian war priscners vwho had been eatinrcs diets low in
protein, he contrel group was rine norrsl Indian
subjectse. Lean conceutrations of S.:1 and 64,289 rrars
proteir pireant serm respectively for the ~risemers and
the ccntrolg were noted. A relationship was observed
tetwveen pretein intake and sexr'm1 protein concentra*fca
by Armell, Coldman, and Bertucci (1945) in a study cf
11 premnant women wit» witritional edermas

Cther studiegs have revenled normal protein
concentratiorz in populetiorns zxisting on low protein
dietse Stuart (1945) determined serm albumin
coreentrotions on Qrench crildrzm who, during the war,
hed recelved approximately 63 grams of protein a day
bt only 19 gosms from ard ol sourres. iie observed no
edema or hypcproteinenia arov~ tle children sindicd,

Yourans et &le (1942) gtudied a riddle Tennesses =~al

peplation of 776 yhite zind colored people. A dietarv

gurvey irdicated rearn intoleg of 64 prumg ol protein
ser doy fer tre vihites ard 48 grars of protein per day for

the coloreds The mean serun protein concentrntions were
6695 and 6,26 grams protein percent respectively, There
appeered to be no correlatio hitueen the dietarv fntules

of calories or protein and the serum protein corcerntration,
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The protein intakes in these studies althouch less
than tre recommended dietary allowance for tlis
ruvtrient, evidently were not lew enough to produce
chances in the blood protein concentrations.
Arnell, Goldman, and Bertucci (1945) stated
hat " close gorrelation between the protein contert of
the diet and alterations Iin the composition of the blood
cannot be expected"; however, a populafion study of
protein intakes and blood protein corcentrations might
reveal some relationship between dietary and blood protein
valuese. In other words, would a minimal protein intake
Ye co¥re1ated with a blood protein value in the lower
portion of tre "normal" range? Similarly, would a very
high protein irtake be correlated with a blood protein
value in the upper portion of the "normal" range? If such
a relationship existed, 8 plasma or serum protein deter-
mination would be of value in assessing nutritional status.
The need for a simple but accurate method for
the determination of serum or plasma protein poncentratipn
for survey studies is obvious, Although several methods
have been suggested, their accuracy for the determination

of serum or plasma protein may be questioned,

In the study to be reported, the use of one of
the short methods, the Linderstrom=Lang gradient tube, as
described by Lowry and Hunter (1945) has been irvesti-

gated, The accuracy of serum proteln concentration
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calculated from specific gravity, as determined by this
method, was found by comparison with values obtained fronm
riero-Kjeldahl determinationse The relative effects of
salt and sugar on the specific gravity of an albumin

solution were also determined,
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1'ethods for Teterrining IFrotein Concentration

The methods commonly used to determine protein
cohcentration may be divided into two groups, physical
end chemicel, TFirstly, it is assumed that non-protein
substances have a negligible effect on the physical
property being tested, and, secondly, that there is no
appreciable uncorrected variation resulting from changes
in the non-protein fraction. Kirk (1947) stated that
"it is important to note that the physical property
itself can generally be measured quite accurately and
reproducibly, but the relation of that property to
protein concentration may be uncertain due to the
failure of one of the basic assumptions",

Cne of the physical properties which has been
related to protein concentration is srecific gravity.
This property may be measured by the use of a gradient
tube (Ponder, 19423 Lowry and Funter, 19453 Hoch and
Larrack, 1945) which consists of a cylinder containing
kerosene and bromobenzene or chlorobenzene so mixed
that the density of the mixture varies linearly
throughout a portion of the colurn, Thus, a substance
of unknowm specific gravity, e.g. serum, dropped into
the column will come to equilibrium at a point where
the mixture and the serum have the same svecific gravity.
The specific gravity of the serum, however, may be

altered by solution of the bromobenzene or chlcrobenzene
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in thé serum, This alteration in specific gravity
necessitates the standardization of the time between
delivery of the serum into the mixture and reading
of the cylinder, Solutions of copper of potassium
sulfate of known density are utilized to relate
cylinder readings to specific gravity.

Barbour and Hamilton (1926) calculated
specific gravity from the time’required for a 10 cubic
millimeter drop of a substance to fall 30 centimeters
through a mixture of xylene and bromobenzene of a
density slightly lower than that of the substance
being tested, This method has two dlsadvantages
not present in the gradient tube method; the size of
the drop and the timing must be very accurate.

Specdfic gravity also may be determined by
allowing drops of a substance to fall into a graded
series of copper sulfate solutions of known densities
and noting the rise or fall of the drops (Fhillips
et aley 19443 Adams and Ballou, 19463 lleyer et aley
1947), Simeone and Sarris (1941), using a similar
method, noted the movement of glass beads, calibrated
for density, in the solution being testeds Mortensen
(1942) devised a method using glass beads, one heavier
end one lighter than the sample, The beads were
placed in a pipette with the sample and the pipette
inverted. The position at which the beads collided
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was used as an indication of specific gravity,.

The refractive index of a protein solution
is another physical property which has been used to
determine concentrstion, This method has been used
by Neuhausen and Rioch (1923), Siebenmann (1937), and
sundermen (1944), but according to xirk (1947) this
method for determining protein concentration is not
as sensitive as the specific gravity methods,

Bateman (1947) utilized another physical
property of proteins, that of surface tension and the
related spreading on surfaces, to determine concen=-
tration, He spread the protein over the surface of
a concentrated salt solution and measured the area
of the film when it was compressed to a standard
pressures. The Kjeldahl détermination of nitrogen
was used to relate area to protein concentration.

Other metheds based on physical properties
also have been used. Infrared absorption spectroscopy
was used by Buswell and Gore (1942)_and electrophoreaia
by Cooper (1945). At present these methods are used
primarily in research (Kirk, 1947).

Protein concentration may be determined by
the weight of precipitated proteins after waghing and
dryinge Gravimetric determinations have been done by
Barnett, Jones, and Cohn (1932) and by Boyd (1939).

The difficulty in procuring quantitative separations
of protein is a major problem with this method of
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analysis (Kirk, 1947).

Looney and Walsh (1939} precipitated total
protein with sulfosalicylic acid in the presence of
gum ghattli and determined the concentration turvidi-
metrically. The volume of precipitated protein after
centrifugation has been used to determine protein
concentration by Rytand (1939) and by Lewis (1946),
Kirk (1947), however, reported that it is difficult to
standardize the conditions of precipitation and
centrifugation sufficiently to make this procedure
quantitative,

Améng the chemical methods used to determine
protein concentration is the Kjeldahl with 1ts several
variations, After a sample is digested with acid in
the presence of a catalyst, the armonia formed upon
the addition of elkalil may be distilled into boric acid,
and the ermonium salt formed titrated with standard acid
(a and Zuazsga, 1942), The ammonia also may be
distilled into standard acid and the excess aeid
titrated with standard base (Robinson, Price, and Hogden,
1937)e Ven Slyke (1927), using a gasometric method,
measured the amount of nitrogen produced by the addition
of hypobromite after digestion. Marcali and Reiman (1946)
eliminated distillation by titrating the ermonium salts
formed upon digestion with sodium hydroxide in the presence

of formaldehydes However, calcium, barium, copper, iron,
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and phosphates interfere, so the latter method of
analysis would probatly not be zpplicable to blood.
Levey (1948) suggested the use of the Conway diffusion
cell for serum proteln determinations. In this method
the ammonia from the digested sample i3 allowed to
diffuse into boric acid and the ammonium salt formed
titrated with standard acide Direct Nesslerization
of the digested sample and colorimetric determination
of the compound formed is snother wvariation of the
Kjeldahl method commonly used (Hubbard, 19313 Schales,
Ebert, and Stead, 1942),

It is possible to eatimate protein concen-
tration by determining the amounts of certein amino
acids which are present, The Folin phenol reaction
for tyrosine (Gfeenberg, 1929} end the Sekaguchi
reaction for free guanidipe and, therefore, arginine
(Albanese, Irby, and Saur, 1946) are but two exampless

The biuret reaction, a test for the presence
of peptide linkages, has been used to determine protein
concentration (Robinson and Hogden, 1940), Stiff (1949)
devised a new modification of this method by determining
the amount of copper held in solution with protein.

Another method for estimating protein concen-
tration was used by Fishberg and Dolin (1930), The
proteins were titrated directly with acids the amount

of acid required to take the protein solution from one
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pH to enother was found to be a function of the protein

concentration,

0f the many methods available for the deter-
mination of protein concentration, Kirk (1947) etated
that the Kjeldahl nitrogen method, the biuret reaction,
and specific gravity have shown themselves to be
particularly useful despite the many limitations
inherent irn each method,



Accuracy of Specific Gravity ilethods for Determining

Protein Concentration

Kagan (1938) stated that " since the protein
content of serum is between 75 and 80 percent of the dry
weight, a cloge correlation with specific gravity is to
be expected", Formulae have been caleulated to relate
specific gravity to protein concentration by experi-
mentally determining both specifiec gravity and protein
concentration on serum and plasma samples. Nevertheless,
some workers disagree as to the validity of this
procedure,

Some investigators have compared the protein
concentration values secured from the gradient tube and
the Kjeldahl methodss Lowry and Hunter (1945) analyzed
serum samples from 240 patients with a variety of
diseases but with no liver damsage, They reported a
mean deviation between the values from the two methods
of 0,24 gram percent for a rather wide range of protein
valuesy 3.5 to 13,5 grams protein percent. Twenty-five
normal serum samples were analyzed by Hoch and Marrack
(1945) who reported good correlationy however, they
recorded differences up to 1.9 grams protein vercent,
Ponder (1942) stated that the gradient tube method
gives values correct to-fO.l_gram protein percent and

concluded that this method may be used for clinicel

purposes,
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The results obtaeined from the copper sulfate
and the Kjeldahl methods also have been cempared, A
mean difference of +0.15 gram protein percent (copper
sulfate value minus XKjeldahl value) was reported by
Atchley and co-workers (1945), Meyer et al, (1947)
using 47 samples of dog plasma found a correlation
of 0,9061 between the results obtained by using these
methodss These workers also reported that 68 percent
of the samples agreed within 0,2 grans protein percent,
On the other hand, Adams and Ballou (1946) discovered
that only 35 percent of the 128 human serum samples they
analyzed agreed within 0,2 gram protein percent and
reported a correlation of 0,74, Cook, Kesy, and
Mg Intosh (1945) found good correlation between the
results of the two methods but large individual
differences and, therefore, concluded that specific
gravity gives only an epproximation of plasma protein
concentration,

Values for protein concentration obtained from
the falling drop method of determining specific gravity
have been compared with values obtained from the
Kjeldahl method, A highly significant correlation of
0,9522 for dog plasma was reported by Meyer and co=-
workers (1947}, They found that 77 percent of the
samples gave results that agreed within 0,2 gram protein

percent and concluded that the falling drop method may be
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used clinically, Fagan (1938) testing the falling
drop method with both serum and plasma reported mean
deviations from the macro~Kjeldahl of 0,16 gram
protein percent for serum and 20,23 gram protein
percent for plasma, Cn the other hand, a very low
correlation of 0,18 was revealed by Looney (1942)
when he compared values obtained from the falling drop
rethod and the turbidimetric method. Al though Looney
bellieved the latter method to be an accurate standard,
the use of this'methqd for a standard is not univer-
sally accepted (Kirk, 1947).

Protein concentration calculated from specific
gravity measured directly by the weight of a reasured
volume of plasma was found to agree fairly closely with
the K&eldahl gasoretriec values by lioore and Van 5lyke
(1930}; the maximun deviation was 0.6 gram protein percent,
Weech, Srelling, and Goettsch (1933) using canine plasma
verified the close relationship between apegific gravity
and protein concentration and the formula calculated by
vaore and Van Slyke (1930) to relate specific gravity and
protein concentration, Weechy Snelling, and Goettsch
(1933) also demonstrated the applicability of this
formula at specific gravities as low as 1,0121 which
repreeented 1,84 grams protein percent as determined
by the Kjeldahl rethods Extremely high correlations,
0.,993734 for dog serum and 0,991532 for dog plasma,
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were reported by Weech, Reeves, and Goettsch (1936).
They used a pycnometer to determine specific gravity
and the Kjeldahl method to determine protein content,
On the other hand, Zozaya (1935) found & correlation
of 0,28 between the values obtained from these methoda,
He thought this poor agreement was due to the use of
serum, but this assumption was shown to be falgse by
other workers (Jeech, Resves, and Goettsch, 1936)

The glass bead methods also have been tested
for their accuracy in determining protein concenrtration.
Simeone and Sarris (1941) analyzed 118 samples of human
serum finding an average deviatioen of 0,25 gram protein
percent between the values from their method and the
micro~Kjeldahl methode IMortensen (1942) corpared his
method. with the Kjeldahl and found fair correlation.

The disagreement between workers as to the
validity of the specific gravity methods to determine
serum and plasma protein concentration may be due to
variations in serum and plasma constituents other than
protein which also affect gpecific gravity, These

congtituents are discussed in the next section,

~In view of the cpnflicting evidence in the
above reports, the use of specific gravity methods to
determine protein concentration cannot be assumed to

give satisfactory results, For this reason, this
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study was designed to contribute more_information
concerning the correlation between the results obtained

from the gradient tube and the micro-Kjeldahl methods,



Factors Which Alter Specific Gravity

Blood constituents other than proteins which
may vary in concentration have been shown to effect the
specific gravity of serum and plasma, Simeone and
Sarrls (1941) demonstrated that glucose produces a
linear errory but the glucose concentrations used were
as high es 1050 milligrams percent serum, A glucose
ooncentration at this level would represent an abnormal
conditiony for normal post-absorptive concentrations
range from 90 to 120 milligrams percent blood (Meyers,’
1924)e The work of Simeone and Sarris (1941) suggests
that normal concentrations of glucose do not produce
e large error in protein concentration as calculated from
densitye. They found a difference of only 0,07 gram
protein percent when calculated from specific gravity at
a glucose level of 200 milligrams percent when contrasted
to the calculated protein concentration at a glucose
level of 100 milligrams percent, A blood glucose level
of 200 milligrams percent might be possible in the
normal individual after the ingestion of cgrbohydrate.

.It has been recognized that salts have an
effect:onAthe specific gravity of serum and plasma _
(Barbour and Hamilton, 1924; Looney, 1942), However,
Eagan (1938) found no relation between the level of salt
and the deviation between the protein values obtained

from the falling drop and the Xjeldahl methodse
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_ Lowry and Hunter (1545) stated that " in oxrder
to influence the apparent serum protein concentration
[ealculated from specific gravity] by as much as 0.1
gram percent, it would be necezssary tp dcuble the normal
concentrations of either serum 1ipids, the blocd glucoss,
or the non-protein nitrozen v,

Zozaya (1935) believed that the specific
gravity of serum depends on tﬂe relation between the
bound and the free water, He stated that bound water
is dependent on the kind and percent of the protein
fraction, euglobulin having a greater density per uyi?
concentration than albumin., Nugent and Towle (1934),
however, stated that " beef serum albumin znd serum
globulin exert effects upon the specific gravities cof
their synthetic solutions which are identical within
the limits of experimental error of tle retliods usually
evployed for the accurate determination of specific

gravity values ",
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Use of Serum and Plagma for Protein Determinations

Both serum and plasma have been used for the
determination of protein; however, it has been shpwn
that the addition of oxalate or heparin to blood alters
the protein conoentratipn. ‘A rather conclusive study
was done by Peters, Eisenman, and Bulger (1925). They
determined serum protein concentrations on defibrinated
blood before and after the addition of an anticoagulant.
When 0,2 gram neutral potassium oxalate percent was added
to the defibrinated blood, a decrease of 0.3 to 0.4 gram
protein percent was noted, although plasma could be
expected to contain about 043 gram protein percent more
than serum (Kagan, 1942). | ’

- Serum, oxalated plasma, and heparinized plasma

were enalyzed by Kagan (1942)s He observed that there
was no oconsistent difference between the protein concen-
tration of oxalated plasme and serum and that heparinized
plesma gave higher results than oxalsted plasma. This .
effect of oxalate also was noted by Gettler and Baker (1916),
by Lehman and Seott (1935), and by Cameron and White (1942),

As wes previously noted, Kagan (1938) found a
lower mean deviation between the protein values obtained
from the falling d:op and the micrq-Kjeldahlhmgthods for
serum then for plasma. He (Kagan, 1942) stated that
" the values obtained for ogalgted plesma are not as

reliable as those for serum, probably because the amount
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of water withdrawn from the red ®lood cells varies with
the amount of oxalate used as well as with the varyinmg

effect that oxalate has on the cells of different persons".

The actual protein concentration of the serum
of living organisms is probably better represented
by experimentally determined serum protein values than
by experimentally determined plasma protein values,

For this reason, serum was used throughout this study,



IXPERIVENTAL PROCIEDURGIS



Collection of Samples

The blood sarples used for testing the gradient
tube method for the determination of serum protein
concentration were obtained from albino rats (250 to 500
grams) which had been used for other experiments. The
animals at the time of sacrificing had been maintained

for at least one month on the following rations

S Percent
Casein 13,7
Yeest ’ 8,4
Salt mixture 4,2
Cod liver oil l.1
Corn oil - ' 4,2
Cerelose and/or

corn starch 68,4

_ The metabolie activity of the rats was kept
as uniform as possible by removing both the food and
vater the evening before the animals were killed. The
period of fasting ranged from 16 to 18 hours., _Halatol
was injected irtraperitoneally, the heart exposed, and a
blood sample taken with a 10 milliliter syringe and a
rumber 25 needles TFour to nine milliliters of blood
could be secured in this manner. Femolysis was
minimized by removing the needle before the blood was
transferred to & 15 milliliter centrifuge tube. ,

The sample was allowed to clot and the.serum
transferred to a corked centrifuge tube. The serum
was centrifuged for 15‘m;nutes at 3300 ;eyolpt;one per
minute (diameter of head, 20 inches), decanted, arnd
recentrifuged, The gserum samples were tightly corked



/9




-22-

whenever possible throughout the analyses to prevent
evaporation and absorption pf ammonia, Aliquots were
taken for the gradient tube, the Kjeldehl total
nitrogen, and the non=protein nitrogen determinations

within one hour after centrifugation.



Srecific Gravity Method

A gradient tube was established as described
by Lowry and Funter (1945), 1ixtures of kerosene and
bromobenzene (see Appendix) were used; the lighter
mixture was layered over the heavier in a 500 milliliter
graduated cylinder, The graduated cylinder was placed
in a larger cylinder containing the jacket solution and
paraffin used for a seal (see diagram in Aprerdix). A
spiralled copper wire was used for mixing. About five
minutes of mixing were required to form the gradiert,

Fotasslum sulfate solutions of known specific
gravities were prepsred. The specific gravities of the
solutions covered the range of the specific gravities
usually found in serum, These solutions were used to
relate the cylinder readings of the gradient tube to
specific gravities.

Both serum and standards were allowed to reach
room temperature before use, Fipettes calibrated to
0.01 milliliter were employed for delivery into the
gradient, The pipette was rinsed two times with each
standard before usej; a clean pipette was used for the
serum sample, The cylinder readings of the center of
the drops were recorded four +one-half minutes after
delivery. Fine sea sand was used to settle the drops,

and the gradient was covered while not in use to prevent

evaporation,
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A graph was constructed (Figure I.) bty plotting
the cylinder readings of the standard solutions against
their specific gravities, The specific gravity of tre

serum was determined from such a graph,

In order to determine the relative effects of
salt and sugar on the specific gravity of serum, an
albumin solution of a concentration approximating huran
serum protein concentration was prepared, Glucose and
sodium chloride were added to portions of this albumin
solution, 7

Normal serum sodium values_range from 390 to
330 milligramrs percent (Iawk, Oser, and Surmerson, 1547,
pe 596) 2nd serum chloride from 347 to 376 milligrams
percent as calculated from 98 to 106 milliequivalents
per liter (Hawk, Oser, and Summerson, 1947, p. 574).
Sodium chloride in amounts representing 650, 670, 690,
and 710 milligrams percent were added to portions of
the albumin solutioﬁ.

Normal poet-absorptive'blood glppose values
rance from 70 to 12Q milligrars pgrcent depending on
the method of analysls used (IIawk, Oser, and Srierson,
1947, ppe 520 to 529), Glucose in amounts representing
85, 120, and 250 milligrams percent were added to portions
of the albumin solution, The specific gravities of all
the solutions were determined by the gradient tube and the

nitrogen concentration by the micro-Kjeldahl method.
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Cylinder Reading

-5

370

330- .

:290

250 1/4

210 ’//

170
1,0356 1,0313 1,0270 1,0227 1.0184 1.0141

Specific Gravity

Figure I, Gradient Tube Cylinder Readings

for Solutions of Known Specific Gravities,



Total Nitrogen iTethod

7 Special Van Slyke-Ostwald blood pipettes were
used to transfer at least two 0,5 milliliter samples of
serum to 10 milliliter volumetric flasks. The samples
were diluted to volume with 0.9 percent sodium chloride
(Robinson, Price, and Hogden, 1937). At least two
two milliliter aliquots of each dilution were transferred
to 30 milliliter Kjeldahl flasks. - Three milliliters of
selenium digestion mixture and three glass beads were
added to each (Robinson, Price, and Hogden, 1937)e  The
aliquots were digested until colorless (one to one and
one-half hours), the necks of the flasks washed with
ammonia-free distilled water, and the heating continued
for one-~hz21f hour, A diagram of the digestion rack
may be found in the Appendix, o

After the flasks had cooled, 10 milliliters
of armonia-free distilled water erd a plece of red
litmus paper were added, Before the goo}g@ flask was
connected to the distillation epparatus (see diagram
in Appendix), the apparatus was steamed out for at least
five minutes, Five milliliters of two percent boric
acid and three drops (apprpximately 0.005 milliliter)'of
the indicator (Mh_and Zuazage, 1942) were placed in a 50
milliliter Erlenmeyer flask which in turn was floated in
a beaker of water. The tip of the delivery tube was
placed just above the surface of the liquid before eight
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milliliters of concentrated sodium hydroxide were added
to the Kjeldzhl flask from the reservoir, Immediately
the delivery tip was lowered into the boric acid—indicator
nixture, and the Kjeldahl flask was heated with a micro
burner, aftéer the sample had been distilled for 10
minutes (Robinson, Price, and Hogden, 1937), te ccllecting
vessel was lowered until the delivery tip was again Just
sbove the liquid. The delivéry_tube was washgd in the
following menners the micro burner was removed, the elamp
on the trap opened, and ammonia~free distilled water was
allowed to flow from the reservoir into the Kjeldanl
flask; the sample was reheated for one minute and water
from the reservoir was allowed to flow from the reservoir
1nto the collecting flask, The tip of the delivery tube
was rinsed and the Erlemmeyer flask removed for titration.
The total volume of the distillate was kept at approxi-
matel™ 15 rilliliters (Mfa and Zuazaga, 1942), The
distillate was titrated with 0.01_N1hydroch%oric acld to
the purple end point of the indicator (o7 4.52);»th§
amovnt of ac’l requlred was read to 0,1 milliliter and
estimated to the nearest 0,01 milliliters A blank using
two milliliters_of 0,9 percent sodium chloride was
analyzed for eaph five digestions.

The protein concentration was calculated
from the protein nitrogen concentration; prptein==

factor (total nitrogen = non-protein nitrogen).
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Although 6425 is the factor conmonly vsed to relate

the concentrations of protein and protein nitrogen,

Cook (1946) found that 6,6 is more applicable to blood
proteina, Both factors were used to calculate protein
concentration in this study,.

Five milliliters of the ammonium sulfate
standard solution containing 0,125 nilligrsm of nitrogen
per milliliter were used to determine the time required
for distillation and also were added to serum aliguots
to determine recovery of nitrogen. Digestion times for
one-half, one, two, and four hours after the solutions
were colorless were tested to determine the digestion

time required for maximum recovery of nitrogen,
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Non=-protein Xitrogen llethod

At least two 045 milliliter samples ofhserum
were pipetted inté 15 milliliter centrifuge tubes and
4,5 m11111iters of 10 percent trichloroacetic ecid
edded (Robinson, Price, and Hogden, 1937). The
corked tubes were allowed to stand with occesional
shaking for at least two hourse The samples then
were centrifuged for 15 minutes at 2000 revolutions
per minute (diaméter of head, 20 inches) and the
supernatant decanteds Two one milliliter aliquots
of the supernatant were transferred to 18 x 25
centimeter pyrex test tubes which had been calibrated
to seven milliliters, One milliliter of diluted
copper sulfate digestion m;xturel(ﬂawk, Oser, and
Summerson, 1947, p. 495} was added, and the eliquots
were heated over a micro burner until a few drops
retialned, Two drops of 30 percent hydrogen peroxide
were added and the tubes reheated, The process was
repeated using one drop of hydrogen peroxide. The
digests were diluted to seven milliliters with
emmonia-free distilled water, Blanks using one
milliliter of 10 percent trichloroacetic acid were
also digested,
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A series of standards was set up as follows:

Ammonium sulfate standard | Digestion | Ammonis~free
(0,02 mge N/mle} mixture | distilled water
0 v 1l 6.0
1.0 1 5,0
105 1 4.5
2,0 1 4,0
245 1 3¢5

After all the tubes had been thoroughly chilled
with running water, three milliliters of Nessler's
reagent were added to each, and in five minutes the
percent transmissions were determined with a Cenco=
Sheard-Sanford photolometer using a green filter (wave
length, 525 millimicrons)s The undigested blank was
set at 100 before the percent transmissions of the
standard solutions were determined. Similarly, the
digested blank was set at 100 before the percent
transmissions of the samples were determineds =

N A curve was drawn on semi-logarithmic paper
(Figue II,) by plotting the percent transmissions of the
standard solutions against their nitrogen contentes One
milliliter of the ammonium sulfate standard solution
containing 0,02 milligram nitrogen per milliliter was
added to supernatant aliquots to test the recovery of

nitrogen,
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Figure II, Percent Transmissions for

Solutions of Known Nitrogen Concentrations,
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Accuracy of the lfethods for Total and Non-protein Nitrogen

Recoveries for the total nitrogen were deter-
mined on three serum samples. Table I summarizes the
resultse Osborn and Krasnitz (1934) also noted a
maximum recovery and then a decrease,with longer
digestion times when selenium was used as a catalyst.
Although Chibnall, Rees, and Williams (1943) suggested
an eight hour heating period after clearing for maoro-
Kjeldahl complete digestion, Cook, Keay, and ¢ Intosh
(1945) found no differerces among two, four, eight, and
sixteen hours total digestion for the micro-Kjeldahl,
These workers secured recoveries between 98 and 102
percent, . ] .

The differences in the titration values
for aliquots from the same diluted serum sarple and
from different dilutions of the same serum sample
from the 20 rats are summarized in Table II. The
differences also are expressed in terms of protein
concentration (grams nitrogen times 6.6) and in terms
of percent of the mean protein concentration,

The titration véluea used to calculate
protein concentration by Milem (1946) were within
0.2 milliliter of 0,2 N acid for 0.2 milliliter of
plasmae The quantity being titrated in this study
represented 0,1 milliliter serum, All titration values

were averaged to calculate protein concentration,
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Table I

Total Nitrogen Recoveries for Three Serum Samples

with Varying Digestion Times

Time heated | Serum Sample Recovery Mean
after sample plus recovery
colorless 0625 mge N

hours mge N % mge N y4 % %
% 0,792 1,407 98,5
0,796 1,415 99,1
0,801 1,416 98,3
0800 1,409 97,7
0.786 1,430 108,0
0,793 1,416 99,6

99,4
1 0,834 1,451 98,8
0,824 1,422 95,7
0,804 1,421 98,7
0,815 1,418 96.4

97.4
2 0,644 1,258 98,2
0,668 1,269 96,1
0,675 1.264 94,2

96,2
4 0¢644 1,251 97,0
0,658 1,255 95,4
0,663 1,258 9542

95,9
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The blank determinations averaged Ce4 milli-

1iter (range 0420 to 0,55 milliliter) 0,01 N acid or
5.8 percent of the mean titration which is somewhat
higher than the three percent reported by Cook, Keay,
and Mg Intosh (1945). Ferhaps this was due to the
fact that the distillations and titrations were done
in a room in which other determinstions were being

dones

The recoveries for non-protein nitrogen
ranged from 95 to 105 percent which was considered
sufficlently accurate due to the relatively low
concertration of non-protein nitrogen when corpared

with the total nitrogen,
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Correlation Between Specific Gravity and

rre

Frotein IFitrocen Concentration

The results of the analyses of the 20 samples
of rat serum may be found in Teble III, ne neans and
the standard devisticrs of the valves have been reported,
Sex differences could not be comzared, tecause there
were nearly twice as many male as ferale ratse A corre-
lation of 0,9928 was found between tlie specific gravities
and the protein nitrogen ccrcentrations,

A scatter diagrerm representing the relationship
between the specific gravities and the protein nitrogen
concentrations In grams percent serum is phown in Figure
II1, The formulae for the lines which best fit the
data were calculated and rearrarged* so that protein
nitrogen and protein concentration could be calculated
from specific gravity. The following formulae wvere
calculateds

(1) Protein nitrcgen (?) in grems percent serums
- P=52,1 (specific eravity - 1,0075),
(2) Protein (P} in egrams percent serum (protein N x6.25)3

P =325,7 (specific gravity = 1.,0075).

*Protein=A+B (specific gravity) (or)

Protein=3B (specific gravity+ A+ B}, ‘

B =the sum of (the deviztions of the specific gravities
from their mean x the deviations of the concentrations
of protein from their meazn)~ the sum of the squares of
the deviations of the specific gravities from their
mean

A = the ;ean of the specific gravities - (B x the mean of
the concentrations of protein).
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Table III

Specific Gravity, Total and Non-protein Nitrogen, and

Protein Concentrations for Twenty Samples of Rat Sera

Specific Total Non-protein | Protein | Protein

gravity nitrogen nitrogen (protein (protein

minus nitrogen |nitrogen
non=-protein X6425) X646)

nitrogen

grams %’ grams % grams % | grams %
1,0197 0,636 0,022 3,98 4,20
1,0218 0,752 0,041 4,70 4,97
1,0233 0,791 0,029 4,94 5,22
1,0236 0,834 0,030 531 5650
1.,0241 0,832 0,048 5620 5649
1,0248 0,880 0,016 5,50 5,81
1,0248 0,914 0,041 5,72 6,03
1.0253 0,922 0,041 5,76 6,08
1.,0254 0,925 0,045 5,78 6,11
1,0255 0,935 0,039 5.84 6,17
1,0256 0,953 0,039 5,96 6429
1.,0259 0,958 0,046 5,98 6632
1,0260 0,988 0,044 6,18 6,52
1.,0266 1,013 0,042 6033 6,68
1.,0270 1,022 0,038 6439 6.74
1,0274 1,024 0,029 6,40 6,76
1,0283 1,081 0,024 6,76 7.14
1.,0283 1,107 0.029 6,92 730
1,0287 1.111 0,035 6,95 7 ¢33
1,0306 1,190 0,046 Tel4 785

Mean
1,0256 0,943 0,036 5490 6623
Se Do

0.0024 0,013 0,009 0,81 0,86




1.0310
1,0290

1.0280

1.0270

1.,0260

1.0250 /c
1.0240 /

1,0230 /
1,0220 / R :
1,0210

1.0200 /
1.0190 /

0.5 06 0.7 0,8 0.9 1.0 1l 1,2

Specific Gravity

Protein Nitrogen Grams Percent

Figure III, Relation Between Specific Gravity

and Protein Nitrogen Concentration,#*

#Line cajculated from formula (1),
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(3) Protein (F) in grams percent serum (protein Nx6.6):
P =343 (specific gravity - 1,0075).

™ theoreticel specific rravity for serum
containing ro protein_was calculated'to be 1,0073., The
other nuwrbers in the above forrulae are fuctors calculated
to convert speecific gravity to the desired expression,.

Twe standard error of estirmete for formule (1)
was found to be 0,0145 gram nitrogen percent; fer

forrulae (2) and (3) was 0,09 gram protein percent.



ffect of Salt and Sugar on the Specific Gravity

of an Albumin Solution

Taeble IV surmarizes the effects of the addition
of various amounts of sodium chloride and glucose cn the
gspecific gravity of an albumin solution, Within the
range used, each increase of 20 milligrams sodium chloride
percent resulted in the specific gravity beinz increased
by 0,0004 and the calculated protein corcentration by
0,15 gram percent,

To differences could be detected between the
specific gravities of the albumin solutions containing
65 and 120 milligrams glucose percent, but a value of
250 milligrams percent increased the calculated protein
concentration by_0.14 gram perpent when compared with
the protein values calculated at glucose concentrations

characteristic of ncrmal fasting dblood,



Table IV

Effects of Sodium Chloride and Glucose on the

Specific Gravity of an Albumin Solution

Specific Protein Protein
gravity |[P-343 (Spe Gre-1.0075)| Kjeldahl
protein
nitrogen
X646)
milligrams % grams % grams %
Sodium chloride
added
(v} 1.0292 7044 5613
650 1,0358 9,71 5,14
670 1,0362 9,84 5,13
710 1,0371 10,51 5,11
Glucose added
0 1,0292 7.44 513
85 1,0294 7¢51 5,10
120 1,0294 751 5,14
250 1,0298 765 5.17
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Use of the Cradient Ture to Teterrine Froteirn Ccoicertraticn

Althoushr 3 hizh correlation of 0.9938 was found
to exist between specific zravity and protein concen=
tration under the experimental conditions described,
gseveral points slionld be mentioned concerning the use c¢f
the gradient trbe for the determination of serwa protein
concentration,

The effect of variations of glucose within the
norral post-absorptive range cn the specific gravity of
an albumin solution was rot detectable, Towever, a
hicher blood zlucose value of 250 milligrams percent,
vhich would be possihle after the ingestion of ca:bo-
hydrates, would probably affect the accuracy of specific
gravity methods for the determination of serum pretein
concentration, Altiour in vaar antrition surveys
carbohydrate ingestion is not controlled, an abstinence
period of several hours probably would be desirable
if the specifip gravity of serum 13 to be determined,

T™e addition of salt, varied within the normal
range, had a marked effect on the specific gravity of
an albumin solution, In this study salt concentration
may not have been an Important factor in the accuracy
of the gradient tube to determine gerum protein concen-
tration, for it is possible that experimental animals
under controlled conditions such as diet and period of

fagting and water abstinence would have a more uniform
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serum salt concentration than a group of humans. It
is interesting to note that the high correlations between
specific gravity and protein corcentration reported by
Weech, Reeves, and Goettsch (1936), 0.993734 and 0,991532,
end by Meyer et ale. (1947), 0,9522, were observed with
canine plasma and serum while the specific gravity and
protein concentration of human plasma and gerum usually
ghowed & lower correlation (Adams and Ballou, 1946), It
is possible that these *differences were due to a larger
variation in the salt concentrations of the human
gsamplese
7 - Several Investigators have reported the effects
of large doses of salt end of salt abstinence on blood
sodium chloride oontent. Two humans were given 50 grams
of soditm chloride a day for two days by Torbert and Cheney
(1936) who noted increases in plasma chloride (expressed
as sodium chloride) from 555 to 582 milligraws percent
(9449 to 99,6 millicynivalents cliloride per liter) and frow
554 to 602 —illigrams percent (94.8 to 103.0 milliequivalents
chloride per liter)e Bourdillon (1937) fed a human 210
millieéunglenta (1243 groms) of sodium chlcride and
observed an increase in serum sodium from 142,7 to 147.1
milliequivelents per liter and in serum chloride from 102.8
to 108,4 milliequivalents per liters Based on the data
obtaiped in the present study, there would be & difference

of approximately 0.22 gram protein percent between the
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rrotein values calculated from specific gravities at
the lower and the higher sodium and chloride concen=-
trations reported by Bourdillon (1937)s An error cf
this magnitude, however, wo"d probably be clinie-lly
irpcrtant only at borderline values, N .

Cutler, Power, and Wilder (1943) analyzed the
blood from 28 patients (with no Addison's disease) who
had been on a salt free diet for two dayse Plasma sodium
values between 300 and 322 milligrams percent (130,5 to
140,0 milliequivalents per liter) and plasma chloride
values between 333 and 371 milligrams_p§r9§nt_(?3.9 to
104,6 millimquivalents per liter) were observeds

_ Although these experiments demonstrated

changes in blood sodium chloride concentrations, the
values reported were within or near the normal ranges
of serum sodlum values, 1294 to 154,0 milliequivalents
per liter (a couposite range from the literature),
reported by Snyder and Latzernelbosen (1942) anl *:e
serum chloride valuves, 95,2 to 113,° milliéquivalents
per 1liter, reported by Eisemman (1929)s  If blood salt
and glucose concentrations were determined in a
nutrition survey, the effects of these subgtances in
extreme concentrations on the determination of protein
values from specificAgravity_could be considered.

A comparison of the formulee used to calculate

protein concentration from specific zravity determined
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by various methody rmay e found in Table V, It vas
assumed that when no factor was mentioned, 6,55 was used
to convert grarsg protein nitrogen to grams protein, The
formula calculated from the data in this study vsing the
convercion factor, 6,25, was included for conparison. It
should be noted that fermulae differ not only with the
nethod used to determine gpecific gravity and the inves-
tigator but also with the substance belng analyzede The
protein value calculated from the formula from this study
is with one exception the lowest of those listeds The
lover value might be due.to a specles difference in
Ploed salt concentration, for Anderson et ale (1930)
found rat Tlood chloride concentration slightly higher
than hum-=n, It is obvious that the formulae calculated
in this study could not be eprlied to human studies

without further investigation.

If the conditions for studies with human
subjects could be sufficiently controlled, the gradiept
tube might prove to be an accurate as well as convenient
method for the determination of serum protein concen-

tration in nutrition surveyse
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SULLIARY AND CONCIUBIONS

The correlation between specific rravity and
protein nitrogen (totzl nitrogen minus non-protein
nitrogen) was determined on 20 sarmples of rat serum,
Specific gravity was determined by the linderztrom-
ILzrg gradient tube method, tctal nitrogen by the
micro-I jeldahl nitrogen method, and non-protein nitreczen
by Tegsslerization, The effects of physiclogical
concentraticrs of Plood clucose an? scrim gcdimm ehl~»ide
on tre snecific gravity of an althimin solutior 2130
were determine?,

A correlation of 0,9938 wag found to exist
tetieen specific gravity »rd protein nitrocen concen-
tration undcr tre emperircrtal conditions deceribed,
Tormulae based 6n the data vere ealcnlatel to convert
srecific gravity to proteir and protein nitrooesn
cereentratiore, e standard errovr ~f -otirate wng
0.09 gxrr »rotzin percent,

Yo Aiff:=>rerces c¢2124 Ye detected brtreen the
gspecific grovities of the albumin solutiors contairire
concentrations of glucose characteristic of norrel
post-zbscrntive blood, Fowever, o oluconce coreen-
tration cof 250 milldicrams percent increased th
calcilatel protein coucentration by 0414 grar percent
vhen corpared with the protein value at rnormal post-

avsorptive zlnccece concentrations,
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Similarly, within the range used, each increase
of 20 milligrams sodium chlorlde percent increased the
calculated protein concentration by 015 gram percent,
Such an error probably would not be important clinically
except at borderline v2luese In this study salt
concentration may not have been an important factor in
the accuracy of the gradient tube method for the deter=-
rination of serum protein concentration, for it is
possible that the blood of experimental enimsls under
controlled conditions would have a more uniform galt
concentration than a group of humans,

It was concluied that if the conditions for
studies with human subjects could be sufficiently
controlled, the gradlent tube might prove to be an
accurate as well as convenient method for the deter-
nination of serum protein concentration in nutrition
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Gradient Tube*

' Seale
one inch eguals
approximately
five inches.

Key

500 milliliter graduated oylinder,
Ungraduated oylinder.

Gradient.

Jacket solution,

Paraffin seal,

Cover,

TRYOPY

*Lowry and Hunter (1945).



Digestion Rack*

/

Scale
one inch equals
approximately
five inches,

Key

¥icro burner (flame one inch high),.
B~ Asbestos board.

Heavy wire.

D= Ring stand. and clamp,

Q
(]

*'a and Zuazaga (1942),



7¥YS PY

Distillation Apparatus*

__F "‘I
\/‘\
' c7-7
Scale \
~-#  ona inoM eqtals 2\
approximately s=e--X
Key

Hot plate,

300 milliliter Erlenmeyer flask conteining ammonia-free

distilled water and boiling chips.

Funnel, -

Watch glass. ) '

Trap and equalizer of steam pressure,

Reexrvoir containing concentrated sodium hydroxide.

30 milliliter Kjeldahl flask containing digested sample,
Micro burner.

Reservoir containing ammonia-free distilled water which

has been adjusted to the purple color of the indicator,

50 milliliter Erlemmeyer flask containing dboric acid and
indiocator.

250 milliliter beaker containing water.

Rubber tubing was boiled in dilute ammonium hydroxide,

#Peters and Van Slyke (1932

washed with distilled water, and boiled in two percent
boric acid (Sobel, Mayer, and Goettfried, 19442.

5; Hill and Trevorrow (1941);
Markham (1942),



Solutions

Albumin solution (C.P. blood slbumin containing 157 salt)s:
20 milliliters of albumin solution (approximately 6.5
grems per liter) were diluted to 25 milliliters.

162.5 milligrams of sodium chloride were dissolved
in epproximately four milliliters of water, 20
mil1i1iters of the albumin solution added, and
the mixture diluted to 25 milliliters.

This was repeated with 167.5, 172.5, and 177,65 milli-
grams of sodium chloride and with 2142, 30.0,
and 62,5 milligrems of glucose.

Ammonis~free distilled waters

10 milliliters of concentrated sulfuric acid and a
few crystals of potassium permanganate were
added to 1500 millil;torauof_distilloéhw;tor.
The mixture was redistilled and the distillate
collected after the f£irst 50 to 100 milliliters
were discarded, The distillate used was
tested with Nessler's reagent for the presence
of ammoniae

The pH of a portion of the water was addusted to the
purple color of the indicatore

*Ammonium sulfate standards (CePe-neutrality AsCeSe tested)s
* The smmonium sulfate was dried to constant weight at

105 degrees centigrade (Sobel, Mayer, and

*golutions were made with ammonia-free distilled watere






Gottfried, 1944), 0,5896 gram was diluted

to one liter (0,125 milligram nitrogen per

milliliter). 80 milliliters of this solution

were diluted to 500 milliliters once a week

(0402 milligram nitrogen per milliliter).
¥Boric acid - 2 percents

10 gramns of boric acid were diluted to 500 milli-
liters with boiled water,

*Digestion mixturess o N

One milliliter of selenium oxychloride was diluted
to 250 milliliters with concentrated sulfurie
acid and added to 250 milliliters of saturated
potassium sulfate. _ ) ) '

300 milliliters of 85 percent phosphoric acid, 50
milliliters of five percent copper sulfate
solution, and 100 milliliters of concentrated
sulfuric acid were combineds The solution

, was diluted one to ten for use.

Gradient jacket solutions .

Two grams of copper sulfate and 0.6 milliliter of
coneentrated sulfuric acid were diluted to
one liter,

Gradient mixturess o
150 milliliters of kerosene¥** were combined with 100

milliliters of dbromobenzene*** and adjusted to

*Solutions were made with‘ammoniaffree distillgd water.

**Timer and Amend, odorlesse
*¥%Eimer and Amend, special for falling drop method.
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a specific gravity of 1,07,

180 milliliters of kerosene were combined with 70
milliliters of bromobenzene and adjusted to a
specific gravity of 0,99,

Hydrogen peroxide - 30 percent,
Hydrochlorie acid stardard solutionss ‘

O¢l N acid was made by carefully adjusting the
acidity of an acid solution which was approxi-
mately Os1 No The acid was titrated with
godium hydroxide which had been standardized
against potassium acid phthalate (AeCeSe
standard)e |

0,01 ¥ acid was made by diluting the O.1 N acid.
This was done once a week,

Indicators

Oe¢1 gram of brompcresol green was diluted to 100
milliliters with 95 percent ethanole 0.l
gram methyl red was diluted to 100 milliliters
with 95 percent ethanol, Five parts of the
brom=cresol green solution were combined with
one part of the methyl red solution for use.

Nessler's reagents A

100 grams of mercuric iodide and 70 grams of .
potassium iodide were added to 400 milliliters
of distilled water, 100 grams of sodium
hydroxide were dissolved in 500 milliliters






of distilled water and added to the above
solution, The combined solutions were made
up to one liter and diluted one to one for
use (Hawk, Oser, and Summerson, 1947, p. 1230 =
method of Bock and Benedict)e
Potassium sulfate standardss

Potassium sulfate.(A.C.S. standard) was dried to
constant wdight at 110 degrees centigrade and
the following amounts were each diluted to 500

milliliterss
Potassinm sulfate | Specific gravity
of solutions

grams

88200 1,0141
11,5400 1.0184
14,2650 1,0227
17,0200 1,0270
19,7900 1,0313
29,5500 1,0350

The stock solutions were kept in a refrigerator
in paraffined sealed bottles. Smaller bottles
of the solutions were refrigerated and
maintained for use with the gradient tube,
They were renewed every two weeks,
*So0dium chloride -~ 0,9 percent,
*Sodium hydroxide (CoP. pellets)s
100 grams of sodium hydroxide were added to 100
mi11iliters of distilled water and allowed

*Solutions were made with armonia~-free distilled waters






to stand a week, The solution was filtered
and stored in paraffinéd bottles,

*Trichloroacetic acid - 10 percent,

¥Solutions were made with ammonia-free distilled water,
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