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The work of earlier investigators, Govaerts (1),
Barath (2), Cope (3), Peters et al. (4) and
Kylin (5) has given the impression that the col-
loid osmotic pressure is not only lowered with
decrease in serum protein but its specific pressure
(pressure per unit of protein) is also diminished.
The lowering of specific pressure has usually
been related to a greater decrease in the albumin
fraction of the proteins than that of the globulin,
so that the A:G ratio becomes reduced or in-
verted. However, in all of these reports, the
pressure readings were taken at the end of twenty-
four hours or longer, and probably do not repre-
sent the highest point on the pressure curve.
Wells et al. (6) have recently discussed the valid-
ity of determining the colloid osmotic pressure by
a rapid method devised by them. They also pre-
sented data on hypoproteinemic sera which gave
low specific pressures, and referred to the fact
that the pressure in many cases after rising to
some extent began to fall within a few hours.
They attempt to explain this by putrefactive
change or molecular aggregation of serum pro-
tein (6, 7). In the method reported here the
possibility of contamination of the serum with
bacteria has been excluded. Measurement of the
colloid osmotic pressure of the serum proteins of
nephrotic patients has revealed a decrease in the
stability of the pressure readings in those instances
where the concentration of proteins approached
the edema level. In most of the cases the maxi-
mum pressure was obtained in three to five hours,
and thereafter began to fall gradually. This was
in marked contrast to the prolonged plateau of
nearly constant pressure observed when the con-
centration of protein was normal.

While good correlation was observed between
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the maximum pressure and the content of total
protein, there was little evidence of correlation
between the ratio of albumin: globulin and the
maximum pressure. The data show that the pres-
sure per gram of protein may actually be some-
what greater when the serum proteins are low
than when their concentration falls within the
normal range.

METHOD

Blood was taken with the least possible stasis
from the antecubital vein, while the patient was
recumbent in bed. Precautions were observed to
insure sterility of the serum during collection of
the blood and during the subsequent centrifuga-
tion and separation of the serum from the clot.

The specific gravity of the serum was deter-
mined by Hammerschlag’s method (8), the re-
fractive index by Abbe’s refractometer at con-
stant room temperature of 23° C. The total
content of protein, albumin and globulin were
determined by Howe’s method using 1 cc. of
serum for each sample (9). The determina-
tion of colloid osmotic pressure was carried out
with the apparatus devised by Fellows (10),
similar in principle to that of Verney (11). The
osmometer has the advantage that the osmotic
pressure can be followed at any desired interval
of time. Some modifications were made on the
instrument itself, the stopcock being removed from
its original position to the upper end of the
graduated portion of the capillary tube, and the
hole on the side of the osmometer tube being
omitted in order to minimize the danger of any
leakage of serum.

As the dialyzing agent a modified Ringer’s
solution consisting of 0.8 per cent sodium chloride
and 0.042 per cent potassium chloride was used.
The osmometer was inclosed in a large glass tube
for sterilization, and autoclaved for 15 to 20
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minutes at 120° C. When ready for use, the
osmometer was filled with sterile serum and im-
mersed in a water bath kept constantly at 30° C.
by an electrical thermostat and a mechanical
stirrer. Care was taken to maintain the room
temperature at approximately 23° C.

The pressure reading in the manometer was
noted every half hour or every hour, adjusting
the meniscus of the serum to the same point with
the aid of a microscopic lens. During the night
when observations were omitted, the stopcock was
closed in order to cut the connection to the manom-
eter and yet permit equilibration to continue with-
out any gross change in the reading of the menis-
cus. In the morning the stopcock was opened,
the manometer was readjusted, and the readings
were continued. In order to calculate the osmotic
pressure the specific gravity of both the serum
and the solution in the manometer (12 per cent
sodium glycocholate in water) were taken into
consideration.

- Routine examinations for possible sources of
error in the apparatus were made. Sterilization
produced no change in the permeability of the
membrane (DuPont number 300 plain transparent
cellophane). The difference in time required for
equilibration of various concentrations of diffusi-
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ble substances was found to have no effect on
the final result. The hydrostatic pressure of the
liquid in the capillary tube above the cup holding
the membrane and the capillary attraction were
determined, and appropriate corrections were
made in the computations of pressures. Duplicate
or triplicate determinations were done except in a
few cases where material was insufficient. The
results usually agreed within ten millimeters of
water with a maximum variation of fifteen milli-
meters in some cases.

RESULTS

Colloid osmotic pressures of serum proteins in
normal persons determined in this laboratory and
previously reported by Fellows (10) show values
ranging from 321 to 380 millimeters of water
with protein content varying between 6.32 and
6.81 per cent. Further data obtained on the
serum of normal dogs and from patients whose
total serum proteins were within normal limits
are given in Table I.

As may be noted, the specific gravity of the
serum remains quite constant over a wide range
of protein content, although there is some tend-
ency for it to vary in the same direction as the
concentration of protein (see also Table II).

TABLE I
Colloid osmotic pressure of normal stability
A . : .
Name as‘e;‘f mf; p}":tt:iln Albumin | Globulin l:atg pgg:?.llre E&:‘;’lﬁfe Remarks
yggx per cent | per cent | per cent mm. H:O | mm. H:0
IG... g‘s 1.032 | 7.04 5.31 1.73 3.07 | 330.0 47.0 Myxedema
H.D 5% 1.032 6.55 4.84 1.81 2.76 | 358.0 54.0 Chronic hemorrhagic nephritis
M.P. 5% 1.032 | 6.36 4.18 2.18 192 | 332.0 52.2 Mitral stenosis
F.D.. 192 1.030 | 6.28 4.15 2.13 1.94 | 304.5 48.5 Arteriosclerosis
E.B 5% 1.031 6.20 3.43 2.77 1.24 | 2794 | 45.0 Chronic hemorrhagic nephritis
W.A. 697 1.031 5.81 3.88 1.93 2.01 290.9 50.1 Cardiac insufficiency
AN..] ¢ 1.031 5.56 3.48 2.08 1.67 279.0 50.2 Arteriosclerosis
Dogl| ¢ 1.031 6.17 4.31 1.87 2.30 323.1 52.3 Normal
Dogl| @ 1.031 6.16 4.28 1.88 2.27 312.3 50.7 Normal
Dog2| @ 1.031 6.08 4.25 1.83 2.32 308.1 50.8 Normal
Dog2| ¢ 1.031 5.74 4.24 1.50 2.82 305.1 53.2 Normal
Dog3| ¢ 1.031 5.78 3.88 1.90 2.04 271.5 47.0 Normal
Dog3| ¢ 1.030 5.55 3.86 1.64 2.35 272.5 49.6 Normal
Average | 49.9
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TABLE II

Colloid osmotic pressure of reduced stability in patients with low serum protein
(Through the courtesy of Dr. S. W. Clausen 3 pediatric cases are included in this group.)

Colloid osmotic pressure
pressure | pressure | pressure | pressure
ygags per cent mm. H:0 | mm. H:O | mm. H:O | mm. H:O | hours
JS...| & | 1.030 | 5.20 2.17 | 275.5 | 53.0 | 253.7 | 48.7 8 Hypertension, cardiac insufficiency
AB.. 698 1.030 | S5.14 1.74 | 2523 | 49.2 | 2303 | 449 8 Arteriosclerosis, cardiac insufficiency
EB.. 192 1.027 | 5.30 1.02 | 240.1 | 454 | 2100 | 39.6 7 Chronic hemorrhagic nephritis
GS... ‘g 1.026 | 5.05 | 0.63 | 221.5 | 439 | 1958 | 38.8 6 Lymphatic leukemia, edema
V.N.. c2>" 1.026 | 4.50 | 0.88 | 192.0 | 42.7 | 138.0 | 30.7 6 Nephrosis
JM.. g‘ 1.027 | 4.50 | 0.79 | 1845 | 41.0 | 130.2 | 29.0 5 Nephrosis
JH... 293 1.025 | 447 | 2.02 | 2400 | 53.7 | 180.0 | 40.3 5 Chronic nephritis
EW.. 53 1025 | 3.52 | 091 | 209.5 | 59.4 | 122.0 | 34.7 4 Carcinomatosis
Average | 48.5 38.3

Similar observations have been made by Weech,
Snelling and Goettsch (12). The difference be-
tween the values for specific gravity given in their
paper and the values obtained here may be due
to the fact that in the former plasma was used
and in the latter serum. Moreover, different
methods were used.

Our results on the colloid osmotic pressure of
serums having concentrations of protein within
normal limits correspond on the whole to those
reported by Barith (2), Oelkers (13), Bonsmann
(14), Tada and Nakazawa (15) and Kylin (5).
Drinker and Field (17) have reported pressures
for dog serum agreeing very closely with ours,
especially in regard to the specific osmotic pres-
sure of protein in normal dogs’ serum. Identical
types of pressure curves were obtained for human
and dog sera during the time of equilibration (see
Figures 14 and B).

Inspection of Figure 1 shows that the pressure
usually reaches a maximum within five or six
hours, in eight hours at the most, and that it is
maintained at this level over a period of twenty-
four hours. These curves may be regarded as
showing normal stability of colloid osmotic pres-
sure of serum protein.

Changes of stability of pressure in cases of low
serum protein

When the content of serum protein was lowered
considerably the stability of the colloid osmotic
pressure was found to be markedly reduced.
Curves obtained from such sera are shown in
Figure 2. The relation of reduced stability of
pressure to lowered protein content was confirmed
in forty determinations, all of which gave the same
types of curves varying one from another only
in degree of declivity. The pressure began to
fall gradually as soon as its maximum height
was attained, and the rate of falling seems to have
been quite constant in its whole course. The
height of the maximal point depended upon the
total concentration of serum protein, and in cases
of like protein content it was little affected by
greater albumin: globulin ratios (Table III).
The time at which the pressure began to fall and
the rate of its fall seemed to depend on the total
protein content but may also have had some rela-
tionship to the albumin: globulin ratio. In gen-
eral, the higher the content of protein, the longer
the period of time before the pressure began to
decrease and the more slowly it fell. This rela-
tionship is shown in Figure 2B, in which three
different cases have been compared.
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Curves 1 and 2 are from sera having almost
the same content of protein, and are roughly com-
parable. Curve 3 rose to the highest point, due
to the higher content of protein and maintained
its plateau of pressure longer than did Curves
1 and 2.

This raises the question as to what should be
considered the real osmotic pressure of such pro-

teins. Practically, the readings of the manom-
eters come so close to each other, even in the
declining part of the curve, if read several times
within an hour or two, that taking their average
at ‘the end of twenty-four hours may seem to be
justifiable. Under such circumstances, the final
reading of the pressure at the end of a period
of twenty hours or longer gives a relatively low
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Each point represents the average of duplicate determinations.

value for both the total and specific pressures.
On the other hand, the average of two or three
readings at short intervals of time at the highest
part of the curve yields a value for total pressure
approximating that obtained by multiplying the
protein content by the average value of normal

specific pressure. For instance, the average of
duplicate maximum pressures of serum proteins
in Figure 24 were found to be 174.5 millimeters
of water, the concentration of protein was 3.63
per cent, giving a specific pressure of 48 milli-
meters of water, which is close to our average
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TABLE IIT
Total and specific pressure of serum protein obtained at
the highest part of pressure curve in markedly
low protein cases

Agel 7otal | A: G | Total |Speci
: pecific
Name 2:;' protein | ratio |pressure| pressure Remarks
25 per cent mm. HsO|mm. H10|
LR..| &| 3.85 1.05 199.0 51.7 | Nephrotic stage of
chronic hemor-
rhagic nephritis
25
LR..| &| 374 | 240 | 201.2 53.7 | Nephrotic stage of
chronic hemor-
rhagic nephritis
25
LR..|] | 371 1.65 207.0 55.8 | Nephrotic stage of
chronic hemor-
rhagic nephritis
59
P.B... g 3.56 1.18 192.3 54.0 | Lipoid nephrosis
MF.. 4% 3.58 0.72 188.0 52.5 | Nephrosis
M.F.. 4% 3.56 0.89 197.2 55.3 | Nephrosis
MF.. 4% 3.23 0.87 171.0 53.0 | Nephrosis
RP..| & | 348 1.17 | 1829 52.5 | Chronic hemorrhagic
© nephritis
RP..| & | 345 | 092 | 206.1 | 59.8 |Chronichemorrhagic
nephritis
23
JH...| @ 3.44 2.30 198.3 57.7 | Chronic nephritis
Average 54.6

normal value of 49.9 millimeters. The average of
the final readings were 110 millimeters of water
as total pressure, giving a specific pressure of only
30.3 millimeters, which is comparable to the usual
figure reported for hypoproteinemic sera by many
workers. .

Change of stability of colloid osmotic pressure
with change of patient’s condition

In three nephrotic patients and one with chronic
hemorrhagic nephritis determinations of osmotic
pressure were made at frequent intervals during
the course of illness. Data are presented in
Figure 3. In these charts the average pressure
from duplicate determinations made at the peak
of the curve has been plotted as the ordinate, and
the time at which the pressure began to fall has
been .taken as the abscissa.

Figure 34 gives data from a case of chronic
hemorrhagic nephritis in the nephrotic stage.
Maximum pressures were proportional to the con-
centration of protein in the different samples of
serum. As usual with hypoproteinemia, all pres-
sure readings were labile.

Figure 3B presents data from a patient with
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lipoid nephrosis with slight edema, who improved
steadily while under observation. The osmotic
pressure increased with the increase of protein in
the serum. Stability also increased as the con-
centration of protein increased. The last exam-
ination (Line 9) showed almost a normal curve
of stability with a pressure of 270 millimeters of
water and a concentration of protein of 5.39 per
cent, giving a specific pressure of 50.2 millime-
ters. Figure 3C presents a case of nephrosis with
marked generalized edema. In six examinations
of the serum the total proteins varied from 3.23
to 3.89 per cent with reversal of the albu-
min:globulin ratio. The maximum pressure
varied with the protein content, and all pressure
readings showed a marked and uniformly de-
creased stability. Figure 3D presents another
case of chronic hemorrhagic nephritis with low
serum proteins. The curves of the osmotic pres-
sure closely resembled those shown in Figure 3C,
the characteristic features being low A:G ratios
and decreased stability.

Other data obtained from several patients with
lower serum protein which have not been included
in Table I or the figures will be found in Table II.
As attention has already been directed to the fact
that it is difficult to decide what may be the true
osmotic pressure in such cases of reduced stabil-
ity, two values are given, one obtained at the
peak of the curve and the other at the end of
twenty-four hours. The differences between the
respective, total and specific pressures at these
two intervals of time are frequently quite strik-
ing. Again, if one considers only the maximum
pressure the specific pressure approaches the nor-
mal value. Low total proteins when combined
with low A : G ratios seem to have been associated
with the lowest pressure readings at the end of
24 hours.

Since the types of cases thus far considered in-
clude beside various nephropathies, cases of heart
disease, lymphatic leukemia and carcinomatosis it
seemed probable that hypoproteinemia itself
rather than some specific constituent of the ne-
phrotic serum was responsible for the lack of
stability of the colloid osmotic pressure. Some
experimental data in support of this hypothesis
have been obtained.
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The effect of dilution of normal serum upon the
stability of colloid osmotic pressure of
serum protein

Govaerts (1) assumed the cause of low osmotic
pressure in nephrotic patients to be due to the
dilution of the blood and the fall of the specific
pressure of serum proteins. Verney (11) re-
ported that artificial dilution of serum will cause
a marked fall of specific pressure of serum pro-
tein. Kylin (5) recently found that the osmotic
pressure of albumin or globulin per gram per
100 cc. of water differed according to the concen-
tration of the solution used in the determination

of the pressure. When dilute solutions of these
protein fractions were used, the specific pressure
was far less than with higher concentration.
Gronwall (16) also reported a similar relation
between the specific pressure and the concentra-
tion of the serum protein.

Various dilutions of normal dog serum were
prepared by the addition of 0.9 per cent saline at
pH 6. All experimental manipulations were car-
ried out under strictly aseptic conditions. After
the osmotic pressure had been measured the pro-
tein content of the solution in the osmometer was
determined by the refractometer. Although this
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Fi16. 4-B. THE EFrFict oF CONCENTRATION ON THE STABILITY OoF CoLLOID
OsMmotic PrReESSURE oF SERUM PROTEIN.

Curve 1 represents the serum from a patient, with pressure of re-
duced stability. Curves 2 and 3 represent those specimens condensed by
ultrafiltration. Figures in parentheses give the specific pressures obtained
at those points, P indicates the total protein content of serum.
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method of estimating concentration of protein
gives a somewhat higher value than the Kjeldahl
method it was found sufficiently accurate for com-
parative purposes.

Since similar results were obtained whenever
normal serum was diluted in the manner de-
scribed, the discussion has been limited to a typi-
cal case. In Figure 44, Curve 1 shows the be-
havior of the colloid osmotic pressure of the
undiluted serums while Curves 2 and 3 show the
pressures obtained after sufficient saline had been
added to reduce the concentration of protein to
4.48 and 3.45 per cent respectively. The pressure
of the diluted serum had a distinct tendency to
fall after about seven hours, the sample with 3.45
per cent of protein falling more rapidly than the
less dilute sample. The undiluted serum on the
other hand maintained a constant pressure from
the sixth to the twenty-fourth hour. The specific
pressure of the normal serum was 54.5 milli-
meters of water, those of the diluted sera 47.5
and 43.5 millimeters respectively when computed
at the end of twenty-four hours. However, the
specific pressures, computed on the basis of maxi-
mum pressure, proved to be the same in all three
samples.

Experiments were also performed, using sterile
ultrafiltrate * from serum as the diluting agent.
No difference was noted in the behavior of serum
diluted with ultrafiltrate and that diluted with
saline. The curves obtained were similar in all
respects to those shown in Figure 44.

Serum which had been diluted sufficiently to
reduce its concentration of protein to about three
or three and a half per cent frequently gave a
higher specific pressure (computed from the
maximum pressure) than did the undiluted se-
rum. This tendency for lower concentration of
protein to yield high specific pressures was found
to hold also for abnormal sera having protein
contents within the same general range (Table

III).

Change of stability of osmotic pressure produced
by concentration of hypoproteinemic serum

Serum from patients with hypoproteinemia was
concentrated aseptically by ultrafiltration, and its
colloid osmotic pressure compared with the orig-
inal serum. Five experiments using samples from
different patients gave similar results. The data
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from a single experiment are presented in Figure
4B. Curve 1 represents the original serum con-
taining 4.3 per cent of protein, Curve 2 that of
the serum condensed to protein concentration of
5.4 per cent, and Curve 3 that condensed to a
concentration of 6.22 per cent. It will be noted
that the original serum had a relatively marked
reduction in the stability of the osmotic pressure
while the serum condensed to 5.4 per cent had im-
proved in its stability. Further concentration to
6.22 per cent produced a curve of normal stabil-
ity.  When one compares the specific pressures
of these three samples, using the maximum pres-
sure as the point of reference they are found to
be almost equal to each other, namely, 50.2, 51.7
and 50.6 millimeters of water. At the end of
twenty-four hours Curves 2 and 1 representing
the less concentrated sera gave specific pressures
of 44.6 and 37.2 millimeters of water respectively.
The behavior of the serum on concentration again
suggests that the principal cause of reduced sta-
bility of colloid osmotic pressure is dilution of the
serum with respect to protein.

DISCUSSION

Inability to maintain a constant level of pres-
sure for more than a few hours seems to be a
characteristic of hypoproteinemic sera, whether
the lowering of the concentration of protein is
produced by disease or dilution of normal serum.
Although the present experiments fail to provide
a basis for the interpretation of this phenomenon,
they demonstrate that the maximum pressure de-
veloped by such sera is about the same as the
pressure derived by multiplying the observed con-
centration of protein by the average specific pres-
sure of normal serum.

The falling of the pressure which was regularly
observed in hypoproteinemic sera seems to have
been due to an unknown change in the protein
occurring several hours after it had been placed
in the osmometer. It is probable that a similar
change does not occur in the body. It seems re-
markable, however, that concentration of the pro-
tein was sufficient to abolish lability of pressure in
such hypoproteinemic sera. Other factors, such

3 Filtration was carried out with a Zsigmondy ultra-
filtration apparatus (Pfaltz and Bauer Inc., New York)
and an albumin proof ultrafine filter No. 1128. The

filtrate obtained was water clear, of pH 8 and had a spe-
cific gravity of 1.014.
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as alteration in pH of the serum during the pe-
riod of equilibration, require further investiga-
tion in this connection.

It is evident that measurement of the colloid os-
motic pressure at the end of twenty or twenty-
four hours gives only an approximate idea of the
total pressures which hypoproteinemic sera are
capable of developing. In general, the lower the
concentration of protein the less representative
will be the twenty-four readings. A:G ratios
appear to have had little or no effect upon the
development of maximum pressures. On the
other hand, ratios below one seem to have been
more frequently associated with low pressures at
the end of twenty-four hours than higher ratios.
However, the number of pathological sera which
were observed during the full twenty-four hour
period were too few to permit correct interpreta-
tion of this finding.

SUMMARY

1. The colloid osmotic pressure of serum pro-
tein has been determined by a type of osmometer
which permits observations of the pressure to be
made at any desired interval of time, and which
insures sterility of the serum.

2. Once the colloid osmotic pressure of serum
having a normal concentration of protein was
developed it was found to remain constant for
sixteen to eighteen hours.

3. The colloid osmotic pressures of pathological
sera with low concentrations of protein were
found to be unstable. After rising to a maximum
during the course of three to five hours the pres-
sure began to fall gradually.

4. The reduced stability of the colloid osmotic
pressure of hypoproteinemic sera was reproduced
experimentally by dilution of normal serum with
physiological saline or with the ultrafiltrate from
normal serum.

5. Concentration of the proteins of hypopro-
teinemic sera to 6 per cent or above by ultra-
filtration resulted in a colloid osmotic pressure
curve indistinguishable from that of normal
serum.
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