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In the study of proteins, it is often desirable to ob-
tain specimens of a high degree of purity. It has been
repeatedly shown that protein preparations that fulfill
the requirements for homogeneity by one criterion
may not be homogeneous when tested with a different
technique. One of the most sensitive tests for the im-
munological homogeneity of a protein is the gel-dif-
fusion test. In this test, an antiserum is prepared
against the material under investigation, and the an-
tigen and antibody are permitted to react in a gel
medium under certain standard conditions. In our
laboratory, several lots of human serum albumin (1),
prepared commercially by aleohol fractionation, were
examined for homogeneity. The preparations ap-
peared as a single component in the ultracentrifuge
and as a single peak with moving boundary electro-
phoresis. Immunochemically, the preparations gave
a smooth quantitative precipitin curve with rabbit
antihuman albumin serum. When these lots were tested
with the gel-diffusion technique, they were shown to
have at least three components, and,.in some cases,
they had a minimum of six components.

Continuous filter-paper electrophoresis is particu-
larly well suited for the separation of small amounts
of mixtures of proteins (2). It is a gentle treatment
that can be carried out in the cold, and it avoids ex-
treme changes in pH and electrolyte concentration.
The fractions so obtained can be quantitatively recov-
ered. An important advantage over other techniques
of boundary or zone electrophoresis is that, except for
the initial contact of the proteins on the paper, the
fractions are physically separated throughout the re-
mainder of the run. This reduces to a minimum the
interaction between dissimilar proteins. It is the pur-
pose of this communication to report the use of con-
tinuous filter-paper electrophoresis for the fractiona-
tion of human serum albumin.

Electrophoresis. The large continuous filter-paper
electrophoresis cell, developed by Durrum (2), was
used for the separations. The filter-paper curtain used
was Whatman No. 3MM, 1814- by 2214-in. sheets, cut
to provide 28 drip points at the bottom of the curtain.
Veronal buffer was used at pH 8.6 and ionie strength
of 0.05. Power supply was 900 to 1000 v with a cur-
rent of 20 ma. The entire apparatus was placed in a
cold room at 4°C.

Gel-diffusion technique. A modification of the tech-
nique described by Oudin (3, 4) was used. The final
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concentration of agar was 0.3 percent. Antiseruin con-
centrations of 50, 25, 12.5, and 6.25 percent by dilu-
tion were used. Antigen concentration was 5 percent
by weight. Diffusion tubes were 80 mm in length with
an internal diameter of approximately 3 mm. Runs
were made in a 26°C constant temperature water
bath up to 8 days.

Albumin samples. Ten lots of human serum albumin
prepared by alecohol fractionation for the American
Red Cross were examined. Samples were diluted to 10
percent for electrophoresis and diluted to 5 percent
for gel-diffusion tests.

A 10-percent solution of the human serum albumin
was allowed to siphon over onto the curtain at the
rate of 3 to 6 ml/24 hr and was collected in tubes at
the bottom of the curtain. Under these conditions, the
albumin was distributed over seven drip points near
the center of the curtain at the end of the preliminary
run. The samples collected from the drip points were
dialyzed at 4°C against distilled water to remove the
buffer. The dialyzed fractions were dried in vacuum
from the frozen state, and the material was tested for
homogeneity using the gel-diffusion test. Material
from the leading drip points, containing several bands
in the gel-diffusion test, was pooled and run over the
curtain a second time under the same conditions. The
final products collected from the drip points were
dialyzed, dried in vacuum from the frozen state, and
retested with the gel-diffusion technique.

The results of a separation of human serum albumin
fractions using this procedure are illustrated in Fig. 1.

Fig. 1. Continuous filter-paper electrophoresis, second
run, human serum albumin. Gel-diffusion tests on mate-
rial obtained from drip points 7 and 8. Electrophoresis
in veronal buffer, pH 8.6, ionic strength 0.05, 900 v, 20
ma, 4°C. Gel diffusion 25 percent antibody, 0.3 percent
agar, 4 percent antigen, 25°C, 8 days.
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Initially, there were four components in this lot of
albumin when tested with the gel-diffusion technique.
After the initial run, material from the leading three
drip points, containing all antigenic components, was
pooled, dialyzed, dried in vacuum from the frozen
state, and run over the curtain a second time. As can
be seen in Fig. 1, material taken from the leading drip
point, No. 8, contained a single component; a speci-
men taken from the next drip point, No. 7, contained
four components. The yield of the sample exhibiting
a single band in the gel-diffusion test was of the order
of 5 to 10 percent by weight of the original material.

It is possible that the final product contained minute
amounts of the three other components present in the
original material, since there are several recognized
limitations to interpretation of gel-diffusion observa-
tions (5). For example, if the contaminating compo-
nents were present in sufficiently low concentration,
they could be present and still not give rise to a visible
band in the gel-diffusion test. Similarly, it is possible
that the single visible band represents more than a sin-
gle antigen. This is unlikely, however, since these
antigens would then have to possess the same diffusion

rate and be present in similar concentrations, and the -

antiserum would have to contain homologous antibody
at similar concentrations. The final product, repre-
senting 5 to 10 percent of the original material, may
represent a serum albumin or, possibly, a protein with
a faster electrophoretic mobility than serum albumin.
It was apparent in the gel-diffusion test that the anti-
body to the purified material was present in relatively
low coneentration, but by the criterions we have avail-
able for purity, this product appears to be homo-
geneous.
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Effect of High Fat Feedings on
Viscosity of the Blood

Roy L. Swank

Division of Neurology, Department of Medicine,
University of Oregon Medical School, Portland

Aggregation and adhesiveness of red blood cells
were observed in vitro by Swank (1) and in vivo by
Swank and Cullen (2, 3) to develop about 4 hr after
fat feedings. They reached their maximum intensity
3 to 4 hr later and then subsided slowly to normal. The
in vivo changes were observed in the cheek pouch of
hamsters anesthetized with urethane, using the tech-
nique of Fulton, Jackson, and Lutz (4), and were re-
corded in colored motion pictures. The purpose of
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this report (5) is to show that significant increases
in the viscosity of blood from the vena cava accom-
panies the aggregation and adhesiveness of red blood
cells observed in the cheek pouch after fat meals.

Blood viscosity was measured by a method based
on principles utilized earlier by Fahreus (6) and
others, and developed for this specific problem (7).
The time required for 0.1 ml of blood to flow through
a standardized orifice at a negative pressure of 100
mm-Hg at 37°C gives a relative measure of viscosity
that has proved fairly dependable. This time interval
divided by the time required for the same amount of
water to pass through the same orifice under the same
conditions of temperature and pressure gives the vis-
cosity of blood relative to that of water.

In the present experiments, the standardized orifice
was a gage 25 hypodermie needle 1 in. long (vita).
The tip of this needle with the bevel down was inserted
into the abdominal inferior vena cava of the urethane
anesthetized hamster. The negative pressure was ap-
plied by opening a stopecock on a 0.1-ml calibrated
pipette to which the calibrated hypodermic needle was
attached. The flow of blood was timed with a stop
watch to 0.1 see. It is essential in this type of deter-
mination that the tip of the needle inside the inferior
vena cava be clearly visible; that the flow of blood
in the pipette be smooth and steady; that the total
time of the flow be less than 30 sec and preferably less
than 20 sec; and that duplicate determinations that
check to within less than 10 percent deviation be made.
The hematocrits were determined on blood drawn from
the vena cava into heparin immediately after the vis-
cosity measurements (7).

A close correlation was first shown to exist between
visible evidences of adhesiveness and aggregation of
the red blood cells and an increase in the viscosity of
the whole blood in nine hamsters fed a “normal” diet
containing mixed grain, vegetable greens, and fox
chow, and in 18 experimental animals 5 to 7 hr after
being fed 1 to 3 ml of 35-percent cream (3 to 10 g/kg
body weight) by stomach tube. Next the duration and
extent of the viscosity changes after fat meals were
determined.

Hamsters fed a diet containing about 50 percent of
their calories as animal fat (8) for 5 to 7 days and
then given a single fat meal of 2 to 3 ml of 35-percent
cream almost always exhibited an increased viscosity
of the blood. Animals so fed were anesthetized and
their blood viscosities and hematoerits were deter-
mined 3, 6, 9, 14, 24, 48, and 72 hr after the single
cream meals. The blood viscosity began to increase
about 3 hr after the cream feeding and reached its
peak in 6 to 9 hr (Fig. 1). During the first 9 hr only
minor variations oceurred in the hematocrit. The vis-
cosity then returned to normal by the end of 24 hr.
This was accompanied by a significant drop in the
hematocrit. The hematoerit then returned to normal
by the end of 72 hr, accompanied by a rise and then a
fall of the viscosity to normal. The low hematoerit at
the end of 24 hr is thought to be due to “sticking” of
many of the red blood cells in the peripheral eireula-
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