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Variations in Paper Electrophoretic Patterns of Dog Sera and Plasmas

Prepared by Different Technics.*
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Recent paper electrophoresis studies on the
sera of X-irradiated dogs afforded the occa-
sion to compare the results obtained with
those of other investigators on the electro-
phoretic patterns of normal dog plasma(1-3)
and serum(4-8). Apart from the less pre-
cise designations for the protein fractions
used by some of these workers. a distinct. but
previously unreported difference between
serum and plasma electrophoresis patterns
was apparent, in that the alpha-4 globulin
seemed to predominate over the alpha-3 com-
ponent in dog sera, while the reverse tended
to hold for dog plasmas.

A distinct exception to these findings has
been reported(5). However. the present
work describes how the patterns obtained
may depend on technics of collection for dif-
ferent types of serum or different types of
plasma, thus accounting for this apparent ex-
ception. This communication describes fur-
ther the nature of these “new” protein dif-
ferences between dog sera and plasmas.

Methods. Normal female mongrel dogs
weighing 15-35 Ib were maintained and post-
absorptive blood samples were drawn as de-
scribed earlier(9).  Samples designated
“standard serum” were obtained by our cus-
tomary technic, allowing blood to clot one
hour at room temperature and then in the re-
frigerator for another hour, after which cen-
trifugation yielded the ‘“standard serum.”
“Sedimented serum” was obtained similarly.
except that the whole blood was centrifuged
immediately upon collection. so that clotting
took place after the blood cells had been sedi-
mented to the bottom of the tube. Clotting
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at room temperature, refrigeration, and cen-
trifugation, as above, then yielded the “sedi-
mented serum.” Oxalated plasma was ob-
tained from blood samples collected in tubes
containing 1.2 mg ammonium oxalate and 0.8
mg potassium oxalate per ml blood(10), and
keparinized plasma was obtained from blood
collected in heparinized syringes. All samples
were finally obtained by centrifugation at
2000 rpm (about 1000 x g), and were handled
together at room temperature and during re-
frigeration and centrifugation. Paper elec-
trophoresis was performed as described pre-
viously, using horizontal migration in a
closed, refrigerated cabinet, on Whatman 3
MM filter paper and barbital buffer at pH
8.6 and ionic strength 0.05. Five microliter
samples of serum or plasma were pipetted to
spots on the starting line, midway between
the buffer vessels, and constant voltage was
applied for 615 hours at 500 volts, or 1614
hours at 175 volts. At the end of the run the
paper was dried for 20 minutes in a forced-
draft oven at 60°C. The position of a small
tan spot was marked at the edge of the paper.
This location is the same as that of the alpha-
4 globulin in the subsequently developed pat-
tern from normal dog serum, although it is
absent or, at most, very faint after runs on
dog plasma. Protein patterns were stained
with bromphenol blue according to Piantan-
ida and Muic(11), lipids with Sudan Black
B by the method of Swahn(12), and polysac-
charides following the technic of Ké&iw and
Gronwall (13).

Results. In Fig. 1 and 2 are shown the
patterns obtained by staining proteins and
polysaccharides, respectively, on samples of
“‘standard serum,” “sedimented serum,” ox-
alated plasma, and heparinized plasma from
the blood of a normal dog. The results shown
are typical of those obtained in similar com-
parison runs on over 15 dogs, sampled in the
normal, fasting state.
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¥IG. 1. Protein patterns, stained with bromphenol blue, from paper electrophoresis of samples

of normal dog ‘‘standard serum,’’ ‘‘sedimented serum,’’ oxalated plasma, and heparinized

plasma, reading from top to bottom. Starting line toward left, migration is from left to right.

Eleetrophoretic components labeled at top are albumin, g-1-2-3-4, g-1-2-3, and ~-globulin. Pen-

cil mark, locating ‘‘small tan spot’’ deseribed in text, is directly under ¢‘4’’ in g-globulin
region,

The “standard serum” protein pattern
{Fig. 1) is seen to include on the right hand
side the prominent albumin spot, on the trail-
ing side of which a slight tail represents the
alpha-1 globulin. Following this are faint
alpha-2 and -3 globulins, and then a more
prominent alpha-4 globulin spot. Three beta
globulin spots may be distinguished, after
which comes the broad gamma globulin spot,
which has migrated backwards due to elec-
tréosmosis (14).

The “sedimented serum’” pattern differs
slightly in having a somewhat fainter alpha-
4 spot and a stronger alpha-3 globulin.
Similar patterns were obtained with oxalated
plasma. However, with heparinized plasma
hardly any stain appears in the alpha-4
position, but a pronounced spot is appar-
ent in the alpha-3 globulin. As was to
be expected, both oxalated and heparinized
plasmas show staining of the fibrinogen frac-
tion at the starting line, although this com-
ponent was rather weak in the case of the
heparinized plasma shown here in Fig. 1.

Patterns treated with the polysaccharide

stain are shown in Fig. 2. The “standard
serum” pattern shows very faint staining in
the albumin region, no stain in the alpha-1
globulin, faint spots in the alpha-2 and -3
positions, a more prominent alpha-4 com-
ponent, and additional faint spots in the beta
globulin regions. As in the case of the pro-
tein patterns, the “sedimented serum” and
oxalated plasma patterns show a more even
distribution of stain between the alpha-3 and
alpha-4 positions. The heparinized plasma
again shows the stain concentrated in the
alpha-3 globulin.

Similar differences in lipid patterns from
corresponding sera and plasmas have not been
observed. However even if such differences
were present, they would be difficult to de-
tect due to the faint staining of the small
quantities of lipids in the alpha-2-4 region of
the electrophoretic patterns of normal dog
serum or plasma.

Discussion. The results described here
show that a distinct difference exists between
the electrophoretic patterns obtained from
dog serum and plasma, apart from the an-
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FIG. 2.

Polysaceharide patterns, stained with periodie acid-fuchsin sulfite, from paper eleetro-

phoresis of samples of normal dog serum, *‘sedimented serum,’’ oxalated plasma, and hepar-
inized plasma. trom top to hottom. Other details as in Fig. 1.

ticipated presence of fibrinogen in the latter.
An additional observation has been that tech-
nics of obtaining different types of sera or
different types of plasmas can also produce
changes in the electrophoretic patterns. Of
special significance in the interpretation of
either free or paper electrophoresis patterns
from the dog is the finding that the pattern
shifts observed are a function of polysac-
charide components as well as of proteins.
thus implicating glycoproteins in the phe-
nomenon. The two extremes of this situa-
tion are represented by the “'standard serum.”
with the prominent alpha-4 globulin in pro-
tein and polysaccharide patterns, and the
heparinized plasma, with the alpha-4 globulin
greatly diminished and the alpha-3 com-
ponent predominant in both protein and
polysaccharide patterns.

Although the shift to a faster mobility re-
sembles that seen in proteins of stored hu-
man plasma(15) the freshness and equal age
of all samples compared in the present study
eliminate ageing as an explanation for this
phenomenon. Nor is the effect explainable
solely as an én vitro heparin effect(16,17),
since it is seen to a similar degree in oxalated
plasma and “sedimented serum,” the latter

containing no anticoagulant whatsoever.
Comparison of results in these two cases, one
unclotted, the other clotted, eliminates the
blood clotting mechanism as the sole cause
for the shift from alpha-3 to alpha-4.

Summary. The alpha globulin portions of
the electrophoretic patterns of dog sera and
plasma have been shown to be affected by the
technics of preparation. While “standard se-
rum’’ patterns show a predominance of alpha-
4 over alpha-3 protein and polysaccharide,
“sedimented serum’” and oxalated or hepar-
inized plasma show greater proportions of
alpha-3 components.
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Anemias following thermal injury in man
and laboratory animals have been repeatedly
observed (1-6) and have been shown in part
to result from increased rate of hemolysis(1,
2,5) and disturbed liver function(4). Sup-
pressed medullary erythropoiesis has also
been suggested as contributing to the anemia
by James and co-workers(2) while Moore
and his co-workers(1) and Wintrobe and his
co-workers(7) have presented data from ra-
dioiron uptake studies that indicate direct
medullary inhibition. However, the work of
Davis, Alpen and Davis(5) and Davis, Alpen
and Sheline(6) showed an increase in rate of
radioiron uptake which they interpreted as
evidence for increased extramedullary and
medullary erythropoiesis.

In this investigation we have studied the
quantitative changes in femoral marrow of
control rats, bled rats and thermally injured
rats. We have attempted to discover from
the data (a) whether suppression of the me-
dullary hematopoiesis exists following ther-
mal injury and (b) whether there is any
quantitative difference in medullary hemato-
poiesis between moderately injured animals
and severely injured animals.

Materials and methods. Unshaved male
Wistar rats weighing between 200 and 210 g

* This investigation was conducted under contract
from Office of Surgeon General, Department of
Army.

were used. Rats were housed individually
in wire mesh cages at room temperature vary-
ing between 72 and 78°F and relative hu-
midity varying between 20 and 40%. Ex-
cept for the immediate 10 hour period fol-
lowing injury, all rats received Purina Lab-
oratory Chow ad lib. This diet was supple-
mented once a week with carrots. Groups A
and B received thermal injuries of 50 + 2%
and 20 =+ 2% of the body surface respec-
tively. Group H was bled and infused.
Group C was the uninjured control. -Thermal
injury was effected under ether anesthesia in
water at 90°C for 35 seconds. Prior to ex-
periment a polyethylene tube was inserted
into the posterior facial vein of each rat. Im-
mediately following the thermal injury each
rat was infused with 4% body weight of 1/6
M sodium lactate solution and 14% body
weight of 1.49% sodium chloride solution.
The details of these procedures have been
previously reported(8). Animals in control
group H were operated, bled by cardiac punc-
ture and infused as described above. Three
cc of blood were withdrawn to approximate
immediate blood loss from thermal injury.
This volume was determined from our Fe®®
studies. In each of the thermally injured
groups A and B and in the bled group, H, 3
animals were sacrificed for femoral bone mar-
row studies at 24, 48, 96, 168 hours and 2
and 4 weeks following injury or bleeding re-



