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Abstract. In order to improve the separativity of serum proteins of cattle in electro-
phoresis on cellulose acetate membrane, the constituents and the concentrations of buffer
solution were investigated in this experiment.

Better results of fractionation were obtained from a barbital calcium buffer (pH 8.6)
which consisted of 2.0 g of calcium lactate and 1.0 [ of 0.06 M barbital buffer than from the
standard barbital buffer. By using that buffer, a-globulin (gl) in the serum of cattle was
divided into two fractions, a,-gl and a.-gl, and the separation of g-gl and ~-gl was clearly
visible.

The percentages of the serum protein fractions in healthy dairy cattle were determined
and the normal range of each fraction was calculated. A significant increase in «,- and
a,-gl was recognized in various diseases, including liver disturbances, nephritis and some
infectious diseases.

It is considered that in making the clinical diagnosis of some disease, the barbital calcium
buffer is worthy of applying to the fractionation of serum proteins of cattle by electro-
phosesis with cellulose acetate membrane. By using this buffer, the serum protein fractions
were separated distinctly, and a;- and a,-gl divided clearly and increased significantly in

several diseases.

Today, the fractionation of serum pro-
teins by means of zone electrophoresis with
cellulose acetate membrane is performed as
a routine work for clinical diagnosis. This
electrophoresis is highly efficient in separat-
ing the serum proteins in a short time and
dealing with many samples at ones.

The bufter solution generally used for the
fractionation of animal serum proteins in
electrophoresis are 0.05 M tris-solution bar-
bital buffer (pH 8.8) [9] and 0.06 M barbital
buffer (pH 8.6) [18]. The latter has often
utilized for the fractionation of serum pro-
teins in cattle.
cellulose acetate

Electrophoresis with

membrane make it possible to separate the
serum proteins in animals. Excellent elec-
trophorograms produced by it have been
presented for dogs [4] and horses [1, 10], as
well as for man [12]. The serum proteins
of cattle, however, have not clearly been
fractionated. Especially, e-gl has not been
separated into two fractions, a;-gl and w,-gl,
as yet. Furthermore, the diagnostic signifi-
cance of changes in a;- and @y-gl has been
clarified in human medicine [7]. Therefore,
it considerably significant for a clinical diag-
nosis in cattle to divide a-gl into «y- and
ay-gl.

In order to improve the separativity of
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serum proteins of cattle by electrophoresis
with cellulose acetate membrane, studies
were made on the fractionation of serum
proteins with barbital buffer to which cal-
cium lactate had been added. The results
of the fractionation with the modified buffer
are presented in this paper.

Materials and Methods

1. Bovine serum: Serum samples were collected
from thirty healthy cattle of the Holstein breed 2
to 6 years of age. These cattle had been subjected
to clinical and blood examinations to check for
health. They did not include cows at three months
or more of pregnancy or cows three months or less
after parturition.

On the other hand, serum samples were collected
from 13 dairy cattle, which were found to have an
increased level of a-gl. These cattle had been suf-
fering from endometritis, sunstroke, theileriosis,
downer syndrome after parturition, secretion of milk
of normal acidity and positive for the alcohol test,
ketosis, acute hepatitis, bracken poisoning and
glomerular nephritis.

2. Procedure of electrophoresis:
separation of serum proteins was carried out by the
technique of Ogawa [13] as standard method. The
microzone electrophoretic system with Separax
Model 238, Johko Sangyo Company, Tokyo was used
as supporting medium. Serum total protein levels
were determined by using a refractometer (Hitachi
Ltd., Tokyo).

3. Statistical analysis:
deviations, confidence limits and rejection limits
were calculated from the formulae of Torii et al.
[19]. The confidence limits and rejection limits were
studied in comparison with the physiological range
and the borderline of normal values, respectively.

Electrophoretic

Mean values, standard

Results
1. Effect of addition of calcium to bar-

Fig. 1.

bital buffer on separativity of serum
proteins

In order to improve the separativity of
serum proteins in cattle by electrophoresis
with cellulose acetate membrane, modified
barbital buffer solutions were prepared by
dissolving 1.0 g to 4.0 g of calcium lactate in
1.0 1 of 0.06 M barbital buffer solution and
adjusting the resulting solution to pH 8.6,
Five bovine serum samples were fraction-
ated by using 0.06 M barbital buffer solu-
tion containing or not containing calcium
to compare the electrophoretic pattern and
percentage of each protein fraction obtained
(Fig. 1 and Table 1).

By using the modified buffer solution con-
taining 1.0 g of calcium lactate, a-gl was
separated into two fractions, «;-gl and a,-gl.
As seen in Table 1, albumin was higher and
a- and B-gl were little lower in level when
the barbital solution containing calcium
was used than when the plain barbital buf-
fer solution was used.

When the modified buffer solution con- -
taining 2.0 g of calcium lactate was applied,
a-gl was also separated into two fractions,
a4-gl and a,-gl, in all the 5 serum samples.
These was also a slight decrease in §-gl level
and a slight increase in albumin, a-gl and
r-gl levels.

When the buffer solutions containing
more than 3.0 g of calcium lactate were used,
however, there were a marked decline in the
separativity of a-gl, a considerable decrease
in albumin level, and a considerable in-

Electrophoretic patterns of serum proteins in cattle determined by using

barbital buffer (L) and modified barital buffer (R)
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Table 1. Percentages of serum protein fractions in cattle isolated
with barbital buffer and modified barbital buffer contain-
ing calcium lactate (CL)
a—globulin
Buffer Animal No.  Albumin  — — — B-g! r-gl
total oy s

1 42.7 13.7 1.4 32.2
_ 2 41.3 15.0 4.7 29.0
;Sgé 3 40.2 16.0 1.6 32.2
‘ng 4 39.1 18.7 13.2 28.8
5 39.3 16.6 14.0 30.1
Mean 40.5 16.0 13.0 30.5
1 42.8 14.0 5.3 8.7 101 33.1
O 2 42.0 15.0 6.6 8.4 14.0 29.0
% 3 41.8 15.2 5.4 9.8 1.0 32.0
) 4 45. 4 13.2 6.0 7.2 12.4 30.0
g = 5 39.8 16.1 7.3 8.8 12.6 31.5
§ Mean 42.2 14.7 6.1 8.6 12.0 30.9
8 1 41.3 16.6 8.3 8.3 9.1 33.0
5 o 2 43.1 14.8 2.8 12.0 14.6 27.5
=N 3 39.6 16.9 9.4 7.5 9.4 34.1
T 4 45.1 15.6 8.8 6.8 10.9 28. 4
% «~ 5 36.5 19.2 7.7 1.5 1.6 32.7
:; Mean 41.1 16.6 7.3 9.3 11.1 31.2
% 1 41.4 16.6 7.8 8. 11.0 31.0
2 0 2 40.4 15.1 4.5 10.6 14.9 29.6
- 3 34.1 16.8 1.7 37.8
> 4 39.3 17.9 13.6 29.2
> 5 35.2 17.6 13.9 33.3
Mean 38.0 16.9 13.0 32.1

Remarks.

*

crease in a-gl and y-gl levels. From these
observations, it was found that the barbital
buffer solution containing 2.0 g of calcium
lactate had brought about the best results
of the fractonation of serum proteins in
cattle.

In addition to this experiment, examina-
tion was made on the concentration of buf-
fer solution and the conditions of electro-
phoresis to induce migration at an interval
of 34 cm between the albumin and y-gl
fractions. In it, a modified buffer (barbital
calcium buffer) solution was prepared in the
following manner: 2.56 g of diethylbarbi-
turic acid, 12.00 g of sodium diethylbarbi-

Amount of calcium lactate contained in 1.017 of

0.06 M barbital buffer solution.

turic acid and 2.00 g of calcium lactate were
dissolved in 1.0 [ of distilled water. The pH
of resulting solution was adjusted to 8.6.
The ionic strength of the solution was 0.08 .
An electrophorogram was recorded in the
following conditions: 0.8 to 1.2x! of serum
was smeared to a width of one cm on a
membrane; the power of electric current was
1.0 mA/cm and the running time 55 to 65
minutes.

2. Percentages of serum protein frac-

tions in healthy dairy cattle

The percentages of the serum protein frac-
tions determined by using the barbital cal-
cium buffer solution in thirty-five healthy



288 KAWAMURA, YASUDA, TAYAMA, MOKI, TAKASE AND OGASAWARA
Table 2. Total protein levels and percentages of protein fractions
in sera of healthy dairy cattle
Total Percentage of protein fraction A/G
protein Albumin Globulin ratio
g/100 ml a ay B 7
Mean value 7.5 44.9 6.8 11.3 10.5 24.9 0.86
Standard deviation 0.58 2.50 2.25 2.18 1.90 2.23 0.075
Confidence limit 7.2-7.8 44.0-45.8 6.0- 7.6 10.5-12.1 9.0-11.1 24.1-25.7 0.83-0. 89
Rejection 6.2-8.8 39.0-50.2 2.1-11.5 6.7-15.9 7.0-14.0 20.3-29.5 0.65-1.07
Remarks. A total of 35 cattle were used.

dairy cattle are given in Table 2. This table
shows that a-gl was separated into ;- and
aygl in 839, of the serum samples used.
The rejection limits of each fraction were
39.0-50.29 for albumin, 2.1-11.5%, for a;-
gl, 6.7-15.99 for as-gl, 7.0-14.0%, for g-gl,
and 20.3-29.59, for y-gl when abnormal
values were rejected out by the rejection test
of Smirnoff [19]. The A/G ratio ranged
from 0.65 to 1.07.

3. Changes of a-globulin fractions in
keeping with the fluctuation of clini-
cal conditions

Changes in a4- and a»-gl levels during the
clinical course were followed in 13 cases con-
sisting of three cases of endometritis, two
cases each of sunstroke and theileriosis, and
one cases each of downer syndrome after

parturition, secretion of milk of normal
acidity and positive for the alcohol test,
ketosis, acute hepatitis, bracken poisoning
and glomeruler nephritis (Table 3).

During the clinical course an increase in
ay-gl was recognized in the cases of acute
endometritis, secretion of milk of normal
acidity and positive for the alcohol test,
acute hepatitis and downer syndrome after
parturition, and an increase in a,-gl in the
cases of incipient theileriosis, sunstroke,
glomerular nephritis, ketosis, bracken poi-
soning and chronic endometritis. The per-
centages of the 8- and y-gl fraction, how-
ever, were within the range of rejection
limits of each fraction in all the animals
examined, except one, No. 418, with regard
to that of the y-gl fraction.

Table 3. Serum protein fractions in cattle showing increase in @-globulin
Amimal Tom'l N . Percentage oélo};ri:zin fraction G ' '
No. g;}r]o(;tal:‘l bumin otal o« P . ratio Diagnosis
ay 2}
82 7.5 48.2 19.9 12.1 7.8 8.5 23.4 0.93  Acute endometritis
304 7.5 53.5 21.6 12.5 9.1 9.1 19.4 1.15  Secretion of milk of normal acidity
and positive for the alcohol test
308 7.8 36.2 26.9 13.4 13.5 9.4 27.5 0.57  Acute hepatitis
319 6.6 53.8 21.4 17.1 4.3 7.7 17.1 1.16  Acute endometritis
418 5.7 19.1 29.4 21.5 8.2 9.5 36.3 0.25 Downer syndrome after parturition
11 8.1 43.8 20.2 3.6 16.6 13.6 22. 4 0.78 Incipient theileriosis
16 7.6 47.8 19.6 3.0 16.6 12.6 20.0 0.92 Incipient theileriosis
19 7.5 37.8 16.6 1.9 14.7 11.6 34.0 0.61 Sunstroke
20 6.5 43.8 25.2 3.6 21.6 13.5 17.5 0.78  Glomerular nephritis
30 8.0 49.5 19.1 4.8 14.3 10.4 21.0 0.98 Ketosis
257 7.6 45,5 20.6 6.6 14.0 9.1 24.8 0.84  Bracken poisoning
405 8.6 46.7 21.1 4./ 16.4 8.2 24.0 0.86 Sunstroke
425 7.2 48.8 20.8 5.6 15.2 8.8 21.6 0.95 Chronic endometritis
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Discussion

The fractionation of the serum proteins
in cattle by means of electrophoresis with
cellulose acetate membrane has been
reported by Ek [3], Herz and Hod [5], Shi-
mada [15] and Osbaldiston [14]. In the
serum proteins of cattle, it has hardly been
observed that e-gl was divided into two frac-
tions, a;- and a.-gl, and that gl and y-gl
were separated clearly from each other. In
dogs [4], horses |1, 10] and man [13], the
serum proteins have been divided distinctly
into five or six fractions, such as albumin
and «y-, @y, -, or By, and ygl. It is gen-
erally assumed that the low separativity of
the serum proteins in cattle may be attri-
buted to the high viscosity and the small
difference in isoelectric point among the
protein fractions of serum. By vertical elec-
trophoresis with polyacrylamide gel, how-
ever, the a-gl fractions of cattle are divided
into two parts of more [16].

Ek [3] reported that by use of a modified
bufter solution containing 0.38 g of calcium
acetate in 1.0 [ of barbital buffer solution, it
was clearly possible to separate S-gl from
7-gl, but not to divide a-gl into two frac-
tions. From the results of the present in-
vestigation, it is presumed that even a-gl of
bovine serum may be separated into «;- and
@.gl by modifying the composition of the
buffer solution to be used.

The distance of migration is influenced
by the pH and ionic strength of the buffer
used, current volume and voltage [6]. In the
present investigation, the addition of cal-
cium, which is a bivalent cationic element,
to the buffer solution was examined for ef-
teet, so that the ionic strength of the buffer
solution might be increased enough to con-
As a
result, it was indicated that a modified buf-

trol the occurrence of Joul's heat.

fer solution (pH 8.6) containing 2.0g of

calcium lactate in 1.0 of 0.06 M barbital
buffer solution was able to divide a-gl into
a;- and aq-gl in 839, of the serum samples
used and separate g-gl distinctly from y-gl.

The percentages of the serum protein
fractions in healthy dairy cattle were meas-
ured and analyzed statistically on mean
value, standard deviation, confidence limit
and rejection limit. The authors considered
that the confidence limit and the rejection
limit were within a physiological range and
on the borderline of normal values, respec-
tively. They obtained results which nearly
agreed with those reported by Shimada [15],
Ek [3] and Osbaldiston [14].
vestigation, however, albumin and j-gl
showed a little low percentages and a-gl a
somewhat high percentage.

In their in-

These results
are interpreted that by using the barbital
calcium buffer solution, some protein of the
globulin migrated from albumin and g-gl
to a-gl.

The diagnostic significance of the frac-
tionation of ay- and ay-gl has previously
been reported for various diseases in human
medicine. Namely, a;-gl increases in com-
pensation in patients who show a decline of
albumin level in incipient liver disturbances
caused by acute hepatitis [11], Hodgkin's
disease [17], carcinomatosis [2] and the like.
On the other hand, a.-gl increases in the
nephrotic syndrome [17], acute and chronic
infections [18], sarcoidosis [10] and metasta-
tic carcinomatosis [17], and decreases in cir-
rhosis of the liver [8].

In the present study, an increase in o;-gl
was recognized during the clinical course in
the cases of acute endometritis, secretion of
milk of normal acidity and positive for the
alcohol test, acute hepatitis and downer syn-
drome after parturition. An increase in
@o-gl was observed in the cases of incipient
theileriosis, sunstroke, glomerular nephritis,
ketosis, bracken poisoning and chronic
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endometritis. From these results, it is as-

sumed that the fractionation of «;- and w,-gl
may be useful for the clinical diagnosis of
some diseases in cattle.

Hereafter, the authors will endeavor to
establish the diagnostic significance of the
changes in percentage of «;- and a,-gl.
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