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(Received for publication January 28, 1947)

The hypoalbuminemia which accompanies in-
sufficient protein intake has come to be generally
accepted as a diagnostic sign of protein deficiency
(1). Experimental study of dogs depleted in pro-
tein by low protein diet feeding, manifests the same
marked decrease in the plasma albumin, but not
in the plasma globulin (2). Further study has
shown this condition to be also characterized by
an increase in the concentration of alpha globulins
(3,4). This loss of albumin, if expressed as total
protein in circulation, becomes more apparent,
since protein depletion is commonly accompanied
by a decrease in plasma volume (4, 5). On the
other hand, the total circulating alpha globulins re-
main essentially constant and other globulins de-
crease slightly. It would seem possible from these
considerations that the decrease in the concentra-
tion of albumin and the increase in the concentra-
tion of alpha globulins might together furnish an
index of the degree of protein depletion more
valuable than that obtained from the albumin alone.

Were such a relationship to hold for man, as it
would appear to hold for dogs under experimental
conditions, then it would permit the utilization of
the ratio of the two moieties of plasma protein as
a measure of depletion.

The possibility has been examined by determin-
ing the concentration of plasma albumin and alpha
globulins in the plasma of a number of patients
with several types of diseases and with different
levels of plasma protein concentration. The esti-
mations were based upon data derived from elec-
trophoretic patterns of plasma. A limited number
of patients were also studied before, during, and
after the administration of several protein hydroly-
sates to ascertain whether an increase of the per-
centage of plasma albumin is accompanied by a re-
ciprocal change in the plasma alpha globulins. The
results of these studies are the subject of this
communication. '

. fitted to the data.

EXPERIMENTAL

Twenty ml. of blood from each patient under investiga-
tion were introduced into a centrifuge tube containing
solid sodium oxalate as anti-coagulant. After centrifuga-
tion about 8 ml. of the plasma were diluted with an equal
volume of diethylbarbiturate buffer of pH = 8.4 and ionic
strength of 0.10 and then dialyzed against the same buffer
for 24 hours or longer. After adequate dialysis the bag
was opened and the solution was electrolyzed according
to the technic of Longsworth (6). The electrolysis was
carried out for a sufficient length of time (3 hours) to
permit a clear-cut separation of alpha globulins from the
albumin. The total plasma protein concentrations were
determined by micro Kjeldahl.

RESULTS

One hundred ninety-eight samples of plasma
taken from patients with several diseases were
analyzed. The results are illustrated in Figure 1,
in which per cent of plasma albumin is plotted
against per cent of alpha globulins and a curve is
The distribution of the data
about the mean is reasonably normal as indicated
by the lines in the figure demonstrating the areas
of 1 and 2 standard deviations. A correlation co-

1 The author is indebted to Shirley DeBiase for her
technical assistance in electrophoretic analyses.

TABLE I
The correlation between per cents of albumin and alpha
globulins
Alpha globulins
Albu- Der cent
min
per cent
5-10{ 10-15| 15-20{ 20-25| 25-30| 30-35| 35-40| 40-45| 45-50
70-75 | 1 [} 0 0 0 0 0 0 0
65-70 | 4 6 2 0 0 0 0 0 0
2 s s 0 0 0 0 0 0
s5-60 | 3 8 | 12 1 0 0 0 0 0
50-55| 6 | 11 11 6 0 0 0 0 0
45-50| 2 2 | 17 | 12 5 0 0 0 0
40-45| 1 3 6 | 15 | 14 2 0 0 0
35-40| © 0 7 7 1 2 0 0 0
30-35| © 0 0 4 2 2 0 0 0
25-30| 0 0 0 2 2 1 0 0 1
20-25| 0 0 0 0 1 1 1 1 1
Total | 19 | 35 | 60 | 47 | 25 8 1 1 2
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F1c. 1. THE RELATIONSHIP BETWEEN THE PERCENTAGES OF ALBUMIN AND ALPHA GLOBULINS

efficient (7) of — 0.63 with a standard error of
=+ 0.04 was also obtained by arranging the data ac-
cording to the albumin levels grouped at intervals 5
per cent apart (Table I). A negative correlation
coefficient of 0.4 or greater is commonly considered
statistically significant; consequently the results
demonstrate an inverse relationship between the
concentrations of albumin and alpha globulins.
However, the correlation is not sufficiently close to
provide useful information when one considers a
single sample of serum.

A similar attempt was made to establish a cor-
relation between the per cent albumin and total
plasma protein concentration. However, the data
reveal no relationship with statistical significance.
Twenty-five samples with total protein concentra-
tions of 6.5 grams per cent or even higher, have al-
bumin levels between 30 per cent and 40 per cent.
At the same time, 33 samples of plasma with a pro-
tein concentration of 6.5 grams per cent or less have

protein concentrations as high as 50 per cent or
above. Thus, there appears to be no relationship
between per cent albumin and plasma protein con-
centration. Unfortunately the plasma volumes of
these patients are not available.

A casein hydrolysate 2 or other commercially
available hydrolysates (at a dose of about 5 to 6
grams per kilogram body weight per day) were
administered orally to 11 patients for several
weeks. The first 8 patients (column I, Table II)
were hypoalbuminemic. The 9th patient (Urban)
had low protein concentration (4.8 gram per cent)
but normal albumin content before treatment.
The remaining 2 patients (Migut and Kjaer) had
normal plasma protein concentration and normal
albumin content.

The data do not constitute a comparison of the
relative effectiveness of the various hydrolysates

2 The casein hydrolysate was supplied by E. R. Squibb
& Sons.
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used. However, they do demonstrate that the ad-
ministration of an adequate protein hydrolysate
brings about plasma albumin regeneration despite
differences in the state of hypoproteinemia. As is
to be expected, this is most marked where the hy-
poalbuminemia is severe. Also, the increase of
per cent of albumin is accompanied by a drop in
alpha globulins. It is interesting to note that the
albumin content of Summelensky was 39 per cent
before treatment, was increased to 65 per cent after
3 weeks of treatment, but dropped to 43 per cent
after 8 weeks of treatment. During the corre-
sponding periods, the per cent of alpha globulins
dropped when the albfiinin increased and increased
when the albumin decreased.

The relationships between the concentrations
of plasma albumin and alpha globulins in the sec-
ond samples from these 11 patients were plotted
in the same manner as the random samples in

TABLE 1I

The effect of administration of protein hydrolysate to
kypoalbuminemic patients

Hydro- g:;g“_ Composition in per cent w::k’
Name lysate | tration admin-
given gram istra-
percent| 1-| 2| 3| 4| 5| 6| ton
Young Squibbt 4.62 2013131121212 0
6.52 37| 9/13{16 |10 | 15 2
40| 8|11 |17 11|13 3
Egan Amigen? 740 |26] 8|15] 7| 6138 0
768 |40| 6|13| 9| 5|27 4
Porter Squibb 589 |32] 9118112 | 4|25 [1]
8.0 45| 4|13 9| 4|25
8.5 50| 4] 2110|1321
Lo Amigen 676 |33| 7|19]17| 4]20 0
pez is 640 (52| 7] 6| 9]|10] 16 6
Gates Essamine} 599 (35| 9114 7]13|22 0
566 |51 8(12(12] 5|12 6
Summelensky uibb 602 |39]| 9{1S|10| 7|20| ©
Ea 5.21 65 6| S| 9] 7| 8 3
601 [43|10|19 14| 1]13 8
Zacharchul Edamin? 636 |41 |15|11]114| 4|15 [\]
602 |S6| S|{10]| 9| 3|17 4
Davis Squibb 536 |43|10|15]12] 4|16 0
. 701 |S6) S|12]| 7| 4|16 4
Urban Squibb 484 |[SS{t1| 4|15| 8| 7 0
607 |S7| 9| 7|12] 7| 8 3
Migut uibb 800 |48 91710} 3|13 0
fgu fa 882 |52 6|1S|10] 5|12 6
Kjaer Squibb 732 |59| 6|19 8] 2| 6 (1]
800 72| 2] 6| 2|12 6 1

1 Casein hydrolysates.

* Lactalbumin hydrolysates,
1 = Albumin
2 = Alpha, globulin
3 = Alpha; globulin
4 = Beta globulin
5 = Fibrinogen
6 = Gamma globulin
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Figure 1. The relationships between these two
moieties at different levels of protein concentra-
tion in the individual patient were generally closer
than that of the random samples shown in Figure
1. This fortifies the view that an inverse relation-
ship between the two usually exists, but again it is
to be emphasized that the ratio of the two frac-
tions is not useful in the evaluation of the nutri-
tional status of any single patient. The composi-
tions of the other plasma protein components are
recorded in Table II, but the effects of administra-
tion of the hydrolysates on theseé components are
erratic and no conclusion can be drawn.

DISCUSSION

Electrophoretic analysis is a useful tool for the
determination of the composition of plasma pro-
teins. During the past few years, numerous in-
vestigations were made to correlate the change in
plasma protein pattern with a specific disease. It
has been found that diseases such as hyperthyroid-
ism (8), malaria (9), pneumonia (10), strepto-
coccus infections, relapsing fever, and scarlet fever
(11) are accompanied by a rise in alpha globulins,
some depression of albumin, and occasionally a rise
in other globulins. These findings have usually
been attributed to the disease rather than, as seems
likely, the protein deficiency which is incidental to
the disease.

The data presented include sera from 76 patients
with peptic ulcer, 51 patients with tuberculosis, 25
patients with malnutrition, and 37 with miscellane-
ous conditions. These show that a lowering of
albumin is generally accompanied by a rise in the
alpha globulin. This increase, although statisti-
cally significant, is not sufficiently close for clini-
cal use in the evaluation of the state of protein nu-
trition of the individual patient. The relationships
are sufficiently similar to those observed in simple
protein depletion to lead one to conclude that the
alterations of normal plasma pattern are in fact
due to the same fundamental mechanism, s.e., in-
adequate protein retention as an incidental phe-
nomenon in each of the diseases studied. It is not
surprising then that the patients with a low albu-
min content of the plasma are treated by the ad-
ministration of an adequate protein hydrolysate,
thus correcting the protein deficiency ; a rise of al-
bumin occurs quite promptly and this is accom-
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panied by a decrease in the concentration of alpha
globulins.

SUMMARY

One hundred ninety-eight samples of plasma
from patients with several diseases were analyzed
electrophoretically. There appears to be a corre-
lation between the decrease in albumin and the
increase in the per cent of alpha globulins. The
significance of this relationship with respect to
diseases is discussed.
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