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The development of electrophoresis has per-

mitted the study of body-fluid protein changes in
health and disease. Most reports on electropho-
retic analysis in hepatic diseases are based upon

findings in serum rather than plasma. The chief
reasons for the preference of serum over plasma
are: (a) it avoids the use of anticoagulants such
as heparin which may affect the electrophoretic
pattern (1), (b) it permits comparison of electro-
phoretic data with the usual flocculation tests per-

formed on serum, (c) it avoids the difficulty of
differentiating protein complexes having a mobility
similar to that of fibrinogen and forming with it
a single peak which is incapable of resolution into
its constituent components (2).

In a recent study of electrophoretic plasma pro-

tein partition of patients with hepatic diseases, es-

pecially those with cirrhosis, unexpected fibrinogen
and gamma globulin values were noted. The
"fibrinogen" peaks were markedly elevated and
the gammaglobulin elevations were not as high as

expected from previous serum electrophoresis and
chemical partition. To clear up these discrepancies,
electrophoretic tracings on a series of simultane-
ously collected serum and plasma specimens of
normal persons and patients with various hepato-
biliary and other diseases were compared with
each other as well as with chemical partition of

1 A preliminary report of this investigation was included
in the Proceedings of the Twenty-Second Annual Meeting
of the Central Society for Clinical Research (Proc. Cent.
Soc. Clin. Res., 1949, 22, 28).

2 This investigation was supported in part by grants from
the Commission on Liver Disease, Army Epidemiological
Board, Office of the Surgeon General, U. S. Army,
Washington, D. C., and from the Dr. Jerome D. Solomon

Memorial Research Foundation, Chicago, Illinois.
3 Solomon Fellow.

blood proteins. This study was planned to give
general information on possible differences in the
electrophoretic pattern of serum and plasma of
normal persons as well as patients with hepatic
and other diseases.

MATERIALS AND METHODS

Clinical Material
The subjects for the study came from three groups:

(1) a group with liver disease made up of 23 cirrhotics
(22 of the Laennec type and one post-necrotic), six cases
of infectious and six of toxic hepatitis (two arsenic, one
post-pneumonic and three of unknown etiology whose
clinical and biopsy pictures resembled toxic hepatitis of
known toxic etiology) and three cases of extrahepatic
obstruction (two pancreatic neoplasms and one case of
common duct lithiasis); (2) a miscellaneous group of 15
cases of rheumatoid arthritis, two of gastric ulcer and
one of multiple myeloma; and (3) a normal group com-
posed of 10 doctors and technicians working in the
laboratory.

Hepatic tests were performed upon all subjects. In
addition all but five of the patients with hepatic disease
had needle or surgical biopsies performed for confirma-
tion of the diagnoses. All diagnoses were made by clini-
cal, laboratory or surgical means.

Method

Approximately 50 ml. of blood were drawn from every
subject in the fasting state. Ten ml. were placed in a
dry clean test tube and allowed to clot, after which the
serum was separated by centrifugation. Another 10 ml.
were placed in a test tube containing 30 mg. of potassium
oxalate as the anticoagulant and centrifuged for separa-
tion of plasma. The remainder was utilized for chemical
determination of the total serum proteins, fibrinogen (in
27 cases), or protein partition, and other hepatic func-
tion tests.

Electrophoretic analysis of the pairs of serum and
plasma was performed in a Tiselius apparatus at pH 8.6
in sodium diethyl barbiturate and ionic strength of 0.1

718



ELECTROPHORETICSTUDIES IN LIVER DISEASE. I

with barbiturate buffer according to the Longsworth
procedure (3). All runs were made at 1.50 C. for 120
minutes. Schlieren diagrams, photographically enlarged,
were traced with a planimeter according to the method of
Pedersen and Svedberg (4), to obtain the percentage
of the total area assigned to each protein fraction. Mo-
bility measurements were made from the boundary
anomaly of the pattern. Only descending patterns were
used. The relative concentrations, calculated from the
proportions of the component peaks of the patterns, were
converted to absolute concentrations expressed in grams/
100 ml. of the total serum protein which had been de-
termined chemically. Total serum proteins were de-
termined by the Weichselbaum modification of the biuret
reaction (5). The nitrogen to protein conversion factor
used was 6.25. In 27 instances fibrinogen was determined
chemically by standard laboratory methods of calcium
salt precipitation and nitrogen determination (6).

Total plasma proteins were not determined chemically.
The normal values for serum are practically identical with
those of plasma despite a fibrinogen content of 200-400
mg./100 ml. in the latter (7, 8). The addition of an anti-
coagulant increases the plasma salt concentration and
causes diffusion of water out of the erythrocytes. The
presence of fibrinogen in plasma is thus nullified by the
increased dilution of the plasma (9). When comparing
absolute plasma and serum findings it is desirable to re-
duce this source of error. A formula was utilized to cal-
culate the total plasma proteins from the absolute se-

rum protein values and the relative percentages of the
serum and plasma electrophoretic components. The for-
mula and its derivation are as follows:

N = total plasma protein in grams/100 ml.
S = total serum protein in grams/100 ml.
X = plasma fibrinogen content in grams/100 ml.
S= N-X
'y= grams of y' component found in serum
=%ry' component in serum (electrophoretic)

100
= fraction of y' found in serum

ly = gS
f= % (electrophoretic) = fraction of 4 found in

100
plasma.

X fN -y'
S N -(fN-

S - f

RESULTS

The detailed analyses of our electrophoretic
findings in the various liver diseases and their cor-
relation with the clinical, chemical and biopsy
findings are being reported elsewhere. This report
is concerned primarily with the difference between
serum and plasma in different liver diseases.
These are apparent in Figure 1 which depicts the

CIRRHOSIS NORMAL

PLASMA

SERUM

PLASMA

AL8

SERUM

8 SERUM-i +'
d PLASMA0'"SERUM

CORRECTED8 PLASMA-I PLASMA+4'W SERUM
CORRECTED0-f-8'

FIG. 1. ELECTROPHORETICPATTERNSON PLASMAAND SERUMOF A CIRRHOTIC ANDNORMAL
INDIVIDUAL
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typical serum and plasma electrophoretic patterns
in normal and cirrhotic subjects. The usual find-
ings of decreased albumin and increased gamma

globulin (10-15) are seen in the cirrhotic pattern
and the only differences between the serum and
plasma patterns are in the gamma globulin and
fibrinogen fractions. The normal patterns show
similar serum-plasma differences except they are

smaller. These serum-plasma differences in the
globulin and fibrinogen components will be de-
scribed and discussed later. The descending pat-
terns are used. In addition to the presence of the
usual peaks denoting the albumin, alpha1, alpha2,

beta, gamma, fibrinogen, and epsilon boundary
anomaly, the gamma globulin component is com-

posed of a fraction labelled gamma2, and a gamma1

fraction of greater mobility. The gamma, portion
of the plasma gamma globulin is buried in the
"fibrinogen" peak so that the plasma gammaglobu-
lin peak corresponds to the gamma2 component of
the serum. Wehave adopted the nomenclature of
Deutsch (2) in describing the globulin components.

The mean percentage distributions, absolute
concentrations and mobilities of the protein com-

ponents as determined electrophoretically in serum

and plasma are summarized in Tables I and II.

TABLE I

Electrophoretic analyses of serum and plasma in normal individuals and in patients with liver and miscellaneous diseases

l N S TPs
T E loobblui X A

of_pkwm XI 0( I TOTAL TOTAL e _cmt

cm/so..'.'%7"~~~~%T% ~ 7 "" '% 'U 7 ,T.

ls706 2 5.0 5. 11.31.0 ITO1 l7.3 7.1 1.6 2130.7 05

_ P 6762 251:391 52.A .449 3990 5.1 0 0.7 I. "15I.I9 6 1.62 1.5 2J2 279 106 13.9 05 7.3 064 57

INF. s 7.70 474.1 .2354.9 5 .i 1.2316O1.28I"0.2 3414A6I" 1.7 082
6

HEPATITIS P B.1 ! 3.43 42.1 4.01 4921.27 5240A 4 55 094 11.5 38 17.0 1.21 14.8 L42 17.4 L68 20.6 0.71 8.7 0.451 5.5 086

TOXIC 5 724 3.10 42.8 4.14 57.2 0.43 6.0 077 10.6 1.20 lOS 1.23 17.0 0.31 4.3 1.40 19.3 1.71 235 0.75
6

HEPATITIS P 7.6 3.11 410C 382 50.2 4.1' 54 44 6.4 0.8 1O 017.1 L29 17.0 123 16.1 .54 202 06 88 036 47 081 075

OBST $ 720 3 1343.540T 565 41 5.7 1.18 1641.59|22J1.211658 034 47 093 12.9 1.27 176 077
P 7. 81324 41.5 3L62 46.4 396 507 9 6.3 1.2 I 15.671 21.,9 1.15 4I- - Ll. 14.1 0912.110.6117.7 094

7. 36450.1 3.62 9.9 045 6.3 07410.2 1.19 16.5 1.01 147 0.21 21.15 IS.8 1.36 18.7
MISC Is

p 770 &62 47.0 143 44.5 3.62 473 04 5.7186 _1.1 LL.2 1.12 14.5 1 L02 12 1.2315.806 8.5544 5.7 106 1.00

S 7.32 44 60.1 292 39.9 037 5.0 0C6 93 L5 14.3 .45I.S 0.18 25 8 11.6 1.03 14.1 1.48
NOML0

P 7.65 45 59.5 2.59 33.8 277 36,2 Q3 4.3 1.67 8.7 50 13.0 0910.3 0.81 09912.9 0.51 6.7 0,~4.3 1.75 1.64

TABLE II

Comparison of electrophoretic mobilities of protein components in serum and plasma

Mobilities (cm2/volt sec. X10-5)
Diagnosis No. of Serum Av. ____ ___

cases plasma alb. |
_ - _ - _

'xx at 40 -vs -Ys yp (uncorr.)

Cirrhosis 23 S 6.64 5.49 4.42 3.35 - 2.54 1.48 -
P 6.65 5.53 4.43 3.39 2.51 - - 1.49

Infectious hepatitis 6 S 6.56 5.44 4.40 3.42 - 2.51 1.46 -
P 6.56 5.45 4.41 3.38 2.49 - - 1.45

Toxic hepatitis 6 S 6.58 5.45 4.42 3.40 - 2.53 1.45 -
P 6.55 5.47 4.43 3.42 2.51 - - 1.47

Obstructive jaundice 3 S 6.63 5.47 4.35 3.30 - 2.48 1.49 -
P 6.59 5.32 4.40 3.30 2.45 - - 1.48

Miscellaneous diseases 18 S 6.64 5.47 4.40 3.41 - 2.54 1.50 -
P 6.62 5.44 4.41 3.38 2.49 - - 1.48

Normal 10 S 6.66 5.48 4.43 3.43 - 2.59 1.58 -
P 6.63 5.46 4.45 3.46 2.54 - - 1.58
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The decrease in the albumin component when com-

pared to the values in the normal group was most
marked in the cirrhotics, less in the other liver dis-
eases, and least in the miscellaneous group. The
cases of rheumatoid arthritis which formed most
of the miscellaneous group are responsible for the
albumin and globulin changes in this group and
are similar to those found in liver disease though
smaller. They are in agreement with those re-

ported by others (16-18). All groups showed
slightly higher serum than plasma values but these
differences, both in percentage and absolute con-

centrations, were not significant. The correlation
between serum and plasma albumin is good (Fig-

ure 2a) and the observed scatter is due largely to
the inherent error in the electrophoretic procedure.

There was a tendency to slight increase of the
alpha globulins in all the pathologic cases and most
marked in obstructive jaundice (Table I) where
the frequent association of lipids with alpha (as
well as beta globulin) may account for this ele-
vation. Elevated values of lipid were present in the
three cases of obstructive jaundice. The alpha
globulins were the only protein components in
which the plasma values were greater than were the
serum values, both relatively and absolutely. This
was found to be true in all groups except the nor-

mal and cirrhotic groups. However, these differ-

721

45'

E
S

a

o.

z

i IS-cc
20ul0to

2.5

E
O 2.0

1.5
E

3
3 1.
I--
UD

OSQS

LuJ
I,,
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ences between alpha globulins in serum and plasma
were not significant. Figure 2b reveals that the
spread on either side of the theoretical line of per-
fect correlation is greater than that of any of the
other components. This was particularly true of
the alpha2 fraction.

Beta globulins (Table I) were increased in liver
diseases as others have found (13-15). The rela-
tive percentage values in serum and plasma vary
significantly but after they are converted to ab-
solute values the variation loses its significance and
does not exceed the limits of error of the method.
Figure 2c reveals a good correlation between abso-
lute values of beta globulin in serum and plasma.

The characteristically elevated gammaglobulin in
liver disease and rheumatoid arthritis is well il-
lustrated in Tables I and III. This increase was
most marked in cirrhosis, less so in hepatitis and
least in obstructive jaundice and miscellaneous
group. These findings are in agreement with those
of previous authors (10-19). The normal serum
gamma globulin values (average 14.1%o) in this
study are slightly higher than those reported by
others (9, 20) because of our inclusion of the
gamma, fractions of the total gammavalues. This
gamma1 component normally forms approximately
2-3%o of the total protein (2) and is often not in-
cluded in the electrophoretically determined gamma
globulin. The serum gammaglobulins of all groups
of cases studied including the normals were much
higher than the plasma values (Tables I and III).

Figure 1 reveals the cause of this significant dis-
crepancy between serum and plasma gammaglob-
ulin values. The serum gammaglobulin is com-
posed of two fractions of different mobilities, a
fraction labelled gamma2 and a fraction with a
greater mobility labelled gamma1. This latter frac-
tion has a mobility similar to fibrinogen and is there-
fore buried in the "fibrinogen" peak in the plasma
pattern (Figure 1). Thus the apparent plasma
gammais the equivalent of the gamma2serum frac-
tion (Tables I, III, Figures 1, 3). If the serum
gamma1 is determined in grams/100 ml. and this
absolute value is then added to the absolute plasma
gamma globulin value, the resultant corrected
plasma gammaglobulin value approaches the serum
value. The difference between the serum gamma
globulin and the corrected plasma gammaglobulin
then falls within the inherent error of the electro-
phoretic method (Tables I, III, Figures 3, 4). In
cirrhosis this gamma1 fraction is increased almost
threefold from an average value of 2.5%o in the
normal group to 7.1%o. There is a moderate in-
crease in gamma1 in the three obstructive jaundice
cases. Only a slight increase in this component
was present in the hepatitis cases and normal values
were obtained in the miscellaneous group despite
somewhat increased total gammaglobulins in this
latter group. After correction, the plasma total
gammaglobulin values were still lower than the
serum values although the differences were much
less than before correction. Prior to correction of

TABLE M

Comparison of electrophoretic serum and plasma gammaglobulins

%TOtAL PROTEIN gm/lOOml
TOrAL ITOTAL -',j TOTALVp
I S IUNCORRECTEDCORRECTED

CIRRHOSIS 23 7.1 236 30.7 236 050 167 2.17 1.62 2.12
RANGE (2i - 1.5) (t1.9- 5S6) (151 - 65) (95 - X1)

INF HEPATITIS 6 14 1&9 22.3 15.2 0.26 1.6 1.72 142 1.68
RANGE (Z3-4.5) (14.8-220) (1K9-275) (12-M23)

TOXIC HEPATITIS 6 4.3 19.3 23&6 1t6 .31 1.4 1.71 1.23 1.54
RANGE (1.8 - 60) (1a7-40.0) (12.5-449) (10.9-3d4)

OBST.JAUNOICE 3 4.7 12.9 116 266 0.34 0.93 1.27 0.76 1.10
RANGE (33 - 85) (12.4-15.0) (14-- 4) (1&6-2&4)

MISCELLANEOUS 18 2.9 1S.8 187 155 021 1.15 1.36 1.02 1.23
RANGE (t6 - 47) (91-6. O4)(10-66.1) (11.6-234)

NORMAL 10 2.5 11.5 14.1 17.7 CL18 0.1 1.03 0.81 0.99
RANGE (1.7- 34) (85-172) (126-191) (100-173)

DIAGNOSIS
NO TOTAL̂ VOf .j 8
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the plasma gamma globulin, particularly in the
pathologic cases, the chemical gamma globulin
values more closely resembled the serum electro-
phoretic results. After correction there was es-

sentially no difference between the relation of the
serum and plasma electrophoretic gamma globu-
lin results and the chemical gammaglobulin.

An analysis of fibrinogen data (Tables I, IV)
reveals greatly elevated values in cirrhosis (average
13.9%o, with a range between 6.07% and 28%o).
The obstructive jaundice cases also had elevated
fibrinogen values and the other groups revealed
smaller increases in this component. Figure 1 in-
dicates the reason for these abnormal elevations in
fibrinogen, particularly in cirrhosis where the
plasma pattern contains a markedly elevated
"fibrinogen" peak. In both the cirrhotic and nor-

mal electrophoretic patterns there is incomplete
disappearance of the "fibrinogen" peaks in the cor-

responding serum patterns. In the normal pat-
tern, a small plateau-shaped component is still
present between the gammaand beta globulin com-

plexes. In the cirrhotic pattern this remaining
component is of much greater magnitude and ac-

counts for almost 50% of the area underneath the
plasma "fibrinogen" peak. This component, lying
between the gammaand beta peak, is the gamma1

globulin fraction of the serum and has electro-
phoretic mobility similar to fibrinogen. Inclusion
of this gamma1 fraction in the "fibrinogen peak"
thus accounts for most of the marked fibrinogen
elevations in the cirrhotics as well as the lesser
elevations of this component in the other patho-
logic plasma specimens. The electrophoretic fibrin-
ogen values can be corrected by subtracting from
the originally elevated values, the absolute gamma1

value as determined in the corresponding serum

samples. The corrected values are much lower

KY
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TABLE IV

Electrophoretic fibrinogen before and after correction compared with
chemically determined fibrinogen

DIAGNOSIS

%TOTALPROTEIN
NC IO BEFORE a1/0 CORRECTED %BEFORE

CASES CORRECTIONIOF T. P. p CORRECTION

gm/lOoml
d CORRECTEDI (ift )I

CHEMICAL

CIRRHOSIS 23 lag 6.6 7.3 1.06 050 0.56 0.34
(00 - no (2.0 - 100) (3.0 - 205) (9CAS4S)

INF. HEPATITIS 6 87 32 5.5 0.71 Q26 .4S 0.29
(6.7 - Ml) (2.3 - 4.0) (35 - 6.6) _4CASES)

TOXIC HEPATMS 6 8.8 41 4.7 0.67 0.31 036 0.25
(59- 1.1) (tB- 57) (1.7- 72) ( CASE)

OBSTJAUNDICE 3 12. 4.4 7.7 095 034 061 0.55
(108-12.4) (30-S.1) (S.7-9.4) IZ CASES)

MISCELLANEOUS 18 8.5 2.8 5.7 065 0.21 0.4 0.36
(6 0 - 12.4) (1.6 - 4A) (36 - 9.4) t CASE)

NORMAL 10 6.7 2.4 4.3 0.51 0.18 0.33 0.34
(4 4 - 4) (1. - 3.3) (18 - 6) (I0 CASES)

than the original ones. The corrected absolute
values approach the chemical values; in the normal
group the electrophoretic results are still somewhat
higher than those secured by the chemical method
(Tables I, IV, Figure 5).

There is a good correlation between the albumin-
globulin ratio as determined electrophoretically in
the serum and plasma especially after the plasma
total globulin has been corrected by the addition of
gamma, globulin (Table I, Figure 2d).

-



ELECTROPHORETICSTUDIES IN LIVER DISEASE. I

In comparing the serum-plasma electrophoretic
patterns, an unexpected finding was the fact that
the greatest variations in the protein components
were in the normals and this was true of all com-
ponents.

DISCUSSION

Electrophoretic analysis has been employed
widely in recent years to study blood protein
changes in liver disease (10-15, 19, 21). Usually
this has been performed upon serum for the rea-
sons previously mentioned. Dole (9) reported
significant differences between serum and plasma
protein electrophoretic values in a normal person
primarily in the gammaand beta globulin fractions.
Only the relative concentrations expressed in per
cent of total protein were compared. Comparison
of serum and plasma electrophoretic results are
more meaningful if absolute rather than percentage
values are compared. The percentage values are
not strictly comparable, being fractions of total pro-
teins which are dissimilar because of fibrinogen
content in plasma. Chemical determinations may
reveal similar values for total serum and plasma
proteins because of dehydration of erythrocytes
with consequent dilution of the plasma because of
the anticoagulant (7, 8). Were it not for this di-

3O
Q-

2 5'

-l
a-

L.
CM

Lai

L&i

a-)

z

lution one would expect the fractions of total pro-
teins to be about 4-5%o greater in serum than in
plasma with its fibrinogen (9). For a proper
evaluation of any possible differences between
serum and plasma electrophoretic values, the com-
parison should be made between absolute values
determined from total serum and plasma proteins
corrected for anticoagulant dilution of the plasma.
Heparin alters the electrophoretic pattern (1).
Theoretically, potassium oxalate might possibly
cause changes due to chemical denaturation of the
protein. However, in previous studies (22) we
found no appreciable changes using standard
amounts of potassium oxalate as an anticoagulant.

The albumin changes in liver disease and rheu-
matoid arthritis (Table I) were similar to those
reported by others (10-19).

Reports in the literature differ as to the fate of
alpha globulins in liver disease, some workers re-
porting irregular increases (13, 14) while others
found no change (15, 21). Gutman (23) believes
that there is an association between increased alpha
globulin and decreased gamma globulin values.
In this study the alpha globulins showed a slight
increase in all the pathologic cases, the greatest
increase being in obstructive jaundice. The ele-
vated lipids on our cases of obstructive jaundice

PLASMAELECT.*-t CORRCTEDELECT.%

i
I ELECT. 0 LEVEL

BEFORECORRECTION

KEY ELECT. LEVELAFTER CORRECTION

iCH EM. 0 LEVEL

CIRRHOSI ME. Ti I EO NOR"M
HEPATIS HET J"aDICE

(CASES ARRANGEDACCORDIN6TO ELECTROPHORETICFIBRINOGEN LEVELS)
FIG. 5. COMPARISONOF ELECTROPHORETIcFIBRINOGEN BEFOREAND AFTER CORRECTION

wiTH CHEMIcALLY DETERMINEDFIBRINOGEN
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may account for this increase in alpha globulin.
Lipids frequently may be associated with alpha as

well as beta globulins (23). Dole (9) has sug-

gested that the lower alpha values in serum as

compared with plasma may be due to removal of
this component in the clot. While the total serum

alpha globulins in this study were less than that
of plasma, it was not significantly so. However,
as Table I reveals, serum alpha1 globulin was lower
than the corresponding plasma values while the
reverse was true for the alpha2 fraction. The
greater spread on either side of the theoretical line
of perfect correlation in this component (Figure
2b) also indicates a greater variation in this com-

ponent than in any other protein fraction. The in-
creased beta globulins in the liver diseases groups

are in agreement with the findings of others (13-
15, 24). There appears to be a significant varia-
tion in the relative percentage values of serum and
plasma beta globulins. However, if these per-

centage values are converted to absolute values in
grams/100 ml. that variation loses its significance
and falls within the inherent limits of error of the
method. The serum-plasma absolute values cor-

relate well (Figure 2c). Dole (9), in comparing
the serum and plasma of a normal individual, simi-
larly found the beta serum value elevated and be-
lieved this to be due to overlapping of the beta
globulin and "fibrinogen" peaks. However, he did
not compare absolute values. When this was done
in our cases it tended to nullify the serum and
plasma differences.

The serum gammaglobulin findings in the dis-
ease groups are in agreement with those recorded
by previous authors (10-19, 21, 24). The sig-
nificant difference between the serum-plasma
gammaglobulin values (Tables I and III), particu-
larly in cirrhosis, is due to burial of the gamma1

fractions in the "fibrinogen" peak of the plasma
pattern. The greater the gamma1 fraction the

greater will be the serum-plasma difference in
total gammavalues. Electrophoresis, particularly
in the pathologic cases, yields plasma gammaglob-
ulin values 15-20%o lower than serum values.
It is important, therefore, to determine whether
gamma1 globulin is increased in other diseases,
lest misleading gammaglobulin values be secured
in plasma determinations in these diseases. The

true picture of gammaglobulin changes is found
in serum determinations. The nature of gamma,

globulin and the possible significance of its eleva-
tion in liver disease are discussed elsewhere (25).

An analysis of the reported observations on the
plasma fibrinogen content in liver disease reveals a
diversity of opinion (8, 11, 15, 21). The liver is
probably the prime site of fibrinogen formation
(26), and diminution of this protein has been re-
ported in acute hepatic insufficiency such as in the
damage experimentally produced by chloroform
and other toxins (27). Diminished fibrinogen may
also be found in humans in the severe hepatic in-
sufficiency of acute yellow atrophy (8). Elevated
fibrinogen values have been reported in cirrhosis
(11, 21). Whitman and his co-workers (11)
consider the possibility that the elevated "fibrin-
ogen" peak in cirrhosis is due to an increase in
gammaglobulin as well as to an actual fibrinogen
increase. Our data show this to be correct. The
markedly elevated "fibrinogen" peaks often found
in the cirrhotic electrophoretic pattern occur be-
cause the gamma1 component has a similar mo-
bility to that of fibrinogen and is concealed in the
"fibrinogen" peak. Similarly, Zeldis and Alling
(28) had noted spurious elevations in fibrinogen
values in plasma from dogs and had attributed this
to increments from adjacent components. Even
after correction of the fibrinogen values by sub-
tracting the amount contributed by the gamma1
complex to the "fibrinogen" peak, the electro-
phoretic values for that component were still ele-
vated above those determined chemically in the
cirrhotic patients (Tables I, IV, Figure 5).
Fibrinogen is the plasma protein which forms fibrin
under the action of thrombin. Fibrinogen analy-
sis by chemical means may give erroneously low
values because of incomplete precipitation of fibrin
or false high values due to occlusion of other
plasma components to the clot (29a). The ef-
fect of variation of fibrinogen and thrombin con-

centrations and pH and of the presence of other
proteins must be taken into consideration in the
chemical determination of fibrinogen. The oc-

clusion of other protein components, particularly
lipoproteins and certain enzymes such as thrombin,
is sufficient to introduce error into fibrinogen
chemical analysis (29b). Fibrinogen is also more

sensitive to thermal and chemical changes than are

proteins (30). The question then arises as to

whether the more reproducible method of electro-
phosesis, particularly after subtraction of gamma1
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globulin, is not a more accurate method of fibrin-
ogen analysis than is the chemical method.
Against such a supposition is the possibility of
other protein moieties besides gamma, globulin
having a similar mobility as fibrinogen. It is also
questionable labeling an electrophoretic "fibrin-
ogen" peak as fibrinogen in the sense of protein
clottable with thrombin. Nevertheless, we believe
that the difference between the electrophoretic and
chemically determined fibrinogen indicates an ac-
tual increase of this component in cirrhotic liver
disease.

The plasma electrophoretic pattern as such ap-
pears on inspection to be more characteristic of
chronic liver disease than the serum electrophoretic
pattern. In addition to the characteristically de-
pressed albumin and elevated gamma globulin
peaks seen in the cirrhotic serum pattern, there is
also the markedly elevated "fibrinogen" peak pres-
ent in the plasma electrophoretic pattern. We
have not seen this triad of findings to such a marked
degree in the electrophoretic pattern of any other
pathologic condition. However, serum rather than
plasma is preferable where it is desired to study
the electrophoretic quantitative partition of the
protein complexes in chronic liver disease. The
elevation of gamma, globulin and its inclusion in
the "fibrinogen" peak in the plasma pattern give
a false impression of extreme fibrinogen elevation
and at the same time cause the gamma globulin
elevations to be lower than those found in serum.
A more correct picture of the fibrinogen alterations
in chronic liver disease requires simultaneous
electrophoretic analyses on serum and plasma and
correction for the increased gamma1 globulin fre-
quently associated with that pathologic state.

It is fully realized that the electrophoretic pat-
tern, particularly in cirrhosis, may vary depending
upon the stage and course of the disease. Our
cases of cirrhosis varied from those in the inactive
stage to those with marked liver damage. We
were primarily interested not in the type of pat-
tern in the different liver diseases nor in the
changes taking place during the course of the dis--
ease, but in the comparison of the patterns in the
serum and plasma determinations. Stage and
course of disease had no effect upon these serum-
plasma differences. In fact, the only significant
differences were those in the gammaglobulin and
these did not depend upon the -stage of disease but

the type of disease. The gamma1 globulin rela-
tion to hepatic damage as measured by the cephalin
flocculation, thymol turbidity and zinc sulphate
turbidity tests is shown in Figure 4 of the following
article (25).

SUMMARY

1. Paired serum and plasma samples of 66 per-
sons with various hepatic or miscellaneous diseases
and normal subjects were analyzed electropho-
retically. The liver disease group included cases
of cirrhosis, infectious and toxic hepatitis, and ob-
structive jaundice. The miscellaneous disease
group was comprised of patients with rheumatoid
arthritis, peptic ulcer, and multiple myeloma.

2. Serum protein changes in the various disease
groups were similar to those previously reported
by other authors.

3. Fibrinogen values were markedly elevated
particularly in the cirrhotic group. This was due
to the inclusion of a gamma1 globulin fraction in
the "fibrinogen" peak. This was also responsible
for the serum gammaglobulin being significantly
greater than the plasma gammaglobulin. The ad-
dition of gamma1, as determined in the serum, to
the total plasma gamma globulin yielded total
gammaglobulin values essentially similar to those
of the serum. At the same time subtraction of
gamma1 from the elevated fibrinogen values, as
revealed by the plasma patterns, reduced these
values approximately by 35-45%. After this cor-
rection, there was still a significant difference be-
tween electrophoretic and chemically determined
fibrinogen, indicating an actual increase of this
component in cirrhotic liver disease. The gamma1
burial in the "fibrinogen" peak was also responsible
for the depressed values of total globulin and al-
bumin/globulin ratio in plasma determinations.
These likewise could be corrected for by addition of
gamma1 to the plasma globulin.

4. Aside from the significant serum-plasma dif-
ference in gammaglobulin, the other protein com-
ponents were essentially similar in serum and
plasma, particularly when expressed as grams/100
ml. The beta globulin content in relative per-
centage was somewhat more elevated in serum
than plasma. After conversion to absolute values
however, this difference was not significant.

5. The routine use of plasma electrophoresis
for the study of protein alterations in hepatic dis-
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eases is not recommended. It is impossible to re-
solve and separate completely the components of
the "fibrinogen" peak. Inaccurate gammaglobu-
lin and fibrinogen values result.
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