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Alterations in the composition of the serum
proteins in hepatic disease have been studied by
numerous workers using the electrophoretic
method (1-11). The present investigation was
undertaken to determine the changes in the serum
proteins in portal cirrhosis by serial electropho-
retic analyses during the course of prolonged
medical management.

METHODS

Electrophoretic runs were performed with standard
apparatus and technique, the experimental details having
been given in an earlier report (11). The tests of he-
patic function were performed by the usual methods as
previously described (11), alkaline phosphatase being
reported in Bodansky units.

CASE MATERIAL

The ten cases of the present study were all chronic
alcoholics considered to have proven portal cirrhosis.
The diagnosis was confirmed histologically by Vim-
Silverman needle biopsy of the liver in seven of the ten
cases, and in one patient (R. M. S.) also by autopsy.
In one case (P. F.) the cirrhotic liver was visualized
by peritoneoscopy and subsequently during an umbilical
herniorrhaphy, but tissue for biopsy was not obtained.
In two clinically typical cases (J. H. and C. R.), needle
biopsy was attempted, yielding minute amounts of fibrous
tissue considered insufficient for histologic diagnosis.

The ten cases were divided into two groups.
Group I. Five patients with hepatic insufficiency and

ascites were studied with serial electrophoretic analyses
of the serum proteins and various tests of hepatic func-
tion during the course of medical management for periods
ranging up to ten months.

The initial electrophoretic analysis designated as "Day
04" was carried out before or very early in the course of
medical management. Although a few patients had re-

1 This investigation has been made with the assistance
of a grant from the Committee on Therapeutic Research,
Council on Pharmacy and Chemistry, of the American
Medical Association.

2 Present address: Department of Medicine, Harvard
Medical School, Boston, Mass.

ceived some form of therapy elsewhere prior to study,
with one exception none had followed an adequate die-
tary regime for any appreciable period.

Group II. Five patients were studied after sustained
clinical recovery under medical management. These in-
dividuals had been severely ill with hepatic insufficiency;
ascites requiring paracenteses had been present in four,
and pronounced jaundice in one. With treatment they
had clinically recovered and had remained asymptomatic
for more than two years.

THERAPEUTIC REGIME

The basic therapeutic regime consisted of a diet high
in protein, carbohydrate and calories, containing 120 to
150 grams of protein, 350 to 450 grams of carbohydrate,
a total of 3000 to 3500 calories, supplemented by 4 to 6
grams of choline chloride per day. The intake of sodium
was restricted to 500 mg. per day in the patients in
Group I as long as clinical evidence of ascites remained.
The dietary regime was rigidly enforced during the hos-
pital stay; after discharge patients were strongly urged
to adhere to the diet, and were closely followed with
numerous clinic visits. Not more than one paracentesis
was done on any patient during the study; mercurial
diuretics were used infrequently.

Other measures such as infusions of plasma or human
albumin were employed as noted below. Salt-poor con-
centrated human albumin was given as a 25%o solution
by slow intravenous infusion.

RESULTS

Group I. The initial electrophoretic analyses
(Day 0) disclosed marked diminutions of the al-
bumin fractions and elevations of the gamma-
globulin fractions; the beta-globulins were some-
what less elevated (cf. normal serum, Figure 6
and Table VI).

J. K.-51 year old male. Hematemesis and
melena occurred after an alcoholic debauch of two
weeks' duration. On admission the patient had
very severe jaundice, edema and ascites. Com-
plete clinical recovery with subsidence of jaundice
and disappearance of ascites occurred after three
months of treatment. The patient remained free
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J.K. - 51 year old male. Chronic alcoholic. Haeatemesis and melena, extreme jaundice,
ascites with paracentesis. Complete clinical recovery with disappearance of ascites
on dietary regime.

FIG. 1. THE ALBUMIN PEAKS ARE INDICATED BY "A, AND THE GLOBULINS
BY THEIR RESPECTIVE GREEK LETTER PREFIXES. THE UNLABELLED PEAKS
ARE THE STATIONARY ANOMALOUSBOUNDARIESDUE TO GRADIENTS OF BUFFER
SALT

of symptoms during almost five months of subse-
quent observation.

Serial electrophoretic analyses (Figure 1 and
Table I) revealed pronounced evolution of the
serum protein pattern toward normal. The tests
of hepatic function also changed in the direction

of normal. Despite complete clinical recovery,
however, the final electrophoretic pattern on
Day 207 was appreciably abnormal.

J. B.-62 year old male. Ascites with peripheral
edema and pronounced jaundice had been pres-
ent for approximately five months. The patient

TABLE I
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Day 0 33.3 4.1 7.4 26.9 28.3 1.87 0.23 0.41 1.51 1.59 0.70 o.58 2.05 3.56 5.61 15.0 18.1 3+ 17.8

Daly 74 40.5 5.5 6.6 1B.5 28.9 2.77 0.38 o.45 1.26 1.971 .68 o.86 3.16 3.67 6.83 0.9 1.9 3+ ----
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Day 207 145.6 6.6 5.8 19.4 22.6 2.87 10.12 0.3711.22 1.42 0.84 1.27 3.53 2.77 6.30 0.4 1.2 1+ 1 1
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J.B. - 62 year old male. Chronic alcoholic. Pronounced jaundice and ascites. Partial
clinical improvement with disappearance of ascites on dietary regime to which patient
did not adhere satisfactorily.

FIG. 2

improved only partially, and after discharge from
the hospital did not adhere to the diet. The as-

cites disappeared in one month, but the jaundice
persisted during the subsequent five months of
observation.

The electrophoretic patterns (Figure 2 and
Table II) revealed pronounced evolution toward
normal (fully as marked as in J. K.). The last
pattern on Day 140, however, was appreciably
abnormal.

M. S.-56 year old female. Jaundice had been
present for six months; the patient was admitted
to the hospital three weeks after the onset of as-

cites and edema of the ankles. On the dietary re-

gime partial clinical recovery ensued during a

period of five months, with subsidence of jaundice
and ascites; the improvement was maintained dur-
ing five additional months of observation, al-
though the patient had not fully regained her usual
vigor and sense of well-being.

TABLE II
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Day 0 28.1 2.2 14.3 32.6 32.8 1.82 O.14 0.28 2.10 2.12 0.39 0.44 1.96 14.506.46 5.4 8.3 2+ 10-7 5-.4
Day 17 29.7 3.4 5.9 3o.6 3o.4 2.39 0.271 .47 2..8 2.45 0.42 0.47 2.56 5.5o 8.o6 14.1 6.5 3+ 12.1 8.5

MY77 35.1 3.7 6.6 28.6 26b0 2.79 0.29 0.52 2.27 2.07 0.54 0.58 2.92 5.CM 7.94 3.2 6.o 1* 2.6.8 9.14

Day 140 142.8 3.5 7.9 22.41 23.4 3.2610.27 0.59 1.70 1.78 0.75 0.59 2.82 4.78 7.60 2.8 6.o 4+ 15.2 10.2
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U.S. - 56 year old female. Chronic alcoholic. Jaundice and ascites. Partial
clinical recovery vrith disappearance of ascites on dietary regime.

FIG. 3

The serial electrophoretic patterns (Figure 3
and Table III) indicated a very gradual change in
the direction of normal, but after the relatively
asymptomatic period of five months, the pattern
still remained markedly abnormal with a pro-
nounced elevation of the gamma-globulin fraction
(Day 304).

R. M. S.--43 year old male. Manifestations

of cirrhosis had been present for more than two
years with spider angiomata, episodes of jaundice,
melena, edema and ascites necessitating paracen-
tesis. Prior to admission, the patient had re-
ceived elsewhere plasma, choline, and Vitamin K,
as well as dietary treatment. The ascites disap-
peared after medical management including
plasma infusions (3000 cc. in nine days). Just

TABLE III
PCFL CIMceS UX= XMICAL MAWaE1ff

Sera Of U.8.

JUA LJ M6 Li ' aW 5oweSJUM glL1aOW

==au. ver cent

Otc C p A/G

Day 0 31.0 5.0 8.o 17.0 39.0 2.01 0.32 0.52 1.10 2.53 o0.45 o.65 2.56 3.92 6.48 0.9 2.3 4+ 7.14 7.5 99

Day 45 34.9 3.5 14.3 13.6 143.7 2.42 0.24 0.30 0.94 3.04 0.54 o.68 2.81 4.13 6.94 1.7 2.4 3+ 10.7 9.2 lO0

Day 150 35.8 3.9 7.1 18.8 34.4 2.41 0.26 o.48 1.27 2.32 o.56 0.75 2.89 3.85 6.74 o.8 1.5 4+ 6.8 12.9 --

Day 276 39.3 4.4 6.9 1.3.4 36.o 2.56 0.29 0.45 0.87 2.34 0.65 o.96 3.19 3.32 6.51 0.7 1.1 3+ 7.2 12.0 92

DaY 304 39.3 4.3 6.8 14.9 34.7 2.69 0.29 0.47 1.02 2.37 0.6s l.04 3.148 3.36 6.84 o.6 1.2 4+ 8.2 12.3 --
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R.l.S. - 143 year old male. Chronic alcoholic. Kelena, episodes of jaUdice, ascites
with paracentesis. Ascites disappeared after plasma infusions and dietary regime.

FIG. 4

prior to the intended date of discharge a massive
hemorrhage from esophageal varices resulted
fatally.

The alterations in serum protein composition
were less pronounced in the initial electrophoretic

analysis of R. M. S. than in any of the other pa-
tients in the group, presumably because of the
previous therapy. After the administration of
3000 cc. of plasma, the total proteins rose, with
increases in both the relative and absolute amounts

PORTAL CIRRHOSIS UNDER lEICAL ION
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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P.F. - 51 year old male. Chronic alcoholic. Marked ascites with repeated paracenteses
before admission. Plasna and blood transfusions. Regular diet until Day 108; full
dietary regime from Day 108 on.

FIG. 5a
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P.F. (continued) - Influsions of salt-poor concentrated human albumin during dietary
regime. CUplete clinical recovery with disappearance of ascites. After discharge
patient had partially strangulated umbilical hernia repaired on Day 212 with unevent-
fal recoveery.' ,

FIG. 5b

of albumin and gamma-globulin, and in the abso-
lute amounts of alpha-2- and beta-globulins (Fig-
ure 4 and Table IV).

P. F.-51 year old male. Ascites had been pres-
ent for nine months and was increasing despite
repeated paracenteses. On admission, the patient

had anasarca and massive ascites, but unlike the
other subjects in the group, the serum bilirubin
was not elevated.

From Day 0 through Day 86 the patient re-
ceived a "regular" diet (C 293, P 70, F 62, Cal.
2010) which was, nevertheless, more than he had

TABLE IV
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TABLE V

POAL UM MEDICAL M
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Day 0 36.2 ~7.1 7.5 17.14 31.8 1.88 0.37 0.39 -0.91 1i.66 0.7091 2.53265.102.3 2+ 6.-8 3. 9*
Da 20 32.7 9.5 12.3 15.3 30.2 1.760.51 o.66 0.821.63 0.49 0.77 2.341 3.04 5.38 -- 34'---14.7
Day 35 37.218.3 l0.1 13.8 30.6 2.09 0.47 0.57 0.7811.72 0#59 o.88 2.63 3.0015.63 0.4 0.71 24 4.81 7.8
Day 50 34.9 82 10.1 13315 2.030 90898O." 4 3.63.12270582 503+63 7
Day 75 38.14 8.o 9.7 12.1 31.8 2.33 0.149 0.59 0.714 1. 93 0. 62 0.69 2.90 414.8 6.08---- 1+ 5.2 -

Day 1X3 43.6 5.7 6.3114.9 29.5 3'.17 0.42 o.461.09 2.15 0.77T 1e 3.69 3.6017.29 0.4 0.7 -- --- 4.2

Daw 136 42.o 6.3 7.5 10.2 314.0 2.14 o0.38 0.45 0.62 2.06 0.72 1.2713.38 2.67 6.o5 0.4 1.1 24' 5.21 4.14
Day 165 39.2 6.7 7.3 12.5 34.3 2.77 0.47 05 0.89 |2.42 0.65 0.89 3.32 3.75707 1 4 714.o
Day 172 1,14.4 4.9 5.5 10.1 25.1 14.00 0.36 o.4o 0.74 1.814 1.19 1.57 14.48 2.8617.34l 2.5 1.11 1+ 14.8 -

Day 175 149.7 5154 6.o 10.9 28.0 3.72 0.40 0.45 0.82 2.10 0.99 1.11 3.94 3.55- 7.491 0.4 1.3 34 4.8
Da 178 60.3 4.7 5.8 7.5 21.7 4.43 0.35 .1430.55 1.60 1.52e 2.00 4.91 2.45 7.36 0.4 1.8 3+ 3.9

y 182 153.0 5.2 5.6 9.0 27.2 3.76 0.37 0o.40 .64 1.93 1.131 1.52 4.28 2.82 7.10 - 34 5.8
MDy 192 145.6 5.91 6.6 9.7 32.2 3.66 0147 0.53 o.78 2.59 0.84 1.C2 14.o6 3.97 8.03 0.5 1.5 34+ 9.0
Day 241 140.8 5.91 6.7 12.733.9 3. 43 1 0.69 1.0511.30 14.1o 8.40- 7.5 ---7112-7130_9056102.

p 8000 cc. of plaaa in 12 days * S
b = 3600 cc. of whole blood in 10 days
a = 300 gros of aalt-poor concentrated human albmin

been eating before hospitalization. Partial clini-
cal improvement occurred, with slight diminution
of ascites. There was almost 1 gram per cent
rise in the total proteins, but relatively little change
toward normal in the proportions of the fractions
as determined by five electrophoretic analyses
(Figures 5a and 5b, and Table V). Experiments
on electrolyte and water metabolism (to be re-

ported separately) were performed during this
period with no significant effect on the electro-
phoretic pattern.

In the 12-day period of Day 87 through Day
98 while on the "regular" diet, the patient re-

ceived 8000 cc. of plasma. The electrophoretic
pattern of Day 105 revealed for the first time a

considerable change toward normal.
From Day 108 on the patient was on the full

dietary regime (C 437, P 155, F 123, Cal. 3475
supplemented by 5 grams choline chloride). In
the ten-day period of Day 126 through Day 135
he received 3600 cc. of whole blood. There was

no further change of the electrophoretic pattern
toward normal (Day 136 and Day 165), but on

the contrary, some retrogression.

tarred values not simultaneous with other data

intravenous administration of 300 grams

-poor concentrated human albumin in six
'Day 166 through Day 171) was followed
striking elevation of the serum albumin in the
phoretic pattern of Day 172, while both the
e and absolute values of all globulin frac-
were diminished, presumably due to dilu-
Three days later (Day 175), the electro-
ic pattern revealed some decline of the
albumin and rise of the gamma-globulin

her globulin fractions.
r a second course of 300 grams of salt-poor
trated human albumin, administered in three
Day 175 through Day 177), a striking ele-
of the serum albumin and a diminution of
globulin fractions again occurred. Once

this was followed by some decline of the
albumin and a rise of the gamma-globulin

other globulin fractions, this trend being
evident in the patterns of Days 182, 192,

1, respectively five, 15, and 64 days after the
Fusion of albumin. The ascites disappeared
e patient was discharged on Day 192 com-

free of clinical symptoms, and he resumed
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his former occupation. A partially strangulated
umbilical hernia was repaired on Day 212 with
uneventful recovery. In spite of this episode the
final electrophoretic analysis of Day 241 indicated
a higher absolute value for serum albumin than
at any time prior to institution of the human al-
bumin therapy, and a higher total protein than at
any time. Six months after the last albumin in-
fusion the patient remained well, having gained
weight with no recurrence of edema or ascites.

Group II. The five cases of portal cirrhosis
with long-term clinical recovery under medical
management are summarized briefly in Figure 6.
The patients had been severely ill with hepatic
insufficiency before treatment; four had ascites
requiring paracenteses and one had pronounced
jaundice; all had hypoalbuminemia, the mean of
the albumin values of the five patients being 2.58
grams per cent by Howe sodium sulfate fraction-
ation. As illustrated in Figure 6 and Table VI,
the electrophoretic patterns after sustained re-

covery appear very nearly normal with but mini-
mal deviations from the normal range.

DISCUSSION

The five patients in Group I initially had marked
diminutions of the albumin fractions and elevations
of the gamma-globulin fractions, with somewhat
less elevated beta-globulins. During the course of
medical management the serum proteins under-
went progressive evolution in the direction of
normal, coinciding with clinical improvement.
The progress of the three patients in the group
treated with diet alone indicates that this is not a
perfectly strict relationship. J. B., who improved
only partially (the ascites disappearing, but the
jaundice persisting), had fully as pronounced a
change of the electrophoretic pattern toward nor-
mal as did J. K. with complete clinical recovery.
Moreover, M. S., whose clinical improvement was
more marked than J. B.'s, had less evolution to-
ward a normal serum protein composition, the

PORTAL CIRFMIOSIS WITH IWNG-TERW CLINICAL RECOVERY UNDER MEDICAL MANAGAENIT
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G.O. - 51 year old female.
Chronic alcoholic.
Jaundice, ascites with re-
peated paracenteses. Severe-
ly ill, in coma for 4 days.
After treatment asymptomatic
for 2* years.
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J.H. - 56 year old male.
Chronic alcoholic.
Jaundice, ascites with para-
centeses. After treatment
asyrptonatic for 2 years.
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C.R. - 46 year old male.
Chronic alcoholic.
Jaundice, ascites with para-
centeses. After treatment
asymptomatic for 5 years.
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R.S. - 45 year old male.
Chronic alcoholic.
Ascites with paracentesis.
After treatment asymptomatic
for 2j years.
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A.E. - 53 year old male.
Chronic alcoholic.

-Jaundice, no ascites. After
treatment asymptomatic for
2j years.

FIG. 6
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TABLE VI

PAL CT0Bis WI LOW-TE3 CLICAL 0 DIW 1MICAL YAMCAM

Metroophroitio data

x I Alb

-_ra pewrocent
ce, A/G

I

I
love sodAm sulate

A/G Alb IGlob ITot I "ph Ih1b

~. 56.14 3.5 9.6 15.8 114.7 3.87 0.214 o.66 :L.o8 1.01 1.29 1.4.5 14.o6 2.8o 6.86 0.5 0.7 2+ 5.3 14.7 6

R.B. 58.0 14.3 8.4 114.5 114.8 3.90 |.29 0.56 0.98 1.00 1.38 1.85 4.37 2.36 6.73 0.3 o.6 3+ 9.8 2.8 13

G.0. 55.9 5.14 8.4 14.9 15.4o.6 1. 1.U 1.27 2 62 7 3 5.931

C.R. 55.2 5.14 10.2 16.2 13 0 3.84 0.38 0.71 1.12 0.9o 1.23 1.174 4.341| 2.54 6.95 0.2 0 .7 no. 7.9 14.2 --

A.Z. 62.6 14. 8.2 16.8 8.4 4.13 0.26 i.541.11 0.5 1.68 2.62 vtr1.8 6.59 o.1 O. ng. 1. 2. 3
m I

- - - - -- _ _ - -_

57.614.51 9.o 15.6113.311 3.9610.3110.6) 1.0710.9111.37 11 1.881 4."12.4316.87 I
SeTti* I .88O o.8 1.1 2.61 1.10 o.6 o.o610.0 9o.16O1o.391 0.2410.310.223

(10 vorptoor subjects with no1 liver fustion tests)

Ay==3 160o.314.0 9.7 12.8 13.2 4.23 0.2810.68 0.89|0.93|1.52|| 2.31 4.89 2.12 7.

St ean 2.8 O.8 1.5 1.2 1.7 29 0.o6 oao 0I 0.131 o.38 0.314 0.30 o.24 0.3
Deviation _ _1 1 1II _ 1 1

gamma-globulin fraction remaining markedly
elevated.

The two cases in Group I considered to have
achieved complete clinical recovery, J. K. and
P. F., continued to have appreciable abnormalities
in the serum protein composition. That the serum

protein composition may eventually become nor-

mal or nearly so in cases with long-term clinical
recovery under medical management is indicated
by the five patients in Group II (Figure 6). At
the time of admission with hepatic insufficiency
these patients all had marked alterations of the
serum proteins by the Howe fractionation, which
is less sensitive than the electrophoretic technique.

The evaluation of changes in the serum pro-

teins in edematous patients is hazardous unless
account is taken of the possibility of shifts in body
fluids. Thus an increase in protein concentration
may reflect either an increase in the circulating
protein or a decrease in the volume of the plasma.

During the observation of P. F., 16 estimations
of the plasma volume were made with Evans blue,

to be reported separately in connection with stud-
ies of electrolyte metabolism. The findings did
not indicate that changes of plasma volume would
account for the progressive rise of total proteins
on dietary therapy or infusions.

In J. K., J. B., and M. S., the three cases

treated by diet without infusions, the electropho-
retic data alone exclude the possibility that the
rise in albumin and total proteins could be solely
due to hemoconcentration. These three cases ex-

hibited rise of albumin and decline of gamma-

globulin, a circumstance not explicable in terms
of any possible fluid shift, and indicating changes
in protein metabolism.

In the infusion experiments it appears probable
that transitory changes in plasma volume did
play a role. The infusion of plasma was followed
by increases in the albumin and the beta- and
gamma-globulin fractions as well as the total pro-
teins. The immediate effects of intravenous ad-
ministration of salt-poor concentrated human al-
bumin on the serum protein composition were

per cent

ADh Iil
alk(EP
phosl%

AEPAOE I * starred values
not amltanos
with other data

L Io



SERUMPROTEIN CHANGESIN PORTAL CIRRHOSIS

identical with those observed by Thorn, Arm-
strong, and Davenport (6), i.e., marked elevation
of the albumin and depression of the globulin
fractions, presumably due to dilution. The
changes beginning shortly thereafter consist of
some decline of the albumin and rise of the
gamma-globulin and other globulin fractions.
These ensuing alterations have apparently not been
described by previous investigators of human al-
bumin infusion therapy. The phenomenon was
observed in the two administrations of human al-
bumin to P. F. and also in a patient with cirrhosis
of uncertain etiology not included in the present
study. The significance of these observations
remains to be determined. It is possible that as
the administered albumin left the circulation the
plasma volume decreased with resultant concen-
tration of the globulin components.

Comparison of the alterations of the serum pro-
teins with the various tests of hepatic function
performed simultaneously fails to reveal any
clearly evident direct correlation.

SUMMARY

1. The effects of medical management on the
serum proteins in ten proven cases of portal cir-
rhosis have been investigated by the electropho-
retic method.

2. Serial electrophoretic analyses of the sera
of patients with ascites revealed progressive
change in the direction of normal, coinciding with
clinical improvement during the administration of
a high protein, high carbohydrate, high caloric
diet for periods ranging up to ten months.

3. Infusions of plasma or salt-poor concen-
trated human albumin were followed by pro-
nounced and immediate elevations of the serum
albumin -values.

4. Shortly after the administration of human
albumin, some decline of the elevated albumin
value was observed, with rise of the gamma-glob-
ulin and other globulin fractions.

5. In five patients who had clinically recovered
from severe portal cirrhosis and had been asymp-

tomatic for more than two years the electropho-
retic patterns were very close to normal.

6. The alterations in the serum protein pattern
in portal cirrhosis are not irreversible; with pro-
longed medical management and clinical recovery,
the proteins may revert practically to normal.

The authors wish to express their gratitude to Doctor
E. S. Guzman Barron for making available the electro-
phoretic apparatus used in this study.
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