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As is well known, many pathological processes, because o f  the constant exchange between the protein of 
the blood and the proteins of the organs, lead to considerable fluctuations in the composition of  the blood al-  
bumins 

Taking. into consideration the important role played by the liver in the fulfillment of numerous biochemi- 
cal processes, among which is the formation of serum proteins it can be supposed that during diseases of the 
liver, the blood proteins must change. 

The disturbance in cardiac activity and circulation connected with cardiac disease must lead in the same 
manner to changes in the protein fraction of the blood. 

The present communication is devoted to a study of the changes in the protein fraction of the blood serum 
,in cirrhosis of the liver and mitral disease of the heart. 

One of the most elegant methods, permitting the separation of the blood proteins into five fractions (albu- 
mins, a 1, a z,/5~and y globulins), is the method of electrophoresis. 

In a whole series of works [1, 2, 3, 4 and 5] it has been shown that in certain liver diseases, especiaUy in 
cirrhosis, there is a marked change in the composition of the protein fractions of the serum. The total amount 
of protein is decreased, while the quantity of l3 - and ~ -  globulins is increased. Some authors consider that 
these changes' can serve as a diagnostic test, and also as an indicator of the severity of the disease. 

On comparing the changes'in the serum proteins occuring during cirrhosis of the liver with other tests 
of the functional capacity of the liver, it has been shown that not one of them changes as constantly and as 
clearly as does the composition of the serum protein. It has also been established that the composition of the 
serum proteins becomes normalized much later and only after there is fhe obvious picture of clinical recovery 
and the return of all other biochemical indicators to normal. 

In our work we used the electrophoretic method upon paper with the modifications suggested in 1953 [6]. 
In spite of the simplicity of the method, we obtained a clear separation of all five fractions of the serum pro- 
teins which appeared upon the paper after the usual treatment of the last dilution of the dye - bromophenol 

blue. 

For the quantitative determination of the proteins on the filter paper the s~ t s  were cut out, stained with 
bromOphenol blue, and adsorbed in accord with the given protein fraction. 'The stained pieces of  paper were 

extracted in six ml of 4~ NaHCO a in 50~ methanol in the course of 1 - 1 ~  hours, after which they were 
observed photometrically in  a Pulfrich refraetometer with a light filter of 574 mu. In proportion to 
the Eight adsorption it was possible to calculate the relative content of the protein fraction in percent of the 

total quantity of protein in the serum (the sum of the adsorption of all five fractions). 

For purposes of comparison we simultaneously conducted an electrophoresis of a control serum, obtained 
from a healthy human. Upon a strip of paper 6 cm wide, we usually carried out three tests (each 0.005 ml): 
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in the middle - the control serum of the healthy man, on the edges - from two patients, 

Altogether  we studied 60 sera f rom healthy men. The average figures for the protein fractions of nor- 
mal men were found to be close to the figures reported in the literature. This gives us a basis for considering 
our method for comparing the composition of the various protein fractions as being sufficiently accurate. 

After this, we studied 32 patients with cirrhosis of the liver, the contents of their protein fractions in 
the sera are given in Table 1; 

TABLE I 

The Protein Fractions in the Sera of Healthy PeOple and in Certain Pathological Con- 

ditions 

(Average Figures) 

~ ..~a~ 
Diagnosis = "fi[~] - -  

aj s$ ~  ~  

Healthy people 
Cirrhosis of the liver 
"Cirrhosis of the liver "l 
Mitral disease of heart  

f,O 
32 
13 
43 

2.7 
2.5 

1,65[ 61.8] 3 .2  
0.661 38,41 3.7 

I: 4 688 

8 

7.0 10.2 
7.1 13.2 
8.8 11.6 
7.1 10.5 

1 Patients with unclear diagnosis. 

17.5 
31.6 
19.8 
20.0 

Almost half of the patients showed a decrease in the serum protein. The decrease in the protein occurred 
by the decrease (from 20 - 50%) of the albumin fraction, which in these patients must have favored the accumu-  
lation of ascitic fluid, as the albumins together with the electrolytes participate in maintaining the normal col-  
loid Osmotic pressure in the vascular bed and their absence can lead to transudation from the vessels. 

Especially constant are the changes in the globuiin fractions as manifested in the increase of the 7 " glo- 
bulins; which we have already observed in all those ill. This increase in several instances reached 100 - 150~ 
and was frequently an index of the severity of the clinical picture of the disease. 

In these patients we also noted an increase in the B" globulins, this, however, never being so great as the 
7 -  globulin increase, and in 30% of the patients was not observed at all. 

Table 1 and Table 2 give the data concerning the percentage composition of the albumins to 7 - globu- 
lins: and albumins to total globulins. As can be seen the ratio of albumin to 7 -g lobu l in ,  being normally 1.65, 
during cirrhosis of the liver drops to 0.66. In considering the significance of this relationship (which is frequent- 
ly given also as the chemical  deterraination of the albumin and total globulin) account is taken of the quanti- 
ties of all globulin fractions, those which change during cirrhosis of the liver(•- and), -globulins), and those 
which remain unaltered (al-, ~2, and in part, t~ - globulins). The  most marked change in cirrhosis of the 
liver occurs in the ratio of the albumin to ),-  globulins, as this relationship not only changes at the expense of 
the albumins (decrease in the numerator), but also must account for a rise in the amount of y - globulins (in- 
crease in the denominator). Thus when the ratio of the albumin to the globulin is decreased (on the average) 

8 times the ratio of the albumin to ~ - globulins is 1.5 times less. 

These changes can be easily visualized by examination of Fig. 1. 

The determinations of the protein fractions in the serum, made by the chemical  method of salting out, 
as compared with the electrophoretic rnethod, gives an increased quantity of albumins and a decreased quantity 
of globulins, as a consequence of which the decline in the protein fraction from the normal during cirrhosis ap- 
pears more accentuated. These differences are also to be explained in some measure by the fact that by the 
chemical  methods a part of the al-globulins~ptecipitate with the albumins. It is also possible that the velocity 
of movement  of the proteins in the electric field (which is the basis of the electrophoretic fractionation method) 
becomes altered in pathological conditions, this change overshadowing those qualities which are the basis of 
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the chemical methods of protein separation. In some of our observations on patients the salting-out method 
showed no changes in the serum proteins, whereas the electr0phoretic method always revealed a fall in the al- 
bumin and a rise in the y - globulin content. 
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Fig. 1. Average content of protein fractions in blood sera of healthy men and 
patients with cirrhosis of liver. 
1) Healthy, 2) diseased. 

TABLE 2 

Protein Fractions of the Sera of Certain Patients Having Cirrhosis of the Liver and Other 

Cirrhosis 

Absence of liver 
cirrhosis 

Patients with an Unconfirmed Diagnosis of Cirrhosis of the Liver 

Diagnosis Patie.t  t I t 

I 
�9 I 

A-pov 0 8  0.5: 35 3.7 12.51 
T-kov 0.9 0.5 36 5.0 6:2: 14.0~ 

Sh- va* 1,4 1,01 52 2,0 5.6 
U-'va * 1'5 0,4: 40 11,7 16.4 

11.2 I M-k 2.0 1.t 53 6.4 11.8 
2 I 3 15,31 K-kov 3.9 1,4 59 21.5 l 

S-oy 2.8 i .o  51 3:0 7,2 
* Femaie 

31. 0,62 
42. 0.7 
38, 0.5 
36,, 0,9 
36, 
20, 0.3 
18. 0, t8 
20, O. 7 
18, o.~ 

On the basis of the studies made, it has thus been proven tl~at in 100% of cirrhosis of the liver patients 
there occu~ well defined changes in the serum proteins , a decrease in the quantity of albumins, accompanied by 
a rise in B = globulins and also an increase in ~, -globulins. 

However there was a group of patients (13 people), who had entered with a diagnosis of "cirrhosis of the 
liver,", who did not have the changes in the protein fraetiom that we pointed out as being so characteristic. The 
data on these patients are shown in Table 1; the serum proteins of some of these patients, representing this group, 
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are shown in Table  2. Thus, for example ,  patient U-va  entered the insti tute with the diagnosis of cirrhosis of 
the l iver .  However, as can be seen from the table ,  e lec t rophoret ic  investigations of the serum failed to show 
any important  rise of the ), - globulin. It was assumed that  the l iver  of this pat ient  was not involved,  and in-  
deed a laparo tomy revealed  an abdominal  mal ignancy without l iver  involvement .  It is interesting to observe 
that this pat ient  had a high a -  globulin fraction. In the l i te ra ture  are observations indica t ing  that ma l ig -  
nancy leads very often to a rise of this fraction. 

In patients M-k,  K-kov and S-oy,  there was the c l in ica l  picture of a cirrhotic  l iver  but the e lectrophor-  
e t ic  studies of the sera did not show $ - globulin e levat ion;  the decrease in a lbumin,  and also the change of 
the 7 - globul in/nlbnmin rat io was much less than is usual in true eirrhoses. In this si tuation the e lec t ropho-  
re t ie  studies of the proteins did not sur)port the diagnosi~ of a true cirrhosis of the l iver  and i t  turned out that 
a l l  these patients had adhesive pericardi t is ;  for which surgery wa~ then performed. On the other hand, pat ient  
S h -va  had the diagnosis of ma la r i a l  splenomegaly  and yet the changes in her protein fractions were typ ica l  

of cirrhosis of the l iver.  Splenectomy established the diagnosis of cirrhosis of the l iver .  

In this fashion there became  possible a different ial  diagnosis in many patients and we were ab le  to sep- 

ara te  patients with cirrhosis of the l iver  from those in whom l iver  damage  played no role.  

In addi t ion to the mate r ia l  obtained by protein fraction investigations in cirrhosis of the l iver ,  our oh= 

servations were confirmed in the l i tera ture ,  which states that during cirrhosis of the l iver ,  there arise charac te r -  
istic changes in the proteins of the sera. These changes can s ignif icant ly  aid the diagnosis in doubtful cases. 

The next group of patients (43 people) ,  on whom we conducted e lect rophoret ic  investigations of their  

sera proteins, consisted of individuals suffering mitral  disease, chief ly mi t ra l  stenosis of the heart .  This af-  

f l ict ion results in patients who, in the major i ty  of cases, had had in the past rheumat ic  fever (we made  no 

observations on any one in the acute  phase). 

The protein fractions of the sera of these patients are  shown in Tab le  1 and Fig. 2. 
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Fig. 2. AveragG protein content of the sera fractions in the blood 

of heal thy people and those suffering from mit ra l  disease. 

1) Heal thy,  2) i l l .  

It may be observed that  the direct ion of the not iced changes is very s imilar  in these patients as in those 

suffering from cirrhosis of the l iver .  In both instances there is quite often a decrease of the total  protein,  de-  
crease of the a lbumin and increase of the y - globulin. St i l l ,  in cardiac  patients these changes are less in-  

tense. Thus the total  albumins diminish only in some 50% of the patients,  a 1-" and a 2" globulins being normal.  
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As far as the ?,- globulins are concerned, on the average (in the entire group of cardiac patients) they rise but 
little; however, when we take individual cases, then it appears that in 32~ of these patients the y -  globulin 
is not above normal, while in 25~ the elevation is insignificant. The ratio of the albumins t o  y-  globulin and 
to globulins also is lowered very little, but less than in patients with cirrhosis of the liver. 

Thus, among the groups investigated by us of  patients both with stenosis and insufficiency of the mitral 
valve, half of the cases show no significant changes in the serum protein content or, if there is any change, the 
deviation is insignificant. 

However, in 12 people the protein content of the serum was markedly different from the normal and the 
character of these changes was very similar to that seen in cases of cirrhosis of the liver; however, these changes 
were much less sharp. The protein content of the sara of some of the members of this group of patients is shown 
in Table 3. 

T A B L E  3 

protein Fractions in the Sara of  Patients f:Iaving Mitral Disease of the Heart 

P -ev  
L-ko 
P-ra* 
I- kin 
S-na* 

* Female 

Patient 

I 1.6 1.6 
1.3 
1,65 
1.2 

0 , 9  �84 

O, 78 
0,71 
0,85 
0,70 

Globulins in % 

I 
. 

5i 3,0 5.3 

5,0 

6, 1 11,8 I 
9.8 14.4 I 
7.5 15.7 I 

00 Ig:  I 

29.7 
26.5 
31.5 
27.7 
83.5 

These patients always had clinical evidence of liver enlargement, frequently ascites and jaundice which 
all points in the direction of liver damage and compels us to associate the changes in the proteins of the serum 
with the cirrhotic process. Our suppositions were confirmed when several o'f these patients were later autopsied. 

The analysis of the changes in the sara protein fractions in patients having diseases of the heart (stenosis, 
frequently accompanied by m!tral valve insufficiency) reveal,ed that the majority of these patients did not have 
large changes in their sara and that these changes were observed in those patients principally in whom there 
could be supposed to exist a cardiac cirrhosis of the liver. All this gives reason for us to express the opinion 
that the study does not show that disease of the heart itself Ieads to material changes in the sara proteins. When 
there are changes, these might be explained as due to secondary changes in other organs, occurring as a result 
of the disturbances in the circulation. If the disease is compensated, these changes do not occur. 

In this fashion the e l e c t r o ' e r i c  Studies of the blood sara in patients having stenosis and insufficiency of 
of the mitral valve enable us to c~orrectly diagnose those cardiac patients who have a disturbed liver function 
and changes in the sara protein fractions which are similar to those seen in true cirrhosis patients. 

In this connection the pathological changeslin the liver can serve as a counter-indication to surgical inter- 
ference in patients having diseases of the heart, for this method enablesthe discovery of those liver changes 
which are of significance for surgical c!inics interested in cardiac surgery. 
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