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One of the major characteristics of the serum of
patients with chronic biliary obstruction is a
marked elevation in the serum lipids. This eleva-
tion is primarily due to an increase in the phos-
pholipid fraction although the cholesterol and
neutral fat are also high (1). The phospholipid
has been shown to act as a natural emulsifying
agent to hold the other lipids in a clear solution
(2). The presence of clear serum along with
marked abnormalities in total lipid made the sera
from these patients an ideal source material for
studying the relationship of lipid changes to altera-
tions in electrophoretic patterns. Analyses of
these sera indicated a correlation between the
total lipid level and the area of the beta globulin
peaks determined electrophoretically.

MATERIALS AND METHODS

Sera were obtained from 11 patients in the fasting state
and were subjected to electrophoretic analysis. Patients
Nos. 1 to 8 suffered from unexplained biliary cirrhosis
as defined in the accompanying report (1). Patient No. 9
was a normal young adult. Patients Nos. 10 and 11 had
severe post-necrotic cirrhosis proven by autopsy. Their
sera were included in this study for contrast because of
a marked reduction in total lipid. Table I lists the 11
patients according to the total lipid concentration in the
serum.

Electrophoretic analyses were carried out by the method
of Longsworth (3). The sera were dialyzed against
barbital buffer (pH, 8.6; u, 0.1). Mobilities were calcu-

lated from the formula U=-it (4). Ascending pat-

terns were used for the calculations of the beta globulin
areas because of the interference in the descending pat-
terns by the beta globulin disturbance. Serum was used
in order to avoid the fibrinogen peak. Calculations of the
areas in the electrophoretic patterns were expressed as
per cent of the total area. This leads to some error in
estimating beta globulin because of variations in albumin
and gammaglobulin. However, in each of the sera used
the rise in the gammaglobulin was approximately equal
to the fall in albumin, thus minimizing the error in beta
globulin variations. The observations of Armstrong,
Budka, Morrison and Hasson (5) on the refractive index

increments of various fractions of serum prepared by
alcoholic fractionation furnish information that is helpful
in calculating the amount of beta globulin directly from
the electrophoretic pattern. Such estimations were at-
tempted, utilizing the factor 1.71 X 10'. However, be-
cause of the unknown composition of the beta globulin
peaks in these abnormal sera, the beta globulin was
expressed simply in terms of absolute units of area. This
could be used only for comparing the different sera but
served as a check of the validity of expressing the area in
terms of percentage of the total. Total protein nitrogen
was determined for all of the sera by micro-Kjeldahl
analysis.

In experiments on the effect of removal of lipids, serum
was diluted six times with a solution containing 1% liquid
phenol and 12% NaCl (6). This was not an extraction
procedure but simply one which appeared to interfere with
the stabilizing effect of lecithin on the serum lipids.
Similar effects were obtained with the enzyme lecithinase.
The mixture was allowed to stand for 24 hours at 0° C.
The lipid was then centrifuged into a pellicle at the sur-
face at 10,000 r.p.m. Not all sera permitted the forma-
tion of a pellicle with a clear subnatant solution. These
were discarded. The pellicle was washed and extracted
with Bloor's alcohol-ether mixture. Cholesterol, phospho-
lipid and total lipid were determined on this extract.
Nitrogen analysis was carried out on the material re-
maining after alcohol-ether extraction. Electrophoretic
patterns were made on the subnatant solution after bring-
ing the material to the original volume of the serum in a
dialysis bag in front of an electric fan and dialyzing against
the standard buffer solution.

Total lipid, cholesterol, and phospholipid determinations
were obtained on the same sera that were studied electro-
phoretically. The methods are described separatedly (1).

RESULTS

The characteristic feature of the electrophoretic
pattern in the high-lipid sera of the patients with
biliary cirrhosis was a rise in the beta globulin
component. In addition, albumin was slightly re-
duced and the gammaglobulin was elevated. Fig-
ure 1 illustrates the ascending and descending pat-
terns from the sera of two of the patients with
high total lipid concentrations. Patient No. 2,
with a total lipid of 2489 mg.%o in the serum,
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FIG. 1. ASCENDINGAND DESCENDINGELECTROp
PATTERNSFROMTwo OF THE PATIENTS SHOWINGELE-
VATED SERUMLIPIDS

A-patient No. 2; total lipid, 2489 mg.%o0. B-patient
No. 7; total lipid, 1317 mg.% The increase in beta
globulin is readily apparent.

showed an extremely large area representing beta,
and beta2 globulins. Patient No. 7, with a some-
what lower lipid level, also showed a very large
beta globulin area but considerably smaller than
the combined beta, and beta2 of patient No. 2.
Figure 3 illustrates the pattern of the serum from
two other patients with total lipid concentrations
above 2000 mg.%.

In each case the area represented by the beta
globulin peaks was proportional to the total lipid
concentration of the serum. Figure 2 illustrates
the direct relationship between these two variables
in the serum of the 11 patients studied. The beta
globulin percentages in this figure represent the
sum of the various beta globulin peaks. A line
drawn through the points extrapolates to zero.
For every 1000 mg.% rise in total lipid, there was
approximately a 20% increase in beta globulin
area. Expression of the beta globulin in absolute

units of area instead of percentage of the total
A showed a similar straight line relationship when

plotted against total lipid concentration. This line
also passed through the zero point.

Table I contains the values for various lipid
fractions along with the electrophoretic compo-
nents for all of the sera covering a broad range
of lipid concentration. In addition to the expres-
sion of the electrophoretic fractions as percentages
of the total, the sum of the beta globulin com-
ponents for each of the sera is presented in abso-
lute terms as a multiple of the beta globulin area
of normal serum. The predominant abnormality
in the lipid pattern was an increase in phospho-
lipid, although the free cholesterol and neutral fat

A were also increased. It was not possible to deter-
mine whether any one lipid fraction influenced the
beta globulin area more than the others. The
alpha globulins did not show an increase in the
high-lipid sera similar to that observed for the
beta globulins. However, if the alpha globulins
were determined on the basis of the actual area
present rather than as a percentage of the total,
it was found that a definite rise did occur in the

RHORETIC high lipid sera. The very large alpha, peaks
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FIG. 2. THE RELATIONSHIP. BETWEENTHE TOTAL LIPID
CONCENTRATIONAND THE ELECTROPHORETICALLYDETER-
MINED BETA GLOBULIN AREA FOR THE SERA OF THE 11
PATIENTS STUDIED
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TABLE I

The lipd and electrophoretic composition of the sera of the 11 patients studied

Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Biliary cirrhosis
Normal
Postnecrotic

cirrhosis
Post-necrotic

cirrhosis

Lipid mg. %

Total Phospho- Neutral Total

lipid lipid fat choles-
jterol

2650
2489
2400
2200
1560
1340
1317

811
584
323

296

1300
1047
1220
980
620
594
553
310
183
110

120

348
527
293
451
327
216
123
116
124

66

91

950
853
810
732
453
417
492
281
191
103

72

Free
choles-

terol

864
750
682
671
186
229
244
107
48
30

51

Electrophoretic area
%of total

Alb.

29
26
27
26
35
36
28
47
63
43

41

ai

2
4
3
5
6
3
4
I5
4
6

5

as

5
11
9
9

11
10
9

10
8

12

7

A

22
16
20
43
21*
27
29
17
13

7

8

26
25
28

*
,% for this serum represents the sum of 6'1 and Ai.

t The absolute l globulin area of normal serum No. 9 was used for this comparison.

-V

16
18
13
17
27
24
30
21
12
32

39

P globulin area
Normal 0 globulin areat

6.0
5.1
5.8
4.9
2.5
2.3
2.6
1.7
1.0
0.5

0.5

reported by others (7) in nephrosis were not
observed.

In the four sera with a total lipid concentration
above 2000 mg.%b, three showed a double beta
globulin peak. The lipid composition of these
four sera was very similar, as was the composi-
tion of the proteins. The reason for the single
peak in the one case and the double peaks in the
other three was not apparent. Table II shows the
results of determinations of the mobility of the
various beta globulin components. The compo-
nent designated beta, had the mobility of the beta
globulin seen in normal serum. The concentration
of this component was increased in all of the high-
lipid sera. The component beta, showed a much

TABLE II

Mobilities of the various g5 globulin peaks encountered
in the sera of the 11 patients studied

Mobilities X 1o6
Patient No.

1 2.73 1.93
2 2.90 2.00
3 2.86 1.97
4 2.90
5 3.2 2.80
6 3.05
7 2.84
8 2.80
9 3.10

10 2.80
11 2.95

slower mobility and was seen only in the very

high-lipid sera. Another component, beta prime1,
with unusually rapid mobility was observed in only
one of the sera (patient No. 5).

In order to determine the effect of lipid removal
on the electrophoretic pattern of the high-lipid
sera, electrophoretic patterns were carried out
before and after diluting serum with a high salt
1%o phenol solution. This procedure has been
demonstrated to cause 85 to 95%o of the lipid of
the serum to separate from the solution along with

A B

FIG. 3. ASCENDINGELECTROPHORETICPATTERNs FROM
Two HIGH-LIPID SERA BEFOREAND AFTER SEPARATION
OF 95% OF THE SERuMLinms BY DILUTE PHENOLSOLU-
TION

Dotted lines represent the areas obtained by the pro-
cedure

Patient
No.
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2
3
4
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approximately 5% of the protein (6). Figure 3
illustrates these patterns from two of the sera.
The procedure did not alter significantly the albu-
min and gammaglobulin components. However,
the beta globulin area was reduced markedly. In
Figure 3A the total protein nitrogen of the serum
was 1.07%o; 0.06 gm. %protein nitrogen was re-
moved on centrifugation. The total lipid of this
serum was 2200 mg.%o; 2070 mg.%o were removed
on centrifugation. The electrophoretic area lost
by the procedure represented 33%o of the original
total area. The nitrogen-lipid ratio for the area
lost could be calculated readily. The factor that
should be used for the conversion of nitrogen to
lipoprotein for the area lost is not clear because it
probably represents various lipoproteins. If the
ordinary protein factor 6.25 is used, the area lost
represents 17%o protein. Similarly, for Figure 3B,
the area lost represents 14%o protein. This would
indicate a lipid content of 83%o and 86% for the
areas lost.

Numerous other analyses of the amount of pro-
tein which separated with lipid by the high salt
1% phenol procedure indicated that the composi-
tion of the separated material averaged 14%o pro-
tein and 86%o lipid. These observations have been
published separately (6). Sera from normal in-
dividuals showed a higher protein content of the
separated material. The average value obtained
was 28%o protein. These results suggest that the
elevation in total lipid in the patients under dis-
cussion in this study was not associated with a
proportional increase in tightly bound lipid-protein
complexes.

DISCUSSION

The electrophoretic determinations on the sera
of the 11 patients included in this study indicate
that the beta globulin area is the primary com-
ponent which is increased with increasing lipid
concentrations. The alpha globulin showed minor
changes. The direct correlation of total lipid and
total beta globulin area was striking and suggests
that the concentration of beta globulins and lipo-
proteins in serum is determined by the total lipid
level.

Just how the lipoproteins which make up the
beta globulin area in the high-lipid sera differ from
those normally present in serum is not entirely
clear. Two differences, however, have been noted.

First, the amount of protein tightly bound to lipid
was not elevated to the degree expected from the
total lipid increase. Secondly, a slowly moving
component, beta2, appeared in the electrophoretic
patterns of three of four sera containing more than
2000 mg.% total lipid. This component contained
a large part of the total lipid of the serum. The
possibility is raised that another protein takes over
the function of combining with the large excess of
lipid in these sera, particularly since the normal
beta, component is markedly increased. Whether
this represents a new protein or increased amounts
of a protein present in normal serum is not clear.

The slowly moving beta2 component showed ap-
proximately the same mobility as fibrinogen. The
fact that this peak did not represent fibrinogen was
verified by determination of fibrinogen levels in
the plasma of these patients. Although a slight
elevation was found, this was not nearly sufficient
to cause the marked beta2 peaks. In addition,
since serum was used for the electrophoretic analy-
ses, the major portion of the fibrinogen had been
removed.

In the presence of high-lipid concentration the
error involved in the usual calculation of various
protein fractions from electrophoretic patterns as
percentage of the total area is apparent from these
studies. In the one illustration shown, 48%o of the
total electrophoretic area represented beta globulin
but this contained only a small percentage of the
total protein nitrogen. Similar conclusions have
been reached by other observers who extracted the
lipids of serum with ether or acetone in the cold
(7, 8). Accurate estimation of protein concen-
tration in high-lipid sera such as those from pa-
tients with biliary cirrhosis and nephrosis can only
be obtained by direct calculation from the refrac-
tive index increment of the proteins.

SUMMARY

1. Electrophoretic patterns of the sera of pa-
tients with unexplained biliary cirrhosis containing
high-lipid concentration showed marked increases
in the beta globulin components.

2. The total beta globulin area was directly pro-
portional to the total lipid concentration of the
serum. Determinations were carried out over a
total lipid range from 300 to 2700 mg.%.

3. The high-lipid sera all showed a beta globulin
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component with a mobility close to that of the beta
globulin seen in normal serum. An additional
component with a slower mobility appeared in
three of the four sera with very high lipid con-
centration.

4. Attempts were made to determine the com-
position of the beta globulins by means of electro-
phoretic patterns before and after separation of
the lipids from serum.
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