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SUMMARY The purpose of the present study was to develop and evaluate electroimmu-

noassay (EIA) for human plasma apolipoprotein (Apo) B and quantify Apo B concentrations

in plasma and lipoprotein density fractions from Japanese control healthy subjects, cord

blood and pregnant women. LDL of narrow density range (LDL2: 1.030<d<1.osog/ml) was

isolated by ultracentrifugation. Antiserum against lipoprotein B was obtained by injecting

LDL2 intraperitoneally into rabbits. Double immunodiffusion and immunoelectrophoresis

revealed this antiserum is monospecific to lipoprotein B. Electroimmunoassay of Apo B was

performed essentially according to the method of Laurell. Concentration of antigen and

antibody and time for electrophoresis were investigated. Linear relationship between height

of rocket-shaped immunoprecipitates and antigen concentraton from 20 to 160ƒÊg/ml was

observed utilizing sso-fold dilution of antiserum and electrophoresis for 5 hours with 10

volts/cm. The accuracy of the method was the highest with a peak height of 2 to sem.

On the basis of 10 analyses of single sample, the standard error was found to be 2.0%.

Apo B concentrations in plasma and lipoprotein density fractions from healthy control sub-

jects, cord blood and pregnant women, were investigated. Apo B concentrations in plasma,

VLDL, LDL and HDL from control subjects were 128•}40, 11•}4, 103•}7 and 13•}sing/100

ml, respectively. Percent distribution of Apo B in VLDL, LDL and HDL were 9.0•}3.2, 81.0

±5.8 and 10.0±3.8%,  respectively. Plasma Apo B concentration of the mothers (n=15)
was 263•}37mg/100ml, which was approximately two times of plasma Apo B concentration

of control healthy subjects. However, there was no difference in Apo B distribution in lipo-

protein density classes between pregnant women and control. In cord blood (n=15), plas

ma Apo B concentration (48•}16mg/100ml) was less than one half of control. Percent Apo

B distribution in VLDL, LDL and HDL were 8.4, 87.7 and 4.0%, respectively. Percent Apo B

concentration in LDL and HDL were higher and lower, respectively, than those in LDL and

HDL from control healthy subjects.
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Introduction

The close association between low

density lipoprotein or its major lipoprotein,

lipoprotein B (LP-B) and atherosclerosis has

been suggested epidemiologically and by

the presence of apolipoprotein (Apo) B in

the atherosclerotic legion1)•`4). Therefore,

it seems to be very important to quantify

the plasma lipoprotein or apolipoprotein

B in order to investigate the metabolic

abnormalities in atherosclerotic cardiovas

cular diseases, diabetes mellitus and en

docrine diseases. Several investigators

have described electroimmunoassay (EIA)

5)•`8)
, radioimmunoassay (RIA)9)•`14), radial

immunodiffusion assay (RID)15)16), enzyme

immunoassay17) or immunonephelometry18)

for plasma Apo B quantification. Curry,

M. D. reported the advantages of EIA over

RIA and RID5). Even though quantification

by radial immunodiffusion is a technically

simple procedure, there are at least three

aspects of electroimmunoassay that make

it the method of choice. Firstly, quanti

fication by electroimmunoassay can be

accomplished with polyvalent antisera.

Secondly, the electroimmunoassay can be

completed in 5•\8 hours, whereas radial

immunodiffusion requires at least 3 days.

Finally, the rocket-shaped immunoprecipi

tates often provide important clues about

the structure of lipoproteins. These argu

ments are also applicable to a comparison

of electroimmunoassay and radioimmuno

assay. More importantly, electroimmuno

assay does not require some of the burden

some tasks of radioimmunoassay such as

frequent preparations of radioactively-la

beled  antigens with retained immunoactiv

ity, rechromatography of the labeled an

tigen prior to each assay and evaluation

of all reagents for non-specific binding.

The purpose of the present study was to

develop and evaluate EIA for human .

plasma Apo B and quantify Apo B con
centrations in plasma and lipoprotein den

sity fractions from Japanese control healthy

subjects, cord blood and pregnant women.

Materials and Methods

Isolation of the Low-Density Lipoproteins

(LDL) Subtraction, LDL2 

Blood was obtained from normal

control subjects who had been fasted for

14 hours. Blood was placed in centrifuge

tube containing disodium ethylenediamine

tetraacetate (EDTA : Sigma Chemical Co.,

St. Louis, Mo.) 1mg per ml of blood. One

part of 0.25M EDTA in 0.5M phosphate
buffer, pH 7.5 was added to 49 parts of

serum to give a serum EDTA concentra
tion of 0.005M and a phosphate buffer

concentration of 0.01M. To inhibit bac

terial growth, NaN8 was added to give a

concentration of 0.1mg in each milliliter of

plasma. The solvent density of plasma
was adjusted to d=1.030g per ml with solid

KBr (Wako Biochemicals, Osaka, Japan)

and centrifuged in a Type 40.3 rotor

on the L5-50 preparative ultracentrifuge

(Beckman Instruments Inc., Palo Alto,
Calif.) for 44 hours at 105,000xg. After

44 hours, the top 2ml was removed by

the tube-slicing technique. LDL2 (1.030<d

<1.050g/ml) was isolated by adjusting the
solvent density of the infranatant solution
with solid KBr to d=1.050g/ml and cen

trifuging at 105,000xg for 44 hours. LDL2
was washed at d=1.050g/ml three times

to remove contaminating serum albumin

(checked immunochemically using anti
albumin serum) and was dialyzed exhaus

tively against 0.154M NaCl, pH 7.5. The

rationale for using narrow range of LDL

(LDL2: 1.030<d<1.050g/ml) was that the
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majority of the Apo B (77%) and its co

rresponding lipoprotein family, LP-B is

confined to this density fraction19).

Preparation of Antibodies

Equal volumes of antigen solution,

LDL2 (approximately 3.0mg/ml) and Fre

und's complete adjuvant (Difco Laborato

ries, Detroit, Mich.) were mixed and then 

injected intraperitoneally into rabbits weigh

ing 2 Kg. Several additional injections

through the same site were made at

intervals for 7 days. Four weeks after

initial injection, approximately 40ml of

blood were obtained weekly by cardiac

puncture. The antiserum was examined by

immunodiffusion and immunoelectropho

resis with various antigens. The antisera

were stored at -80•Ž with sodium azide

(1mg/ml of antisera) as preservative.

Double Immunodiffusion and

Immunoelectrophoresis

Double immunodiffusion in gel was

performed at room temperature in a high

humidity chamber, using glass slides (25

×75mm)prepared with 1 per cent agarose

(Bio-Rad Laboratories, Richmond, Calif.);
veronal buffer, pH 8.6, ionic strength0.10;

and 0.25 percent sodium azide. Immuno

electrophoresis was performed in the same

veronal buffer using voltage of 120V and

constant current of 70mA for 70min. De
velopment of precipitin lines was observed

for four days, although the process was

usually completed within 24 hours. Precip

itin bands were recorded by direct photo

graphy of the plates.

Polyacrylamide Gel Electrophoresis

(PAGE)

Analytical discontinous PAGE was

performed essentially as described by

Davis B. J.20) A separating gel of 7 per

cent polyacrylamide was used for the

separation of apolipoproteins as described

by Alaupovic P. et al.21), employing a

Tris-glycine buffer (pH 8.3). The electro

phoretic separation of polypeptides was

usually carried out with 8M urea in the

separating gel and 4M in the stacking

and sample gels, with a constant current

of 5.0mA per tube. The electrophoresis

was terminated when the tracking dye

(Bromophenol Blue) had migrated 4.0cm

into the separating gel. The gels were

fixed and stained simultaneously by placing

them in a solution of 0.12 per cent Coo

massie Brilliant Blue R (Sigma) in 10 per

cent trichloroacetic acid (TCA) (1.0/10.0,

v/v).

Agarose Gel Electrophoresis

Agarose gel electrophoresis was car

ried out in 1 per cent agarose (Bio-Rad

Lab.) under the same conditions as de

scribed for immunoelectrophoresis. The

sample was mixed with an equal volume

of 1 per cent agarose and poured into a

trough (1.5mm by 13mm) previously cut

in the gel, until the trough was completely

filled. After completion of the electropho

resis, we fixed the slides in 10 per cent

TCA for 1 hour, washed them in distilled

water for 2 hours, and dried them over

night. After drying, the slices were stain

ed in freshly prepared Fat Red 7 B in

absolute methanol for appromixately 10

min at 37•Ž and rinsed for 30 seconds

with 75% ethanol. Plates were then
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immediately rinsed in 20% glycerol for

thirty seconds and dried.

Isolation of Lipoprotein B

Concanavalin (Con) A-Sepharose (Phar
macia Fine Chemicals, Uppsala, Sweden)

was equilibrated with 0.02M Tris (pH 7.2),

1.0M NaCl,1mM MgCl2, 1mM CaCl2 buffer

(Con A buffer I) and poured into a col

umn (2 •~ 30cm) with a glass filter. LDL of

narrow density range (1.030•\1.050g/ml)

was isolated by ultracentrifugation, dia

lyzed against Con A buffer I and applied

to a Con A-Sepharose column. Retained

lipoproteins were eluted with equilibration

buffer which contained 0.2M ƒ¿-D-methyl

glucoside (Con A buffer II)22). The elution

of fractions from columns was monitored

by absorption at 280nm.

Electroimmunoassay of Apolipoprotein B

In 1966, Laurell C. B. published an

immunochemical quantitative method which

has since been termed electroimmunoassay

(EIA) or "rocket" immunoelectrophoresis23).

We utilized the principles of electroimmu

noassay to develop and evaluate quantita

tive methods for human plasma Apo B.

Optimal assay condition was investigated.

In the present adaptation of Laurell's

electroimmunoassay, the supporting media

were prepared by melting 2.5% agarose

(w/v) in electrophoresis buffer (Veronal

buffer, pH 8.6, ionic strength 0.10) on a

boiling water-bath with continuous stirring.

Curry M. D. reported that he obtained the

best results when the supporting gels were

firm and the water content was at a

minimum5). The percentage of agarose,

2.5% to be put into solution was consid

ered maximal when the solution began 

to congeal above 50•Ž. It has been reported

that the antibody-containing gels could be

sealed and stored in the cold (4•Ž) moist

chamber for up to 4 weeks. Usually stored

gels were used within one week. A mono

specific antiserum against LP-B was thor

oughly mixed with 30ml of the agarose

mixture which had been allowed to cool

to 55•Ž. Laurell C. B. pointed out that in

quantitative work the antibodies in the

gel must be evenly distributed and the gel

must be of uniform thickness along the

migration route23. For this purpose, we

made the gel in a mold constructed of U

frame and two glass plates (Farbwerke

Hoechst, AG, Frankfurt, West Germany:

205×110×1.5mm). The gels containing

antiserum were stored in a humid cham

ber at 4•Ž for one to two days before use,

for maximum gel stability. Eighteen an

tigen wells of 4mm diameter were punched

out with center-to-center distances of 10

mm using punching template and gel

punch (Farbwerke Hoechst AG). Ten mi

croliters of standard or sample, properly

diluted with buffer containing 0.25M sucro

se, 0.154M NaCl and 2.7mM NaN3 (Normal

plasma samples required a 15-to 40-fold

dilution), were applied with a Drummond

microdispenser (Drummond Scientific Co.,

Broomall, Pa., USA). Electrophoresis was

performed with a constant voltage of 10

V/cm. Water circulating through the 

electrophoresis platform (CIS-1, Kayagaki

Irika Kogyo, Tokyo, Japan) was maintain

ed at 10•\15•Ž by water circulating

system (C-P30B, Hitachi Kaden, Tokyo,

Japan). After electrophoresis, the assay

plate was put into a bath containing 0.9

% (w/v) NaCl for 12 hours at 4•Ž, blotted

with Whatman No.2 filter paper and dried

with cold air. Immunoprecipitates were 

stained with a Coomassie Brilliant Blue

R (CBBR) solution (0.12% CBBR-water-

acetic acid-95% ethanol, 2 : 2 : 2 : 1, v/v)
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for 10min and destained to a clear back

ground in a solution of acetic acid-95%
ethanol-water (1 : 3 : 5, v/v). The height

in millimeters (center of antigen well to

apex of immunoprecipitate) was measured

using a ruler over fluorescent lighting.
Measurements were generally made with

a ruler to the nearest 0.5mm.

Protein Analysis

Protein in lipoprotein fractions was

determined by the metod of Lowry O. H.24)

and co-workers using bovine serum albu

min (Sigma Chemical Co.: crystallized and

lyophilized) as standard.

Results

Characterization of LDL2

(1.030<d<1.050g/ml)

On agarose gel electrophoresis, LDL2

showed only one lipoprotein band. When

LDL2 was analyzed in 7 per cent PAGE

with 8M urea and stained for protein,

not only a Apo B band at the junction

between stacking gel and separating gel

but also several other minor bands were

observed, indicating that LDL2 contains at
least 3 or 4 protein moieties suggestive of

Apo B, Apo C, Apo E and Apo A.

LDL2 on Concanavalin A-Sepharose

McConathy W. J. and Alaupovic P.

suggested a selective binding of concana

valin A to lipoprotein B22). Elution profile

of LDL2 applied to concanavalin A-Sepha
rose 4B column is shown in Fig. 1.

Retained fraction reacted positively with

anti-LP-B. PAGE of unretained fraction
showed several minor bands (Fig. 2).

However, only very faint bands were

visible on PAGE of retained fraction.

Fraction Number

Fig. 1 Elution profile of Concanavalin A-Se

pharose 4B affinity chromatography

of LDL2 (1.030<d<1.050g/ml An

arrow indicates the application of

Con A buffer II containing 0.2M ƒ¿-

D-methyl-glucoside.

Fig. 2 Pattern of polyacrylamide gel clectro

phoresis of LDL2, unretained (U) and
retained (R) fracton from Concanava
lin A-Sepharose 4B affinity chromato
graphy.
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Center well : and-LDL2

Fig. 3 Left : Double immunodiffusion of LDL2 and human albumin (Sigma) against

anti-LDL2 rabbit serum.

Right : Immunoelectrophoresis of LDL2 with anti-LDL2 rabbit serum.

Characterization of Anti-LDL2 Rabbit

Serum (Fig. 3)

A single precipitin line was observed

in the reaction between LDL2 and anti-LDL2

serum. No reaction was detected against

human serum albumin. Electrophoresis of

LDL2 followed by reaction with anti-LDL2

serum demonstrated a single precipitin arc

of lipoprotein B in the ƒÀ-globulin position.

These observations indicated that this

rabbit anti-serum induced against LDL2

was the same as anti-LP-B or monospecific

antiserum to lipoprotein B.

Choice of Antigen and Antibody

Concentration

To save antisera and/or antigen, the

smallest amount of antigen and the lowest

antiserum concentration giving a well pre

cipitation peak 2•\5cm high were determi

ned (Fig. 4).

The gels contained electrophoresis

buffer and an increasing amount of anti

serum (300-fold dilution to 700-fold dilu

tion). During these tests the electrophoresis

was run for 5 hours with 10 volts/cm.

The antigen concentrations tested were

from 20 to 160ƒÊg/ml. Immunoprecipitates

were considered adequate when they had

definite apexes and their side lines extend

ed to the antigen well. The amount of

Dilution of Antiserum

Fig. 4 Relationship between rocket height

and dilution of antiserum (300-fold

dilution to 700-fold dilution) utilizing

antigen concentration from 20 to

160ƒÊg/ml.
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antigen that would give a thin but dis

tinct precipitation line with the lowest

useful concentration of antiserum in the

gel was estimated from the appearance of

the precipitation pattern on the slides.

When dilution of antiserum was over 600

times, the appearances of the rocket were

not clear. Five hundreds and fifty fold

dilution of the anti-serum used for the

present study was considered to be appro

priate.

Selection of Time for Electrophoresis

Fig. 5 and 6 show the height of the

precipitin lines obtained for an increasing

time utilizing the increasing concentrations

of antigen. The amount of protein of LDL2

applied in the wells varied from 20 to

160ƒÊg/ml and the antiserum concentration

in the agarose was 550-fold dilution. The

duration of electrophoresis was established

by studying the relationship between rock

et heights and antigen concentrations

with time utilizing field strength of 10V/

cm. The precipitation frontiers migrated

rapidly during the early period of electro

phoresis but within 2 hours those in the

gel with the smallest amount of antigen

Fig. 5 Relationship between rocket height

and concentration of antigen utilizing

various duration of electrophoresis.

Fig. 6 Relationship between rocket height and

duration of electrophoresis utilizing

antigen concentration from 20 to 160

μg/ml.

Fig. 7 Relationship between rocket height and

antigen concentration. Antiserum con
centration in the agarose and duration
of electrophoresis were 550-fold dilu
tion and 5 hours with 10 volts/cm,
respectively. The inset shows the
appearance of the rockets.

ceased to move at a measurable speed. In

gels with the largest amount of antigen,

the precipitation front continued to migrate

for 4•\6 hours. The results of a series of

model experiments are shown in Fig. 7

to show how the migration rate of the

precipitation frontiers changes with the

antigen concentration at constant antibody

concentrations. The variation of the ratio
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between the distance traveled by the preci

pitate and the antigen concentration is
apparent from Fig. 7. When the expert

ments were run for 4 hours or more this

relationship was linear.

Precision of the EIA for Ape B

The accuracy of the method is the

highest with a peak height of 2 to sem.

On the basis of 10 analyses of single

sample, the standard error was found to

be 2.0%. The peak height used was 2.5

cm. The relative error was roughly con

stant at peak heights between 2 to sem

and increases below 2cm. Samples giving

low peaks may be run in higher con cen

tration to obtain peak heights enabling

more exact estimations.

Ape B Concentrations in Plasma and

Lipoprotein Density Fractions from
Healthy Control Subjects

Blood was obtained from healthy

control subjects (n=10) after 14 hours fast

ing. Lipoproteins were fractionated by

sequential ultracentrifugation at 1.006g/

ml and 1.063g/ml. Ape B concentrations

in plasma, VLDL, LDL and HDL were

128•}40, 11•}4, 103•}7 and 13•}5mg/iooml,

respectively. (Table 1). Percent distribu

Table 1 Concentrations of Ape B, cholesterol,

triglyceride and phospholipid in plas
ma, VLDL, LDL and HDL of control
healthy subjects. All values are ex

pressed in mg/iooml.

tion of Ape B in VLDL, LDL and HDL

were 9.0•}3.2, 81.0•}5.8 and 10.0•}3.8%,

respectively.

Ape B Concentrations in Plasma and

Lipoprotein Density Fractions from

Cord Blood and Pregnant Women

Cord blood were obtained from the

15 unselected apparently normal neonates,

8 males and 7 females2s). Blood were ob

tained from their fasted mother within 24

hours after delivery. Plasma Ape B con

centration of the mothers (n=15) was 263

±37mg/100ml(Table 2), which was ap

proximately two times of plasma Ape B
concentration of control healthy subjects.

Table 2 Concentrations of Ape B, cholesterol,

triglyceride and phospholipid in plas
ma, VLDL, LDL and HDL of preg
nant women right after the delivery
of the baby. All values are expressed
in mg/100ml.

Table 3 Concentrations of Apo B, cholesterol,
triglyceride and phospolipid in plas-
ma, VLDL, LDL and HDL of cord
blood. All values are expressed in
mg/100ml.
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However, there was no difference in Apo B

distribution in lipoprotein density classes

between pregnant women and control. In

cord blood (n=15), plasma Apo B concen

tration (48•}16mg/100ml) was less than one

half of control (Table 3). Percent Apo B

distribution in VLDL, LDL and HDL were

8.4, 87.7 and 4.0%, respectively. Percent

Apo B concentration in LDL and HDL

were higher and lower, respectively, than

those in LDL and HDL from control heal

thy subjects.

Discussion

When electroimmunoassay of Apo B

in plasma and lipoprotein density fractions

is performed, the following items should

be tested carefully as in the present study:

1) Characterization of standard

2) Characterization of antiserum
3) Choice of antigen and antibody

concentration

4) Time for electrophoresis
5) Precision of the EIA of Apo B

Then, EIA should be applied for quantifi
cation of Apo B in plasma and lipoprotein

density fractions from healthy control

subjects and the patients with various

diseases.

Characterization of narrow range of

LDL, LDL2 (1.030<d<1.050g/ml) by PAGE

and concanavalin A-Sepharose column

chromatography exhibited the heterogene

ity of apolipoprotein composition, indi

cating the existence of minor apolipopro

teins, such as Apo C, E and A other than

major Apo B. Therefore, it is not reason

able in the narrow sense to use LDL2 as

a standard of lipoprotein B. Purification

of lipoprotein B by concanavalin A-Sepha

rose column chromatography was not
successful in the present study, though

bound fraction of concanavalin A-Sepha

rose 4B column was mainly composed of

lipoprotein B. We used the factor 0.86

(0.94 •~ 0.92) for the correction of the

lipoprotein B concentration in LDL2. It is

suggested that 4 to 8 percent higher Apo

B values for unknown samples is observed

when LDL2 subfraction was used as a

standard, owing primarily to the presence

of Apo C and Apo E in this density frac

tion19). Previous quantitative data indicated

that Apo B account for 94% of the protein

content of this density fraotion and there

is a minimum amount of other apolipo

proteins, as compared to other density

classes19). Therefore, we used factor 0.94

to correct. Moreover, there was a common

disagreement with respect to the protein

determination of a standard LP-B. It is

suggested that the protein concentration

of LP-B standards is overestimated by the

method of Lowry, it is necessary to correct

for the chromogenecity differences between

LP-B and either bovine or human albumin

used as standard. We used the factor 0.92

as suggested by Lee D. M.19)

Characterization of anti-LDL2 rabbit

serum by double immunodiffusion and
immunoelectrophoresis disclosed that this

rabbit anti-serum induced against LDL2

was the same as and LP-B or monospe

cific antiserum to lipoprotein B. This was

confirmed further by immunoprecipin line

by electroimmunoassay which showed sharp

and fine precipitation peak. This might be

explained by stronger antigenecity of Apo

B than other minor apolipoproteins such

as Apo C, Apo E and Apo A.

In addition to titer of antiserum,

there are at least two factors that influ

ence the concentration of antiserum used
in the supporting gel5):

1) A slight antibody excess had to be
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maintained in order to avoid forma

tion of soluble antigen-antibody com

plexes (the tallest standard should
maintain a definite apex after pro
longed electrophoresi),

2) The selected concentration of anti

body had to allow a reasonable

dilution of the sample antigen. In

turn, decreasing the concentration

of antibodies increases the sensitivity

of the assay.

To save antisera and/or antigen, the small

est amount of antigen and the lowest

antiserum concentration giving a well

precipitation peak 2•\5cm high was explor

ed in the present study. Utilizing the

antigen, 20 to 160ƒÊg/ml, appropriate dilu

tion of antiserum was 550-fold. Appro

priate dilution of antiserum should be

tested, when every new anti-LDL2 serum

is employed.

Curry, M. D. investigated field stren

gth and duration of electrophoresis5). He

pointed out the followings:

1) The rate of electrophoretic migra

tion of a protein determined the

time of assay.

2) The aggregation of antigen-antibody

complexes was increased at lower

field strengths.

3) High field strengths increased heat

production and promoted dehydra
tion of the gel.

4) The temperature of circulating water

influenced immunoprecipitation thro

ugh its effect on the gel (condensa

tion, fluidity of the gel matrix, etc.).

To develop rapid assays without dena

ture of the gels, we utilized the relatively

high field strength of 10 V/cm and water

circulating platform at 10•\15•Ž. In gels

with the largest amount of antigen, the

precipitation front continued to migrate

for 4•\6 hours. It is necessary to explore

the appropriate time to obtain the sharp

and fine precipitation line, at the concen

trations of antigen and antibody used.

The data presented indicated that 5 hours

for electrophoresis was enough.

Utilizing the optimal condition for

EIA of Apo B stated above, we measured.

Apo B concentrations in plasma and lipo

protein density fractions of healthy control

subjects, cord blood and pregnant women.

So far, the absolute concentrations of Apo

B in lipoprotein fractions have not been

reported in Japan and only changes rela

tive to the Apo B levels in a whole serum

or the Apo B values expressed in arbitrary

units were reported26)27). Apo B concentra

tions in plasma, VLDL, LDL and HDL of

normal subjects in USA were 93•}26, 80•}

2.0, 76•}20 and 9•}3mg/100ml, respec

tively6). In the present study, Apo B con

centrations in plasma and LDL of the Japa

nese were slightly higher than those in

USA. However, percent distribution of

Apo B in lipoprotein density classes from

the Japanese and the American were com

parable. In normal subjects of USA,

percent distribution of Apo B in d<1.019,

1.019•\1.063 and d>1.063 were 8.6, 81.7

and 9.7, respectively6). Plasma Apo B

concentration of the mothers was 263•}

37mg/100ml, which was approximately two

times of plasma Apo B concentration of

control healthy subjects. However, there

was no difference in Apo B distribution in

lipoprotein density classes between pre

gnant women and control. These observa

tions in percent distribution of Apo B in

lipoprotein density classes from control

and pregnant women justified our assay

system for Apo B concentration.

A unique distribution of lipids in

lipoprotein density classes of cord blood has

been reported27) In Japanese cord blood,
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total cholesterol of 73.3•}15.9mg/100ml

was distributed in the three lipoprotein

density classes as follows : 2.8•}2.1mg/100

ml (3.7•}2.4%) in VLDL, 27.9•}7.2mg/100

ml (37.9•}4.4%) in LDL and 42.8•}8.9mg

/100ml (58.5±4.1%)in HDL. By contrast,

in control adults under 40 years old, total

cholesterol of 190•}29.2mg/100ml was dis-

tributed in three lipoprotein density cla-

sses as follows : 15.3•}5.4mg/100ml (7.9

±2.3%) in VLDL, 121.8±27.9mg/100ml

(63.1•}6.0%) in LDL and 54.3•}8.7mg/

100ml (29.0±5.8%) in HDL. Fetal HDL

are a little over one-half, LDL about one

fifth and VLDL about one twentieth of

their respective concentrations in maternal

plasma at term. In cord serum the concen-

trations of all lipoprotein classes are lower

than those obtained in adults. The greatest

difference exists in the levels of VLDL,

the fraction of which was found to be

only a minor one in fetal blood. In cord

blood, plasma Apo B concentration was

less than one half of control which is com-

parable to the report by McConathy W. J.

et al.28) McConathy W. J. et al. reported

the reduced levels of apolipoproteins in

cord serum. Levels of Apo C-I, C-II and

Apo E approached adult levels (83 to 86%

of the adult levels), whereas Apo B and

D were most reduced when compared to

the adult concentrations, 29 and 37%, re-

spectively. The three other apolipoproteins

such as Apo A-I, A-II, and C-III were

present at approximately one-half the levels

found in adults. The present study showed

that plasma Apo B level of cord blood

was 47.6•}15.7mg/100ml, approximately

one-half that of adults and confirmed the

reduced level of Apo B. Apo B distribu-

tion in lipoprotein density classes of cord

blood has not been reported. Apo B con-

centrations and distributions in plasma,

VLDL, LDL and HDL reported in the pre-

sent paper confirmed that our method of

EIA of Apo B is reasonable.

References

1) M. Barclay : Blood Lipids and Lipoproteins
: Quantitation, Composition and Metabolism ,
ed. by G. J. Nelson, Wiley Interscience,
New York, p. 585 (1972)

2) G. Crepaldi, R. Fellin, G. Briani, G. Baggio,
E. Manzato and R. Veronese :
Atherosclerosis, 26, 593 (1977)

3) H. F. Hoff, C. L. Heideman, R. L. Jackson,
R. J. Bajardo, H.-S. Kim and A. M. Gotto,
Jr. : Circ. Res., 37, 72 (1975)

4) H. F. Hoff, J. T. Lie, J. L. Titus, R. J.
Bafardo, R. L. Jackson, M. E. DeBakey and
A. M. Gotto, Jr. : Arch. Pathol., 99, 253

(1975)

5) M. D. Curry : A dissertation submitted to
the University of Oklahoma Graduate
College. (1976)

6) M. D. Curry, A. Gustafson, P. Alaupovic
and W. J. McConathy : Clin. Chem., 24,
280 (1978)

7) J. Kahan and L. Sunblad : Scand. J. Clin.
Lab. Invest., 24, 61 (1969)

8) P. N. Durrington, J. T. Whicher, C. Warren,
C. H. Bolton and M. Hartog : Clin. Chim.
Acta, 71, 95 (1976)

9) R. P. Eaton and D. M. Kipnis : J. Clin.
Invest., 48, 1387 (1969)

10) G. Schonfeld, R. S. Lees, P. K. George and
B. Pfleger : J. Clin. Invest., 53, 1458 (1974)

11) G. J. Bautovich, L. A. Simons, P. F. Williams
and J. R. Turtle : Atherosclerosis, 21, 217

(1975)
12) J. J. Albers, V. G. Cabana and W. R.

Hazzard : Metabolism, 24, 1339 (1975)

13) G. R. Thompson, M. E. Birnbaumer, R. I. 
Levy and A. M. Gotto, Jr. : Atherosclerosis,
24, 107 (1976)

14) D. K. Bedford, J. Shepard and H. G. Morgan
: Clin. Chim. Acta, 70, 267 (1976)

15) R. S. Lees : Science, 169, 493 (1970)

16) A. Sniderman, B. Teng and M. Jerry : J.
Lipid Res., 16, 465 (1975)

81



Japan. J. Clin. Chem. Vol. 11, No. 2, 1982.

17) J. C. Fruchart, C. Desreumax, P. Dewailley,
G. Sezille, J. Jaillard, Y. Carlier, D. Bout
and A. Capron : Clin. Chem., 24, 455 (1978)

18) F. C. Ballantyne, J. Williamson, D. Shapiro,
M. J. Caslake and B. Perry : Clin. Chem.,
24, 788 (1978)

19) D. M. Lee and P. Alaupovic:
Atherosclerosis, 10, 501 (1974)

20) B. J. Davis : Ann. NY Acad. Sci., 121, 404

(1964)

21) P. Alaupovic, D. M. Lee and W. J. Mc
Conathy : Biochim. Biophys. Acta, 260,
689 (1972)

22) W. J. McConathy and P. Alaupovic : FEBS
Lett., 41, 174 (1974)

23) C. B. Laurel! : Anal. Biochem., 15, 45 (1966)

24) 0. H. Lowry, N. J. Rosebrough, A. L. Farr
and R. J. Randall : J. Biol. Chem., 193, 265

(1951)

25) T. Nakai, T. Tamai, S. Yamada, T. Kobay
ashi, T. Hayashi, Y. Kutsumi, K. Oida and
R. Takeda : Artery, 9, 132 (1981)

26) 古 賀 俊逸, 池 田健 次 郎, 井 林 博: 動 脈 硬 化

(J. Jap. AtheroscleL Soc.), 4, 299 (1976)

27) 古 賀 俊 逸, 平 山 千里, 井 林博: 生物 物 理, 20,

49 (1976)

28) W. J. McConathy and D. M. Lane:
Pediatr. Res., 14, 757 (1980)

82


