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INTRODUCTION

Atherosclerosis and ischemic heart disease are major causes of morbidity

and mortality in a considerable portion of the world's population. That in

creased serum lipids and, therefore, increased lipoprotein concentrations

are associated with the development of these conditions has been well estab

lished, both from prospective population studies (Doyle et al., 1957; Dawber

et al., 1957) and from studies of individuals with coronary heart disease

(Goldstein et al., 1973).

Because of this association, numerous efforts have been made to develop

simple, reliable methods for the measurement of lipoproteins. A host of

techniques have evolved, some of which will be discussed in more detail

in the following section.

The standard technique for the quantification of human serum lipoproteins

requires their isolation by preparative ultracentrifugation. Lipid measure

ments are then made on the isolated lipoproteins. This method, however,

is technically demanding and time consuming, and it requires expensive

laboratory equipment.

It was the purpose of this study to compare two less complex methods

for estimating serum lipoprotein concentrations with the standard technique

of preparative ultracentrifugation.
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The first of these methods was that of quantitative lipoprotein electro

phoresis in agarose gel (Hatch et al., 1973). This technique requires that

electrophoretically separated lipoproteins be stained and the dried gels

densitometrically scanned. From the staining characteristics of the lipo

proteins, a consideration of their percentage composition, and from serum

lipid levels, it is possible to predict the concentration of each lipoprotein

in the serum. In this study, the concentrations are expressed as lipoprotein

cholesterol or triglyceride.

The second method is an empirical one which was developed in this

laboratory. It employs regression equations which relate serum triglyceride

concentration to lipoprotein cholesterol concentration for each class of lipo

proteins. These equations also relate serum triglyceride concentrations to
*

the concentration of triglyceride in very low density lipoproteins (VLDL). *

The second method relies only upon assays for serum cholesterol and

triglyceride which present few technical problems and are widely available.

But simplicity that significantly compromises accuracy has nothing to

recommend it.

Therefore this project undertook to answer the following questions:

1. Which of these two methods provides the best estimate of the
concentration of human serum lipoproteins?

* The abbreviations used in this thesis are: VLDL, very low density
lipoproteins; LDL, low density lipoproteins; HDL, high density
lipoproteins; TG, triglyceride; Chol, cholesterol.
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If significant differences do exist between the estimates provided
by the two methods, are these differences uniform or are they
confined to a particular lipoprotein class?

Are there circumstances, apart from technical difficulties, under
which the accuracy of either method is diminished: If so, can
these circumstances be defined?



METHODS FOR SEPARATING & MEASURING HUMAN SERUM LIPOPROTEINS

I Measurement by Selective Precipitation

In their attempts to characterize the macromolecular components of animal

and human blood plasma, early investigators used various precipitation

techniques.

The earliest known separation of a plasma fraction with a predictable

lipid-protein composition was accomplished by Macheboeuf, in 1928, working

with horse serum. Macheboeuf used half saturated ammonium sulfate and

0.2 N sulfuric acid to precipitate what is now recognized as lipoprotein.

He characterized the fraction as to its phospholipid, triglyceride, cholesterol

and protein content (see Lindgern, Jensen, 1972; Skipski, 1972).

Using another method of precipitation, Cohn (1945) developed a system

for separating the protein components of blood which employed ethanol

fractionation at low temperatures in the presence of various salts (Cohn et al.,

1950). Two of these protein fractions, III-0 and IV-1, were subsequently

shown to contain Áana Cº lipoproteins, respectively (Oncley et al., 1947).

Ultracentrifugal Analysis

With the development of the analytical ultrancentrifuge, a new tool be

came available by which the characterization of plasma lipoproteins was

possible.
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McFarlane (1935) used this technique in his comparative study of

plasma from horses, cows and humans. In all these species he identified

three fractions: an "A fraction", so designated because of its presumed

relationship to serum albumin, an "X fraction", or unknown fraction, and a

"G fraction", presumed to have a relationship to serum globulins. In his work

however, he was unable to achieve adequate characterization of the "X

fraction".

Oncely and associates (1947) used the analytical ultracentrifuge to

characterize human plasma that had been subjected to Cohn fractionation.

Cohn fraction V was found to be 98% albumin, and the Y globulin fraction

was found to be 98% globulin. They found Aglobulins primarily in fractions

III, III-0, and IV-4, with smaller quantitites being seen in fraction IV-1

and V. These investigators then subjected Cohn fraction III-1, III-2, III-0,

and IV-1 to preparative ultracentrifugation. From fraction III-0 they obtained

a solution that contained over 90% flipoproteins which they characterized

as containing 75% lipid and only 4% nitrogen. Analytical ultracentrifugal

analysis of these isolated4 lipoproteins showed that they corresponded to

the "X fraction" of McFarlane (1935). From Cohn Fraction IV -1, Oncley

and colleagues isolated o' lipoproteins, which they described as containing

about 35% lipid and having a sedimentation constant near 5.0.

The problem of resolving the "X fraction" remained until 1947 when

Pederson (1947) described a method by which lipoproteins could be separated

by floatation in the ultracentrifuge. He found that the sedimentation diagram
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of human serum was very sensitive to small variations in salt concentration.

He concluded that this effect was due to an alteration in the density of the

solution, which was caused by the added salt. Pederson found that the "X

fraction" in serum would float at a density X 1.04, and using this phenomenum,

he added magnesium sulfate to human serum and ultracentrifugally characterized

the "X fraction". Gofman, Lindgren, and Elliot (1949), in a modification of

the technique developed by Pederson, added sodium chloride to serum until

a concentration of 7.8% was achieved and then subjected the serum to ultra

centrifugation. They characterized the ultracentrifugally isolated lipo

proteins which floated at this salt concentration and reported that this lipo

protein fraction comprised about 5% of the total serum proteins. Continuing

in the work of characterizing serum lipoproteins, Lindgren, Elliot and Gofman

(1951) combined the techniques of preliminary preparative ultracentri

fugation, at density 1.063, and analytical ultracentrifugation to characterize

the low density lipoproteins. They divided LDL into five classes according

to their Svedberg floatation rates, which are the floatation rates at density 1.063.

They also subjected serum to preparative ultracentrifugation at density 1.24,

and they characterized the lipoproteins they called high density lipoproteins,

and assigned them a density of 1.12 g/ml.

Subsequently, lipoproteins with Sf rates of 0–20 were designated as

low density lipoproteins, those with SF rates of 20–400 were designated very

low density lipoproteins, and chylomicrons were characterized as having

Sf rates of greater than 400. Those lipoproteins which failed to float at

density 1.063 were designated high density lipoproteins.
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Adequate chemical characterization of these four major classes

of lipoproteins was not accomplished until 1956 when Bragdon, Havel

and Boyle (1956) used a method of preparative ultracentrifugation by

which all classes could be readily isolated. They performed

lipid and protein assays on the isolated lipoproteins. VLDL were

found to be rich in triglyceride and relatively poor in cholesterol

and protein. Cholesterol and cholesterol ester were found to be the

major constituents of LDL, and protein was found to comprise nearly

50 percent of HDL. Thus the relative decrease in triglyceride con

tent and increase in protein content was well correlated with

increasing lipoprotein density.

Electrophoretic Analysis

The methods of preparative and analytical ultracentrifugation

depend upon the different densities of the four lipoprotein classes

to accomplish their separation. However, another property of lipo

proteins, their surface electrical charge, can be used to

accomplish this end. That lipoproteins do, in fact, have a

surface charge might be surmised from the presence of the protein

moiety and from the fact that they can be precipitated from solution

by the addition of divalent cations(Cohn, 1950). Their surface

charge is largely due to the terminal and side chain amine groups.

Free, or moving boundary, electrophoresis was first employed to

study the electrophoretic mobilities of lipoproteins in Cohn

fractions (see Oncley, 1947; Kunkel, 1954), but the technical
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problems of this method were formidable. Therefore, zone electro

phoresis came to be used for this purpose.

Tiselius defined zone electrophoresis as the separation of

materials in an electrical field in the presence of some type of sup

porting medium, in addition to the electrolyte used to carry the

current (see Kunkel, 1954). Implicit in the definition are the

inter-relating variables which must be carefully controlled if optimal

separation of the lipoproteins is to occur. These variables are: the

composition of the electrolyte solution, the strength of the electrical

field and the nature of the supporting material. The ideal supporting

material would be one which was easy to manipulate, inexpensive, and

one which displayed minimal interaction with the migrating lipo

proteins. The search for such a material led Durrum, in 1950, to

design an electrophoretic system which used filter paper that

was moistened in electrolyte solution (Durrum, 1950). The filter

paper strips were wet with 0.05M barbital buffer at pH 8.6, and

during the electrophoresis they were draped over a glass rod so

that one end of the paper strip was in a reservoir containing

buffer and the electrical cathode, while the other end of the strip

was in a reservoir containing buffer and the anode.

This system was used by Kunkel and Slater (1952) to characterize

serum lipoproteins electrophoretically. They related the migration of
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lipoproteins on paper to that of serum albumin and globulins in

starch block. From their work they concluded that normal human

serum contained at least two electrophoretically distinct classes of

lipoproteins. The first class, designated oº, migrated just ahead

of the globulins, and the second, called A migrated in the same

region as the Alobulins. These findings supported the earlier

work of Blix, Tiselius and Svensson (1941) who, using moving

boundary electrophoresis, found large concentrations of serum lipids

in the CM globulin and A globulin fractions. Kunkel and Slater also

noted, especially in lipemic sera, a poorly defined peak, just in

front of the■ globulins, which contained too much glyceride to

be flipoproteins , but since this peak was not seen in all sera,

they did not regard it as a distinct lipoprotein species.

In an attempt to correlate electrophoretic patterns with the clinical

finding of atheroma, Dangerfield and Smith (1955) used paper electro

phoresis to characterize the sera of some 400 individuals. They stained

the paper strips with Sudan black, and in so doing they found that many

of the test sera demonstrated three distinct staining areas. Two of these

areas were identifiable as º and A lipoproteins, but the third area was

in the region just ahead of the 6 lipoprotein band. Dangerfield and

Smith attributed this staining to a distinct lipoprotein class which

they called pre-A "lipoproteins. They found that, unlike

lipoproteins, the lipids of pre- A lipoprotein were resistant to extraction

by alcohol and contained significantly more glyceride. They found this
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pre-f band to be especially dense in lipemic sera and in the sera

of individuals with nephrosis. A fourth class of lipoproteins,

chylomicrons, was found to remain at the origin in this electrophoretic

system.

Paper proved to be less than an ideal supporting material. Con

siderable absorption of the lipoproteins occured, especially at the

origin, and there was a consistently poor separation of 4 and pre-A
lipoproteins. Further, if quantitation of lipoproteins was desired, the

lipoproteins had to be stained and then eluted from the strips. The optical

density of the colored solution was determined in a colorimeter. Quanti

tation was made more simple by Latner and associates (1954) who

developed the principle of reflected scanning and designed a device to

measure reflected light from a dry, stained paper stip. This device lent

itself to semi-automatic scanning and area integration. But the problems

of absorption and poor separation of lipoproteins remained.

These problems were partially resolved when Lees and Hatch (1963)

incorporated human albumin into the electrolyte solution. The al

bumin helped cover any reacting sites in the supporting medium and

protected the lipoproteins from oxidation and denaturation as they

migrated. As a consequence, there was a sharpened separation of the

pre-■ º ºf poºroºn. Nonetheless, some distortion of the electrophoretic

mobility of the lipoproteins still presisted which caused considerable
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difficulty in interpreting the pattern on the strips (Pries et al., 1968).

Clearly a more suitable supporting medium was required for lipoprotein

electrophoresis.

Agar gel had been successfully used for serum protein electro

phoresis, although this medium presented more technical problems

than paper, since it was a semi-solid. Nonetheless, despite this

disadvantage, it was to this medium that some investigators turned

their attention. The difficulty of working with a semi-solid supporting

medium was solved, ingeniously, by Giri (1956) when he applied agar

gel to cellophane and polyester films. Upon completing protein electro

phoresis, this investigator simply dehydrated the gels and then dried

them to a transparent film. Using a similar technique, Noble (1968)

developed a method of lipoproprotein electrophoresis which employed

an agarose-agar gel mixture that was applied to polyester photographic

film. When used in combination with 0.05M barbital buffer at pH 8.6,

he found the medium to be superior to that of paper because of the clearer

separation of 6 and pre-6 lipoproteins. When improvements in industry

resulted in the production of agarose with increased purity, it became

possible to prepare an agarose gel free from agar and whose agarose

concentration was only 0.5 percent. This resulted in a decrease in the

molecular seiving effect of the gel. In addition, the purification of the

agarose eliminated theanionic groups, especially sulfates, with a sub

sequent reduction in electroendosmosis and in the interaction of the lipo

proteins with the gel (Hatch, 1968).
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As early as 1953, Lewis and Page (1953) analyzed lipoproteins that

had been isolated by preparative ultracentrifugation at density 1.21 in

the analytical ultracentrifuge. They found that? lipoproteins corresponded

to –S 25-40;CA lipoproteins were equivalent to -S 1-10; and OK
1.21 M 1.21 §2.

(pre-■ ”) lipoproteins were equivalent to -S 20–25. They also noted

that in some sera, a lipoprotein of -S > 1. could be found in the suprana

tant fluid at density Z. 1. 21. These º then used moving boundary

electrophoresis to characterize the serum of normal subjects and of subjects

with hypertension and nephrosis. Lewis and Page noted a striking similarity

of the electrophoretic patterns and the ultracentrifugal patterns, especially

in nephrotic individuals.

In highly significant work, Kunkel and Trautman (1956) combined pre

parative ultracentrifugation and lipoportein electrophoresis to correlate

electrophoretically isolated lipoproteins with those isolated in the ultra

centrifuge. They reported that:

1. /3 lipoproteins corresponded to the lipoproteins isolated at

density 1.02 < d 4 1.06, with the peak occuring at d-1.035;

2. CM, lipoproteins, corresponded to two peaks in the ultracentrifuge,

one occuring at 1.07& d 41.12, with the peak seen at 1.075, and

the other occuring at density of 1.124 d 41.21 with the peak at 1. 14.

3. O3 lipoproteins, identical to the Pre Apoprotein. of Dangerfield and

Smith (see Besterman, 1957), corresponded to lipoproteins isolated

at density 0.96 & d 41.018 with the peak occuring at 1.000. These

lipoproteins had Svedberg floatation rates of X 12.



page 1 &

The close correlation between electrophoretically separated lipoproteins

and those separated in the ultracentrifuge raised the possibility of using

electrophoresis for the quantification of lipoproteins. Noble and associates

(1969) proceeded to investigate this possibility when they compared lipo

proteins that had been electrophoretically separated both on paper and

agarose gel, to lipoproteins from the same sera that had been separated in

the analytical ultracentrifuge. These authors confirmed the findings of

earlier workers, for they demonstrated that the concentrations of LDL,

VLDL, and HDL correlated, respectively, with A pre -/*nao, lipoprotein

peak areas as determined by a densitometer. However, they found a higher

degree of correlation between the ultracentrifugal values and the lipoprotein

peak areas as they were measured on agarose gel. This was especially true

for pre-Éipoproteins , reflecting the superior ability of agarose gel to

separate this lipoprotein class. These investigators concluded that electro

phoresis on agarose gel correlated within t?0% of the corresponding lipo

protein concentrations as measured in the ultracentrifuge.

The method of agarose gel electrophoresis remained only a semi-quanti

tative measurement of lipoprotein concentrations until the work of Hulley and

his associates in 1971 (Hulley et al., 1971). Previous to their work, the

concentrations of lipoproteins were expressed in units of peak area which

were arbitrary. Hulley and colleagues created a system for standardizing

dye uptake which corrected for the day to day variations in staining capacity.
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Having made such corrections, Hulley and his associates compared the con

centrations of lipoproteins as estimated by agarose gel electrophoresis and

as determined by the analytical ultracentrifuge. They found that the cor

relation between two methods was sufficiently high that corrected lipoprotein

peak areas, expressed as integrator units, could be converted to actual con

centrations of lipoproteins, expressed as milligrams per 100 milliliters. The

accuracy of the method was such that it could be considered reasonably

quantitative.

That there were differences in dye uptake between the lipoprotein classes

had been noted by Hatch in 1964 (see Hatch, 1968) when he found that Oil

Red O and related dyes stained cholesterol ester most intensely, followed

in order of decreasing intensity, by triglyceride, free cholesterol and

phospholipids. It followed, therefore, that since the lipoprotein classes all

had different relative concentrations of each of these lipid constituents,

their capacity for dye uptake should also vary, and indeed, this was his

conclusion. Hatch et al (1973) using the basic concepts of standardization

developed by Hulley and associates, further improved the method of quanti

tative agarose gel electrophoresis by correcting both for day to day variations

in staining capacity and for the differential variations in dye uptake that are

seen between each of the four lipoprotein classes. These workers precisely

defined the degree of differential dye uptake that was exhibited by each

lipoprotein class, and having arrived at this definition, they corrected each

peak area accordingly. They further corrected for day to day variability in

dye uptake by utilizing plasma cholesterol and triglyceride concentrations.
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With some minor modifications, this method of quantitative lipoprotein

electrophoresis in agarose gel was used in the present work. Additional

technical details and the conclusions reached by Hatch et al will be presented

in later sections (see Materials and Methods and Discussion).

Other Analytical Methods

In addition to electrophoresis and preparative and analytical ultracentri

fugation, various other means have been used to isolate and quantify lipopro

teins. Those techniques most commonly used are nephelometry, refractometry,

and ultrafiltration and precipitation.

Stone and Thorpe (1969) investigated serum low density lipoproteins and

chylomicrons with a combination of ultrafiltration and nephelometry. They

related light scattering intensity of filtered and unfiltered serum to the con

centrations of lipoproteins present.

Refractometry was combined with preparative ultracentrifugation by

Lindgren and associates in a study of low density lipoproteins. They noted

favorable comparison between this method and that of the analytical ultra

centrifuge (Lindgren et al., 1964).

The isolation of lipoproteins by precipitation was the earliest method

available to lipid chemists, and this method still has validity today.

Fredrickson and co-workers (1967) used a combination of preparative

ultracentrifugation and precipitation of LDL and VLDL With mangan ous chloride

and heparin (see Burstein, 1970) to quantitate lipoproteins. Dextran and

polyvinylpyrrolidone have also been used for precipitation (see Hatch, 1968).
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B.Lipoproteins and Atherosclerosis

What is the value of measuring lipoprotein concentrations? Are the

various methods for isolation and quantification of these macromolecules of

interest only to the lipid chemist?

Perhaps this might have been the case if atherosclerosis had been less

than a major health problem. But the high mortality associated with athero

sclerosis demanded that its etiology be defined. The clinical observation that

many persons with atherosclerosis also had elevated serum cholesterol con

centrations led early investigators to suspect that cholesterol might be im–

plicated in the development of the condition. These early investigators found

that experimentally produced elevations of cholesterol in certain animal species

produced atherosclerosis.

In 1948, a new dimension was added to the field when Duff and McMillan

suggested that the physiochemical state of cholesterol, rather than its actual

concentration, might be the more important factor in the development of

atherosclerosis (see Brown, 1969). Jones and his associates (1951) pursued

this hypothesis and used the analytical ultracentrifuge to study the lipopro

teins of individuals from many age groups. They noted that after the age of

25, there was a steady increase in the concentration of lipoproteins with S;
values of 6 and greater. When they compared the lipoproteins found in the

serum of 359 individuals who had survived myocardial infarction to cohorts

who had no clinical evidence of ischemic heart disease, they found that the

individuals with a history of myocardial infarction had significant elevations

if S; 12 – 20 lipoproteins. They reported that the correlation between the



page/6

elevation of these lipoproteins and lischemic heart disease was greater than

the correlation between serum cholesterol concentration and myocardial in

farction. These investigators reported that the rate of recurrence of myo

cardial infarction was greater in individuals whose S; 12 – 20 lipoprotein

concentration remained elevated, and that dietary restriction which reduced

LDL concentration also reduced the changes of these individuals having

another infarction.

In attempts to correlate atherosclerosis with elevated plasma lipoprotein

concentrations continued with the work of Page (1954) and of Dangerfield and

Smith (1955), but these investigators were unable to correlate any specific

lipoprotein abnormality with the clinical finding of atherosclerosis. Danger

field and Smith did find that elevations in pre Apoproteins occured more

frequently in individuals with a history of myocardial infarction, but they

did not feel that this finding was really characteristic of atheroma. Besterman

(1957) studied the lipoproteins of individuals with ischemic heart disease

and with aortic atheroma, and compared these to the lipoproteins of individuals

without clinical evidence of disease. The test and control subjects were

carefully matched according to sex and age. Besterman found that there were

significant increases in pre-flºprotein. in the serum of individuals with

atheroma and ischemic heart disease, and that the concentration ofa’, lipo

proteins were decreased in the serum of individuals with ischemic heart

disease.
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About this time the main thrust of the research on atherosclerosis Was

directed toward population studies which were instigated to define risk fac

tors that contributed to the development of atherosclerosis and ischemic heart

disease. Two major prospective population studies were undertaken in the

United States alone, one in Albany, New York (Doyle et al., 1957) and the

other in Framingham, Massachusetts (Dawber et al., 1957). As the conclusions

of both studies were essentially the same, they are here presented together.

Those studies identified marked obesity, hypertension and hypercholes

terolemia as the three most important risk factors that were associated with an

increased incidence of atherosclerosis in the test population. All three factors

were found to contribute significantly whether considered alone or in com

bination with the others. Hypercholesterolemia was found to contribute most

significantly to risk in males between 45 and 62 years of age. Two years after

these findings were published, Albrink and Man (1959) completed a study

of survivors of myocardial infarction and concluded that serum triglyceride,

not cholesterol, was most frequently elevated in individuals with coronary

arter u disease. Gofman, Young and Tandy (1966) performed a statistical

analysis on the data obtained from the Framingham study and on data gathered

from a twelve-year study of employees of the Lawrence Radiation Laboratory.

They concluded from this analysis that serum cholesterol, lipoproteins and

blood pressure were all elevated in individuals destined to develop ischemic

heart disease, but these authors were unable to ascertain the independent

contribution made by any one of those factors. They did find that HDLs

and HDL3 were significantly lower in individuals with de novo heart disease,
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thus confirming the earlier observation of Besterman (1957). Gofman et al

concluded that although blood lipids were intimately associated with the path

ogenesis of atherosclerosis, measurement of these parameters was not likely

to produce prognostic information in individuals with established ischemic

heart disease or in individuals who were over 50 years old.

From an additional population study, Brown (1969) concluded that either

elevated serum cholesterol or triglyceride concentration may be associated

with an increased incidence of atherosclerosis. But he stressed the corres

pondence between serum lipids and lipoprotein concentrations and emphasized

that elevations of serum lipids occured only when there was a corresponding

elevation in serum lipoproteins. Throughout the world, prospective popula

tion studies have been initiated and continue until the present date. These

studies have identified elevations in serum cholesterol, hypertension, marked

obesity and cigarette smoking as the factors which contribute most significantly

to the increased incidence of ischemic heart disease in a population. These

factors seem to be independent of the national origin of the test population

(see Keys, 1970). Kannel, in a review article (1974) states:

" To date, no essential factor has been implicated in atherosclerotic
disease. Architecture of vessels is important as are lipids, but a
whole host of factors are involved. That an association between
elevated cholesterol and atherosclerosis exists is incontrovertible . . . . .

The conclusion that blood lipids, cholesterol in particular, make some
type of major contribution to the process of atherosclerosis and its se
quelae seems inescapable".
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C. Lipoprotein Phenotyping

The accumulated evidence linking elevated lipoprotein levels to the

development of atherosclerosis is impressive. Some convenient system

by which individuals with elevated lipoprotein levels can be diagnosed and

classified is therefore needed.

Other than offering a means of diagnosis, such a system should also

help to establish a prognosis and it should promote better recognition and

assessment of the prevalence of genetic mutations that cause lipoprotein

disorders. And finally, a classification system would enhance the ability

to compare different populations (Carlson et al., 1970).

Electrophoresis was available to allow for the design of such a diag

nostic system. Lees and Fredrickson (1964) had shown previously that

paper electrophoresis was sufficiently sensitive to reflect gradual changes

in concentrations of lipoproteins. Subsequently, Fredrickson, Levy, and

Lees (1967) used this technique to study a large population of hyperlipidemic

subjects. In this study, plasma from each subject was assayed for cholesterol

and triglyceride and it was subjected to electrophoresis. Then, using a

combination of preparative ultracentrifugation and precipitation with heparin

and manganous chloride, the individual lipoprotein classes were isolated.

Their concentrations were expressed as milligrams of lipoprotein choles

terol. From these data, the investigators concluded that the hyperlipidemic

subjects in the study could be divided into five distinctive phenotypes. Thus

for the first time, a system of classification emerged which correlated
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distinctive electrophoretic patterns with serum lipid values and with con

centrations of lipoproteins. From this system a uniform nomenclature for

describing lipoproteins emerged, and this also constituted a major advance.

As useful as the phenotyping system was, it soon became apparent that

it was not without difficulties. Pries and associates (1968) found that even

when the electrophoresis was carefully performed, it was not always possible

for experienced evaluators to clearly identify phenotypes using only the electro

phoretic patterns and serum lipid values. Also, as the system was applied

to different populations, it was noted that some subjects could not be properly

described by an existing phenotype. In response to this problem a committee

of the World Health Organization (Carlson et al., 1970) modified the system to

recognize individuals with an elevated serum cholesterol and with mild to

moderate increases in triglycerides.

However, the problems associated with paper electrophoresis could not

be so easily solved. That system could never be used to quantitate any class

of lipoproteins accurately, and a truly accurate delineation of phenotypes

required this. Obviously, alternate systems for classification were needed.

Havel (1970) designed a system which divided the hyperlipoproteinemias

into four types based upon serum cholesterol and triglyceride values and the

appearance of the serum on standing in the cold. In individuals who are

normolipidemic and have hypercholesterolemia, the serum is clear upon standing.

In individuals with endogenous hyperlipidemia, the serum is uniformly turbid;

in individuals with chylomicronemia or mixed hyperlipidemia, layering of the
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serum occurs, such that a "cream" layer appears at the surface of the serum.

When combined with clinical findings, this system generally defined pheno

types quite clearly, and has much to recommend it because of its simplicity.

An additional alternative system was proposed by Stone and his colleagues

(Stone et al., 1971). Those workers used membrane filtration, nephelometry

and serum cholesterol measurements to estimate the concentrations of chylo

microns, VLDL, and LDL in the serum samples. This system identified eight

different phenotypes, some of which were identical to the Fredrickson types.

It was a highly complex system of classification.

As the study of lipoprotein disorders continued, researchers realized

that LDL concentrations were critical in delineating certain phenotypes, and,

as stressed earlier, that these concentrations could not be determined from

electrophoresis. Thus, some simple means by which the clinician could

estimate the concentration of this class of lipoproteins was badly needed.

Fredrickson (1972) in response to this need, developed a nomogram by which

LDL concentrations, (expressed as cholesterol) could be estimated directly

from serum cholesterol concentrations. And, in this same publication, he

stressed the close relationship between VLDL and serum triglyceride levels,

implying that in the absence of chylomicrons, the VLDL concentration could

be very closely approximated from the serum triglyceride alone.

Then, in a series of studies on the survivors of myocardial infarction

and the relatives of such persons, Goldstein and associates (1973) conclusively

demonstrated that a given lipoprotein phenotype need not be specific for the
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underlying genetic disorder. Conversely, of the five genetic disorders

identified by these workers, no single genetic disorder was specified by any

given lipoprotein phenotype. To help establish the genotypes, Goldstein and

hig colleagues used LDL cholesterol to distinguish between polygenic and rono

ogenic disorders and used the ratio of cholesterol and triglyceride in VLDL to

help define the TypeTDI or "floating" A disorder. They also concluded from

this study that, for genetic and epidemiological investigation of hyperlipidemic

states, the use of whole serum lipids was justified because of the close correla

tion between serum lipid levels and lipoprotein concentrations.

Thus the usefulness of lipoprotein analysis cannot generally be defined

from the standpoint of the diagnosis of specific disorders. However, the eval

uation of lipoprotein concentrations in the planning of theraputic regimens for

individuals and in epidemiological studies remain as cogent reasons for

measuring the concentrations of individual lipoprotein classes. For such pur

poses, simpler techniques than those involving the ultracentrifuge are needed.

The present work was directed to this end.
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MATERIALS AND METHODS

Isolated lipoproteins were used in preliminary studies that will be

described in detail in a later section (See Results). To assay for the protein,

cholesterol and cholesterol ester, triglycerides and phospholipids in these

lipoproteins, manual methods were employed.

l rm- ion: (Folch, Lees, d Sloane- Stanley, 1957)

Reagents: Chloroform, reagent grade (Malinckrodt)
Methyl alcohol, absolute (Malinckrodt)
Acidic water: 5 ml of 6N HCL in 995 ml of distilled water.

One milliliter (1 ml) of sample is added to 10 ml of methanol in a large tube,

and the mixture is shaken. To this is added 20 ml of chloroform, followed by

vigorous mechanical mixing for about one minute. The contents of the tube

are allowed to stand for at least four hours (but less than 24 hours), and

then 30 ml of acidic water is added. The tube is capped securely and gently

inverted several times. The mixture may stand overnight to allow separation

of the phases, or it may be centrifuged at 1500 rpm for 15 minutes to accomplish

this separation. Once this has occured, the upper phase is discarded, and the

lower chloroform layer is used for the lipid analyses.

Cholesterol and Cholesterol Ester Measurement

Precipitation: Sperry and Webb (1950)
Color Reaction: Zak et al.(1954)

Reagents: Ethanol - Acetone 1: 1

Potassium hydroxide, 60% aqueous

Acetic acid, 40% aqueous (B & A, Allied Chemical)
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Cholesterol Reagents (Cont'd)

Phenolpthalein (Eastman Organic) 1% ethanolic solution

Anhydrous ether, diethyl (Fisher Scientific)

Ferric Chloride Reagent: 0.05% FeCls . 6H20

(J. T. Baker) in glacial acetic acid.

Digitonin solution: 0.5% in 50% ethanol

Cholesterol Standards: Cholesterol (Fisher) 25, 50,

75, 100, 150 jug/ml

Assays on all standards and tests are performed in duplicate and the mean

value reported.

0.5 ml quantities of the cholesterol standards are placed in test tubes and

brought to a volume of 2 ml by the addition of 0.5 ml of acetone and 1 ml of

1: 1 ethanol-acetone.

Portions of the chloroform extract of each sample are chosen such that their

estimated cholesterol concentration is between 25 and 150 ag/ml. They are

pipetted in duplicate and both standards and tests are evaporated to dryness

at 40°C. under a gentle air stream. Once evaporation is completed, the samples

are redissolved in 2 ml of ethanol-acetone solution. At this time duplicate

reagent blanks are prepared by placing 2 ml of ethanol -acetone solution in

two additional tubes.

Hydrolysis of cholesteryl esters in all samples is accomplished by the addi

tion of one drop of 60% potassium hydroxide to each tube followed by a thirty

minute incubation in a 45° C. water bath. After the incubation, the tubes

are removed from the water bath and cooled to room temperature.
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To those samples that are to be assayed for free cholesterol, one drop of

40% acetic acid is added. To the standards and to the remaining samples, one

drop of phenolpthalein solution is added. Now 40% acetic acid is added to these

tubes, drop by drop with constant mixing, until the red color disappears.

Following this, 1.0 ml of digitonin solution is added to every tube. The

tubes are vigorously mixed, tightly capped, and allowed to stand overnight.

The next day, all tubes are centrifuged at 20 - 30,000 rpm for 15 minutes.

The supernatant fluid is removed by aspiration and discarded. The precipitate

is washed twice with 3 ml of diethyl ether. Following each wash, the tubes are

centrifuged as before, and the supernatant fluid is discarded. All tubes are

then allowed to stand at lease 30 minutes at room temperature, or until all

traces of ether have evaporated.

Color development is begun by the addition of 3 ml of FeCl, – acetic acid

reagent to all tubes, followed by vigorous mixing into a 60° C. water bath

until all the precipitate dissolved. Once this has been accomplished, the

tubes are removed from the water bath and cooled to room temperature.

Using a large bore, blunt tipped burrett, 2 ml of concentrated sulfuric

acid is added to each tube. The tubes are then capped and inverted repeatedly

until complete mixing of sample and sulfuric acid has occured.

The tests are allowed to cool to room temperature and read at 546 nm in a

1 cm. cuvette in the Eppendorf colorimeter. (Eppendorf; Brinkman

Instruments)
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Calculations

A standard curve is constructed, relating optical density to cholesterol

concentration. From this curve, the cholesterol concentration in each sample

can be determined.

Cholesterol ester, ug/ml = Cholesterol X 1.67, where 1.67 is the ratio

of the molecular weight of cholesterol esters and the molecular weight of

cholesterol. *

Triglyceride Measurement

Carlson, L.A. (1963)

Reagents: Ethanolic potassium hydroxide: 2.5% aqueous potassium
hydroxide is added to 95 ml of ethanol

0.20 N aqueous sodium arsenite (B & A, Allied Chemical)

0.02 N aqueous sodium metaperiodate (Baker)

Chromotropic Acid Solution: 1 g of 4, 5 dihydroxy
2, 7 napthalenedisulfonic acid (chromotropic acid,
Eastman Organic) is dissolved in sufficient water to
make 100 ml of solution. This is added to 450 ml of
66.7% sulfuric acid. The solution is mixed, and stored
in the dark, protected from light and heat. The solution
is stable about two weeks.

Standard: Tripalmitin (Applied Science) in heptane
such that 1 ml of solution contains 10/1g of glycerol
equivalent.

Portions of the chloroform extract of each test are treated with silicic

acid to remove phospholipids as follows:

For each 2 ml of chloroform extract placed in a tube, approximately 0.5 g

of silicic acid, activated by heating at 110° C. for 24 hours, is added. The

* The ratio is ( fºra, ). The numerator is the average molecular weight
of the cholesterol esters normally found in the serum of American adults.
(See Nichols 1967) The denominator is the molecular weight of cholesterol.



page 27

extracts are mixed thoroughly and allowed to stand for 30 minutes at room

temperature. The samples are centrifuged at 40,000 rpm for 10 minutes, and

the supernatant fluid is removed and used for the triglyceride measurements.

Portions of the supernatant solution are chosen such that their estimated

triglyceride concentration is between 22 and 175/wg of triglyceride per

milliliter.

Standards equivalent to 2.5, 5.0, 10.0 and 20.0 pg/ml of glycerol are

prepared in duplicate by pipetting appropriate amounts of the stock standard

into clean test tubes. Two chloroform blanks are also prepared at this time.

All samples are evaporated to dryness under a gentle stream of air in a 50° C.

water bath.

Once evaporation is completed, 1 ml of alcoholic-potassium hydroxide

solution is added to all tubes, and the tubes are placed in a 60° C. water bath.

Upon removal from the water bath, the tubes are cooled to room temperature

and 1 ml of 0.7 N sulfuric acid is added to each. The tubes are mixed vigorously.

Next, 4 ml of diethyl ether is added to each sample and the samples are

mixed on a Vortex mixer for 15 – 20 seconds. The samples are allowed to stand

for a few seconds to allow separation of the phases, and the ether phase is

aspirated and discarded. Care is taken to completely remove this layer.

Further, the tubes are allowed to stand at least 30 minutes at room temperature

to allow evaporation of any remaining ether.

Duplicate 300/wl portions of the samples are removed, and to each is

then added 100 All of sodium periodate solution. The samples are mixed well and
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allowed to stand for 10 minutes. Finally, 100/ll of sodium arsenite solution

is added, and the samples are mixed and allowed to stand for five additional

minutes.

Color development is accomplished by the addition of 2.5 ml of chromotropic

acid to each tube, following which the tubes are capped and placed in a boiling

water bath for 30 minutes.

After thirty minutes incubation, all samples are removed from the water

bath, mixed thoroughly, and allowed to cool to room temperature.

Calculations

A linear calibration curve is constructed relating the optical density of the

standards to their glycerol concentration. From this curve, the concentration

of glycerol in the unknowns is determined.

GLYCEROL X 807/92 * = Triglyceride concentration

where the fraction is the ratio of the molecular weight of triglyceride and

glycerol.

Phospholipid Measurement

Stewart and Hendry (1953)

Reagents: 11.3 N sulfuric acid (Baker)

Ammonium molybdate, 3% aqueous (B & A, Allied Chemical)

Reducing Solution: 15% aqueous sodium bisulfite
(B & A, Allied Chemical) To 100 ml of this solution is added
0.4 g of sodium sulfite (B & A, Allied Chemical) and 0.25 g
of 1,2,4-aminonaphtholsulfonic acid (Matheson-Coleman & Bell).

The mixture is stored in the cold.

* The numerator of the fraction is the average molecular weight of the tri
glycerides normally found in the serum of American Adults (see Nichols
1967). The denominator is the molecular weight of glycerol.
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Reagents (Cont'd):

Peroxide, 30% (Baker) Stored in the cold.

Standards: STOCK: 0.458 g of Naa HPOs (sodium
phosphate, dibasic, B & A, Allied Chemical) in 100 ml
distilled water.

Working Standard: 4 ml of stock standard in 96 ml
of distilled water. The equivalent P concentration is
4pg/ml.

NOTE: All glassware must be detergent free

Standard equivalent to 1, 2, 4, and jig /ml of inorganic
phosphorus are prepared by pipetting appropriate amounts
of the working standard into clean test tubes.

Portions of the chloroform extracts of the samples are chosen such that

their estimated phospholipid concentration is between 25 - 150/ig/ml and are

assayed in duplicate. Water is used to prepare reagent blanks.

To all tubes is added 0.3 ml of 11.3 N sulfuric acid and one acid-washed

boiling chip. The tubes are placed into a 240 C C. heating block for 30 minutes

and then are removed and cooled for about two minutes.

200/al of 30% hydrogen peroxide is added to each tube, followed by gentle

mixing. The tubes are then returned to the heating block for an additional 15

minutes.

Following this oxidation, the samples are removed from the heating block

and cooled to room temperature. The inner walls or each test tube are now

rinsed with about 1 ml of distilled water.



page 3o

To each sample is added 0.2 ml of ammonium molybdate solution followed

by 80 yd of reducing solution. The samples are mixed vigorously and allowed

to stand about 60 seconds. If the yellow color fails to disappear in ANY of the

tubes, and additional 802. of reducing solution is added to ALL tubes.

The inner walls of all tubes are again rinsed with about 1 ml of distilled

water, and the samples are mixed well. The tubes are capped loosely and

placed in a boiling water bath for 20 minutes.

Following removal from the water bath, the samples are cooled to room

temperature, each is diluted to a total volumn of 5 ml with distilled water, and

they are mixed thoroughly.

Spectrophotometric measurements are made on each sample at 810 nm in

a 1 cm cuvvette utilizing the Zeiss Spectrophotometer (car #e 15S corp: ).

Calculations

A standard curve is prepared relating optical density of the standard to the

inorganic phosphorus concentration of each. From this curve the P concentra

tion of the unknowns is determined.

Phosphorus, Ag/ml X 25 = Phospholipid, ■ ug/ml

where the factor 25 is the approximate ratio of the molecular weights of the

phospholipid and inorganic phosphorus.

Protein Measurements

Proteins are measured by the technique of Lowry (Lowry, Rosenbrough,

Farr and Randall, 1951).
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Any turbidity in the test solution caused by lipids is removed by extract

ing the solution with 3 ml of chloroform. The samples are centrifuged and the

upper layer is read on the spectrophotometer.

MATERIALS

The blood samples used in this study were taken from 180 adult subjects

who were randomly and consecutively chosen from a large population (10,430)

of employees of the Southern Pacific Transportation corporation.
The population from which the subjects were chosen consists of individuals

between the ages of 18 and 67 years, the mean age of the males being 45 years,

and that of the females being 41 years. Thirteen percent of the population are

females. Professionals and officers in the corporation comprize 9% of the popu

lation, while technicians, business agents and office workers form an additional

20%. The remainder consists of craftsmen, such as electricians or welders (34%),

individuals in train operations (24%), and individuals who form the labor pool

(11%). The population is racially heterogenous, consisting of 82% Caucasians,

9% Mexican-American, 6% Negroes, and 3% Orientals or other racial groups.

The blood samples were drawn during a 60-day test period. All test sub

jects were required to fast 12 – 15 hours before their blood was taken.

The blood samples were placed in ice, and, within five hours of collection,

they were centrifuged and the serum was separated from the clot. Two of the

180 serum samples were ultimately eliminated from the study, one because of

a technical error, and one because the subject was found to be non-fasting.
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One portion of each serum sample was taken for cholesterol and trigly

ceride assays, another was removed for electrophoresis, and the balance of

the serum sample was used for preperative ultracentrifugation.

The method used for preparative ultracentrifugation was that of Havel

Eder and Bragdon, (1955).

6 ml of serum is placed in a cellulose nitrate centrifuge tube (Beckman

Corporation) having a total volume of 7 ml. 1 ml of 0.15 M aqueous sodium

chloride (d = 1.006 g/ml) is added to the tube.

5 ml of serum is placed in a similar tube, and the density of the serum is

adjusted to 1.063 g/ml by the addition of an appropriate volume of aqueous

potassium bromide solution. (It is convenient that the solution have a density

of 241.345 g/ml.) The tube is filled to capacity with potassium bromide solution

at density 1.063 g/ml.

Both tubes are centrifuged at 38,000 rpm for 16 – 18 hours. After centri

fugation, the tubes are removed from the centrifuge and sliced with a tube

slicer just below the level of the supernatant lipoproteins.

After slicing, the supernatant fluid at density.< 1.006, containing VLDL,

is removed by aspiration and adjusted to a volume of sm with normal saline.

This results in a concentration factor of 6/3.

Likewise, the supernatant fluid at density « 1.063 which contains VLDL

and LDL is removed by aspiration and brought to a volume of 3 ml with normal

saline. The resulting concentration factor is 5/3.
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The infranatant solution at density >1.063, containing HDL and serum

proteins, is adjusted to a volume of 5 ml. Since this was the original volume

of the serum sample, there is no concentration of these lipoproteins.

Simultaneous total cholesterol and triglyceride measurements were performed

utilizing the Autoanalyzer II (Technicon Corporation, Tarrytown, N. Y.) and

the methodology of Leon, Rush and Turrell (1972). Both cholesterol and

triglyceride concentrations were expressed in milligrams per deciliter (mg/dl).

The concentrations of cholesterol and triglyceride in the isolated VLDL,

HDL and VLDL + LDL were adjusted to total 100% of the serum cholesterol and

triglyceride concentration. This adjustment assumes equal loss of these

fractions. There were no samples in which the percentage recovery was less

than 85%, the average recovery being approximately 93% for both cholesterol

and triglyceride.

Electrophoresis

Reagents:
Phosphate buffer, 0.025M, pH 8.6: 10.3 g of sodium barbital
(Malinckrodt) and 1.84g of barbital (Malinckrodt) are
dissolved in distilled water and brought to a volume of
2000 ml. The pH is adjusted to 8.6 by the addition of HCl or
NaOH as necessary.

Bromphenol Blue, 1%: Bio-Gram A Lipoprotein Profile Kit
(BioFad Laboratories, Richmond, Cal.)

Fixing Solution: To 600 ml of absolute ethanol is added 50 ml
of glacial acetic acid (B & A, Allied Chemical) and 350 ml
of distilled water. The solution is mixed thoroughly. The
solution is changed every 20 gels.
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Reagents (Cont'd):

Stain: Fat Red 7B: Obtained from Analytical Chemists
Inc., Palo Alto, California (lot 6473)

Stock Stain: One vial (0.9 g) of Fat Red 7B is emptied into
a gallon bottle (4 liters) of absolute methanol (Malinckrodt).
The vial is rinsed several times with absolute methanol and

the rinsings are added to the bottle. This stock stain is
allowed to age at least two days before use. It is stable for
3 months if protected from light.

Working Stain: 6 drops of Triton X-100 (supplied in the Bio
Gram A Kit) is placed in a graduated cylinder that has been
thoroughly rinsed with absolute methanol. 150 ml of stock
stain is now added to the cylinder and it is stirred thoroughly.

Next, 30 ml of 0.1N NaOH is added very slowly, with constant
mixing, taking care to observe if any dye precipitates. If
precipitation does occur, the solution is discarded, the
cylinder is rinsed with methanol, and new solution is prepared.
This solution is stable only ONE HOUR.

0.1 N NaOH: 4 g of NaOH is dissolved in distilled water and
brought to a volume of 100 ml.

Each serum sample was subjected to duplicate electrophoreses in agarose

gel. The technique is described below:

Agarose gels are supplied in the Bio-Gram A Lipoprotein Profile Kit

(BioPad Laboratories, Richmond California). They are 0.05% agarose and are

cast on a clear plastic backing measuring 1" x 3", the size of a standard micro

scope slide. Each gel has three channels to accomodate samples. They come

from the manufacturer packed in 0.025 M phosphate buffer at pH 8.6.

The electrophoretic cell is the Durrum cell (Spinco Model R, Series D,

Beckman Corporation) and is identical to that used for paper electrophoresis.

The paper support racks are removed before the cell is used.
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The cell is filled to the proper level with 0.025 M phosphate buffer at

pH 8.6.

Wicks for the cell are cut from heavy filter paper in strips 12 3/8" long and

4 1/8" wide. They are placed into the cell, containing buffer, and once

thoroughly wet, the upper edge of each is bent at a 90 ° angle, toward the center

of the electrophoretic cell. They are held in this position by a glass of plexi

glass weight until the bend becomes permanent.

The power supply used is the Spinco Duostat (Beckman Corporation), a

regulated D.C. power source, that is set for constant current.

At least 24 hours prior to their use, the slides are removed from the phos

phate buffer in which they are shipped and are soaked in a phosphate buffer

(0.025M, pH 8.6) containing 0.05% human albumin (Cutter Laboratories). They

are stored in this buffer in the refrigerator until ready for use.

At the time of electrophoresis, the agarose gels are removed from the albumin

buffer and allowed to dry 25 – 30 minutes at room temperature. For identifica

tion, each gel is labeled with an indelible felt marker.

Following the instructions in the Bio-Gram A Instruction Manual, the

applicator cups are filled to the brim with sample. For each electrophoretic run,

one cup is filled with a 1:1 mixture of serum and 1% bromphenol blue. This

serves as a marker as the electrophoresis progresses.

The applicator is positioned in the holder and then slowly depressed into

the sample cups and held there for several seconds. The exact number of se

conds is not critical, but it is the same for every gel. The applicator is then

slowly withdrawn from the cups.
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Now the gel is positioned in the holder, under the applicator. The appli

cator is slowly depressed until it touches the plastic backing beneath the gel.

It is then held in place for several seconds while being rocked gently from side

to side. Again the timing is constant for each gel.

A maximum of seven gels is placed, gel side down, into the Durrum cell,

their surfaces in contact with the bent wicks. They are aligned so that they

are parallel to the direction of the current flow and have their origins at the

negative pole. To insure good contact with the wick, the gels are weighted with

a glass or plexiglass bar.

Electrophoresis is performed at a constant current of 2 1/4 milliamperes

per slide until the distance the tracking dye has moved from the origin is 1.5 cm.

The power supply is then disconnected and the gels are removed from the

cell and placed in a glass slide basket.

The basket holding the gels is placed into a covered glass dish containing

about 200 ml of fixing solution and a magnetic stirring bar. The gels remain

in this solution for 15 minutes as it is constantly stirred.

Following this, the gels are removed and placed in a second dish containing

fixing solution, and are allowed to fix an additional fifteen minutes as the

solution is stirred.

After fixation, the gels are removed from the solution and are dried, still

in the slide basket, by placing the basket about 18" from a hair dryer set on

"Warm". The gels are dried until they are completely invisible.
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A working solution of Fat Red 7B, prepared just prior to use, is now

placed in a glass staining dish that has been thoroughly rinsed with absolute

methanol. A magnetic stirring bar, methanol rinsed to prevent precipitation

of the dye, is placed in the dish and stirring is begun.

The slide basket holding the gels is gently lowered into the dye solution,

the dish is tightly covered, and a timer is set.

After exactly fifteen minutes, the gels are removed from the stain and are

rinsed gently, but very thoroughly, in a stream of distilled water. Any stain

still adhering to the plastic backing is removed by gently wiping the back of

the slide with a gauze sponge.

Finally the gels are returned to the slide basket and are dried by placing

them about 18" from a hair dryer set on "Cool". Once dry, they are stored

protected from light and moisture.

Densitometric scanning of the gels is performed using a Clifford, Model

445, Electrophoresis Densitometer (Clifford Corporation, Natick, Massachusetts)

equipped with an interference filter (42 – 47 – 30 # 1058) which provides

monochromatic light at 500 nm. The slit width setting is 0.15 mm.

The integrator is set in the "log inverse" position such that the peak area

calculations are made upon the logarithmic inverse of the photometric signal.

To provide maximum sensitivity at low optical densities, the recorder is set in

in the "function of X" position such that full scale is 0.7 O.D. units. Peak

area is recorded in 6 significant figures.
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The calculations employed for the estimation of the concentration of

lipoproteins from the densitometric scan will be described in detail in a later

section (see Results).

Statistical Methods

References:

Snedecor, George W.; Cochran, William G. Statistical Methods
6th Edition Iowa State University Press Ames, Iowa Chapters #2, 6, 10

Hewlett-Packard HP 9100B Program Library Programs 5a, 5b, 5c.
Hewlett-Packard Corporation Loveland, Colorado

The mean, median, standard deviation, and standard error of the
cholesterol and triglyceride measurements made on the whole serum
samples are determined using the following equations:

MEAN X; X = X Median, where N is odd: n + 1
N 2

Median, where N is even: The average of the ordered statistics whose
numbers are n/2 and n+2/2.

■ : Ox-x5"
Standard Deviation: S = /W-1

S –5–
Standard Error: S. E. = -RT- Coefficient of Variation: X X 10o

When regression and correlation analysis of data are performed, the

formulae indicated below are used:

Slope of the Regression Line: b = 2 (x - X )

Y Intercept: a = Y – by
- -

- N2 ~.
Correlation Coefficient: r = J2 ( x–x)^ 4 (4- M)

J–3. Hºº■ a.<++++x)Standard Error of the Estimate: S
J.K



Statistical Methods (Cont'd):

Standard Deviation of the Slope: S. = 2. W

a
95% confidence limits for the estimate, Y:

S 6 = s.s., J + + + #:
zºv

Linear Regression Equation: Y = a + b X

To facilitate calculations, the Hewlett-Packard 9100B computer was

used for all statistical calculations.
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RESULTS

Two preliminary studies were undertaken to answer specific questions

about the electrophoretic technique and about sample stability.

The questions posed in the first study were:

1. Are the results of the electrophoretic technique reproducible?

2. Does any particular lipoprotein class exhibit a specific pattern

of variability with storage that can be detected by electrophoresis?

3. Is the variation induced by electrophoretic technique within a

given day significantly greater than all other sources of variation - -

in particular, variability resulting from changes in a sample during

storage?

4. To answer the first question, a serum sample was collected from a

fasting subject and electrophoretically analyzed 13 times during a single day.

For each electrophoresis, the total peak area was determined. The percentages

of that total area contributed by eithero■ pre- A Or A migrating lipopro

teins were calculated. The results are presented in Table 1.

It was concluded that the electrophoretic technique was sufficiently

reproducible to be used as an experimental tool (see Discussion). However,

the large coefficient of variation obtained for the measurement of pre- A

lipoproteins led to further investigation of the reproducibility of the method.
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TABLE I

Repetitive Electrophoresis of a Single Serum Sample

Trial Total Area

l 1724

2 2511

3 2816

4 3181

5 1764

6 1804

7 1776

8 2598

9 2.538

10 2037

11 1910

12 2700

13 1960

MEAN 2255

S.D. # 487

C. V. k 6%

% 4

32.5

37.4

38.9

38.7

38. 1

34.9

35. 3

38.2

40.8

* Pre-/*

4. 9

10. 7

8.0

8.2

7.6

6.2

8.4

11.1

9. 1

6.4

%

62.6

51.9

53.9

53. 1

54.2

58.8

56.2

50.7

50. 1

Coefficient of Variation

40.6

41.4

37.6

41. 0

38. 1

+ 2.6

6.8%

10.5

7. 9

52.9

47.8

54.5

53.8

53. 9
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The remaining questions were answered by the following experiment:

Serum samples were obtained from four normal subjects (serum cholesterol

4, 250 mg/dl; triglyceride < 150 mg/dl), and from four subject who were hyper

lipidemic. Each sample was subject to electrophoresis in duplicate on the

day of collection and on alternate days over the next two weeks.

At the beginning and at the end of this test period, portions of each serum

sample were extracted with chloroform: methanol and assayed for triglycerides,

cholesterol and cholesterol esters, and for phospholipids (see Materials and

Methods). The samples were stored in melting ice in the refrigerator.

On each day, each sample that had been subjected to electrophoresis

was characterized with respect to the total peak area and to the percentage area

contributed by each class of lipoproteins (see Table 2 and 3). The data from

Tables 2 and 3 are graphically represented in Figures 1 and 2. The coeffi

cients of variation associated with the measurement of each lipoprotein com

ponent were also calculated, and those results are presented in Table 4.

Results of the lipid analyses are presented in Table 5.

The data in Tables 2 and 3 seem to suggest that significant changes

occurred in the samples between Day 1 and Day 3 of storage, but this sug

gestion could not be confirmed statistically.

Analysis of variance was performed on the data obtained from the

electrophoresis of the serum samples, and the results are seen in Tables 6 a,b.

Also, a components of variance analysis was performed on the data for the

abnormal serum samples, and an example of this is presented in Table 6 c.
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TABLE 2

Electrophoresis of Four Normal Sera: Effects of Storage

SAMPLE I

Day Total Area % A % pre-A % OA
l 1640 39.6 24. 9 35. 5
3 1690 45.3 24.2 30.5
5 1360 43.2 25.7 31.0
7 1558 46.2 21.5 32.0
9 2108 44.1 18.5 37.4
11 1898 43.5 20. 2 36. 3

MEAN 1709 43.6 22.5 33.8
# 262 # 2.3 # 2.9 # 3.0

SAMPLE II

l 1788 42.9 28. 1 28.9
3 1994 45.3 29.2 25.5
5 1878 44.8 26.1 29.0
7 1530 43.8 28.3 27.8
9 2036 46.2 26.4 27.5
11 1648 46.7 24.0 29.2

MEAN 1812 44.6 27.0 28.0
+ 197 # 1.4 # 1.9 # 1.4

SAMPLE III

l 216.1 49.4 26.8 23.8
3 2440 57.6 19.4 22.9
5 2350 57.6 20. 7 21.6
7 2134 52.6 22.2 25.2
9 2757 54. 7 20.3 25. 0
11 2286 56.3 21.6 22. 1

MEAN 2355 54. 7 21.8 23.4
# 228 # 3.2 # 2.6 # 1.5

SAMPLE IV

l 1549 49. 0 Ø 51.0
3 1520 54.2 Ø 45.8
5 1631 50. 8 Ø 49.2
7 1590 48.7 Ø 51.2
9 1809 49. 1 Ø 50.9
11 1747 52.7 Ø 47.3

MEAN 1641 50. 8 Ø 49.2
f 114 # 2.3 Ø # 2.2



TABLE 3

Electrophoresis of Four Abnormal Sera:

Day

l
3
5
7

9
11

MEAN

l
3
5
7

9
11

MEAN

l

3
5
7
9
11

MEAN

l

3
5
7

9
11

MEAN

%

79.
83.
82.
81.
87.
86.
83.
# 3.3

81.
81.
84.
81.
85.
83.
82.
# 2.1

* pre-É
12. 0
10. 9
11. 7
10.6
6

: :
.

:
-9 l

6

Effects of Storage

%

3

SAMPLE I

Total Area

57631
45602
39.437
3.1157
45981
36205
42335
# 9428

SAMPLE II

32397
48231
37139
32230
356,49
29592
358.78
# 6631

SAMPLE III

24.154
20481
33515
28596
3.1750
25398
27.316
# 4901

SAMPLE IV

29.609
221.30
34.730
33527
39355
29581
31489
# 5853

83.
82.
76.
73.
76.
75.
77.
# 3.9

66.
70.
65.
61.
68.
59.
65.
# 4.0

17.
19.
20.
21.
17.
22.
19.
# 1.9

16.
14.
18.
20.
16.
22.
18

16.
13.
14.
17.
14.
18.
15.
# 1.9
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Figure 1: In this figure, the solid line represents the mean
percentage that each lipoprotein component contributed to the total
peak area. Each point, the average of two determinations, is plotted
as a deviation from the mean.



4-6

ELECTROPHORETIC BEHAVIOR OF FOUR NORMAL SERA DURING STORAGE

A COMPONENT

11 daqs

+2 SD - O – O – O /" 40 O O O –

+1 SD e * -– I –F– —r —u—, – – I

X% N ~ | | \ / /\ |
Y Iz- VZ / |

~! SD —l — — — — — — — — — — — — —

-2 SD -O – O – –0 – O –| —O—o— O —O –

PRE AcOMPONENT
+2 SD –O O— O O |O O O| O O —

+l S D . . . – I-A —– ——— — . —
^4 º - -

X% *A A ^2

***P – o – o–| – o –o-l—o– o—l—o– o—o-

CK componenT

*2 SP, -o--— o–l--c-— o–Ho— —o— O — O

* SP — — P.-|– — --|-- Se ©

X% \ \ \ / A. | \ \ \
| *SJ º

\
Tl SD e -\º- — —- —Al- –\! – º –
-2 SD o–o — o- t—o O O O O O—

SAMPLE I SAMPLE || SAMPLE || || SAMPLE IV



4.7

Figure 2: In this figure, the solid line represents the mean percen—
tage that each lipoprotein component contributed to the total area.
Each point, the average of two determinations, is plotted as a
deviation from the mean.



14.8

+2 SD

+1 SD

–l SD

–2 SD

+2 SD

SD

X%

-1 SD

+1

— 2 SD

ELECTROPHORETIC BEHAVIOR OF FOUR ABNORMAL SERA
DURING STORAGE

£3 COMPONENT

-O – — O O O O O "O O—

A l . — -|- – A
-* - - *- -

* Å fº- 7\ /
/* | VS 2 V

-

T\l
*-

-O—O— O —HO—O —O— | –O O –O O—O O

PRE [3 componeNT

O O O O O O O -O

*>e —7-
- – - | – R.

-
— — — — .^^ - || Fºw. A

-|-} V ^.- A |
-

/* º º

O O— O ©– —O — o– —O — o –

C( COMPONENT

O O O O– k O O O O –

VW. Aft| VII. AfW. Afi TVII. Al
Q

WWII./III VI V. V. V.
O O O o—e © O O || -----O o

SAMPLE | SAMPLE II SAMPLE || SAMPLE IV
!—

lldays



TABLE
4(a) DAY
i: :

SAMPLE
I

Chol/TG
186/153

:

:
.

CÅ
Component SAMPLE

II
Chol/TG

196/127
i

_FComponentp-fcompºnent
:
i
:-
8; *–

Component
.

i

Noprecomponentdetected
ReplicateElectrophoreticMeasurements
onNormalSera:Coefficients
of
Variation

SAMPLE
III
Chol/TGSAMPLE
IV
Chol/TG

225/169204/146

3.70.4 5.36.2 4.13.4 0.6--- 1.26.7 3.10.9 8.8Ø+ 35.3Ø 3.4Ø 8.6Ø
10.4
Ø 4.9Ø 0.70.4's 10.95.2 0.23.3 5.4--- 2.26.9 7.40.9
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TABLE4(b)ReplicateElectrophoreticMeasurements
on
AbnormalSera:Coefficients
of
Variation

ChComponent

DAYSAMPLE
I

Chol/TGSAMPLE
II
Chol/TGSAMPLE
III
Chol/TGSAMPLE
IV
Chol/TG

568/.429568/105464/65342/.336

l5.90.44---6.2 310.92.91.79.7 58.80.815.25.4 7
10.41.720.73.1 9:

11.37.32.86.2 118.10.621.44.9

pre-fComponent

l2.9136---7.3
36.557.636.211.4

55.55.919.9
13.7

7
20.23.849.85.9 9

19.221.711.912.8 1112.037.9
31.420.2

A
Component

ll.11.2---1.3 302.62.81.0 500.61.82.9 73.50.12.82.9 92.00.52.12.3 110.31.21.44.1
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TABLE
5
(a) LIPIDANALYSES:

STABILITYSTUDY

SAMPLE
I

TotalChol FreeChol. Esterified Triglyceride Phospholipid SAMPLE
III

Day
1

186mg/dl. 42 144 153 195

Day12 178mg/dl. 44 134 149 205

NORMALSERUMSAMPLES
SAMPLE
II

SAMPLE
IV

Day
1

196mg/dl. 49 147 127 205

Day12 192mg/dl. 50 142 130 192

TotalChol. FreeChol. Esterified Triglyceride Phospholipid
225 61 164 169 205

245 61 184 171 212

204 58 146 93 228

181 51 130 92 227



:

TABLE5(b) LIPIDANALYSES:

STABILITYSTUDY

SAMPLE
I

TotalChol. FreeChol. Esterified Triglyceride Phospholipid SAMPLE
III TotalChol. FreeChol. Esterfied Triglyceride Phospholipid

Day
1

568mg/dl. 169 399 429 452 464 124 340 65 331

Day12 592mg/dl. 184 408 452 396 469 130 339 66 324

ABNORMALSERUMSAMPLES
SAMPLE
II

SAMPLE
IV

Day
1

568mg/dl 152 416 105 380 342 96 246 336 342

Day12 554mg/dl 171 383 106 360 351 105 246 344 327
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TABLE6(a)
Electrophoresis
ofFourNormalSera:Analysis
of
Variance Example

of
VarianceTableOSComponentSAMPLE
I

DAY
1
DAY
3
DAY
5
DAY
7
DAY
9
DAY11

Trial5.87%4.64%4.26%4.65%8.77%6.06% Trial
2
5.825.684.175.417.017.72 Trial

3
5.86 Analysis

of
VarianceSAMPLE
I

SAMPLE
II

COMPONENT
6pre-6dÉpre-6O) MeanSquares,Btn14.5616.7218.2725.0116.9553.89 Degrees

of
Freedom
555555

MeanSquares,Wtn.3.566.438.219.539.6932.58 Degrees
of
Freedom
777777 F

Ratio3.962.602.232.621.751.65

SAMPLE
III
SAMPLE
IV

COMPONENT
Ap-fo,4Pre-Acº MeanSquares,Btn.4.645.173.959.210.09.19

Degrees
of
Freedom
555555

MeanSquares,Wtn.7.877.481.434.540.04.52 Degrees
of
Freedom
777777 F

Ratio0.5900.6912.762.030.02.03 Critical
F
Ratio(p=<0.05)
=3.97 Conclusions:Nullhypothesismaynotberejectedforanycomponent

ofanysample
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TABLE
6(b)
Electrophoresis
ofFourAbnormalSera: Example

of
VarianceTable

DAY
1

Trial
18.7 Trial

28.0 Analysis
of
Variance COMPONENT MeanSquares,Btn. Degrees

of
Freedom MeansSquares,Wtn. COMPONENT MeanSquares,Btn. Degrees

of
Freedom MeanSquares,Wtn. Degrees

of
Freedom

F
Ratioºkºk *

Critical
F
Ratio(p=<0.05)
=
4.39

DAY
3 6.3 5.4 SAMPLE

I
A 3.37

5
0.388

6
8.69 SAMPLE

III A 15.87 5 2.10 5
7.56

**Critical
F
Ratio(p=<0.05)
=
5.05 Conclusions:ExceptforSampleIVandthePrº-AandO)

components
ofSampleIII,thenull hypothesismustbe

rejected.

o;Component
DAY
5

6.0 6.8 pre-f 11.84
5

1.283
6 9,23

DAY
7 8.7 7.5 o 22.53 1.988 18 5

4

o, 6. 5 3. 5 1.
75Analysis

of
Variance

SAMPLE
I

DAY
9

4.6 5.4 SAMPLE
II A 17.82

5
0.299

6
59.56 SAMPLE

IV A 7.25 8.51 0.852

DAY11 6.6 7.4

6.70 1.121

Degrees
of
Freedom

F
Ratio
+

11.33

26.91 33.6 14.78 2.27
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TABLE 6(c)

Example of Component of Variability Analysis

Statistical Model:

2 2 3.

Mean Squares, Between $4. is an unbiased estimate of O, and O'
where:

2.

0. is the variability between samples
2.

O' is the variability within the procedures and occuring
both between and within runs. This is random variability.

2
S. is the Mean Squares, Within

N = the number of columns in the variance table

^a 3 2.

Q. (estimate) = #=s*

Example:

CK Component of Sample I

S} - sº = 3.37 – .3883 = 2.98.17 = 0 . 4965
–4–4– 6 6NC

/N

d; 0.49695
s. O.3883

0.88525

Percent Contributed by Between Day Variability: 0.49695 X 100
0.88525

Percent Contributed by Between Day Variability: 0.3883 X 100
0.88525

Conclusion: For the C. Component of Sample I, between day variability

accounts for the larger percentage of the observed difference between

the means of the columns.

- 5 6 1

- 4 3 9
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From these analyses, the following conclusions were drawn:

There were differences between the behavior of normal and abnormal sera

during storage.

For the four normal sera, random variability within days was significantly

greater than all other sources of variability. Further, in these sera the

changes in the electrophoretic patterns and in the lipid concentrations during

the period of stroage were random.

In three of the abnormal samples, between day variability in the electro

phoretic analyses was greater than the random variability within days, indicating

that significant changes had occured in the sera during storage (see Table 6 c

for the method of calculation). The changes in the lipid concentration. Were

random.

For the remainder of this investigation, it was decided to perform electro

phoresis on all test sera in duplicate to minimize within day variability. Further,

the decision was made to analyze all samples within 24 hours of their collection.

The second preliminary study was undertaken to define the staining

characteristics of VLDL, LDL and HDL when exposed to Fat Red 7B under

identical experimental conditions. The questions specifically posed were:

1. Do lipoproteins of a specific class stain with an intensity propor

tional to their concentration?

2. Do equal concentrations of VLDL, LDL, or HDL stain with the same

or different intensities?
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These questions are answered in the following series of experiments:

VLDL, LDL, and HDL were isolated from the whole serum of six normo

lipidemic subjects by preparative ultracentrifugation at densities of 1.006,

1.063 and 1.210 respectively (see Materials and Methods). The density of the

samples was adjusted with either potassium bromide solution or dry potassium

bromide salt. For purification, the lipoproteins were subjected to an isopycnic

ultracentrifugation and reisolated.

Fuw-ther, the LDL and HDL were dialyzed in the cold against large volumes

( 3 - 4,000 ml) of 0.9% sodium chloride, at pH 7.2, for a minimum of 24 hours.

This dialysis was performed to prevent the hypertonic salt solution from altering

the electrophoretic behavior of the lipoproteins.

Protein determinations were performed on each isolated lipoprotein frac

tion by the method of Lowry (Lowry et al., 1951). Determinations for free

and esterified cholesterol triglycerides and phospholipids were made on each

lipoprotein as outlined in Materials and Methods.

From the concentrations of protein and lipid, it was possible to determine

the total weight per milliliter of each fraction and the percentage composition

of that lipoprotein fraction. These data are presented in Table 7.

On a give day, every isolated lipoprotein was subjected to electro

phoresis undiluted and at a series of dilutions. To minimize the effect of

technical variation, each concentration of lipoprotein was electrophoretically

separated four or five times, and the mean peak area at each concentration was

used for calculation.



TABLE
7

PercentComposition
of
LipoproteinsusedforStudies
of
Linearityand
Determination
ofDyeFactors

VeryLowDensityLipoproteins
VLDL
1

Protein Phospholipid Triglyceride FreeCholesterol Chol.Ester Total VLDL
4

Protein Phospholipid Triglyceride FreeCholesterol Chol.Ester Total
*

Skipski,1972

mg/ml .
70 .80

.
10

.
57

.
64

:

percentVLDL
2
mg/mlpercentVLDL
3
mg/mlpercent 17.32.8015.40.3612.3 18.33.8020.9

0.3110.6 41.88.2045.0
1.9366.1 5.91.106.00.113.8 16.7

2.3012.61.217.2

18.202.92

percentVLDL
5
mg/mlpercentTypicalVLDLPercentComposition”

9.91.3411.7
Il-O 15.7

0.3010.314.3 62.81.9567.2Jº.7 3.90.093.17,o 7.60.227.6/0
-O (>

OQ.

2.90



Table
7(2) PercentComposition

if

LipoproteinsUsedforStudies
of
Linearityand
Determination
ofDyeFactors

LowDensityLipoproteins
LDL
1

Protein Phospholipid Triglyceride FreeCholesterol Chol.Ester Total LDL
4

Protein Phospholipid Triglyceride FreeCholesterol Chol.Ester Total
*:

Skipski,1972

mg/ml
.

:
:

27.51

percentLDL
2

percentLDL
5

LDL
3
mg/mlpercent

2.7822.7 3.0024.5 0.604.9 1.048.5 4.8239.4 12.24

TypicalLDLPercentagecomposition”
*).O /4,o 7o /7-© 3%.o

§
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TABLE
7(3) PercentComposition

of
LipoproteinsUsedforStudies
of
Linearityand
Determination
ofDyeFactors

HighDensityLipoproteins
HDL
3
mg/mlpercentHDL
5
mg/mlpercent Protein23.6057.0

22.8048.6 Phospholipid8.8221.211.7525.0

Triglyceride
0.511.21.352.9 FreeCholesterol1.082.61.633.5 Chol.Ester7.3617.99.3720.0

Total41.3746.90 TypicalHDLPercentageComposition
* ProteinJºke Phospholipid

/5.O

Triglyceride(e.o FreeCholesterol
7o

Chol.Ester/g.O *

Skipski,1972
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The study was performed on two separate occasions. On the first occa

sion, the data from the VLDL, LDL, and HDL dilution studies of two subjects

were pooled and used to construct curves relating the lipoprotein concentrations

to peak area. Linear regression analysis was performed.

On the second occasion, the data from VLDL, LDL, and HDL dilution

studies of four subjects were pooled and used to construct curves correlating

the concentrations of each class of lipoproteins to the peak areas obtained

for that class. Again, linear regression analysis was performed.

The equations and correlations resulting from these statistical analyses

are presented in Table 8.

From these experiments, it was concluded that for all lipoprotein classes

investigated, the intensity of staining by Fat Red 7B was directly proportional

to the concentration of the lipoprotein.

Employing the same data from the dilution studies, it was possible to

determine the number of milligrams of a given lipoprotein represented by

one unit of peak area. Thus, if the concentration of a lipoprotein was 910 mg/dl.

and this resulted in a peak area of 21 units (also designated 21 DYE UNITS),

each unit was equivalent to 43.64 mg of lipoprotein.

From such calculations, presented in Table 9 and 10, it was determined that

equal concentrations of VLDL, LDL, and HDL were stained with different intensities,

and that these differential staining characteristics could be defined by fixed ratios.
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TABLE
8

StainingCharacteristics
of
IsolatedSerumLipoproteins VeryLowDensityLipoproteins(VLDL)Study

I

RegressionEquation
Y=
0.8873
+
1.8830
X

CorrelationCoefficient
r=0.9880 StandardErrorof

Estimate0.3628 StandardDev.ofSlope0.06885 Number
5

LowDensityLipoproteins(LDL)Study
I

RegressionEquation
Y=
1.7684
+1.1301X

CorrelationCoefficient
r=0.9956 StandardErrorof

Estimate0.4215 StandardDev.ofSlope0.0535 Number
6

Study
II 0.5406

+1 r=
0.9985 0.1180 0.0459

4
Study
II –0.7381

+ r=
0.9903 0.2278 0.0646

8

.

1915X
1.1254
X
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TABLE
9

Calculation
ofDyeFactors: LIPOPROTEIN,mg/dl

A

ElectrophoreticArea
4

Concentration
/
Area (mg/unit) LIPOPROTEIN,mg/dl

A

ElectrophoreticArea Concentration
/
Area (mg/unit) LIPOPROTEIN,mg/dl.

7.

ElectrophoreticArea Concentration
/
Area (mg/unit)

Determination
of
DifferentialStainingCharacteristics VLDL

1
981 22.48 43.6 LDL

1
2751 49.96 55.1

HDL
3

4137 35.86 115.4

*
Theareais
expressed
in
absoluteunits

VLDL
2

1820 42.00 43.3 LDL
2

81.25 16.1.88 50.2 HDL
5

4690 30.44 154.
1

VLDL
3

292 4.51 64.7 LDL
3

1224 13.95 87.7 HDL
6

2520 24.33 103.6

VLDL
4

1212 21.30 56.9 LDL
4

1316 20.07 65.6

VLDL
5

290 5.69 51.0 LDL
5

1128 19.22 58.7
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Calculation of Dye Factors

VLDL RATIO (s) +
LDL

1.

VLDL = 43.6 mg lipoprotein / unit
LDL - 55.1 mg lipoprotein / unit

VLDL = 0.791 0.791
LDL

2.

VLDL = 43.4 mg lipoprotein / unit
LDL - 50.2 mg lipoprotein / unit

VLDL = 0.862 0.862
LDL

3.

VLDL = 64.7 mg lipoprotein / unit
LDL - 87.7 mg lipoprotein / unit

VLDL = 0.738 0.738
LDL

4.

VLDL = 56.9 mg lipoprotein / unit
LDL - 65.6 mg lipoprotein / unit

VLDL = 0.867 0.867
LDL

5.

VLDL = 51.0 mg lipoprotein / unit
LDL - 58.7 mg lipoprotein / unit

VLDL = 0.869 0.869
LDL

MEAN 0.82 + 0.06

(N = 5)

>k See Table 8 for calculation of lipoprotein concentrations / unit
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Calculation of Dye Factors

HDL RATIO (s)
LDL

1.

HDL = 115.4 mg lipoprotein / unit
LDL = 87.7 mg lipoprotein / unit

HDL = 1.32 1. 32
LDL

2.

HDL = 154.1 mg lipoprotein / unit
LDL = 58.7 mg lipoprotein / unit

HDL = 2.62 2.62
LDL

3.

HDL = 103.6 mg lipoprotein / unit
LDL = 68.9 mg lipoprotein / unit *

HDL = 1.52 1.52
LDL

MEAN 1.82 + 0.7

(N = 3)

* The LDL of this serum sample were lost to study. The con
centration of LDL in the denominator of the fraction is the mean of
LDL 2 and LDL 3.
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Specifically, 83 mg of VLDL, 182 mg of HDL and 100 mg of LDL stained

with equal intensity. If LDL were arbitratily chosen as a standard for com

parison, these values, expressed as ratios, were:

VLDL = 0.82 + 0.05 (N = 5)
LDL

HDL = 1.82 + 0.7 (N = 3)
LDL

The ratio of dye uptake by HDL to that of LDL is seen to be highly

variable. Hatch et al (1973), in developing the method of quantitative

lipoprotein electrophoresis on agarose gel, found that the ratio of dye up

take by HDL to that of LDL was 1.75 + 0.4 (N = 13). That ratio also demon

strates great variability, despite the larger number of samples used for its

calculation. Because the factor seen in this present study correlated well

with the one developed by Hatch et al., it was considered acceptable al

though its variability was certainly greater than would be desired.

The fixed ratios developed in this study were designated DYE CORRECTION

FACTORS. They were used to correct for the differential staining characteris

tics of the three lipoprotein classes in all calculations performed on subsequent

electrophoreses.

Data Analysis

The population, described in a previous section (see Materials and

Methods), consisted of serum samples from 178 subject. Of this population,

136 subjects were male and 42 females. The mean cholesterol concentration

for the population was 231. 1 it 46.9 mg/dl., and the mean serum triglyceride

concentration was 133. 1 + 97 mg/dl. Histograms of the cholesterol and

triglyceride distributions are presented in Figures 3 and 4.
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Figure 3: Histogram of serum cholestero1 concentrations
Mean cholestero1 = 231.3 mg/dl. S. D. = + 46.9
Median cholestero1 = 228 mg/dl.
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Figure 4: Histogram of serum triglyceride concentrations
Mean triglyceride = 133.1 mg/dl. S.D. = + 97.1
Median triglyceride = 109 mg/dl.
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Of the total population, 39 subjects were found to have cholesterol

values > 250 mg/dl., and 21 subjects were found to have serum triglyceride

concentrations of > 150 mg/dl.

In addition, upon electrophoresis, 31 samples (17.4%) exhibited a double

peak in the pre-A position. For data analysis, both these peaks were con

sidered to be VLDL.

Calculation of Lipoprotein Concentrations from Densitometric Scans

Using the dye correction factors presented previously, the area of each

peak was standardized to reflect equivalent amount of LDL. Then the percen–

tage that each standardized peak area contributed to the total area of the scan

was calculated and expressed as parts per 100. This figure, for each peak,

was designated the peak Area.

To each lipoprotein class, cholesterol (free + esterified) contributes

a definite percentage, by weight. For VLDL, or pre-A, this is 15.7%. For

LDL, or A , it is si.iv. and for HDL or O. , it is 12.4% (Bragdon, Havel and

Boyle, 1956). These percentages were chosen for calculations because they are

typical percentages, not because it was expected that the lipoproteins of every

member of the test population would demonstrate such a percentage composition.

The Area for a given peak was multiplied by the percentage, "C", that

cholesterol contributed to the lipoprotein corresponding to that peak. This pro

duct of Area and "C" was termed the number of "cholesterol units" for a peak.

It follows that the total "cholesterol units" for a scan must be equal to the

serum cholesterol, and therefore the milligrams of cholesterol per cholesterol
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unit was easily determined by dividing the serum cholesterol concentration

by the total number of "cholesterol units".

Following this, the cholesterol concentration in each peak aarea

was determined by multiplying the cholesterol units in that peak area

by the number of milligrams of cholesterol per unit.

An identical method was employed to calculate the triglyceride

concentration of each lipoprotein fraction. The precentage of trigly

ceride in normal VLDL, LDL, and HDL were considered to be 51.8%,

9.3%, and 8.1%, respectively (Bragdon, Havel, Boyle, 1956). Table 11

presents an example of these calculations.

Statistical Analysis of Data From Electrophoretic Studies

For each sample, the estimated cholesterol concentration of the

VLDL, LDL, or HDL lipoproteins, as calculated from the electrophoresis,

was plotted against the measured cholesterol concentration of that fraction

as determined by the Autoanalyzer and corrected for recovery (see

Materials and Methods).

For a given lipoprotein, the data from the entire population were

first plotted, ignoring the sex of the subjects, and then the data were

replotted considering males and females separately.

Regression lines were drawn for each plot, the equation defining

the line was determined, and a correlation coefficient was calculated.

Some of the plots and their pertinent statictics are presented in

Figure 5 - 8.

Scattergrams were also made plotting the triglyceride content of

VLDL, as estimated by electrophoreses, against the triglyceride concen

tration of that fraction as measured by the Autoanalyzer and corrected

for recovery. Again the entire population was analyzed first, and then

males and females were analyzed separately.
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Method Used to Estimate Lipoprotein Concentrations from Electrophoretic Data

SERUM CHOLESTEROL: 201 mg/dl.
SERUM TRIGLYCERIDE: 75 mg/dl.

I Standardization of Each Peak Area

5380 g area

1305 pre-A area
6819 c area

Area: 5380 (1)
Area: 1591 ( 0.82) +
Area: 3747 ( 1.82) +

II Calculation of Percentage Each Peak Contributes to the Total Area
A -

6, , prº-/* a * = 5380 + 1305 + 6819 = 13504 (£)
M ZÉ = 5380 x 100 = 39.84% are P= 1305 x 100+ = 9.66%13504 #– #:

* = 6819 X 100 50.5%%— 13504

III Determination Total Lipid Units in Each Peak Area

A. Cholesterol

Percentage, by weight, cholesterol contributes to each lipoprotein class

6 - 31.1%; pre-A-15.7% Cº- 12.4%

A / (39.84) (0.311) = 12.39 units#
= ( 9.66) (0. 157) = 1.52 unitso - (50.50) (0.124) = 6.26 units

20. 169 units in total peak area

Serum Cholesterol: 201 - 9.97 mg cholesterol / unit
Total Units 20. 169

B. Triglyceride
Percentage triglyceride contributes to each lipoprotein class

6 = 9.3%; pre-6- 51.8%; d= 8.1%
J

g , = (39.84) (0.093) = 3. 70 unitsprº-f
= ( 9.66) (0.518) = 5.00 unitsC■ - (50.50) (0.081) = 4.09 units

12.79 units in total peak area

Serum Triglyceride = 75 5.87 triglyceride / unit
Total Units 12. 79

* Dye factors to standardize to equivalent A lipoprotein.
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TABLE 11(2)

Method Used to Estimate Lipoprotein Concentrations from Electrophoretic
Data

IV Estimation of Cholesterol and Triglyceride Concentrations in each Peak

A.

6

A
Prs-É

E

o,

Cholesterol

9.97 mg cholesterol / unit

- (12.39 units) 9.97 =

- ( 1.52 units) 9.97 =

- ( 6.26 units) 9.97 =

Triglyceride

5.86 mg triglyceride / unit

= ( 3.70) 5.86 -

( 5.00) 5.86 -

= ( 4.09) 5.86 -

123.

15.

62.

21.

29.

24.

12

mg

mg

mg

mg

mg

mg

cholesterol in A peak

cholesterol in pre-8 peak

cºcholesterol in peak

triglyceride in A peak

triglyceride in prº-f peak

triglyceride in Ol peak



7 5’

15O
mg/dl u

r =O.87O8
-

25

O 5O 25O
mg/dl

VLDL CHOLESTEROL , DETERMINED
-

Figure 5 : VLDL cholesterol, estimated by quantitative electrophoresis,
vs. VLDL cholestero1, as measured chemically.
Regression Equation: Y = 5.67 + 0.6713 X
$y x T 0.895.3 S.D. Slope = 0.0327 N = 136 males
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VLDL CHOLESTEROL , DETERMINED
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Figure 6 : VLDL cholesterol, estimated by quantitative electrophoresis,
vs. VLDL cholesterol as measured by chemical methods.
Regression Equation: Y = 0.74 + 0.7324 X
S = 0. 97.86 S.D. Slope = 0.0949 N = 42 females

y. X
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LDL CHOLESTEROL, by ultracentrifugation

Figure 7: LDL cholesterol, estimated by quantitative electrophoresis,
Vs. LDL cholesterol as measured by chemical methods.
Regression Equation: Y = 1.51 + 1.0021 X
5, x * 1. 335 S.D. Slope = 0.3321 N = 178 males, females
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r =O.7499

O 2Of l4O
mg/di

HDL CHOLESTEROL, by ultracentrifugation

Figure 8: HDL cholestero1, estimated by quantitative electrophoresis,
vs. HDL cholesterol, measured in the ultracentrifugally isolated
fraction. Regression equation: Y = 6.22 + 0.9038 x
$y x " 0.9789 S. D. Slope = 0.06011 N = 178 males, females
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Statistically these data were analyzed in a manner identical to the data from

the cholesterol measurements. The scattergram for the entire population is

presented in Figure 9. The statistics from all plots that were constructed are

summarized in Table 12.

Method of Direct Estimation from Serum Lipids

To determine the relationship, if any, which existed between the cholesterol

concentration of a lipoprotein and the serum triglyceride concentration, another

series of plots was constructed. These plots related the cholesterol concentra

tion of the VLDL or HDL in a sample to the serum triglyceride concentration of

that sample. First the entire population was considered, and then it was divided

into separate populations of males and females.

When the scattergrams for VLDL cholesterol were completed, the relation

ship between that quantity and the serum triglyceride concentration was found

to be linear, but the regression line failed to pass through the origin

(Y intercept -30). The distribution of the data points for both males and fe

males suggested that two regression lines might better describe the function,

one line being defined by those samples having serum triglyceride concentra

tions of less than 100 mg/dl., and another being defined by those samples with

serum triglyceride values of greater than 100 mg/dl. Therefore, the popula

tions were further divided, and four new regression lines were constructed.

For both sexes, the slopes of the new regression lines relating the VLDL

cholesterol concentration and serum triglyceride concentration were found to

change significantly as the serum triglyceride concentration fell below 100 mg/dl.,

and this resulted in those lines intercepting the Y axis very near the origin.
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VLDL TRIGLYCERIDE, by ultracentrifugation
Figure 9 : VLDL triglyceride, estimated by quantitative electrophoresis,
vs. VLDL triglyceride, measured in the isolated fraction.
Regression Equation: Y = – 23.41 + 1.0013 X
S = 1. 468 S. D. Slope = 0.01744 N = 178 males, females

y. x
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TABLE 12

Comparison of Cholesterol Concentrations of Lipoproteins as Estimated and
as Measured: Statistics

Electrophoretic Estimation

N 178 136M 42F
Correlation Coeff. 0.7499 0.7459 0.6971
Y Intercept 6.22 6.53 15.9
Slope 0.9038 0.8672 0.8312
S.E. of Estimate 0.9789 0.9774 2. 560
S.D. of Slope 0.06010 0.06689 0.13521
95% of Confidence Interval * + 25mg # 23 # 33

6 Lipoproteins

N 178 136M 42F
Correlation Coeff. 0.9154 0.9205 0.8513

Y Intercept 1.51 4.47 1.54
Slope 1. 0021 0.9886 0.992.1
S.E. of Estimate 1. 335 1. 450 3. 625

S.D. of Slope 0.3321 0.03652 0.09666
95% of Confidence Interval + 47mg # 33 # 34

pre- A Lipoproteins

N 178 136M 42F
Correlation Coeff. 0.8009 0.8708 0.7736

Y Intercept 5.18 5. 6.7 0.74
Slope 0.6712 0.6713 0.7324
S.E. of Estimate 0.8958 0.8953 0.9786
S.D. of Slope 0.0378 0.0327 0.0949
95% of Confidence Interval # 24mg # 36 # 13

All Statistics are derived from the linear regression of the estimated
values, Y, upon the measured values, X.

A.

The 95% confidence interval is for the estimate, Y, from the regression
line. Y is the estimated lipoprotein cholesterol concentration.
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TABLE 12(2)

Comparison of Triglyceride Concentrations of pre Lipoproteins as
Estimated and as Measured: Statistics

Electrophoretic Estimation

Pre- A Lipoprotein

N 178 136 NA 42 F
Correlation Coeff. 0.9743 0.9753 0.9248
Y Intercept —23. 14 –22.04 – 17.46
Slope 1. 0013 0.9799 0.8608
S.E. of Estimate 1. 467 1. 804 1.994

S.D. of Slope 0.01744 0.01916 0.05599
95% Confidence Interval * * 40 mg # 41 # 26

All statistics are derived from the linear regression of the estimated
values, Y, upon the measured values, X.

/*N.

The 95% confidence interval is for the estimate, Y, from the regression
line. Y is the estimated lipoprotein triglyceride concentration.
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The regression equations derived from these plots were as follows:

Males:

-1. 397 + 0.1634 X
–14. 79 + 0.2616 X

Serum Triglyceride <100 mg/dl: Y
Serum Triglyceride Z100 mg/dl: Y

Females:

–0.3430 + 0.8864 X
– 12.92 + 0.2399 X

Serum Triglyceride4 100 mg/dl: Y
Serum Triglyceride Z100 mg/dl: Y

When the combined populations of males and females with serum trigly

cerides 100 mg/dl were plotted, the distribution of Figure 10 resulted.

Males and females with serum triglyceride concentrations of 100 mg/dl had

to be considered separately, and those plots are seen in Figures ll and 12.

By substituting the serum triglyceride concentration into an appropriate

regression equation, it was possible to predict the VLDL cholesterol concen–

tration for each sample.

Finally, these predicted values for VLDL cholesterol concentrations were

plotted against the values determined by the Autoanalyzer, and the degree of

correlation between them was calculated (see Figure 13).

When the scattergram relating HDL cholesterol concentration to serum

triglyceride concentration was constructed, the resulting relationship

appeared to be more hyperbolic than linear (see Figure 14).

Non-linear regression analysis indicated that the data were best

described by the function:

Y = Y, + Ymax K
K + X
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Figure 10: Scatter plot of VLDL cholesterol concentrations vs. serum
triglyceride concentrations.
Regression Equation: Y = - 15.02 + 0.2618 X
S = 0.91.75 S.D. Slope = 0.008631 N = 102 males, females,
sérém triglyceride 2 100 mg/dl.
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SERUM TRIGLYCERIDE

Figure 11 : Scattergram of VLDL cholesterol concentrations vs. serum
triglyceride concentrations
Regression Equation: Y = - 1.3974 + 0.16335 x
S = 0. 6708 S.D. Slope = 0.04383 N = 52 males, TG & 100mg/dl.

• X
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Figure 12: Scatter gram of VLDL cholesterol concentrations vs. serum
triglyceride concentrations
Regression Equation: Y = - 0.3430 + 0.08864 X
Sy.x = 0.5058 S.D. Slope = 0.02983 N = 24 females, TG & 100mg/dl.
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VLDL CHOLESTEROL, by ultracentrifugation

Figure 13 : VLDL cholesterol, as estimated by regression analysis
vs. VLDL cholesterol, measured in the ultracentrifugally isolated fraction.
Regression Equation: Y = 1.919 + 0.9122 X
S, = 0. 5357 S.D. Slope = 0.2136 N = 178 males, females
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Figure 14: Scattergram of HDL cholesterol concentrations vs. serum
triglyceride concentrations. The distribution of the data suggests an
hyperbolic function.



page 3%
where: Y is the estimate of HDL cholesterol; Yo is the value the estimate

assumes when X becomes infinitely large; Y...is the value of the estimate when

X = 0; K is an empirically derived constant; X is the serum triglyceride concen

tration (see Discussion for the derivation of this function).

As before, when a serum triglyceride concentration was substituted into

the derived equation, a predicted concentration of HDL cholesterol was obtained

for each sample.

To determine how closely these predicted values correlated with the values

obtained by the Autoanalyzer, a scattergram was constructed, considering

males and females separately, a regression line was drawn, and a correlation

coefficient calculated (see Figure 15, 16.)

Once the VLDL and HDL cholesterol concentrations of a sample had been cal

culated from regression equations, the LDL cholesterol concentration of the

sample was estimated indirectly. The sum of the VLDL cholesterol and HDL

cholesterol was subtracted from the serum cholesterol and the remainder was

designated LDL cholesterol.

A plot was constructed by plotting the LDL cholesterol concentration pre

dicted in this manner against the LDL cholesterol concentration as measured by

the Autoanalyzer. The result is shown in Figure 17.

To allow the prediction of VLDL triglyceride concentration directly from

serum triglyceride concentration, a further series of scattergrams was

constructed. In these, the VLDL triglyceride concentration of a sample was

plotted against the serum triglyceride concentration of that sample, first
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Figure 15: HDL cholesterol, estimated from regression equations
vs. HDL cholesterol, chemically determined on the isolated fraction.
Regression Equation: Y = 39.61 + 0.2358 X
5, x = 0.5416 S. D. Slope = 0.03677 N = 136 males
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cholestero1 as measured in the isolated fraction.
Regression Equation: Y = 52.31 + 0.1603 X
°y.x = 1.0064 S.D. Slope = 0.05631 N = 42 females

3 Pre-menopausal women on oral contraceptives
© Pre-menopausal women ; & Post-menopausal women
tº Post-menopausal women on estrogens

Figure 16: HDL cholesterol, estimated by regression equations, vs.
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LDL CHOLESTEROL, by ultracentrifugation
-

LDL cholesterol, estimated using serum cholesterol concentrationsFigure 17:
and regression equations.
Regression Equation: Y = 3.09 + 0.9809 X
Sy. K = 1. 1497 S.D. Slope = 0.02857 N = 178
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considering the whole population and then considering males and females

separately.

As was the case for VLDL cholesterol, when the regression lines calculated

from these scatter grams were drawn, they had negative Y intercepts, and the

distribution of the data points suggested that two regression lines might more

closely describe the function.

Accordingly the populations of both males and females were divided into

those individuals with serum triglyceride concentrations of 4 100 mg/dl and those

with serum triglyceride concentrations of 2100 mg/dl. Four new regression

equations were determined and used for subsequent calculations. These

equations were:

Males

-12. 78 + 0.7065 X
–32. 15 + 0.8813 X

Serum Triglyceride < 100 mg/dl: Y
Serum Triglyceride 2 100 mg/dl: Y

Females:

Serum Triglyceri de 4 loo ng /dl: ºf = - 12. 12 + 0.4,730 x
Serum Triglyceride 2100 mg/dl: Y = -40. 43 + 0.8993 X

Later it was found that the populations of males and females having serum

triglyceride concentrations of less than 100 mg/dl and greater than 100 mg/dl.

could be legitimately combined. The results are shown in Figures 18 and 19.

The substitution of the proper serum triglyceride concentration into an

appropriate regression equation resulted in a predicted value for VLDL

triglyceride for each sample. These predicted values were then plotted against

the values for VLDL triglyceride obtained from the Autoanalyzer (see Figure 20).
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Figure 18: Plot of VLDL triglyceride concentrations vs. serum trigly
ceride concentrations. Serum TG & 100 mg/dl.
Regression Equation: Y = - 15.48 + 0.72113 X
$, = 1.0181 S.D. Slope = 0.06197 N = 72 males, females• X
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Figure 19: Scattergram of VLDL triglyceride concentrations vs. serum
triglyceride concentrations. Serum TG 2 100 mg/dl.
Regression Equation: Y = – 33.56 + 0.8850 X
Sy x T 1.619 S. D. Slope = 0.01511 N = 102 males, females
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VLDL TRIGLYCERIDE, by ultracentrifugation
Figure 20: VLDL triglyceride, estimated using regression equations,
vs. VLDL triglyceride as measured on the ultracentrifugally isolated
fraction.
Regression Equation: Y = 1.63 + 0.9723 X
5, x " 1.006 S. D. Slope = 0.1187 N = 178 males, females
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The data already presented in legends of Figures 10 - 13; 15 – 20 are tabulated

for convenience (see Table 13). The statistics obtained from the method of

estimating lipoprotein concentration by agarose gel electrophoresis and from

the method of estimating from regression equations are compared in Table 14.
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TABLE 13

Comparison of Cholesterol Concentration of Lipoproteins as Estimated and
as Measured.

Estimation from Serum Triglyceride Concentration

N
Correlation Coeff.

Y Intercept
Slope
S. E. Estimate

S.D. Slope
95% Confidence Interval *

N

Correlation Coeff.

Y Intercept
Slope
S. E. Estimate

S.D. Slope
95% Confidence Interval

N

Correlation Coeff.

Y Intercept
Slope
S. E. Estimate

S.D. Slope
95% Confidence Interval

ch Lipoprotein

178
0. 5178
39.97
0.2657

. 5435

. 03311

15mg

136M
0.4851
39.61
0.2358
0. 5416
0.03677
# 10

A Lipoprotein

178
0.9328
3.09
0.9809
1. 1497
0.02857

+ 30mg

136M
. 9454
. 22
. 9801
. 1663
.02920

28

:
Prs

-

A Lipoprotein

178
0. 9550
1.919
0.9122
0. 5357
0.2136

+ 11mg

136M
. 95.57
. 167
. 9136
.6646
. 0.2431

15

.

42F
0.4104
52. 31
0.1603
1. 0664
0.05631
# 26

42F

0.8911
– 14.58
1. 1123
2.9521
0.0896.1
# 40

42F
0.8748
2. 718
0.7651
0. 06911
0.06699
+ 9

All statistics are derived from the linear regression of the estimated
values, Y, upon the measured values, X.

A
The 95% confidence interval is for the estimate, Y from the regression

line. º is the estimate of lipoprotein cholesterol concentration.
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TABLE 13(2)

Comparison of Triglyceride Concentrations of VLDL as Estimated and as
Measured: Statistics

-

Estimation from Serum Triglyceride Concentration

pre-f Lipoprotein

N 178 136M 42F

Correlation Coefficient 0.9871 0.9878 0.9673
Y Intercept 1.63 2.11 3. 13
Slope 0.9723 0.9755 0. 9404
S.E. of Estimate 1. 006 1. 227 1. 389
S.D. Slope 0.1187 0. 0133 0.0390

+
95% Confidence Interval * 26mg # 28 # 20

All statistics are derived from the linear regression of the estimated
values, Y, upon the measured values, X.

A
The 95% confidence interval is for the estimate, Y, from the regression

line. º is the estimate of VLDL triglyceride concentration.
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TABLE1.4
Comparison
of
Methodsfor
Quantification
of
Lipoproteins: EstimationFromElectrophoresis

N

CorrelationCoeff.
Y
Intercept Slope S.E.

Estimate S.D.Slope 95%ConfidenceInterval
N

CorrelationCoeff.
Y
Intercept Slope S.E.

Estimate
S.D.Slope 95%ConfidenceInterval

7
8

,

7499
.
22

,

9038
.

9789 .06011 25mg
i 178 .9154

,
51

.

0021 .335
.

3321 47mg

O■Lipoprotein
13642 0.74590.6971 6.5315,9

0.86720.8312 0.97742.560 0.06689
0.1352

+23+33 Prs-4
Lipoprotein

136i.
9205

.
47
,

9886
.

450 .03652 33

2
.8513 5

4

,

992.1
.

625 .09666 3
4

Statistics,Cholesterol
EstimationFromRegressionAnalysis 178 0.5178 39.97 0.2657 .

5435
.

03311 15mg
:

7
8

.

9328 0
9

,

9809
.

1497
.

02857 30mg

136 0.4851 39.61 0.2358 0.5416 0.03677
+10 136 0.945.4 3.22 0.9801 1.1663 0.02921

#28

42 0.4104 52.31 0.1603 .

0664
.

05631 26
: 42 0.8911

–
14.58 .

1123
.

9521
.

0896.1 40
:
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TABLE1.4(2)
Comparison
of
Methodsfor
Quantification
of
Lipoproteins:

A
Lipoprotein

EstimationFromElectrophoresis
N178136 CorrelationCoeff.0.80090.8708

Y
Intercept
5.185.6.7 Slope0.67120.6713 S.E.

Estimate0.89580.8953 S.D.Slope0.03780.0327 95%ConfidenceInterval
#24mg#36

i
2 .

7736
,

742
.

7324 .9786
.

0949 13

Statistics,Cholesterol
EstimationFromRegressionAnalysis 178.,

9550
.

919 .9122
.

5357
.

2136 11mg

136 0.95.57 2.167 0.9236 0.6646 0.02431
#15

2 .

18748
.

718
.

7651
.

06911
.

06699 9
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TABLE14(3) Comparison
of
Methodsfor
Quantification
of
Lipoproteins: EstimationFromElectrophoresis

N178
CorrelationCoeff.0.9743

Y
Intercept–23.14 Slope1.0013 S.E.

Estimate1.467 S.D.Slope0.174495%ConfidenceInterval
40mg

Pre-4
Lipoprotein

136 0
.

9753 –22.04
0 1 0 +
.

9799
.

804
,

1916 41

42 0.9248
–17.46 0.8608

1.994 0.05399
+26

Statistics,Triglyceride
EstimationFromRegressionAnalysis 178 .

98.71
.
63

.

9723 .006
.

1187 26mg

136 .

98.78
.
11

.

97.55
.

227
,

0.133 28

2 .

96.73 1
3

.

9404
.

389
,

0.390 2
0
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DISCUSSION

At the beginning of this study, questions about the technique of quantitative

agarose gel electrophoresis had to be answered before the method could be applied

to a test population. The most fundamental question was that of the reproducibility

of the method, since many variables are inherent in the technique of agarose gel

electrophoresis. Accordingly, as outlined in the previous section (see Results),

replicate electrophoretic measurements of a single sample were made.

The results, shown in Table 1, indicate that the coefficients of variation

associated with the measurement of 6 and C migrating lipoproteins were 6.8%

and 7.0% respectively, while that associated with the measurement of pre- A
lipoproteins was a much greater (25%). This latter raised some doubt about the

reproducibility of the method, but since this experiment was performed very early,

it was hoped that as additional practice was gained in using the method, a smaller

coefficient of variation could be obtained for the pre- 4 component.

An experiment designed to examine the changes which occured upon storage of

serum was performed several months later (see Results). All samples were

subjected to electrophoresis in duplicate over a period of two weeks, and densito

metric measurements were made on the stained agarose gals. The coefficient of

variation obtained for the duplicate analyses was calculated for each lipoprotein

component of each serum sample. These data were presented in Tables 4 (a), (b).

From Table 4(a) it may be seen that for 16 of 18 observations of normal sera,

the coefficient of variation for the pre- Á component is smaller than that found in

*
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the first study. Also, for at least 80% of the observations, the coefficients of

variation for thed and A components are smaller than those initially observed.

For the serum samples with abnormal lipid concentrations, the coefficients of

variation associated with the replicate measurements of 6 and O, lipoprotein peak

areas are generally smaller than the 7% coefficients of variation seen in the first

study (see Table 4(b)). For the pre- Á component, the coefficient of variation

was consistently less than 25% in two of the four samples. In the remaining two

samples, the coefficient of variation for the pre-4 component was 25%, but in

these samples, the pre-Apeak was less than two percent of the total area of the

scan. The data indicate that the larger coefficients of variation seen in the earlier

study were primarily due to small variations in technique and that, with practice,

these small technical errors became less frequent. As a result, the coefficient of

variation associated with the measurement of each lipoprotein component decreased,

and the method became more reproducible.

A method for quantifying lipoproteins that relies upon densitometric mea

surements of stained electrophoretic patterns assumes that the intensity of the

staining of a lipoprotein is proportional to its concentration. The validity of this

assumption had to be established and, for this reason, a second preliminary ex

periment was undertaken to determine the staining characteristics of isolated

lipoproteins (see Results). This experiment was performed on two separate occa

sions. Two different lots of Fat Red 7B were used, and no attempt was made to

control the temperature at which the staining of the lipoproteins occured. Linear

regression analysis of the data obtained from both experiments indicated that

the intensity of the staining by Fat Red 7B was directly and linearily proportional
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to the concentration of the lipoprotein. From the regression equations for VLDL

and HDL, it may be seen that the slopes of the regression lines are different on

the two occasions of the study, suggesting that the amount of dye taken up per unit

concentration of lipoprotein was different. These differences could have arisen

from the slightly different temperatures at which the lipoproteins were stained

(Hatch, 1974), from the differences in the two lots of dye, and/or from small

differences in the "working" dye solution used to stain the lipoproteins.

Dye factors developed in this study were used to correct for the differential

staining characteristics of the lipoprotein classes. This correction is necessary

if the method of agarose gel electrophoresis is to be quantitative. All four classes

of lipoproteins differ in size, density, and chemical composition. Thus it is not

suprizing that they were found to exhibit different staining characteristics when

exposed to a solution of Fat Red 7B. Fat Red 7B is a member of the Sudan series

of dyes, and as such it is sufficiently non-polar to transfer from an organic solvent

and form a solution of dye in lipids. Of the lipids found in lipoproteins, choles

teryl esters are stained most intensely, followed in order of decreasing intensity

by triglycerides, free cholesterol and phospholipids.

Of the lipoproteins normally found in the serum of fasting subjects, VLDL

stain the most intensely because they are composed almost entirely of triglycerides

and cholesteryl esters. LDL stain with the next greatest intensity because they

are rich in cholesteryl esters, while HDL stain least intensely because of their

large content of protein and phospholipids.

The dye correction factor developed in this study for VLDL is 0.82 t0.05 (N=5).

The factor for VLDL that Hatch and associates developed (Hatch et al., 1973) was
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0.82t 0.15 (N = 10) is in close agreement, despite the slightly different method

used by that group of investigators to derive the factors. Similarly, the dye

correction factor for HDL in this study is 1.82 t0. 7 (N=3) which corresponds well

with a factor of 1.75 it 0.4 (N = 10) developed by Hatch and his associates although

both of the dye correction factors for HDL indicate a highly variable response of

that lipoprotein class to staining by Fat Red 7B.

When sodium hydroxide is added to stock dye solution in the preparation of

"working" stain, the resulting reaction is exothermic and it produces a solution

having a temperature of 31° C. The gels are stained immediately after the solution

is prepared. Since this study was completed, I have been informed by Hatch (1974)

that the temperature of the dye solution must be below 26° C. if consistent, maximal

uptake of the dye by the lipoproteins is to occur. Hatch now recommends that the

solution be at a constant temperature of ~ 23° C. when the lipoproteins are stained.

In the present work and in the earlier work of Hatch and fellow investigators

(Hatch et al., 1973) this fact was not appreciated. Because HDL have higher protein

concentrations than the other lipoproteins, they stain poorly with Fat Red 7B.

HDL might therefore be especially sensitive to any external factor, such as an

elevation in temperature, which decreases dye uptake.

Day to day variations in dye uptake also occur in agarose gel electrophoresis.

This variablility arises from several sources: 1. The amount of sample which is

applied to the gel is not constant. 2. There are daily changes occuring in the

stock stain because of aging, and 3. There are small differences in each "working"

dye solution. This variability could prevent the system from being useful for
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quantification if some correction for it were not made (see Hulley et al., 1971).

As outlined in a previous section (see Materials and Methods), each class of

lipoproteins is considered to have a fixed percentage of cholesterol and triglyceride.

Using these percentages. the total units of dye uptake which are due to cholesterol

or triglyceride in the lipoprotein are calculated. Finally, the appropriate serum

lipid is divided by the total number of units of dye uptake, and the amount of lipid

per dye unit is obtained. This method, then, redefines for each sample the number

of milligrams of lipoprotein lipid which is equivalent to one dye unit and in so doing,

a correction for day to day variation in dye uptake is accomplished (see Materials

and Methods for details of the calculations).

The preliminary studies indicated that agarose gel electrophoresis satisfied

the criteria necessary for the method to be quantitatively useful. These criteria

were that:

1. the method be reproducible; 2. the uptake of dye be proportional to the

relative amount of the three major lipoprotein classes; 3. the differential staining

characteristics of the lipoprotein classes could be taken into account.

The method of quantitative lipoprotein electrophoresis was applied to a test

population. The cholesterol concentrations of VLDL, LDL, and HDL were estimated

as was the triglyceride concentration of VLDL. For each lipoprotein class, the

estimated concentration of cholesterol or triglyceride was plotted against the

chemically determined concentration, measured in the isolated lipoproteins.

Linear regression analysis was performed on the data for each of the scatter grams.

The resulting statistics were presented in Table 11.

The correlation coefficients associated with the estimate of HDL cholesterol
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in the total population and the isolated population of males indicate that there is

close association between the estimated and determined HDL cholesterol con

centrations. About 60% of the variance of the estimated HDL cholesterol concen

ration tration is accounted for by the regression line. The 95% confidence limits for the

estimate of HDL cholesterol concentration from the regression line are 25 mg/dl

for the entire population and 23 mg/dl for the male poplation. In the isolated

famale population, the regression line accounts for only about 50% of the variance

of the estimated HDL cholesterol concentration. It is likely that if the population of

famales had been larger, the association would also have been greater. For all

populations, the slopes of the regression lines are very near 1.0, indicating that

the electrophoretic estimation is equally sensitive at high and low HDL cholesterol

concentrations.

The estimates of LDL cholesterol concentrations by electrolphoresis are highly

correlated with the determined values, for males, famales and for the mixed

population. The correlation is lower for the smaller female population, but the

95% confidence limit for the estimate of LDL cholesterol is equally small for males

and females. The slopes of the regression lines are close to 1.0.

The estimated concentrations of VLDL cholesterol are closely associated with

the determined values, the association being greatest in the isolated male pop

ulation. However, the slopes of the three regression line are seen to be only 0.7.

This indicates a substantial underestimation of VLDL cholesterol by quantitative

electrophoresis. The underestimation occurs primarily at high levels of VLDL

cholesterol. In the total population, there were 14 individuals whose measured
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VLDL cholesterol was > 50mg/dl. For ten of these individuals, the method of

quantitative agarose gel electrophoresis gave an estimate of VLDL cholesterol which

was, on average, 32mg/dl less than the determined value. In one instance, the

difference between the estimated and determined value of VLDL cholesterol was

- 83mg/dl. Eight of the ten individuals with underestimations of VLDL cholesterol

concentration had estimates of LDL cholesterol concentration which exceeded

the determined values by at least 20mg/dl. The remaining two individuals had

estimates of HDL cholesterol concentration which were at least 20mg/dl higher than

the determined values. If the fourteen individuals with VLDL cholesterol con

centrations » 50mg/dl are eliminated from the population and the data are re-plotted

and subjected to regression analysis, the following parameters result:

Y = 1.017 + 0.8790 X; r = 0. 7094

There is a significant improvement in the slope of the regression line when

these individuals are eliminated from the population. This improved slope along

with the observed overestimations of LDL or HDL cholesterol in these individuals

suggest that:

1. There is no systematic error in the calculation of VLDL cholesterol con

centration, since for most members of the test population these concen–

trations were accurately estimated.

2. In those individuals haveing poor estimates of VLDL cholesterol, the

relative weight percentage of cholesterol in their VLDL is higher than the

percentage assumed in calculations used to estimate lipoproteins from the

densitometric scans. The relative weight percentage of the cholesterol

in the HDL or LDL of these individuals is smaller than the assumed in the

calculations.
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The mean ratio of VLDL cholesterol/VLDL triglyceride is 0.265 t 0.113

and 0.219 : 0.088, respectively for males and females having serum triglyceride

concentrations 7 100 mg/dl. With one exception of the VLDL cholesterol/trigly

ceride ratios of the individuals with poor electrophoretic estimates of VLDL

cholesterol were all within two standard deviations of their respective means.

This would indicate that an altered VLDL cholesterol/VLDL triglyceride ratio

does not account for the observed underestimation of VLDL cholesterol.

Therefore altered composition of LDL, HDL, or both probably is important

for this underestimation. It is known that the weight percentage of cholesterol

in LDL and HDL does fall in hyperlipemic subject ( !-indoren eral, 1944" ).

This reflects an altered composition of the "core" of the particles in which

triglycerides partially replace cholesteryl esters.

The triglyceride concentration of pre- Á lipoproteins is the quantity best

estimated by quantitative lipoprotein electrophoresis. This is indicated from

the very high correlation coefficients. The regression lines for the whole

population and for the populations of males and females failed to pass through

the origin, having in all three cases a Y intercept of 3. – 20 mg/dl. This

implies that at low concentrations of VLDL triglyceride, the estimate obtained

from quantitative electrophoresis is lower than the determined values. This

may arise in part from the increased uncertainty associated with the chemical

measurement of low concentrations of triglyceride, but another factor also con

tributes to the observed underestimation. In the calculations for the method

of quantitative lipoprotein electrophoresis, VLDL, LDL and HDL were assumed
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to be, respectively, 51.8%, 9.3% and 8.1% triglyceride by weight (see Table 10).

These percentages were taken from a publication of Bragdon, Havel and Boyle

(1956) in which lipoproteins were characterized chemically. Those authors per

formed the chemical analysis on lipoproteins which were isolated from plasma

pools, formed from plasma of non-fasting subjects. In fasting subjects the

percentage of triglyceride in VLDL is similar (53%), but the percentages in

LDL and HDL fall to about 6% and 4%, respectively. These percentages would

have been more appropriately used for the present test population and would

have resulted in higher estimates of VLDL triglyceride, particularly at low

concentrations of VLDL.

When this study was undertaken, it was known that relationships existed

between the cholesterol or triglyceride concentration of a lipoprotein and the

serum triglyceride concentration (Lindgren et al., 1965). However, it was

not known if these relationships were strong enough to allow prediction of

lipoprotein concentrations from serum triglyceride levels. To answer this

question, plots relating lipoprotein cholesterol concentration to serum tri

glyceride were constructed, and regression analyses were performed.

When the plots for VLDL cholesterol were completed, the relationship

between that quantity and serum triglyceride appeared to be linear and direct,

but, as described in a previous section, the slopes of the regression lines

changed as the serum triglyceride concentration fell below 100 mg/dl. (see

Results). Further, the association between VLDL cholesterol and serum tri

glyceride was very great (r = 0.95) in those individuals having triglyceride

concentrations 100 mg/dl., but it became significatnly smaller when serum



page //3

triglyceride concentrations fell below that level. In the population of males

and of females having serum triglyceride concentrations less than 100 mg/dl.,

the regression lines account for less than 25% of the variability in VLDL choles

terol (r = 0.5). This clearly indicates that VLDL cholesterol concentration is

primarily influenced by factors other than serum triglyceride until the serum

triglyceride rises above 100 mg/dl. Estimates of VLDL cholesterol made from

these regression lines therefore must necessarily be associated with a high

degress of uncertainty. Technical problems in quantifying low concentrations

of cholesterol also contribute to this uncertainty. Serum triglyceride concen–

trations were substituted into the appropriate regression equations, resulting

in estimates of VLDL cholesterol. These estimated values were then plotted

against the chemically determined values, and linear regression analysis was

performed on the data. For the total population and for the isolated population

of males, the correlation coefficients between estimated and determined VLDL

cholesterol concentration were 0.95, and the slopes of the regression lines

were nearly 1.0. The correlation was slightly lower for females, being 0.88,

as might have been predicted, since 57% of the population had serum trigly

ceride concentrations below 100 mg/dl.

When a scattergram relating HDL cholesterol concentration (Y) to serum

triglyceride concentration (X) was constructed, the distribution of the data

points indicated a relationship which was both non-linear and inverse. this

finding supported the observation by Nichols (1967) and by Jones and Dobrilovic

(1967) who noted a significant negative correlation between serum triglyceride



page //3

and HDL cholesterol (see Figure 14). Using the IBM 360/50 computer and

BMD program 85t, attempts were made to define the mathematical function

which was best described by the data points. Non-linear least squares fitting

procedures were used.

The first function considered was the exponential decay model of form:

f (x) = Y, Y,..., e”
This function proved to be unsatisfactory because:

1. At serum triglyceride concentrations exceeding 200 mg/dl., the values

of Y (HDL cholesterol) became so small as to cause execution of the

compute program to cease.

2. At serum triglyceride concentrations below 200 mg/dl., the value of

the decay constant, k, was found to be smaller than its standard de

viation because of the great spread of the data points about any particular value

of X. This was especially true for serum triglyceride concentrations between

50 and 100 mg/dl.

The second function considered was that of the rectangular hyperbole

with shifted asymptotes, the equation being:

(Y - Y ) (X - c) = a ; also written f(X) = Y, + ;
where Yo and c are the asymptotes,

a = one half the constant difference between the focal radii of the

hyperbole; and X = the serum triglyceride concentration. It was found

that if no limit were set for the constant, a, the value of this parameter became

so low that the predicted HDL cholesterol concentrations were changing only

slightly for the values of X near the asymptote, c. Outside this region, they
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became constant. If a limit were set for a, this limit was reached in only one

iterative step and, since this limit for the constant was arbitrarily chosen, the

function had no predictive value (see Figure 21).

A third attempt at least squares fitting of the data points was made using

the function:

-]
f(X) = (a + b X) also written f(X) = Yrnax

k + X

where:

b = the slope of the line; a = ** = the value Y assumes when X

approaches zero, K = an empirically derived constant; and X = the

serum triglyceride concentration.

This function proved to have predictive value, but it demonstrated an

insensitivity to high concentrations of HDL cholesterol. This resulted in a

marked underestimation of HDL cholesterol when serum triglyceride concentra

tions were 4, 200 mg/dl. The function, therefore, was of only limited useful

ness (see Figure 21).

The final mathematical model considered was that of the non-linear rectan

gular hyperbole of form:

f(x) = (K) (anº), ‘■ oK -* x

Where: *o = the asymptotic value of the function when X becomes infinitely

large,

Y next the value of the function when X approaches zero; X = the serum

triglyceride concentration; K = an empirically derived constant; and p =

a variable power of X.
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mg/dl

o : f(x)= Y., + $2%.
b : f(x) = -Kºº-x–

C.
c : f(x) = Y,+ —x-

SERUM TRIGLYCERIDE

Figure 21: Plot of three mathematical functions used for non-linear
least squares regression analysis of the relationship between HDL
cholesterol and serum triglyceride. Note the low Y intercepts of functions
"b" and "c".

O = the value Y assumes as X becomes infinitely large
max = the value Y assumes as X approachs zero

an empirically derived constant
= 1/2 the distance between the two focii of the hyperbole

: -
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There was no limit set for the value of p. The value of p which was converged

upon p = 1.0. From purely mathematical considerations, it would appear that

higher powers of X would result in a function with increased slope, and that

this function would better describe the data point (see Figure 14). Accordingly,

higher values of p were substituted into the equation and functions with

increasing slope resulted, but because of the clustering of the data points below

triglyceride concentrations of 75 mg/dl., values obtained for Y decreased as

the slope increased. Thus, the power the X which resulted in the widest range

of predicted values of HDL cholesterol and, therefore, gave the maximum sens

tivity to the function, was p = 1. Because of its sensitivity, this function

appeared to describe the observed relationship between HDL cholesterol and

serum triglyceride concentration best.

Hormonal differences between males and females result in higher concen

trations of HDL cholesterol in females (Lewis, Page, 1953). Therefore, respecting

these differences, each population was considered separately.

To best fit to the data for the male population was obtained when the values

of the parameters were as follows:

Y = 23.7 it 11.7; Y = 58.6 + 104; K = 112.0 + 107.4

It was not possible to obtain a satisfactory fit to the data for the female

population using this function because no value for Y could be defined. This

is readily explained because there were no females in the population who had

serum triglyceride concentrations of X.250 mg/dl., and this is the region in which

the value of Y becomes asymptotic. The function employed to predict HDL
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cholesterol concentrations in this population was: f(x) = (ºgº;2* X

where K = 235.7 fl:0.7; Y = 86.3 × 13.0; X = serum TG

Substitution of serum triglyceride concentrations into the appropriate

equation resulted in estimates of HDL cholesterol. These estimated concentra

tions were then plotted against the concentrations as chemically measured, and

linear regression analysis was performed on the data. The result of this

analysis on the male population is shown in Figure 15. , and the result for fe

males in Figure 16.

Figure 16 indicates that in post-menopausal women, the HDL cholesterol

concentration falls consistently below the regression line for the whole population

of females. The HDL cholesterol concentrations of pre-menopausal women not

taking contraceptives are above the regression line in 12 of 14 cases, pre

sumably reflecting the elevations in HDL cholesterol induced by estrogen. In

the small subpopulation of women on oral contraceptives, no definite effect on

HDL cholesterol concentration could be demonstrated.

The regression analysis revealed that for both males and females, the corre

lation between estimated and determined values of HDL cholesterol is low, the

correlation coefficient being 0.485 for males and 0.410 for females. In addition,

the slopes of the regression lines are 0.2358 in the first instance, and 0.1603

in the second. Both the poor coorelation and the small slopes of the regression

lines can be explained by the relative insensitivity of the functions used to

predict the HDL cholesterol concentrations. Both functions begin to show

significant underestimation of HDL cholesterol in the range of 65 - 85 mg/dl.,
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neither can predict an HDL cholesterol concentration that is greater than 86.3

mg/dl. Cºo + *~ax ). This leads to the conclusion that although the functions

used to predict HDL cholesterol were those that best fitted the data points, they

were nonetheless unable to reflect the wide variability in HDL cholesterol con

centrations observed in the population. This observation, along with the large

scatter of the values (see Figure 14) suggests that, in addition to serum trigly

ceride concentration, HDL cholesterol concentration is influenced substantially

by other factors.

LDL cholesterol was estimated as the difference between serum cholesterol

concentration and the concentration of HDL and VLDL cholesterol as predicted

by appropriate regression equations. They calculation was:

LDL cholesterol = serum cholesterol - (VLDL chol- + HDL ch9]. )

where: VLDL cholesterol and HDL cholesterºl are estimated by regression

equations.

The predicted values for LDL cholesterol obtained in this manner were then

plotted against those that were chemically determined and linear regression

analysis was performed on the data (see Figure 17). These analyses demon

strated excellent correlation between predicted and determined LDL cholesterol

concentrations and resulted in regression lines which had slopes that approached

1.0. The 95% confidence limits for the estimate from the regression line was

* 28 mg/dl for males and # 40 mg/dl for females. The excellent correlation

between estimated and determined LDL cholesterol concentrations shows that,

despite the uncertainty associated with the estimate of HDL cholesterol,
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serious error in the estimate of LDL cholesterol concentration does not occur.

This uncertainty is reflected, however, in the width of the confidence interval

for the estimate. This will be discussed more fully later.

Because VLDL are rich in triglyceride and contain most of the triglycerides

in whole serum, the prediction of VLDL triglyceride concentrations from serum

triglyceride concentrations was straightforward. Scattergrams were constructed

which related VLDL triglyceride concentration to serum triglyceride con

centration and, as noted in a previous section (see Results), the data defined

regression lines having negative rintercepts (Yº - 40). Because of the dis

tribution of the data points, the population was subdivided into populations of

individuals having serum triglyceride concentrations & 100 mg/dl and serum

triglyceride concentrations of Z 100 mg/dl. Regression analysis was again

performed (see Figures 19.20). The analysis indicates that VLDL triglyceride

concentrations are highly correlated with serum triglyceride concentrations,

whether the latter are below or above 100 mg/dl. The regression equations

demonstrate that VLDL triglyceride concentration increases less rapidly with

increasing serum triglyceride concentration until that concentration exceeds

100 mg/dl. Thereafter, the changes in VLDL triglyceride occur more quickly.

There was excellent correlation between VLDL triglyceride concentrations

as predicted from the regression equations and concentrations determined on

the isolated lipoprotein fraction (see Figure 20).
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Fredrickson has published a monogram by which LDL concentration,

expressed as cholesterol, can be predicted from serum lipid concentrations

(Fredrickson, 1972). The equation he published is:

LDL = serum cholesterol - (TG/5 + HDL cholesterol) where: LDL

concentration is expressed in terms of cholesterol; TG/5 is an estimate

of VLDL cholesterol which assumes a serum triglyceride: LDL cholesterol

ratio of 5: 1; and HDL cholesterol is set equal to 45 mg/dl.

Using this nomogram, LDL cholesterol concentrations were calculated for

the 178 subjects in the test population. These calculated values were then

plotted against the determined concentrations, and the data were subjected to

linear regression analysis. The result is shown in Figure 22. The correlation

coefficient obtained was 4 0.8901. This correlation is lower than that demon

strated between determined values of LDL cholesterol and those estimates

obtained using regression equations. In that instance, the correlation coefficient

was + 0.9328. The 95% confidence interval for the Fredrickson estimate of LDL

cholesterol is # 38 mg/dl., as opposed to an interval off 30 mg/dl for the

estimates obtained using regression equations. These findings indicate that for

this test population, the Fredrickson nomogram is less useful in estimating LDL

cholesterol concentration than are the empirically derived regression equations.

There is uncertainty in the estimation of HDL cholesterol by regression

equations. It was stated earlier that this uncertainty was reflected in the width

of the 95% confidence interval for the estimate of LDL cholesterol, since this

estimate depends upon both HDL cholesterol and LDL cholesterol estimates for

accuracy. This statement is supported by the findings presented in Figure 23.

To construct this graph, LDL cholesterol concentration was estimated as:
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28O
mg/dl

r =O.89C)]

4O

mg/dl

LDL CHOLESTEROL , DETERMINED

Figure 22; LDL cholesterol, estimated by the Fredrickson nomogram,
vs. LDL cholesterol, as determined chemically.
Nomogram: LDL chol = Serum Cholesterol - (TG/5 + 45)
Regression Equation: Y = 17.79 + O. 9225 x
§y x = 1.432 S. D. Slope = 0.0356 95% Confidence Interval = + 38 mg
N’ =^178 males, females
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LDL CHOLESTEROL, by ultracentrifugation

Figure 23: LDL cholesterol, estimated as:
LDL chol = Serum chol - (VLDL cholr + HDL chol) VS a

LDL cholestero1 as chemically determined.
Regression equation: Y = 2.25 + 0.9903 X
$y x * 0. 5401 S.D. Slope = 0.01343 N = 178 males, females
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LDL cholesterol concentration was estimated as:

LDL cholesterol = serum cholesterol - (VLDL cholt HDL chol.);

where the VLDL cholesterol was estimated from regression equations and HDL

cholesterol concentration was that which was chemically determined. Next the

estimates of LDL cholesterol concentration were plotted against the measured

concentrations and linear regression analysis was performed. The correlation

coefficient now obtained is +0.9842, contrasting with the coefficient observed

earlier, which was 40.9328. The width of the confidence interval is now

# 20.5 mg/dl., while that for the first method of estimating LDL cholesterol was

+30 mg/dl. These results show that the accuracy of the LDL cholesterol

estimate is substantially enhanced by eliminating the uncertainty of HDL choles

terol estimates. Since, however, this quantity is poorly estimated from serum

triglyceride concentrations, an alternative method for determining HDL choles

terol concentration is desirable. Such an alternative method, involving the

precipitation of VLDL and LDL from serum, followed by a cholesterol determin

ation on the HDL remaining in solution, is available (see Burstein et al., 1970).

There were individuals in the test population of 178 subjects whose lipo

protein concentrations were poorly estimated whether by method of quantita

tive lipoprotein electrophoresis and/or by the method of estimation from serum

lipid concentrations. A listing of those individuals in whom the estimated

concentrations of one or more lipoproteins was outside the 95% confidence

limits calculated for the data is presented in Table 15. When regression equations
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were used to estimate lipoprotein concentration, eleven (11) estimates of

VLDL cholesterol fell outside the 95% confidence limits calculated for the data.

Since that confidence interval was only # 11 mg/dl., this is not a surprising

finding. The LDL cholesterol data demonstrated the fewest outlying estimations

followed in turn by HDL cholesterol and VLDL triglyceride.

When quantitative lipoprotein electrophoresis was used to estimate lipo

protein concentrations, the quantity most poorly estimated waso, component

cholesterol. Fourteen (14) of those estimates fell outside the confidence

interval(s) calculated for the data. One individual in the population, #02036,

had four poor estimates of lipoprotein concentration. In this individual, the

VLDL cholesterol concentration was 23.2 mg/dl and the VLDL triglyceride con

centration was 174 mg/dl which strongly suggests that he was non-fasting.

Table 15 also demonstrates that samples G.R., W. C., 01370, and 01740 had

VLDL cholestero/viol triglyceride ratios which were unlike those of the popu

lation as a whole. The very high ratios seen in some of the samples suggest

dysbetalipoproteinemia, although the electrophoretic patterns did not support

the suggestion. The altered VLDL cholesterol/VLDL triglyceride ratio no doubt

contributed to the poor estimates of lipoprotein concentrations that were obtained

for those samples.

The analysis of the reasons for poor estimates of lipoprotein concentration

of any individual points up the limitations of the method of agarose gel electro

phoresis and of the method of estimating from serum lipid concentrations:
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Samples which had Estimates of Lipoprotein Concentration Falling Outside

the 95% Confidence Interval
- - - -

>
r- - -

75 T5 TS TS 5
3 : TE CO # 5 5 # 5 O
O -C -C H H

—l O ° ■ = }
fl = F = 3 * 5 J à 3

SAMPLE > —l I. :- Q. O. UD B- - o

02036 X X X X X 215/276 0.133
0.1844 X X 200/225 0.146
01888 X 221/172 0.209
0.1999 X X X X 300/480 0.349
G. R. X X X 306/293 0.424
W. C. X X 269/91 0.698
0.1956 X X X 244/128 0.299
0.1735 X X 322/181 0.173
0.1370 X 260/144 0.607
H. R. X X 343/247 0.441
02071 X 228/129 0.215
0.1945 X X 26.2/237 0. 150
0.2134 X 242/202 0.233
0.1637 X 178/287 0.166
G. T. X 333/348 0.221
01804 X 189/202 0.163
0.1219 X 298/173 0.269
0.1698 X 233/192 0.239
0.1609 X 199/83 0.235
0.1295 X 346/118 0.315
O1279 X 214/43 0.378
01808 X 225/66 0.121
0.1932 X 230/120 0. 157
0.1014 X 191/96 0. 153
0.1766 X 174/86 0.177
0.1942 X 188/72 0. 151
0.1752 X 192/73 0.335
SLV X X X 329/224 0.278
0.1921 X 180/75 0.116
0.1372 X X 349/523 0.301
01604 X X X 361/928 0.294
0.1067 X 236/51 0. 115
0.1740 X 204/43 0.889
0.1913 X 249/148 0.205
0.1951 X 185/143 0.166
02034 X 321/326 0.331 +

* Double peak in 1.006 top (VLDL)
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TABLE 15(2)

Samples which had Estimates of Lipoprotein Concentration Falling Outside
the 95% Confidence Interval

-
>

r- - - O O O "S TS
3 : 3 gº # 5 5 # 5 O

O -C -C H E.
à à É ■ ■B = 5 & : * 5 O j 3

SAMPLE > —l I. > Q- Q- UD B- > o

0.1754 X 246/78 0.312
01670 X 289/66 0.209
02106 X 229/71 0.292
01885 X 332/282 0.271
0.1967 X 240/309 0.292
02123 X X 191/204 0.355
L. E. X 169/229 0.354
011.99 X 298/162 0.219
02125 X X 204/405 0.222
0.1780 X 255/171 0.273

TOTAL 11 5 7 6 8 8 14 10 46

Mean VLDL Chol/TG Ratio, Male: 0.2191 + 0.088
+Mean VLDL Chol/TG Ratio, Female 0.2659 0. 113
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Both methods are absolutely dependent upon accurate measure

ments of serum cholesterol and triglyceride concentrations. A

rigorous quality control program for these determinations is,

therefore, essential.

Both methods require that the lipoproteins of an individual have

a percentage composition which is typical of the lipoproteins of

other members of the population. If this is not the case, as in primary

dysbetalipoproteinemia, both methods are unable to accurately

quantify the serum lipoproteins.
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CONCLUSIONS

1. The cholesterol concentrations of VLDL, LDL, and HDL can be

be estimated by quantitative agarose gel electrophoresis or by regression

analysis.

2. The estimates for all lipoprotein concentrations obtained by whether

agarose gel electrophoresis or by regression equations are sufficiently accurate

to offer potential usefulness in a clinical setting.

3. For this population, a good estimate of the triglyceride concentration

of VLDL was obtained by either method.

4. For estimates of VLDL triglyceride and LDL cholesterol, the method

of estimating from serum lipid values by regression analysis was superior to

that of quantitative electrophoresis. This was reflected by the correlation

coefficients and by the width of the confidence interval for the estimate(s).
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