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The existence of a specific abnormality of lipid
metabolism in patients with atherosclerosis has
been suggested by recent studies which have
shown that the concentration of certain serum lipo-
proteins in patients with coronary disease is sta-
tistically different from that found in "normal"
individuals. Gofman and his co-workers (1)
found in such patients an elevation of a beta lipo-
protein sub-fraction defined by ultracentrifugal
flotation rates between Sf 10 and 20. Russ, Eder,
and Barr (2, 3) measured the cholesterol content
of precipitated serum lipoprotein fractions and
found that the total beta lipoprotein fraction was
increased in serum from a group of atherosclerotic
patients as compared to a control group made up
largely of hospital personnel. Similar results have
been obtained by Nikkila (4), who measured the
cholesterol content of electrophoretically separated
protein fractions, and by Antonini et al. (5) and
Kroetz and Fischer (6) who measured lipoprotein
concentration in terms of the lipid dye binding of
serum proteins separated by paper electrophoresis.

Studies on the validity and reproducibility of
two relatively simple methods for the estimation
of electrophoretically separated serum lipoproteins
by measurement of their cholesterol content and
dye binding capacity have recently been reported
from this laboratory (7, 8). These methods are
not subject to significant error due to loss of lipo-
protein bound dye during alcohol rinsing, oxida-
tion of cholesterol, or tailing of lipoprotein during
electrophoresis similar to that found with albumin.
The studies reported here were carried out in or-
der to test the large scale application of these
methods, to compare the results of the two meth-
ods with each other and with ultracentrifugal
methods, and to confirm further the association of

1 Present address: Department of Pharmacology, Stan-
ford University Medical School, Clay & Webster Sts.,
San Francisco 15, California.

serum lipoprotein abnormalities with atherosclero-
sis, making use of both healthy and hospitalized
control groups to lessen the possibility that any
observed abnormalities might be the result of ill-
ness, medication, diet, or restricted activity rather
than of atherosclerosis per se.

MATERIALS AND METHODS

Separation and analysis of serum proteins and lipopro-
teins was carried out as previously described (7-10).
Lipid material with zero mobility on paper, consisting
of chylomicrons and adsorbed beta lipoprotein, was in-
cluded in the beta lipoprotein fraction. A small amount
of lipid staining material with a mobility slightly greater
than beta lipoprotein was occasionally observed. Un-
published experiments from this laboratory have con-
firmed the finding of Ray, Davisson, and Crespi (11) that
isolated beta lipoproteins are oxidized during dialysis and
have also shown that this may occur during paper elec-
trophoresis, resulting in an increase in the mobility of
beta lipoprotein to that of an alpha2 or even alpha, globu-
lin. Although this may be prevented by ethylenedi-
aminetetraacetic acid and is normally prevented in whole
serum by the presence of albumin, the possibility that the
observed lipid staining material may be a fraction of
beta lipoprotein of slightly increased mobility as a result
of oxidation (12) or binding of traces of fatty acid anions
(13) has not been ruled out. This possibility is sup-
ported by the fact that this fraction usually occurs as a
shoulder on the beta lipoprotein peak rather than as a
separate fraction and by the wide range of mobility, rang-
ing from beta to alpha. globulin, observed for the main
lipoprotein band of many pathological sera. For these
reasons, the distinguishing of a separate alpha, lipoprotein
fraction did not appear to be warranted on the basis of
evidence so far available and was not attempted in this
study.

Oil Red 0 staining of separated lipoproteins was car-
ried out with Lot No. 15448 (National Aniline Division,
Allied Chemical and Dye Corp.). A rough, empirical
estimate of the absolute concentrations of alpha and beta
lipoproteins was obtained from this procedure by com-
parison of the dye uptake by lipoprotein to the dye uptake
of a standard of 125,ug. of triolein applied to the paper
strip in 0.025 cc. of chloroform and stained at the same
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FIG. 1. THE RELATIONSHIP BETWEENTHE FRACTION OF THE TOTAL SERUMCHO-
LESTEROL FOUNDIN THE ALPHA LIPOPROTEIN FRACTION AND THE FRACTION OF THE
TOTAL LIPID DYE BINDING CAPACITY FOUNDIN THE ALPHA LIPOPROTEIN FRACTION
AS MEASUREDBY DUPLICATE PAPERELECTROPHORETICDETERMINATIONSON 126 NORMAL
ANDABNORMALSERA

time as the lipoprotein. Preliminary experiments indi-
cated that the use of such a triolein standard resulted in
as good or better agreement between replicate serum

analyses as did the use of a standard serum (8).
Lipoprotein concentrations estimated by this method

are reported arbitrarily in terms of "triolein units" which
represent the amount of triolein in mg. per 100 cc. which
would take up the same amount of dye as was taken
up by the sample analyzed. It is not possible to express
lipoprotein concentration as measured by this method in
terms of absolute concentration because of the variation
in the dye uptake of different lipids.

The sum of the alpha and beta lipoprotein cholesterol
values after electrophoresis and elution was compared
to the results of total cholesterol determinations by the
Sperry and Webb modification of the Schoenheimer-
Sperry procedure (14) on 126 normal and abnormal sera.

The mean values for total cholesterol obtained by the two
methods agreed within 2.2 per cent (standard deviation
8 per cent) indicating that no appreciable systematic er-

ror was influencing the lipoprotein cholesterol elutions
and determinations.

Scanning of electrophoretically separated serum pro-
teins stained with bromphenol blue was carried out with
an automatically recording instrument (15) using tung-
sten light passed through a Bausch and Lomb 604 my
second order interference filter, a Corning 3385 cut-off
filter and a 2-mm. slit. The albumin values were cor-
rected for the non-linear relationship between scanner

response and high concentrations of dye on paper by ref-
erence to a standard curve obtained by elution of dye
from the albumin and globulin fractions of normal and
pathological sera. No correction was made for the 3
to 5 per cent loss of albumin due to adsorption on the pa-

per (10) and no attempt was made to convert results
to other units than dye binding; for this reason the
values for protein distribution obtained by this method
are not the same as those obtained by the moving
boundary method when measured by increment in re-

fractive index.
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FIG. 2. A COMPARSONOF THE RATIO OF ALPHA TO

TOTAL SERUM LIPOPROTEIN AS MEASUEDBY PAPER
ELECTROPHORESISANDLiPID DYE BINDING TO THE RATIO
OF ALPHA1 (SFi.n 0-20) To TOTAL (SF1.n 0-250) SERuM
LIPOPROTEIN AS MEASUREDBY ULTRACENTRIFUGATION
AND REFRAcTIm INDEX INCREMENT

Total protein concentration was determined by the
biuret method (16) using as a standard a solution of
bovine albumin which was calibrated by micro Kjeldahl
determination of nitrogen using the factor 6.25 to convert
nitrogen to protein concentration.

Ultracentrifugal analysis of lipoproteins by flotation at
a density of 1.063 was carried out as described (17).
Ultracentrifugation at a density of 121 was carried out
by a modification of the methods of Lewis and Page (18),
de Lalla and Gofman (19) and Boyle, Bragdon, and
Brown (20).2 Preparative ultracentrifugation was car-

ried out in a KBr-NaCl medium of density 1.21 at
16' C. for 18 hours at 52,640 rpm in the J rotor of the
Spinco Model E ultracentrifuge. The top fraction was

2 Weare grateful to Dr. Edwin Boyle for advice on the
analysis of lipoproteins at a density of 1.21 and for un-

published details for the construction of a tube slicer.

removed with a tube slicer and analyzed at 56,100 rpm

in a model AD analytical rotor using a 6-minute accelera-
tion time which was considered equivalent to two min-
utes at full speed. Alpha, lipoprotein concentration was

calculated from the refractive index increment of lipopro-
teins of uncorrected SfLn 0-20 in the 40-minute picture
and beta lipoprotein concentration from SfLn 20-250 in
the films taken 2 and 12 minutes after reaching full speed.
No separate peak was found in these sera at Sf 20-25 and
any lipoprotein found in this range was included as a

part of the beta fraction.
All analyses on each serum specimen were completed

within 30 days. Control experiments indicated that in the
absence of gross contamination by microorganisms no

change in lipoprotein concentration occurred on storage
of serum at 1 to 3° C. for this period of time. No at-
tempt was made to control the time of day at which
blood specimens were drawn from either the control or

experimental groups. If more than one specimen from
the same patient was analyzed, the results of the indi-
vidual determinations were averaged so that no patient
was represented more than once in the statistical evalu-
ation of the data.

Statistical comparisons were carried out by the "t
test," and significances are reported in terms of "p," the
probability that the observed difference between two
groups is due to chance alone (21). All comparisons
were checked by analysis of variance and the "F test" and
found to have the same degree of significance as with the
"t test."

RESULTS

Interrelationship of methods

In order to compare the results of the lipid stain-
ing with the cholesterol elution procedure for
measuring the concentration of separated lipo-
proteins, analyses were carried out in duplicate by
both of these methods on 126 normal and ab-
normal sera. The results are shown in Figure 1,
expressed as the per cent of the total stainable
lipid or cholesterol found in the alpha lipoprotein
fraction of each serum. The two methods gave

comparable results, with some deviation from
linearity in their relationship because of the non-

linear dye uptake of high concentrations of beta
lipoprotein (8). The fact that higher values are

obtained for the per cent alpha lipoprotein in terms
of stainable lipid than in terms of cholesterol con-

tent reflects the different composition of these lipo-
proteins; however, the fact that the results of the
empirical and chemically non-specific staining
procedure (which does not stain pure cholesterol)
are at all comparable to those obtained by choles-
terol analysis indicates a considerable degree of
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constancy in the composition of these lipoproteins
from one serum to another. Comparisons of the
absolute amounts of dye uptake with the choles-
terol content of the individual lipoprotein frac-
tions confirmed these conclusions, although these
curves showed a slightly greater scatter than the
curve of lipoprotein distribution because the stain-
ing method is more accurate as a measure of lipo-
protein distribution than of absolute lipoprotein
concentration (8).

A similar comparison between the results of the
staining method and results obtained by ultracen-
trifugation at a density of 1.21 is shown in Figure
2. Comparable results were obtained for the ra-
tio of alpha to total lipoprotein as measured by
these two methods. The higher values for this
ratio obtained by refractive index measurement
in the ultracentrifugal procedure may be attributed
to the relatively high ratio of protein to lipid in
alpha lipoprotein (12). Again, the results sug-
gest that, at least in the 16 sera examined, the
composition of the alpha and beta lipoproteins
does not vary greatly from one serum to another.

Lipoprotein anayses of sera from control and
atherosclerotic groups

Analyses of lipoprotein concentration and distri-
bution by both the lipid staining and cholesterol
elution procedures were carried out on a group
of 77 patients with presumed atherosclerosis and
compared to the results obtained on sera from a
group of 68 healthy controls and 65 patients who
were hospitalized for reasons other than vascular
disease or other diseases known to be associated
with abnormalities in lipid or lipoprotein metabo-
lism. The group of "normal" controls consisted
of 68 male Army officers, mostly over the age of
45, who had been found to have no clinical evi-
dence of cardiovascular or other disease on physi-
cal examination. The hospitalized patients were
selected at random from those hospital admissions
in the same age range as the atherosclerotic group
who did not have vascular, hepatic, renal, thyroid
or diabetic disease. The presumably atheroscler-
otic group consisted of male Army personnel with
clinical diagnoses of myocardial infarction sup-
ported by electrocardiographic evidence.

FIG. 3. SCATTER DIAGRAMS SHOWINGTHE CONCENTRATIONAND DISTRIBUTION OF SERUM
LIPOPROTEIN CHOLESTEROLIN NORMALAND HOSPITALIZED MALES AND IN MALES WITH A
HISTORY OF MyocARIiAL INFARCTION

983



JENCKS, HYATT, JETTON, MATTINGLY, AND DURRUM

FIG. 4. SCATTERDIAGRAMSSHOWINGTHE CONCENTRATIONAND DISTRIBUTION OF LIPIDS IN
THE SERUMLIPOPROTEINS OF NORMALANDHOSPITALIZED MALESANDIN MALESWITH A HISTORY
OF MYOCARDIALINFARCTION AS MEASUREDBY STAINING WITH THE LIPID DYE OIL RED 0

The mean 'ages of the three groups, given in
Table I, are closely similar; the age distributions
were also similar except that the group of "nor-
mal" Army officers fell within a somewhat nar-
rower age range than the other two groups. No
relationship of lipoprotein levels to age was ap-
parent in these samples of relatively restricted age
range.

The data obtained from these groups are sum-
marized in Table I and in Figures 3 and 4. A
comparison was made first of the results obtained
with the two control groups: the normal and the
hospitalized. There was no significant difference
in the concentration or distribution of serum lipo-
proteins in these two groups except for a slight
elevation of alpha lipoprotein in the hospitalized
group, as measured by dye binding. As shown in
the scatter diagram of Figure 4, this elevation is
largely due to a few high values and it is statisti-
cally only "probably significant" at the 5 per cent
level. Inspection of the discharge diagnoses of the
patients in the hospitalized group revealed no cor-
relation of lipoprotein abnormalities with the diag-

nosis or the severity of disease, with the exception
of a questionable tendency towards elevation of
alpha lipoprotein concentration in patients with
prostatic disease. It may be concluded that there
are no marked differences in lipoprotein concen-
tration and distribution associated with differ-
ences between normal and hospitalized patients
subject to the limitations of selection described
above. The data from these two control groups
were, therefore, pooled for comparison with the
data from patients with myocardial infarction.
(Calculations of the apparent significance of the
differences between the group with myocardial in-
farctions and each of the above control groups
separately gave results which were very similar
to those reported below for the pooled data, with
the exception of the total cholesterol and total
lipid concentrations which were not significantly
different in the hospitalized and infarct groups;
however, since such calculations require the use of
the same group for more than one comparison,
they are not independent comparisons and are,
therefore, not reported in detail.)
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The data obtained on patients with myocardial
infarctions (Table I) indicate that this group dif-
fers from the pooled control group in all measures

of lipid and lipoprotein concentration and distri-
bution that were studied, regardless of the method
used for analysis. The differences are all statisti-
cally significant at the 0.1 per cent level except for
the increase in total cholesterol which is significant
only at the 1.0 per cent level and the increase in
total lipid which is probably significant at the 5 per

cent level. It is evident from the results of both
the cholesterol and the staining methods that the
concentration of alpha lipoprotein is decreased
and the concentration of beta lipoprotein is in-
creased in the coronary group. The ratio of alpha
to total lipoprotein, or "per cent alpha," which is
a function of both of these changes, therefore
shows an even greater difference between the
groups than either the alpha or the beta fraction
alone. The distribution and overlap of the indi-
vidual values obtained in each group are shown in
Figures 3 and 4.

A quantitative measure of the relative effective-

ness of the different measurements made on sera
from control and atherosclerotic groups in differ-
entiating these groups from each other was ob-
tained by calculation of the value r2 from the

formula r 2 = _ 2 + t2(21, p. 193).8 The value
=n 2 + t2

so obtained represents the fraction of the total
variation in a set of measurements which is due to
differences between the groups rather than to ran-

dom variation within each group; thus, a large
value for r2 indicates that a particular measurement
differentiates two groups effectively, while a small
value indicates that random variation of that meas-
urement is large compared to the difference be-
tween the two groups. The relatively low values
for r2 shown in Table I reflect the overlap of meas-

urements in the control and atherosclerotic groups.
However, it is evident that measurement of either
alpha or beta lipoprotein concentration is a con-

siderably better means for differentiating these

8 We are greatly indebted to Dr. Ardie Lubin of the
Department of Psychology, Walter Reed Army Institute
of Research, for suggesting this method of analysis.

TABLE I

Lipoprotein concentration and distribution in normal and hospitalized males and in patients with a
duignosis of myocardial infarction

Lipoprotein dye-binding
Lipoprotein cholesterol triolein units

(mg./100 cc.) (mg./100 cc.)

n Age Alpha Beta Total Alpha Alpha Beta Total Alpha

Normal:
Mean 68 47.8 51 223 274 19.4 246 840 1,086 22.7
Std. deviation 16 63 68 6.6 58 179 183 6.0

Hospitalized:
Mean 65 50.9 58 233 291 21.0 273 866 1,140 24.4
Std. deviation 29 75 76 11.4 97 315 296 8.5

Comparison
"st"o 1.64 0.80 1.35 0.97 2.02 0.62 1.27 1.18
Significance (p) None None None None <5% None None None

Pooled normal and
hospitalized
controls:

Mean 133 49.3 55 228 282 20.2 259 853 1,112 23.6
Std. deviation 24 69 72 9.3 80 254 245 7.4

Infarcts:
Mean 77 50.4 43 273 316 14.3 208 986 1,195 17.9
Std. deviation 16 81 81 5.8 64 265 260 5.5

Comparison
"t" 3.85 4.27 3.10 5.00 4.75 3.63 2.32 6.02
Significance (p) <0.1% <0.1% <1.0% <0.1% <0.1% <0.1% <5% <0.1%
r2 0.067 0.081 0.044 0.107 0.098 0.060 0.025 0.148
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TABLE II

Average distance from the point of application to the center of
the peaks of ekecrophordicaUy separated

alpha and beta lipoproteins

Distance of migration
(cm.)

Alpha Beta

Normal controls 3.34 0.86
Hospitalized 3.15 0.86
Infarcts 3.24 0.85

groups, regardless of whether the measurement is
carried out by staining or cholesterol elution, than
is measurement of either total cholesterol or total
lipid. The ratio of alpha to total lipoprotein is, as
might be expected, the best index of difference
between the groups, since it reflects the differ-
ences in both alpha and beta lipoproteins.

A comparison of serum lipoprotein distributions
at varying periods of time after myocardial in-
farction revealed some tendency towards an in-
crease in the per cent alpha lipoprotein six months
or more after an acute episode. The average value
for the per cent of the total cholesterol in the alpha
lipoprotein fraction of sera drawn within one
month after an acute attack was 14.7 per cent,
which was not significantly different from the
value of 12.4 per cent obtained on sera drawn be-
tween one and six months after an attack. How-
ever, sera drawn over six months after an attack
had an alpha lipoprotein fraction of 16.1 per cent
which is probably significantly greater than the
combined values for 0 to 6 months (p = < 5 per
cent). Whether this increase indicates that the
abnormality in lipoprotein distribution found in
patients with myocardial infarction is a transient
metabolic alteration which returns to normal with
time or whether it is a result of selection due to
death of those individuals with low values within
a six-month period after their first infarction can-
not be decided from these data. However, the
second alternative appears somewhat more likely
since after the first month, during which patients
might be expected largely to recover from the
acute effects of their illness, there is no increase,
but actually a small decrease in the per cent alpha
lipoprotein.

If the lipoproteins in atherosclerotics are quali-
tatively as well as quantitatively different from
normal, one manifestation of this abnormality

could be a shift in electrophoretic mobility. The
mobility of the lipoproteins of the control and
atherosclerotic groups was estimated by measur-
ing the distance between the point of serum ap-
plication and the peak of each stained lipoprotein
fraction before elution. Such a procedure, while
not very accurate in any single determination,
should show any tendency towards abnormal mo-
bility in a large group of samples. The results
shown in Table II indicate that no such abnor-
mality of lipoprotein mobility occurred in this
group of patients.

The electrophoretic distribution of serum pro-
teins expressed in terms of bromphenol blue dye
binding capacity in normal, hospitalized and in-
farction groups is shown in Table III. The aver-
age concentration of albumin is slightly lower, and
all of the globulin fractions are slightly higher in
the hospitalized compared with the normal group.
This relatively non-specific alteration in serum
protein distribution is to be expected as a result of
illness in this group of patients (22). The group
of patients with myocardial infarction, on the other
hand, shows only a very small decrease in albumin
accompanied by a small generalized rise in the
globulin fractions. It appears likely that this
small change, if significant at all, is a non-specific
response to illness and is in contrast to the ab-
normalities of lipoprotein distribution found in
this group of patients, which were not found in
the hospitalized group. These results may be
compared to the results of other studies from this
and other laboratories (22, 23) in which consider-
ably more marked decreases in albumin concenw
tration were observed in atherosclerotic patients.
It seems likely that this difference may also be
accounted for by differences in the degree of ill-
ness in the various groups: the group of athero-
sclerotic patients to be reported elsewhere were

TABLE III

Serum protein distributo in norma and hosptlized maks
and in patients wih myocardial infarction as

measured by paper ecectrophoresis

Albu-
min
(%)

Controls 66.8
Hospitalized 62.3
Infarcts 65.5

Alphal
globu-

lin
(%)
3.3
3.9
3.4

Alphas
globu-

lin
(%)
7.5
9.1
8.1

Beta
globu-

lin
(%)
10.2
11.2
10.6

Gamma Total
globu- protein

tin (gin.!
(%) 100 cc.)

12.2 6.8
13.5 7.1
12.5 6.9
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all hospitalized and many of them were critically
il.

In spite of the increased concentration of beta
lipoprotein in the patients with coronary athero-
sclerosis, the relative concentration of beta globu-
lin is not appreciably increased; the very small
increase observed is accompanied by similar in-
creases in the other globulins and may simply re-
flect the small fall in albumin concentration. Plots
of alpha and beta lipoprotein against alpha, and
beta globulin concentrations respectively in each
serum failed to reveal any relationship between
lipoprotein and globulin concentration in either
normal or abnormal sera. It was concluded that
it was not possible to infer the presence of ab-
normal lipoprotein levels from the results of paper
electrophoresis of serum without specifically meas-
uring the concentrations of the lipoproteins (this
may not necessarily be the case in moving bound-
ary electrophoresis in which lipid makes a consid-
erable contribution to the measured concentration
of beta globulin, so that lipoprotein accounts for
15 to 30 per cent of the beta globulin peak in
normal sera and up to 60 per cent in abnormal
sera when measured by refractive index increment
[18]). Since the lipoproteins represent only a
small fraction of the total alpha and beta globulins
of serum, it is also not possible to draw any con-
clusions about the ratio of lipid to protein in the
lipoprotein molecules of atherosclerotic individuals
from the type of data reported here.

Comparison of ultracentrifugal tuith electropho-
retic procedures in normal and atherosclerotic
groups

A comparison was made of the results obtained
by analyzing 97 sera by ultracentrifugation at a
density of 1.063 according to the technique de-
veloped by Gofman and his associates (1) with
the results of analyses on the same sera by paper
electrophoresis. In Figure 5 the concentration of
the beta lipoprotein subfraction with uncorrected
flotation rates of Sf 12-20 is plotted against the per
cent of the total cholesterol in the alpha lipopro-
tein fraction, for each of the 68 normal and the 29
atherosclerotic (as judged by either myocardial
infarction or angina pectoris) individuals in this
group. No quantitative comparison of the relative
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effectiveness of the two procedures in segregating
normal from atherosclerotic populations was at-
tempted with this number of analyses, but it is
quite apparent from inspection of the data that
the electrophoretic procedure is considerably more
effective than this particular ultracentrifugal meas-
urement in this respect; i.e., although with both
procedures there is a considerable overlap of the
values for the normal and control groups, the per
cent alpha lipoprotein cholesterol is much more
often outside the normal range in atherosclerotic
patients than is Sf 12-20 lipoprotein.

No attempt was made to compare the relative
effectiveness of the "atherogenic index" (24) with
the results of the electrophoretic procedures in

I
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segregating normals from atherosclerotics since
the "atherogenic index" is essentially a measure of
total beta lipoprotein in terms of refractive index,
with added weight placed on beta lipoproteins of
lower density, and does not appear to provide
very different information from the total beta lipo-
protein concentration as measured by the electro-
phoretic techniques.

DISCUSSION

A summary is given in Table IV of the values
obtained by various workers for the per cent of the
total cholesterol or stainable lipid in the alpha lipo-
protein fraction of sera from control and presum-
ably atherosclerotic populations: In each case the
data for normal males in'the "coronary age group"
have been compared to the data reported for
atherosclerotic patients, when possible of the same
sex and age. The results obtained in the present
study on both control and atherosclerotic groups
agree closely with the cholesterol analyses of
Nikkila (4), who used a paper electrophoretic
method for lipoprotein separation, and of Barr,
Russ, and Eder (2, 3) who used protein precipita-
tion procedures. There is considerably more vari-

TABLE IV

A summary of data from various sources on the distribution
of serum lipoproteins from "normal" and

atherosclerotic individuals

Cholesterol
Barr (27) (% cholesterol in

fraction A)
Nikkila (4) (% cholesterol

in albumin and alpha,
globulin)

Present Study
Normals
Hospitalized

Stain
Kroetz and Fischer (6) (%

stain in albumin and al-
pha, globulin)

Antonini et al. (5)
Present Study

Normals
Hospitalized

Per cent alpha lipoprotein

Athero-
Normal sclerosis

22.9 14.1

20.8 14.6

19.4 14.3
21.0

34.0 22.5
25.0 18.5

22.7 17.9
24.4

ation in the results of different laboratories when
lipoprotein concentration is measured by lipid dye
binding, although the results of published studies
agree in the finding that the fraction of alpha lipo-
protein is lowered in atherosclerotic populations.
This variation is not unexpected in view of the
different staining techniques used in different lab-
oratories, and serves to emphasize the necessity
for careful evaluation of the validity and reproduci-
bility of the procedure itself, and the analysis of
control sera at the same time and under the same
conditions as experimental sera if meaningful re-
sults are to be obtained with such techniques.

The most serious difficulties encountered in
studies of the relationship of lipoprotein levels to
atherosclerosis are the absence of a method to de-
termine the presence or absence of atherosclerosis
in the "normal" subject during life and the diffi-
culty of selecting control and experimental groups
which differ only in their incidence of atherosclero-
sis. It is probably reasonable to assume that a
group of patients with proved myocardial infarc-
tion will have definite atherosclerosis (25), but the
incidence of atherosclerosis in clinically normal
males of comparable age, which is probably well
over 50 per cent (26), means that any measure-
ment which is in fact associated with atherosclero-
sis will show a considerable overlap between con-
trol and atherosclerotic populations. The data ob-
tained in the present study are shown in the form
of scatter diagrams in Figures 3 and 4 to empha-
size this overlap, which is not immediately ap-
parent from inspection of the mean values and
the statistical significance of their differences
(Table I). That the observed differences between
control and atherosclerotic groups are in fact as-
sociated with atherosclerosis and not some other
difference between the groups is strongly sug-
gested, although still not conclusively proven, by
the finding that significant alterations of lipopro-
tein levels did not occur in a control group of pa-
tients hospitalized for illnesses not associated with
atherosclerosis. Finally, it should be kept in mind
that a correlation between any two variables, such
as atherosclerosis and the level or distribution of
serum lipoproteins, provides no proof of any
casual relationship between the variables, but can
only serve as an indication of an association be-
tween them and suggest paths for further investi-
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gation of abnormal metabolic pathways to estab-
lish any causal relationship.

SUMMARY

1. A standardized staining technique for the
estimation of serum lipoproteins separated by
paper electrophoresis gave results which were com-
parable to the results of cholesterol determinations
on these lipoproteins and to the results of ultra-
centrifugal analysis of lipoproteins at a density of
1.21.

2. No appreciable difference in lipoprotein con-
centration or distribution, measured by paper elec-
trophoretic techniques, was found between the sera
of 68 healthy male Army officers and the sera of
65 patients hospitalized with diseases not known
to be associated with atherosclerosis or abnormali-
ties in lipid metabolism.

3. Analyses of sera from 77 males with athero-
sclerosis, as judged by a history of myocardial
infarction, showed a significant drop in alpha lipo-
protein and increase in beta lipoprotein, resulting
in a decreased ratio of alpha to total lipoprotein in
these sera as compared to the control groups.
Elevations in total cholesterol and total lipid dye
binding capacity were less significant.

4. The percentage of the total serum cholesterol
in the alpha lipoprotein fraction was lower in sera
from patients studied from 0 to 6 months than in
those studied over 6 months after an acute epi-
sode of myocardial infarction.

5. The electrophoretic distribution of serum
proteins showed greater deviations from normal
in the group of hospitalized patients than in the
atherosclerotic group.

6. Ultracentrifugal analyses of lipoproteins of
Sf 12-20 were less often abnormal than were elec-
trophoretic analyses of the ratio of alpha to total
lipoprotein in sera from atherosclerotic individuals.
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