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Characterization of Biophysical Properties  of Baboon

Lipoproteins: Modulation by Dietary Fat and Cholesterol

John Babiak

Abstract

The serum lipoproteins of pedigreed and non-pedigreed
baboons (Papio cynocephalus) fed diets containing differing
types and amounts of fat and varying amounts of cholesterol
were examined by_analytic ultracentrifugation, gradient gel
electrophoresis, density gradient ultracentrifugation,
sodium dodecyl sulfate-polyacrilamide electrophoresis, elec-
tron microscopy, and standard protein and lipid composition
assays. The objectives of thése stqdies were to charaéter—
ize the lipoproteins of the baboon, to observe how concen-
trations and physical-chemical properties of the lipopro-
teins are modulated by dietary fat and cholesterol and by
genetic background and to describe the suitability of the

baboon as an animal model of human lipoprotein metabolism.

The results of the studies indicate that baboon high
density 1lipoproteins (HDL), though higher in total serum
concentration than human HDL, are remarkably similar to
human HDL. The HDL of both species contain
apolipoproteinA-I as its major protein and demonstrate con-
siderable polydispersity. Thus, the HDL of both species con-
sist of five discrete subpopulations which are separable by
density gradient ultracentrifugation. The five‘subpopula—

tions of baboon HDL are each similar to their human



counterparts 1in terms of hydrated density, particle size,

chemical composition and apolipoprotein content.

The concentration of baboon HDL 1is increased by
saturated fat (relative either to polyunsaturated fat or to
a low fat diet), but 1is decreased by the addition of
cholesterol to a diet high 1in saturated fat. Similar

results have been obtained for human HDL concentrations.

Serum concentrations of low density lipoproteins (LDL)
tend to be lower in baboons, but the physical-chemical pro-
perties of the LDL of both baboons and humans are quite com-
parable. The LDL of both species contains apolipoproteinB
as their major apolipoprotein and exhibit considerable
polydispersity in particle size. LDL of both species con-

sists of seven discrete subpopulations.

Linear correlation coefficients between concentrations
of lipoprotein classes and/or subpopulations were calculated
since such correlations may reflect metabolic relationships.
The correlations calculated for baboon lipoprotein concen-
trations are comparable to similar correlations calculated

for lipoprotein concentrations made in humans.

Epidemiological studies have indicated relationships
between concentrations of lipoprotein components and the
risk of «coronary heart disease and atherosclerosis in
humans. The analytical and statistical data presented in
this dissertation indicate that the baboon is a good model

for human lipoprotein structure and metabolism and for study



of the role of lipoproteins in the development of atheros-

clerosis.
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Chapter I: Introduction

Epidemiological studies have established a positive
correlation between the risk of coronary heart disease and
serum low density lipoprotein (LDL) concentrations, while
high density lipoprotein (HDL) concentrations were found to
exhibit a negative correlation (1-7). -These results have
led to numerous studies in animals examining the development
of atherosclerosis 1in major arteries concommitant with
modification of lipoprotein metabolism induced by diet (8-
14), drugs (15), hypothyroidism (16,17), diabetes v(18) and

genetic background (19-21).

The baboon (Papio cynocephalus) is.one of several non-
human primates which has beén .studied as a model for
experimentally-induced atherosclerosis (22-28). 1In response
to high levels of dietary saturated fat and cholesterol (for
a period of 2 years) the baboon develops fatty streaks and,
occasionally, fibrous plaques; the extent and severity of
the disease, however, are not as great as in other animal
models (9). Studies investigating lipoprotein metabolism in
the baboon have ranged from evaluations of the absorption of
dietary cholesterol (29,30), to determinations of rates of
endogenous synthesis (31) and turnover (32-34) of

" cholesterol.

The apolipoprotein moiety of baboon lipoproteins has
been studied by several investigators (8,35~-41). In this
regard, the baboon exhibits an array of apolipoproteins

which compares quite well with their human counterparts in



terms of molecular weight (8) and immunoreactivity (18). 1In
addition, baboon apoA-I 'ana apoA-II exhibit considerable
homology with the corresponding human apdlipOproteins

. (8,35,37,42).

The physical-chemical properties of baboon 1lipopro-
teins, however, have not been well characterized; The_chem-
ical composition of total lipoprotein classes (VLDL, LDL and
HDL) has been examined by ﬁwo investigators (18,35). One
investigator (43) has exami: 2d the properties of subfrac-
tionated HDL (HDLZ and HDL,), but used density gradient
ultracentrifugal techniques designed for human HDL. While
two supfractions were obtaingd according to their hydrated

density, the biophysical and/or metabolic significance of

the two subfractions were not examined.

The identification and study of discrete subpopulations
within human 1lipoprotein classes has been the subject of
numerous investigations. Anderson et al- (44) demonstrated
the existence of three major subpopulations of human HDL
which were separable by density gradient ultracentrifugatidﬁ
and- showed that concentrations of these individual subpopu-
lations correlate independently with the coﬁcentrations of
other serum lipoprotein components. In addition, they noted
that the serum concentrations of some of these subpopula-
tions are related to the individual's age and sex. 'Later,
Blanche et al (45), using the method of gradient gel elec-
trophoresis, demonstrated the presence of a total of five

subpopulations of human HDL. Studies of the modulation of



the concentrations of these human HDL subpopulations by

diet, exercise and other factors (46,47) are preliminary.

Evidence for the existence of, possibly, seven subpopu-
lations within human LDL (defined on the basis of particle
size) has been recently presented by Krauss and Burke (48),
utilizing gradient gel electrophoresis, density gradient
ultracentrifugation and analytic ultracentrifugation. Pre-
vious studies of Krauss et al (49) demonstrated that concen-
trations of LDL of flotatioh rate >S°f7 correlate (with con-
centrations of other 1lipoprotein fractions) independently
from the concentrations of LDL with flotation rate <S°f7_
Other studies have indicated that LDL of different sizes may
be removed from the plasma compartment at different rates
(50). These results indicate metabolic .differences may

‘exist between at least some of the LDL subpopulations.

Studies of lipoproteins and lipoprotein metabolism in
animals usually measure the properties (e.g. mean composi-
tion, mean size) of the major lipoprotein classes (VLDL, LDL
and HDL), and sometime; subfractionate HDL into HDL2 and
HDL3 (51-69). These studies have rarely examined or identi-
fied individual lipoprotein subpopulations. One major pur-
pose of the experiments described in this dissertation was
to characterize the major lipoprotein classes in the baboon
and then to identify and characterize discrete subpopula-
tions within these lipoprotein classes. The primary methods
utilized were gradient gel electrophoresis (70), analytic

ultracentrifugation (71), density gradient



ultracentrifugation (72), sodium dodecyl sulfate-
polyacrilamide gel electrophoresis (73) and standard methods
for determination of chemical composition of _lipéproteins
(74-77) . A second purpose was to'study how the concentra-
tions of baboon lipoprotein subpopulations are modulated  by
the type and amount of dietary fat and the amount of dietary
cholesterol. To these ends several experiments were per-

formed.

Experiment I involved 46 (mainly pre-pubertal) baboons
.which had consumed a diet, containing 40% of total calories
in the form of lard and 1.7 mg/Kcal of cholesterol, since
weaning.> This diet has previoqsly been shown to induce ath-
erosclerotic lesions in baboons within a period of 2 years
(25). The progeny were the product of assortative matings
of five sires on the basis of total serum cholesterol (mat-
ings of high total serum cholesterol males with high total
serum cholesterol females and low total serum cholesterol
males with low total seruﬁ cholesterol females) observed on
the same diet. Analysis of the seruh lipoproteins from
these progeny provided the initial data identifying and
‘characterizing five HDL subpopulations (on the basis of par-
ticle size, apolipoprotein and chemical compositions,
hydrated density and flotation properties) in both hyper-
cholesterolemic and hypocholesterolemic baboons (78). Prel-
iminary information on LDL subfractions in these animals was

also obtained (Chapter III).



Concentrations of the major lipoprotein classes (VLDL,
IDL, LDL and HDL) and HDL spbpopulations were determined for
all the progeny in Experiment I. The concentrations of the
lipoprotein components of each family were compared, as were
statistical correlations among the concentrations of these

lipoprotein species (Chapter 1IV).

At the conclusion of Experiment I, five progeny of one
hypercholesterolemic sire were placed on a sequence of diets
containing different amounts of fat and cholesterol. Exami-
nation of the serum ofvthese progény yielded information
regarding the modulation of lipoprotein concentrations and
particle sizes by dietary fat and/or cholesterol (Chapter

V).

In Experimént II (Chapter Vi), 24 randomly-selected
baboons were fed a sequence of diets containing high levels
of cholesterol (1.7 mg/Kcal), and high levels (40% of total
calories) of either a predominantly saturated fat (coconut
0il) or a éolyunsaturated fat (corn oil). This experiment
was, in fact, a follow-up of a previous study (60) involving
the same baboons and the same diets (as well as two diets
with the same amounts and types of fat, but no added
cholesterol) which examined the differential effects of
dietary fat and cholesterol on the concentrations of
heparin-manganese chloride precipitable and non-precipitable
cholesterol. The experiment reported in this dissertation,
therefore, was an attempt to‘explain, in more detail, which

serum lipoprotein components are affected by the degree of



saturation of dietary fat. 1In addition, the data from this
experiment provided evideﬁce {on the basis of particle size)
for the presence of éeven subpopulations within baboon LDL
and confirmed the results of Experiment I, demonstrating the

presence of five subpopulations within baboon HDL.

The data reported 1in Chapter VII are ?reliminary
results of a study of lipoproteins' within the serum of
baboons after consuming oné of four diets (differing in the
amount of cholesterol and the degree of saturatiqn of fat)
for six years. These animals were studied extensively over
the six year period (29,30,52,53) by other investigators and
will eventually be examined for the development of atheros-
clerotic 1lesions, lecithin:cholesterol acyltransferase and

lipoprotein lipase activities and serum lipids.



Chapter II: Methods and Materials

1. Experiments

1l.1l. Subjects - Experiment I

Experiment I wés based on 46 colony-reared baboon pro-
geny (Papio cynocephalus) of five sires that were selec-
tively chosen and bred. Sires and dams were selected from a
group of 264 male and 419 female baboons that were previ-
ously challenged for four months with an atherogenic diet
enriched 1in <cholesterol and saturated fat (in the form of
lard). From this group of baboons were selected sires and
dams with total serum cholesgerol;poncentrations above or
below the cumulaﬁive mean for each sex. These dams and
sires were mated assortatively, based on their total serum
cholesterol levels (high with high and 1low with 1low) in
response to the atherogenic diet. Throughout all studies all
baboons were housed and fed at the Southwest Foundation for

Research and Education in San Antonio, Texas.

Table 1 lists the total serum cholesterol levels of the
five sires on the atherogenic diet whose progeny were used
in Experiment I. Also included are the number, sex and ages
(at the time of examination) of the progeny produced by
assortative matings of these sires. Two sires (1672 and
839) had total serum cholesterol concentrations (461 and 282
mg/dl, respectively) which were more than two standard devi-

ations above the group mean for the male baboons tested.



Table 1. Sires and progeny used as subjects in Experiment I

Sire's Serum .Number of Prbgeny Age and Sex of Progeny
Sire Cholesterol in Experiment I
on LARD+CS diet <18 mo. 19-29 mo. 30-42 mo. >42 mo.
(mg/dl) .

1672 461 11 (8F, 3M) 8F , 3M

839 282 12 (4F, 8M) 4F, 2M OF, 6M

102 183 13 (10F, 3M) 4F, 2M 3F, OM 3Fr, IM

808 124 S (3F, 2M) 3F; 2M v

959 110 5 (3F, 2M) 3F, 2M
M: Male

F: Female



These two sires were mated with dams whose total serum
-cholesterol 1levels were at least one standard deviation
above the mean for females. Two other sires (808 and 959)
had total serum cholesterol levels (124 and 110 mg/dl,
respectively) which were more than two standard deviations
below the mean for males in the group examined. These two
sires were mated with dams whose total serum cholesterol
levels were at least one standard deviation below the mean
for females. The 1last sire (102) had a total serum
cholesterol 1level (183 mg/dl) which was only one standard
deviation above the mean for males and w#s-mated with dams
whose total serum cholesterol concentrations were above the

mean for females.

In all, eighteen of the progeny examined were male and
twenty-eight were female. All progeny were between 12 and
56 months of age when examined. Since puberty in the baboon
begins at approximately 42 months of age, most of the pro-
geny were pre-pubertal. Consequently, we observed no sex or
age-related effects in either lipoprotein concentrations or

particle size distributions in this population of baboons.

1l.2. Subjects - Experiment II

Twenty-four baboons (12 males and 12 females) were ran-
domly selected. These were subjects 1in a previous diet
study (60) that was similar in nature to the diet study per-
formed in this dissertation (Experiment II). The baboons

ranged in age from 3 to 5 years when the present experiment



'wés conducted. Thirteen baboons weré.feral; eleven were
raised in éaptivity and weré thé progeny of different sires
and dams. Six animaié of each sex were randomly assigned to
each of two blocks with similar age distributions‘.within

each block.

1.3. Diets and Experimental Design - Experiment I

All pedigreed progeny were weaned to the LARD+CS (lard
with cholesterol) diet '(Table_Z, column 1) at 15 weeks of
age and were maintaiﬁed oh>this diet until “examined. - Thié
diet was comprised of a mix of Purina Monkey Meal, NaCl,
vitamins A and C, cholesterol (a combination of dried egg
yolk and crystalline cholesterol) an@ enough lard to provide

40% of total calories from fat. Analyéis of the fat in the

LARD+CS diet by gas-liquid chromatography showed that it

consisted of 40.8§ saturated, '41.2% monounsaturated and
17.9% polyunsaturated fatty acids. Although this diet was
high in saturaged fét,-there was sufficient' linoleic acid
(168 of total fat) to avoid an essential fatty acid defi-
ciency in these animals. All babbons Qere offered 500g of
the diet pef day, an amount that from earlier studies (30)

was sufficient to ensure adequate growth. All baboons were

provided with water ad libitum and were kept in individual -

.cages.

At the conclusion of the experiment, €five progeny of
sire 102 were fed a series of diets with differing amounts

of lard and cholesterol, in the order outlined in Table 3.
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Table 2. Nutrient composition and ingredients of diets.

Nutrients LARD+CS LARD-CS CHOW CORN+CS
Carbohydrate (% Kcal) 39 40 62. 39
Protein (%Kcal) 21 20 28 21
Fat (%Kcal) 40 40 iB 40
Energy (Kcal/1l00 g) 3 377 329 377
Cholesterol (mg/Kcal) 1.7 0.03 0.03 1.7

Ingredients (8% dry weight)

Baboon chow? 0 0 100 0
Monkey Meal®** S 79.1 8l.8 79.1
Egg yolk, dried 4.8 0 4.8
Cholesterol 0.6 0 0.6
Lard 14.3 17.0°

Corn oil 14.3

Coconut oil

NaCl 1.1 1.1 1.1
Retinyl acetate 0.001 0.001 0.001
Ascorbic acid g.01 0.01 0.01

11

COCO+CS
39
21
40

3717

14.3
1.1

0.001

Purina Baboon Chow (Ralston Purina, St. Louis, MO.)

Purina Monkey Meal 25-5045-6, a special mix with no
added fat, dchydrated alfalfa, NaCl, ascorbic acid or
retinyl acetate.
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Table 3. Diet sequence followed by five selected progeny at
conclusion of Experiment I

Period Length of Time Diet.

1 ‘weaning through - LARD+CS*
' age 12-56 mos. :
2 6 weeks LARD-CS**
3 : 12 weeks " CHOW***x
4 6 weeks . LARD-CS
5 6 weeks LARD+CS
* LARD+CS diet, column 1 of Table 2

*k LARD-CS diet, column 2 of Table 2
*x*. CHOW diet, column 3 of Table 2



The data from only four of these five were analyzed and

presented in this dissertation because the fifth baboon
exhibited dietary responses which were markedly different

from the other four.

1l.4. Diets and Experimental Design - Experiment II

Two diets were prepared by mixing coconut o0il or corn
oil with a basic chow (Table 2, columns 4 and 5; the COCO+CS
(coconut o0il with cholesterol) and CORN+CS (corn oil with
cholesterol) diets). Both diets contained identical levels
of cholesterol (1.7 mg/Kcal) provided by dried egg yolk and
crystalline cholesterol. Analyses.of the oils by gas-liquid
chromatography showed that the CO;n 0il (Mazola, Best Foods
Co., Atlanta, GA) contained 12.6% saturated, 24.9% monounsa;
turated and 62.4% polyunsaturated fatty acids. Coconut oil

(white coconut o0il, Lou Ana Foods, Inc., Opelousas, LA),

contained 90.9% saturated, 6.7% monounsaturated and 1l.4%

‘polyunsaturated fatty acids. The mixed diets were pelleted
and stored in a freezer. Each animal received 500g of food
daily, water ad 1libitum and all were kept in individual

cages.

The diet sequence for all baboons (randomly divided
into two groups of twelve animals each) is shown in Table 4.
All animals were maintained on a CHOW diet (Table 2, column
3) for at least 3 months prior to the start of the experi-
ment. Each group was alternately fed the 2 diets (COCO+CS

or CORN+CS) for periods of six weeks each. 1In the final six

13



Table 4. Diet sequence for Experiment II.
Period Group I Group II Length of Time
0 CHOW* CHOW >3 mos.

1 COCO+CS** CORN+CS*** 6 weeks
2 CORN+CS COCO+Cs 6 weeks
3 COCO+CSs CORN+CS 6 weeks

*

* *

* k&

CHOW diet, column 3 of Table 2

COCO+CS diet,
CORN+CS diet,

column 5 of Table 2
column 4 of Table 2

14



week period, each group consumed the same diet as eaten dur-

ing the first period.

1.5. Subjects and Experimental Design - Experiment III

The baboons used in Experiment III were subjects in a
long-~-term (6 year) study.of the effects of the saturation of
dietary fat and the amount of dietary cholesterol. This
investigation was conducted by Dr. Glen Mott and associates
at the Southwest Foundation for Research and Education in
San Antonio, Texas. Their studies included examination of

the extent of atherosclerotic involvement in arteries, the

fat content of major organs, measures of serum lipids and:

serum lecithin:cholesterol acyltransferase activity. Prel-
iminary results of these studies have been feported
(29,30,52,53). Plasma from 36 of the 96 baboons in the
study were kindly provided for studies included in this

dissertation.

Ninety-six baboons (48 male and 48 female), produced by
the matings of six sires were divided into four groups, each
consisting of 24 animals. The members of each group were
fed one of four digté for six years; each diet contained (by
percent of calories) 40.7% fat, 19.8% protein and 39.5% car-
bohydrate, but differed in fatty acid composition and
cholesterol content. Two diets 1included predominantly
saturated fatty acids (P/S ratio = 0.26); one was high in
cholesterol (0.9 mg/Kcal) and one was 1low in cholesterol

(0.013 mg/Kcal). The other two diets included predominantly

15
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polyunsaturated fatty acids (P/S ratio = 2.1); one was high
in cholesterol (0.9 mg/Kcal) and one was low in cholesterol
(0.013 mg/Kcal). Plasma from 36 of the baboons was exam-

ined.



2. Analytical Methods

;g.l. Blood Collection and Preparation

Venous blood was collected into evacuated tubes from
each baboon after an overnight fast and under ketamine
anesthesia (10 mg/kg body weight of Vetalar; Parke, Davis
and Company, Detroit, MI). Serum was separated by centrifu-
gation in a refrigerated centrifuge. Sera were shipped on
wet 1ice to the Donner Laboratory, University of California,
Berkeley for analysis and arrived within 30 hours of collec-
tion. Penicillin and streptomycin (1 ml/dl; Gibco Labora-
tories, Grand Island; NY) were added to samples upon arrival
to reduce the possibility of sécter%al contamination during

subsequent studies.

In some cases, plasma was utilized. This was obtained
by coilecting venous blood into evacuated tubes containing
ethylenediamine-tetra-acetic acid (EDTA, 1lmg/ml final con-
centration). All other conditions for sample preparation

and handling were the same as described for serum.

The possible effects‘ of 1lecithin:cholesterol acyl-
transferase activity during shipment and handling were
investigated by shipping identical serum samples with and
without the 1lecithin:cholesterol acyltransferase inhibitor
5,5'-dithiobis~(2~-nitrobenzoic acid) added to a final con-
centration of 1.4mM. No difference was observed in either
serum lipopfotein concentrations (measured by analytic

ultracentrifugation) or lipoprotein particle size

17



distributions (examined by gradient gel electrophoresis) for
paired samples from each of two female progeny processed
with or without the lecithin:cholesteroi acyltransferase
inhibitor. Consequently, it appeared that (for overnight
shipment on ice), there were no significant
lecithin:cholesterol acyltransferase-induced changes 1in

lipoprotein patterns in the samples studied.

2.2. Analytic Ultracentrifugatiod

Samples of serum from each baboon were adjusted to
either d 1.065 or 4 1.217 g/ml with NaCl or NaCl-NaBr solu-
4 tion, respectively, and subjected to preparative ultracen-
trifugation (Beckman 40.3 rotér, 114,000 x g, 24 hr, lSOC).
The top 1 ml from each tube was pipetted to remove either
the serum d<1.063 or d<1.20 g/ml 1lipoprotein fraction.
These fractions were then analyzed by both analytié ultra-

centrifugation and gradient gel electrophoresis.

Ultracentrifugally isolated serum d<1.063 and d<1.20
g/ml lipoprotein fractions were studied by analytic ultra-
centrifugation by the method of Lindgren et al (71). Baboon
lipoprotein concentrations within specific flopation inter-
véls were calculated from computer-derived schlieren pat-
tefns using specific refractive increments empirically
determined for human lipoprotein . classes. This procedure
‘was reasonable because of the similarity between the sizes
and chemical compositions of human and baboon HDL and LDL

(data in Tables 6 and 11). To estimate the specific

18



refractive increment for Fol.209'28 lipoproteins a linear
interpolation between the -2mpirical specific refractive
increments of human HDL and LDL was performed and indicated
a correction of 1less than 2% in Fol.209—28 concentrations
when using the increment for human HDL. Such correction was
well within the resolution obtained by analytic ultracentri-
fugation in determining serum concentrazions of lipopro-
teins. All measurements derived from schlieren patterns
were adjusted to standard conditions and fully corrected for

concentration dependence.

For lipoproteins floating at d 1.20 g/ml, F01.209'28
lipoproteins, by definition, were measured as material
within ;he Fol.209-28 flotatioﬂ'inteqval, while whole HDL
‘was measured as.material within the Fol.200-9 interval. HDL
was further divided into subpopulations' as previously
defined (78, and Table 6 in this dissertation) by gradient
gel electrophoresis, density gradient wultracentrifugation

and analytic ultracentrifugation.

Concentrations of baboon HDL subpopulations were
obtained by a three-component analysis‘similar to the method
of Anderson et al (44). HDL-1 (particles of size 100-125A
and density 1.063-1.120 g/ml) concentrations were calculated
assuming a peak flotation rate of Fol_205.17 (see Table 6).
HDL-II (particles of size 88-100A and density 1.120-1.135
g/ml) concentrations were calculated assuming a peak flota-
tion rate of F° 2.77. Baboon HDL-III, HDL-IV and HDL-V

1.20
(particles of size 72-88A and density 1.135-1.20 g/ml) were
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treated as a single component ("HDL-III through HDL-V") with

a peak flotation rate of Fol 201.56.

For lipoproteins floating at 4 1.063 g/ml, VLDL was

defined as material within the s°f20—400 flotation interval,
IDL within the s°f12-2o flotation interval and LDL within

the S%.5-12 flotation interval. The portion of F®; ,,9-28

lipoprotein material which could ‘be 1isolated within the
d<1.063 g/ml serum fraction generally was measured within

the SofO-S flotation interval.

2.3. Density Gradient Ultracentrifugation

Preliminary isolation of‘}ipoprotein classes was per-
formed by sequential ultracentrifugation at 4 1.006 g/ml (or
d 1.019 g/ml), d 1.063 g/ml and & 1.20 g/ml. Lipoprotein
fractions derived 1in this manner often contained more than
one lipoprotein class or multiple subpopulations. There-
fore, several equilibrium density gradient ultracentrifuga-
tion runs were devised to obtain more discrete 1lipoprotein

subfractions.

VLDL and IDL, isolated within the serum d<1.019 g/ml
fraction, were further‘separated by density gradient ultra-
centrifugation. A 2.5 ml aliquot of deionized water (d
0.9982 g/ml) was layered over 5.5 ml of the isolated frac-
tion (previously dialyzed to 4 1.006 g/ml) which, in turn,
was layered over 4.0 ml of 4 1.019 g/ml NaCl solution. This
layered preparation was ultracentrifuged for 48 hours at

174,000 x g at 15°C in a Beckman SW 41 rotor. Twelve 1 ml
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fractions were pipetted from each tube. The final back-

ground salt gradient ranged from 1.002 g/ml to 1.022 g/ml,

as determined by refractometry.

To separate F°1.209-28 lipoproteins from LDL, equili-
brium density gradient ultracentrifugation was performed on
isolated serum 4 1.006-1.063 g/ml fractions by a method
adapted from Shen et al (72). A 2.5 ml a;iquot of 4 1.028
g/ml NaCl-NaBr solution was layered over 2.0 ml of the iso-
lated lipoprotein fraction (previously dialyzed to d 1.040

g/ml) which, in turn, was layered over a 2.5 ml aliquot of 4

1.054 g/ml NaCl-NaBr solution. This layered preparation was

ultracentrifuged for 42 hours at 174,000 x g at 15°c in a
Beckman SW 45 rotor. Seven 1 ml fractions or fourteen 0.5
ml fractions we;e'pipetted from each-tube. The final back-
ground salt gradient ranged from 1.025 g/ml to 1.066 g/ml,

as determined by refractometry.

A second density gradient ultracentrifugation method.

was applied to separate the LDL and F°l.209-2s lipoproteins
contained within the 4 1.019-1.063 g/ml fraction. A 4 ml
aliquot of d 1.028 g/ml NaCl-NaBr solution was layered over
4 ml of the 1isolated 1lipoprotein fraction (previously
dialyzed to d 1.040 g/ml) which, in turn, was layered over a
4 ml aliquot of 4 1.054 g/ml NaCl-NaBr solution. This lay-
ered preparation was ultracentrifuged for 48 hours at
174,000 x g at 15°C in a Beckman SW 41 rotor. Twelve 1 ml
fractions were pipetted from each tube. The final back-

ground salt gradient ranged from 1.026 g/ml to 1.072 g/ml,
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as determined by refractometry.

To subfractionate the HDL, equilibrium density gradient
ultracentrifﬁgation was performed on isolated and washed
serum d 1.063-1.20 g/ml lipoprotein fractions. A 2.5 ml
aliquot of 4 1.085 g/ml Naél-NaBr solution was layered over
2 ml of the isolated 1lipoprotein fraction .(previously
dialyzed to 4 1.109 g/ml), which, in turn, was layered over
a 2.5 ml aliquot of 4 1.133g/ml WNaCl-NaBr solution. This
layered preparation was - ultracentrifuged for 42 hours at
174,000 x g at 15°C in a Beckman SW 45 rotor. Fourteen 0.5
ml fractions were pipetted from each tube. The final back-
ground salt gradient ranged from 1.075 g/ml to 1.168 g/ml,

as determined by refractometry. -

2.4. Gradient gel electrophoresis

Gradient’gel electrophoresis, according to the method
of Nichols et al (70), was performed on ultracentrifugal
serum d<1.063 and d<1.20 g/ml fractions as well as on den-
sity gradient subfractions of LDL, F°1.209-28 lipoproteins
and HDL. . The serum 551.063 fractions and density gradient
subfractions of LDL and P°1.209—28 lipoproteins were élec-
trophoresed on 2-16% gradient gels (Pharmacia Fine Chemi-
cals, Piscataway, NJ), while the d<1.20 g/ml fractions and
density gradient subfractions of HDL were electrophoresed on
4-30% gradient gels. Each gel was calibrated with high
molecular weight protein standards (Pharmacia Fine Chemi-

’ cals, Piscataway, NJ); latex beads of diameter 380+7.5A (Dow
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Chemical, Indianapolis,IN) were also added to lanes contain-
ing the protein standard in the 2-16% gradient gels. Gels
'were stained for protein with Coomassie G-250 or for 1lipid
with 0il Red 0; standard and sample lanes were densitometri-
cally scanned. Relative migration values (Rf values) for
components on the electrophoretic pattern were calculated by
taking the ratio of the migration distance of the
component's peak relative to the migration distance of the
peak of bovine serum albumin (4-30% gels) or apoferritin
(2-16% gels) on the same gel. Approximate lipoprotein par-
ticle sizes were obtained from a calibration curve of migra-
tion distance vs Stokes' radii of protein standards run on

each gel (45) .

2.5. Electron Microscopy

Selected subfractions from density gradient Qltracen—
trifugation of serum fractions from several baboons were
dialyzed to 5 mM NH,HCO, and, after negative staining with
1% sodium phosphotungstate (pH 7.4), examined with a JEM
100C electron microscope (JEOL Ltd., Tokyo, Japan). Parti-
cle size determinations were based on measurement of at

least 200 particles within representative fields.

2.6. Lipid and Protein Assay

Assays for cholesterol and cholesteryl ester were per-
formed on lipoprotein fractions wusing the colormetric

methods of Roeschlau et al (74) (BMC Reagent Set No. 124087,
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Boehringer Mannheim, Indianapolis, IN). Triglycerides were
measured by a modification of the fully enzymatic method of
Bucolo and David (75) (BMC Reagent Set No. 126012, Boehr-
inger Mannheim, Indianapolis, IN); phospholipid phosphorus
was measured by the method of Baftlettk(76). Protein con-
centrations were measured by the method of Lowry et al (77),
using bovine serum albumin (fatty acid-free fraction V) as a

standard.

2.7. Serum and Lipoprotein Cholesterol Analyses

| Cholesterol was measured in whole gerum and 1in the
supefnatant after heparin-manganese chloride precipitation
(79,80) by an enzymatic methbd'using the ABA 100 Bichromatic
Analyzer (Abbot Laboratories, South.Pasadena, CA) (81). By
convention, the cholesterol 1in the supernatant (non-
precipitable cholesterol) was designated high density
lipoprotein cholestérol (HDL-C). The difference between the
total serum cholesterol and HDL-C was designated very low
density and low density lipoprotein cholesterol (VLDL+LDL-
C). The coefficient of variation for duplicate analyses was

less than 2%.

Serum and non-precipitable cholesterol were measured in
all five sires and a randomly selected subgroup of the pro-
geny in Experiment I. These measurements were also per-
formed on all 24 animals in Experiment II at 4, 5 and 6

weeks after the beginning of each diet period.
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2.8. Apolipoprotein Analysis

Subfractions of the d 1.006~-1.063 g/ml fractions were
:delipidated according to the method of Shore and Shore (73).
sodium dodecyl sulfate-polyacrilamide electrophoresis was
performed on 4% and 10% gels in 0.1% sodium dodecyl sulfate
according to the method of Weber and Osborne (82). Molecu-
lar weights of protein bands were determined relative to the
migration of a high molecular weight standard mixture (Phar-
macia Fine Chemicals, Piscataway, NJ). Approximate weight
percent of each protein was determined by measuring the area

under the densitometric tracing after the gels were stained

with Coomassie R-250. Apolipoproteins were identified by

comparison with molecular weigﬁts for baboon apolipoproteins
determined by Blaton and Peeters (8). These identifications
were supported by apolipoprotein analyses using radioimmu-
noassay with antibodies raised against human apolipoproteins
performed on selected ultracentrifugal fractions by Dr. John
Albers, University of Washington School of Medicine, Seat-

tle, Washington (83).
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3. Statistical Methods

3.1. Statistical Methods - Experiment I

Lipoprotein concentrations were compared between fami-
lies by the student's t-test. Correlations between concen-
trations of differeni lipoprotein classes or subpopulations
were made by linear regression analysis. Lipoprotein con-
centrations of the group of animals consuming different
diets (outlined in Table 3) were compared by the paired t-

test between diets.

3.2. Statistical Methods - Experiment II

Analytic 'ultracentrifugal lipéprotein concentrations
and lipoprotein choiesterol méasurements made on the serum
from each baboon after six weeks on each diet were
transformed with ahnatural logarithm transformation in order
to normalize the data, stabilize the variances and calculate
the separate and combined effects of sex and diet (described
below). When measured concentrations of zero were encoun-
tered, the transforﬁation, logarithﬁ(l+x) was used. Even
after this trénsformation it was not possible to stabilize
the variance for the concentration measurements of lipopro-
teins within the F°, ,.14-20, F°®, ,,20-28 and F°  ,,20-28
.flotation intervals. These datavwere analyzéd between diet
groups and then for sex within diet groups by the non-

parametric Mann-Whitney U-test.
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All other daﬁa.were analyzed by analysis of wvariance
(84). The effects of time period, time period-by-sex, diet,
diet-by-sex and carryover were tested against a within-
animal error term (diet and sex mean squére). The effects
of carryover of the previous diets could not be estimated
for analytic ultracentrifugal measurements.made at density d
1.20 g/ml1 and, therefore, these carryover—effects (if they
exist) could not be excluded from the estimated diet

effects. When the carryover effects from one diet to the

next could be calculated, none were found to be statisti-'

cally significant. However, the estimated means and diet
effects were adjusted for the calculated carryover effects.
The overall mean, sequence, sex and sequence-by-sex were
tested against- the animal within sequence and sex mean
square. The estimated means (appropriate _linear combina-~
tions of regression coefficients) and confidence intervals
were based upon robust Huber (85) M-estimates (c=1.2) of the
parameters. The 1linear model for analysis contained the
terms for the overall mean, effect of diet, sex and diet-

by-sex interaction.

The results are presented, in terms of group means, as
the effects (60) of saturated fat in the presence of high
cholesterol (the diet effect, F*HC), the sex effect (S) and
the diet-by-sex interaction (FxS). The diet effect is
defined as:

F*HC = (HCSF) - (HCPF).

The sex effect is defined as:
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s = {(HCSF) + (HCPF) ] { (HCSF) + (HCPF)}

male ~ female-®

The diet-by-sex interaction is given by one half the differ-
ence between the diet effect for males and females:

FxS = 1/2 { (F*HC) (F*HC) }

male ~ female

and, therefore tells how much greater or 1lesser the diet

effect is for males than for females.

The effects described above are differences on the log-
arithmic scale and, after application of the reverse
transformation (exp(x)), represent the ratios of the origi-

nal lipoprotein concentrations.
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Chapter III: Lipoproteins in the Serum of Pedigreed Pro-

geny Consuming the LARD+CS Diet - Experiment I

1l. Experimental Design

Five adult male baboons were selected on the basis of
either a - hypercholesterolemic or hypocholesterolemic
response to a diet high in saturated fat, in the form of
lard, and cholesterol (the LARD+CS diet). These male
baboons (sires) were each mated to female baboons (dams)
which exhibited comparable serum cholesterol responses to
the diet. The progeny resulting from these matings were the

subjects of Experiment I.

In Experiment I, these pedigreed progeny consumed the
LARD+CS diet from weaning until the time examined (between

12 and 56 months of age). The serum from these progeny were

used for all studies described in Chapters I1II, IV and Vv of.

this dissertation. More information on these baboon progeny
and on the design of Experiment I is provided in Chapter II,

Sections 1.1 and 1.3.
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2. High Density Lipoproteins (HDL)

2.1. Concentrations of High Density Lipoproteins in the

Serum d<1.20 g/ml Fraction.

Figure 1 shows the analytic.ultracentrifugal schlieren
patterns of the 30 minute frame of the serum d<1.20 g/ml
| fraction from two progeny in the study. All baboons exam-
ined exhibited 1lipoprotein material floating within the

Fol 200—9 interval. This flotation rate interval

corkesponds exactly with that previously observed for baboon

HDL by Howard et al (23) and is similar to the flotation
rate . interval for HDL of other animal species, as well

(71,86). The HDL, measured as material floating within the

F°1‘200-9 interval, generally appeared as a broad peak of
approximate flotation rate Fol.zos,o (pigureg la and 1b),
but also exhibited differing amounts of additional com-
ponents within the lower flotation rates (for example, the
shoulder at approximately F°l.202.o in Figure 1lb). In addi-
tion to HDL within the Fol.20079 flotation rate interval,
many progeny in this study possessed measurable lipoprotein
material floating wiéhin the F°1.209-28 interval (Figure
1b). This 1lipoprotein material has not been previously

reported in the baboon and is characterized in this disser-

tation.

The mean HDL concentration of all progeny in this study
was 458 mg/dl (Table S). The range of values of HDL concen-

tration for all baboon progeny on the LARD+CS diet was from
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Figure 1.

Analytic ultracentrifugal schlieren patterns and gradient
gel (4-30%) electrophoretic patterns of the serum d<1.20
g/ml fractions from two typical baboon progeny. These pat-
terns 1illustrate major types of lipoprotein distributions
observed in this study. '

(a). Schlieren pattern from a baboon (animal 2592) demon-
strating HDL (410 mg/dl) within the Fol ,00-9 flotation rate
range, and essentially no material (4 mg/dl) in the

301,209‘23 interval. LDL (Fol.2028—56) does not appear in
the frame shown.

(b). Schlieren pattern from a baboon (animal 1816) exhibit-
ing both HDL (510 mg/dl, within the F°l 200-9 flotation
interval) and Fol.209—28 lipoprotein (207 mg/dl).

(c). Gradient gel electrophoreiic pattern for baboon 2592
possessing a éolydisperse distribution of HDL, primarily
within the 72-125A particle size range. LDL appears as

material of size greater than 220A.

(d) . Gradient gel electrophoretic pattern for baboon 1816
exhibiting a polydisperse distribution of HDL material
within the 72-125A particle size range and Fol.209'28
lipoproteins within the 125-220A particle size range.
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Table 5. Mean + SD serum concentrations (mg/dl) of HDL and
FO
(within the serum d<1.20 g/ml fraction) for all pedigreed

1.209-28 lipoproteins and peak Fol.zo rate (svedbergs)

progeny studied in Experiment I (n=46).

Lipoprotein Group Mean + SD Range of Values
Species -

HDL (F®, ,,0-9) 466 + 78 310 - 660

Peak F®) 5, Rate 4.99 + .30 3.68 - 5.56

HDL-I 291 + 91 118 - 466

HDL-II 102 + 32 56 - 193

HDL-III-V : 73 + 16 37 - 112

FO  ,09-28 108 + 98 1 - 410
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310 to 660 mg/dl. The peak flotation rate of the HDL was
Fol 204-99 *+ 0.30 (mean#SD) with a range of observed values

of F°, ,13.68 to F°; ,45.56.

2.2, Characterization of HDL Size Distributions by Gradient

Gel Electrophoresis

The particle size distribution of HDL material 1in the
serum d<1.20 g/ml fraction of all progeny was examined by
gradient gel electrophoresis. As demonstrated in Figures la
and 1lc, progeny which exhibited only HDL material by ana-
lytic ultracentrifugation possessed lipoprotein material by
gradient gel electrophoresis within the 72-125A particle
size range. Progeny which demonstrated HDL and Fol.209'28
lipoprotein material by analytié ultracentrifugation (Figure
1b) had gradient gel electrophoresis patterns that “included
HDL material within the 72-125A particle size range and
additional material (F°1.209—28 lipoproteins) within the

125-220A particle size range (Figure 1ld).

Gradient gel electrophoretic patterns of HDL 1in the
i1<1.20 g/ml fraction from all progeny studied, irrespective
of level of Fol.209—28 lipoproteins, showed a mﬁlticomponent
distribution in the 72-125A particle size range. This
material could be isolated within the 4 1.063-1.20 g/ml

“interval and was comparable to human HDL in both size and
density range (45). The major part of baboon HDL was con-
tained within a single peak corresponding to particles in

the 100-125A size range. The remaining material was
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distributed among .3-4 peaks in the size range of 72-100A.
When the frequency of observation of individual peaks in 42
gradient gel electrophorésis patterns from individual
animals was plotted versus each peék's Rf Qalue (see Materi-
als and Methods), distinct frequency maxima (Figure 2)
occurred within the specific size intervalé. The Rf inter-
vals containing the frequency maxima were used to define
baboon HDL subpopulations (designated HDL-I tﬁrough HDL-V).
No significant differences were observed in Rf intervals or

Rf values at the frequency maxima of HDL subpopulations when

patterns were compared on the basis of serum levels of

F° 9-28 lipoproteins.
.1.20

2.3. Physical-Chemical Properties of HDL Subpopulations

The physical-chemical properties of baboon HDL subpopu-
lations in the sera of two progeny (who possessed Fol.209'28
lipoprotein levels of 171 mg/dl and 207 mg/dl) were studied
after subfractionation by equilibrium density gradient
ultracentrifugation of the d 1.063-1.20 g/ml fraction. Fig-
ure 3 shows the gradient gel electrophoretic patterns of the
whole HDL fraction and fourteen density subfractions iso-
lated from the serum of one of the progeny. Most subfrac-
tions were monodisperse when analyzed by gradient gel elec-
trophoresis, though polydispersity was apparent in subfrac-
tions of higher hydrated density. The mean size (determined
from migration of the peak) of lipoproteins in each density

subfraction was used to assign the lipoproteins to specific
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Figure 2.

Frequency of occurrence of Re wvalues of HDL peaks as
observed on 4-30% electrophoretic gradient gels. Electro-
phoresis was performed on the serum d<1.20 g/ml fraction
from 42 baboon progeny from all five families studied.
These progeny exhibited the full range of Fol.209'28
lipoprotein concentrations. The five baboon HDL subpopula-
tions determined from this frequency plot are 1indicated
(HDL-I through HDL-V).
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Figure 3.

Gradient gel electrophoretic patterns (4-30% gels) of den-
sity subfractions of the 4 1.063-1.20 g.ml fraction from
baboon 2033. These patterns illustrate the trend of
decreasing particle size with increasing hydrated density
and the general observation that the HDL material in least
dense subfractions was monodisperse by gradient gel electro-
phoresis.
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HDIL. subpopulations (HDL-I, HDL—II, etc.); the particle size
ranges of the HDL subpopulations were previously definedv 6n
the basis of the freqﬁency histogram (Figure 2). Based on
the ;elationship between the mean particle size and hydrated
density of the subfractions, 1t was possible to assign
hydrated density rénges for particles within each HDL subpo-
pulation. Density subfractions which best represented indi-
vidual HDL subpopulations and showed minimal contamination
from other subpopulations were analyzed for chemical compo-
sition and apolipoprotéin content. The Rf intervals, the
corresponding particle size and hydrated density ranges of
baboon subpopulations HDL-I through HDL-V are given in Table
6. The particle size of the HDL subpopulations decreased
regularly (100-125A, HDL-I through 72-78A, HDL-V) with
increasing hydrated density (1.063-1.20 g/ml, HDL-I through
1.160-1.120 g/ml, HDL-V). Likewise, the chemical composition
of HDL_subpopulatiohs varied with hydrated density, with the
more dense fractions exhibiting a higher percent protein
conten£ (32.8%, HDL-I vs 57.6%, HDL-IV) and a lower percent
phospholipid (37.6%, HDL-I vs 24.4%, HDL-IV) and cholesteryl

ester (23%, HDL-I vs 12.8%, HDL-1IV) content (see Table 6).

2.4. Apolipoprotein Content of HDL Subpopulations

The apolipoprotein composition of density gradient sub-
fractions of HDL was examined by sodium dodecyl sulfate-
polyacrilamide electrophoresis and gave results very similar

to the observations reported by Blaton and Peeters (8) for
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Ta
B

ble 6. Properties of
in Tables 8 and 11l.

the major HDL in the serum of Baboon

HDL subpopulation

1 IT I11 v v
Rf Range .460-.585 .585-.685 .685-.745 .745-.805 .805-.900
Hydrated Density
Range (g9/ml) 1.063-1.120 1.120-1.135 1.135-1.150  1.150-1.200
Approximate Size
Range (A) 100-125 88-100 82-88 78-82 72-78
Composition (wt. %)
Protein 32.8 47.5 54.8 57.6 ND
Phospholipid 37.6 31.1 27.6 24.4 ND
Cholesteryl Ester 23.0 18.1 14.6 . 12.8 ND
Unesterified '
Cholesterol 4,2 2.8 2.8 ' 5.0 ND
Triglyceride 2.4 0.5 0.2 0.2 ND
Calculated F°, .  Rate .
{svedbergs) ~° 5.17 2.717 1.90 1.37. ND

ND:

Not done
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baboon totél HDL. ApoA-I (2.8 x 10 daltons) was the major
protein (>65% of total Coomassie staining material) in all
subfractions, and all subfractions contained the same small
molecular weight proteins (1.8 x 104, 1.3 x 104, and 1.1 x
104 daltons), including a small protein of 1.4-1.5 «x 104
daltons which appeared as a shoulder on the peak of the 1.3
x 104 dalton protein (Figure 4). An additional protein of
approximately 2.4 x lO4 daltons was detected in all HDL sub-
fractions, except the HDL-I subfraction, and was the same as
a B-mercaptoethanol-reducible protein observed by Blaton and

Peeters ( 8) in baboon HDL. No apoE (3.5 x 104 daltons) was

apparent in any HDL subfractions.

2.5. Concentrations of Baboon HDL Subpopulations

Using the physical data for baboon HDL subpoéulations
given in Table 6, approximate Fol.zo rates for each subpopu-
lation were calculated and concentrations of individual HDL
subpopulations were estimated from the serum d4<1.20 g/ml
schlieren pattérn of each progeny. Table 5 breaks down the
total HDL (F?1.200-9) concentration into HDL subpopulations
designated HDL-I, HDL-II, and the sum of HDL;III through
HDL-V.. The bulk (63%) of the HDL material was found, on
average, as HDL-I. This was consistent with observations by
‘gradient gel electrophoresis (see Figure 1lc and 14, for
examples) which also demonstrated that the major HDL subpo-
pulation was HDL-I (major HDL peak within the 100-125A par-

ticle size range). HDL-II and HDL-III through HDL-V
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Figure 4.

Sodium dodecyl sulfate-polyacrilamide electrophoretic gels
of selected density subfractions of baboon HDL, showing the
apolipoprotein composition of baboon HDL subpopulations
HDL-I, HDL-II, HDL-III, HDL-IV and HDL-V.
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constituted, on average, 22% and 16% of the HDL material,

respectively. The predominance of the HDL-~I species with an
Fol 20 rate of 5.17 (from Table 6) accounted for the obser-
vation of a peak Fol.zo rate close to F°1.205.0 for whole

HDL (Table S).

2.6. sStatistical Correlations among Concentrations of HDL

Subpopulations

Possible metabolic or physical relationships among HDL
subpopulations were examined by calculating statistical
correlation coefficients among concentrations of baboon HDL
subpopulations, and with the total HDL concentration and
peak flotation (Fol.zo) rate (Téble 7). Total HDL concen-
tratioﬁs correlated positively with both HDL-I and HDL-Ii
concentrations (r = .90 and r = .44, respectively), but not
at all -with HDL-III through HDL-V concentrations. The HDL
peak Fol.zo rate depended inversely upon HDL~II concentra-
tions (r = -,44), while HDL-I and HDL-1I11 through HDL-V con-

centrations were also inversely related (r = -.43).
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"Table 7. Correlation coefficients among the concentrations
of lipoprotein species within the d<1.20 g/ml serum fraction
from all the progeny studied in Experiment I (n=46).

HDL-I  HDL-II  HDL-III-V  Peak F°l ,0 Rate

Total HDL .892 .448 .00 -.03
HDL~-I - .04 '-.432 .23b
HDL-II , - .220 - .422

HDL-III-V - -.19

as P<0.005

b P<0.1



3. Eol 2 9-28 Lipoproteins

3.1. Flotation and Size Heterogeneity of F°

.203-2

[

Lipoproteins

The total lipoprotein d<1.20 g/ml fraction isolated
from the serum of progeny of all sires was examined by ana-
lytic ultracentrifugation and gradient gel electrophoresis.
Ultracentrifugal patterns for this fraction from all progeny
demonstrated HDL material within the F°l.200-9 flotation
interval and LDL material within the F01.2028'56 flotaﬁion
iﬁterval. Electrophoretic patterns of lipoproteins 1in the
d<1.20 g/ml fraction indicated the presence of peaks
corresponding to HDL and LDL wiﬁhin the particle size ranges
of 72-125A and 220-290A, respectively. 1In contrast, not all
progeny possessed measurable lipoprotein material within the
F°l°209—28 flotation interval. Fol.209-28 lipoprotein con-
centrations measured by analytic ultracentrifugation in the
serum of progeny examined ranged from 1 to 410 mg/dl with an
overall mean+SD of 108+98 mg/dl (Table 5). When analytic
ultracentrifugation patterns demonstrated measurable levels
of F°1.209-28 lipoproteins, the gradient gel electrophoretic
patterns exhibited an additional peak within the 125-220A
particle size range. The extent of heterogeneity of flota-

tion properties and particle size of these additional

o

species depended on the total concentration of F 1.2

09-28

lipoproteins.
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Figure 5 illustrates the relationships between flota-

tion rate heterogeneity and ﬁotal Fol.209-28 concentration
by plotting the concentrations of material within the
F°1.209-l4, Fol_2014—20 and F°l°2020—28 subintervals Qersus
the tOtal‘Fol.209=28 lipoprotein concentration. In general,
when a babqon possessed a serum F°1.209-28 lipoprotein con-
centration of less than 70 mg/dl, almost all of this
material was fqund by analytic ultracentrifugation to occur
within the F°1.209-l4 flotatioh interval and to extend from
the HDL interval (defined by the flotation rate range of
F°1.200—9). When baboons exhibited serum levels between 70
and 110 mg/dl of Fol.209-28 lipoproteins, these lipoproteins
were observed as a continuum .of material extending from
Fol.209 up to F°l.2020. Only baboons which possessed
Fol.209-28 lipoprotein concentrations above 110 mg/dl were

found to exhibit lipoprotein material floating beyond

F°l.2020; but in all cases the Fol.209"28 lipoprotein

material extended from the upper flotation rate limit

(F°1 50%) of the HDL distribution.

Representative examples o©f the relationship between
concentration vs flotation rate and particle size of the
Fol.209—28 lipoproteins are illustrated in Figure 6 which
shows computer~-derived ultracentrifugal schlieren patterns
{30 min framé following attainment of 52,640 rpm) and elec-
trophoretic patterns (4-30% gradient gel) of the total
lipoprotein d<1.20 g/ml fraction isolated from the sera of

four progeny that exhibited a wide range of Fol 209—28
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Figure 5.

Relationship between flotation rate heterogeneity of
Fol.209—28 lipoproteins and the total concentration of
F°1.209-28 lipoproteins. The graphs demonstrate that, for
Fol_209-28 lipoprotein concentrations below approximately 70
mg/dl, almost all this material 1is found within the
Fol.209—14 flotation interval. As Fol.209-28 concentrations
increased to about 110 mg/dl, material was distributed up to
Fol.2020' When a baboon exhibited Fol'209—28 lipoprotein
levels above 110 mg/dl, this material appeared throughout
the entire Fol.209—28 interval.
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Figure 6.

Computer-derived analytic wultracentrifugal schlieren pat-
terns (a,c,e,g) and 4-30% gradient gel electrophoretic pat-
terns (b,d,f,h) of the serum d<1.20 g/ml fraction from four
baboons possessing different concentrations of Fol.209'28
lipoproteins.

(a). Schlieren pattern of a baboon with essentially no
Fol 209-28 material (9mg/dl). HDL floats within the
Fol 200—9 flotation interval (LDL not shown in this frame).

(b). Gradient gel electrophoretic pattern of the serum
d<1.20 g/ml fraction of this animal showing a multicomponent
HDL profile predominantly within the 72-125A size range.
LDL and IDL appear in size range 220-290A.

(c) and (d). Ultracentrifugal ‘and electrophoretic patterns,
respectively, of the serum d§1.20 g/ml fraction from a
baboon with an Fol.209—20 concentration of 65 mg/dl. The
Fol_209-28 material is confined to the Fol.209—14 flotation
interval (c) and appears as a shoulder on the trailing edge

on the HDL gradient gel electrophoretic profile (d).

(e}, (£), and (g), (h). Patterns of the serum d<1.20 g/ml
fractions from two baboons with progressively increasing
F°1.209—28 concentrations (104 mg/dl and 238 mg/dl, respec-

tively). With increasing F° 9-28 concentration, the

1.20
schlieren pattern includes a wider range of material within

the F°) ,,9-28 interval (F°) ,49-20 in (e) and F°; ,09-28 in
(g)); the gradient gel electrophoretic pattern shows

material extending considerably beyond the upper limit of

the HDL profile (125-190A in (f) and 125-220A in (h)) with.

increasing total Fol 209-28 concentration.
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lipoprotein concentrations (from 9 to 238 mg/dl). At negli-
gible Fol.209—28 lipoprotein concentrations (9 mg/dl;
'schlieren pattern shown in Figure 6a), essentially all
lipoprotein material detected in this frame was confined to
the Fol.zo 0-9 flotation interval and correspond to HDL nor-
mally occurring in baboon serum. LDL floating within the
F°l°2028-56 interval did not appear in ' this frame. The
corresponding electrophoretic pattern of HDL in this frac-
tion (Figure 6b) showed peaks mainly in the 72 to 125A size
range. LDL peaks appeared at the far left in these scans,

and were not well resolved on 4-30% gradient gels. At a

Fol.209—28 lipoprotein concentration of 65 mg/dl (Figure

6c), the schlieren pattern again showed the major part of

HDL within the Fol.200-9 interval, but some additional
material could now be seen extending into the Fol.209-14
flotation rate interval. The gradient gel électrophoretic
pattern for this fraction (Figure 6d) exhibited a definite
shoulder on the major peak of the HDL, also indicating the
presence of additional lipoprotein material whicﬁ ranged in
size up to 165A. At a total Fol.zog-zs concentration of 104
mg/dl (Figure 6e), the schlieren pattern area beyond
Fol;200—9 now included flotation rates up to F°1_2020. The
corresponding gradient gel electrophoretic pattern (Figure
6f) showed a broad peak between the HDL and LDL profiles.
While the mean particle size of this additional material was
140A, 1its overall size range extended to 190A. Figure 6g

and 6h show the schlieren and electrophoretic patterns,
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respectively, of the total lipoprotein d<1.20 g/ml fraction
isolated from the serum éf a progeny that had an Fol.209‘28
concentration of 238 mg/dl. The schlieren pattern now
included material with flotation rates _within the entire
Fol.209—28 range. The gradient gel electrophoretic pattern
exhibited a broad profile beyond the HDL 1indicative of

heterogeneous material ranging in size from 125 to 220A.

3.2. Eol.z 9-28 Lipoproteins in the Serum d<1.063 g/ml

Fraction

The d<1.063 g/ml fraction isolated from the serum of
all progeny was also examined by analytic ultracentrifuga-
tion and gradient gel electropﬂoresig.v In general, ultra-
centrifugal patterns of lipoproteins  in the d<1.063 g/ml

fraction from sera of baboons who possessed F° 9-28

1.20
lipoproteins showed a distinct peak within the Sofo-s flota-
tion interval. Gradient gel electrophoretic patterns (2-16%
gel) also showed a separate peak within the 125-220A size
range consistent with presence of Fol.209“28 lipoproteins in
this fraction. The _concentration of material within the
SofO—S interval was highly comparable to the concentration
of Fol'209—28 lipoproteins (sofo-s vs F°1.209—28, Pearson r
= .93, P < 0.01; slope = .99, intercept = -11.4 mg/dl),
indicating that most, but not all, of the F°l°209_23

lipoprotein material was present in the d<1.063 g/ml frac-

tion. Fol 209-28 lipoprotein material observed in the serum

d 1.063~-1.20 g/ml fraction was confined to the d 1.063-1.080

54



g/ml portion of this fraction (see Figure 3).

Further evidence demonstrating the identity of material
within the SofO-S flotation interval (analytic ultracentri-
fugation run at d 1.063 g/ml) and material within the

F°1.209-28 flotation interval (analytic ultracentrifugation
run at 4 1.20 g/ml) was obtained by performing analytic
ultracentrifugation of the serum d<1.063g/ml fraction at a
density of 4 1.20 g/ml. Figure 7 shows the analytic ultra-
centrifugation schlieren patterns obtained for lipoprotein
species in the serum d<1.063 g/ml fraction (Figure 7a) and
in' the d<1.20 g/ml serum fraction (Figure 7b). The concen-
tration of lipoproteins within.the Sofo-7 flotation interval
in Figure 7a was measured as ZSé mg/d1 (The S°f0-7 flotation
interval was used instead of the S°f0-5 flotation interval
because S°f7 is the location of the minimum between the two
major peaks present in the schlieren pattern). The
F°1.209-28 lipoprotein concentration measured 1in the
schlieren pattern in Figure 7b was 278 mg/dl. Following
adjustment of the background salt density of the serum
d<1.063 g/ml fraction to 4 1.20 g/ml, this fraction was then
subjected to analytic ultracéntrifugation to evaluate its
content of F°1_209-28 lipoprotein material (Figure 7c). The
concentration of Fol.209—28 lipoprotein material obtained

was 246 mg/dl which compares well with the measured amount

o
£

(258 mg/dl) and the amount of F

of S7_.0-5 1lipoprotein material within this same fraction

o
1.20

material measured within the serum d<1.20 g/ml fraction. It

9-28 lipoprotein
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Figure 7.

Demonstration of the equivalence of_material measured within
the SofO—S flotation rate interval within the serum d<1.063
g/ml fraction and the material measured within the Fol.209'
28 flotation rate interval within the serum d<1.20 g/ml

fraction.

(a). Schlieren pattern of the d<1.063 g/ml fraction from
the serum of one baboon in the study, possessing 258 mg/dl
of lipoprotein material within the Sofo-7 flotation rate

interval.

(b). Schlieren péttern of the d<1.20 g/ml fraction from the
serum of the same baboon exhibiting 278 mg/dl of lipoprotein

material within the Fol 209-28 flotation rate interval.

(c). Schlieren pattern of the’dil.063 g/ml fraction from
the same baboon after dialyéis to d 1.20 g/ml. 1In this
case, the concentration of Fol.209-28 lipoprotein material
was 246 mg/dl, comparable with the values in (a) and (b)

above.,
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should be noted that the schlieren pattern 1in Figure 7c
exhibited a broader range of flotation rate (Fol 206-28)

than the F°l 209-28 interval.

Figure 8 shows analytic ultracentrifugation schlieren
and electrophoretic patterns (2-16% gels) of the d<1.063
g/ml fraction isolated from the serum of the same four pro-
geny described in Figﬁre 6. As the serum F°1°209—23
lipopfotein concentration increased, there was a correspond-
ing 1increase in the amount of méterial within the Sofo—s
flotation interval (Figure 8a, ¢, e, g). When these same
fractions were examined by gradient gel electrophoresis, the
electrophoretic patterns showeq.a progressive increase 1in
amount and mean size of material in_the particle size range
of 125-220A with increasing total F®) ,09-28 lipoprotein
concentration (Figure 8b; 8d: mean size, 144A; 8f: mean
size, 154A; 8h: heterogeneous material up to 220A). Since
HDL were ultracentrifugally removed from these fractions, it
is apparent that the Fol‘209428 lipoproteins comprise essen-
tially all thé material observed within the 125-220A size

range.

3.3. Subfractionation by Hydrated Density of §°1 202—2

Lipoproteins Localized within the d1.006-1.063 g/ml Fraction

The 4 1.006-1.063 g/ml fraction from each of five pro-
geny was subjected to equilibrium density gradient ultracen-
trifugation in an attempt to isolate Fol 209-28 lipoprotein

material for further characterization. Even though the
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Figure 8.

Computer-derived analytic wultracentrifugal schlieren pat-
terns (a,c,e,g) and 2-16% gradient gel electrophoretic pat-
terns (b,d,f,h) of the serum d<1.063 g/ml fractions from the
same four baboons described in Figure 6, possessing
Fol.209-28 concentrations of 9mg/dl, 65mg/dl, 104mg/dl, and
238 mg/dl, respectively. The schlieren pattern of the first
baboon (a) shows the presence of only LDL (Sofs-lz) and IDL
(Sofl2-20). Similarly, the gradient gel pattern (b) of the
serum d<1.063 g/ml fraction of this baboon shows only LDL
and 1IDL material in the approximate size range 220-340aA.
The schlieren patterns of this fraction €from the other
baboons (c,e,g) show increasing levels of material within
the S°f0—5 flotation interval which corresponds to the
material that floats within the Fol.209—28 interval (see
text). Likewise, with increasing Foi.209°28 concentrations,
the gradient gel patterns (d,f,h) show progressively more

material within the particle size range (125-220A) previ-

ously defined (see Figure 1) for the Fol 209-28 material.
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hydrated density range of Fol.209-28 lipoproteins extends up
to 1.080 g/ml, the material was isolated at 4 1.063 g/ml to
reduce the possibility of HDL contamination. Hence, the
F®) ,09-28 lipoprotein material within the d 1.063-1.080
g/ml fraction was not examined. Figure 9 shows the gradient
gel electrophoretic pattern of lipoproteins in‘the initial
serum d 1.006-1.063 g/ml fraction and selected density sub-
fractions from one progeny. The mean particle size of
Fol.209-28 material in the 4 1.006-1.063 g/ml fraction was
186A. Equilibrium density gradient ultracentrifugation of
this fraction yielded seven subfractions with mean densities
1.025, 1.028, 1.034, 1.040, 1.047, 1.056 and 1.066 g/ml.
Most of the LDL was distributea,in subfractions within the
densityi range of d 1.025 g/ml (tép 1l ml) to d 1.034 g/ml
(third ml). Material in the particle size range of the
Fol.209-28 1ipoprotein§ was found in six subfractions within
the density range of 4 1.028 g/ml (second ml) to 4 1.066
g/ml (bottom ml). Mean particle sizes of the Fol.209—28
lipoproteins in these fractions decreased regqularly with
increaéing density (from 198A at 1.028 g/ml to 141A at 1.066
g/ml). Gradient gel electrophoretic pétterns of these
lipoproteins in the density range of d 1.028 to 1.040 g/ml
exhibitéd single symmetrical peaks (Figure 9b, c¢). gradient
gel electrophoresis profiles of lipoproteins in fractions
with densities ranging from 4 1.047 to 1.066 g/ml were not
symmetrical (Figure 9d, e), suggesting polydispersity among

the Fol 203-28 lipoproteins of higher density. The
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Figure 9.

(a) . Gradient gel electrophoretic pattern (2-16% gradient
gel) of the serum d 1.006-1.063 g/ml fraction, from a pro-
geny with Fol.209-28 lipoprotein concentration of 171 mg/dl,
showing both Fol‘209—28 lipoprotein material (125-220A) and
LDL and IDL material (220-290A).

(b)), (¢), (d), (e). Electrophoretic patterns of selected
density subfractions of the d 1.006-1.063 g/ml fraction in
(a) above after equilibrium density gradient ultracentrifu-
gation: (b) 4 1.028 g/ml; (c) d 1.040 g/ml; (d) 4 1.047
g/ml;-and (e) 4 1.066 g/ml. '
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Fol 209—28 lipoproteins isolated by density gradient ultra-
centrifugation from the serum of five progeny exhibited a

relationship of decreasing hydrated density similar to that

illustrated in Figure 9.

3.4. Apolipoprotein Composition of F°, ,,9-28 Lipoproteins

The apolipoprotein composition of each density gradient
fraction was analyzed by sodium dodecyl sulfate-
polyacrilamide electrophoresis. All fractions; which by
gradient gel electrophoresis exhibited Fol.209'28 material,
were found to contain bands at positions corresponding to
apoA-I (2.8 «x 104 daltons) and apoE (3.5 x 104 daltons).
Our identification of these apélipopgoteins was supported by
radioimmunoassay using antibodies to human apolipoéroteins,
which also indicated the presence of apoA-I and apoE in all
these fractions. Unidentified small molecular weight pro-
teins (approximately 1.8 x 104, 1.3 x 10%, and 1.1 x 104
daltons) were also observed by sodium dodecyl sulfate-
polyacrilamide electrophoresis. Apolipoprotein B (apoB),
observed in the 25-45 x 104 dalton range, was detected only
in those density fractions exhibiting LDL by gradient gel
electrophoresis. 1In the absence of Fol.209-28 lipoproteins,
the apolipoprotein component of LDL consisted almost
exclusively of apoB (apparent apoB: apoE mass ratio always

greater than 10:1).

In all, the apolipoprotein content of six density sub-

fractions (mean densities 4 1.028-1.066 g/ml) of F° 9-28
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lipoproteins from the serum of five progeny was examined by
sodium dodecyl sulfate-polyacrilamide electrophoresis. The
méjor difference between subfractions was that the 1less
dense subfractions contained relatively more apoE. This
trend is illustrated in Figure 10 which shows the sodium

dodecyl sulfate-polyacrilamide gels after electrophoresis of

apolipoproteins in subfractions with mean densities of 1.034

g/ml (containing Fol.209—28 lipoproteins with mean particle
size of 190A by gradient gel electrophoresis) and 1.056 g/ml
(containing Fol_209—28 lipoproteins with mean particle size
of 146A by gradient gel @ electrophoresis), and the
corresponding densitometric scans of thesé gels. Since ghe
d 1.034 g/ml subfraction alsd'éontained some LDL, apoB is
apparent at the top of the gel iapparent apoB:apoE mass
ratio of 4:1) (Figure 1l0a). The d 1.040 g/ml subfraction
(not shown) contained less LDL, and demonstrated an apparent
apoB:apoE mass ratio of 2:1', The 4 1.056 g/ml subfraction
was essentially free of LDL by gradient gel electrophoresis
and showed only a trace of apoB by sodium dodecyl sulfate-
polyacrilamide electrophoresis (apparent apoB:apoE mass
ratio < 1:1) (Figure 10b). 1In each subfraction apoA-I con-
stituted approximately 66% of the non-apoB protein. ApOE
differed by a factor of 4 between the two subfractions shown
in Figure 10 (approximately 11% of total non-apoB protein in
the d 1.034 g/ml subfraction vs 3% in the d 1.056 g/ml sub-

fraction). Since some dissociation of apoE from F° 9-28

1.20

lipoproteins during ultracentrifugation 1is possible, the
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- Figure 10.

Sodium dodecyl sulfate-polyacrilamide electrophoretic gels
with corresponding densitometric tracings (protein stain) in
ultracentrifugal density subfractions (d 1.034 g/ml in (a)
and 1.056 g/ml in (b)) from a baboon with Fol.209—28 concen-
tration of 245 mg/dl. The 4 1.034 g/ml subfraction in (a)
included some LDL, and apoB was observed near the top of the
gel. The major apolipoprotein bands and their percent of
non-apoB total protein mass from the densitometric tracings
are noted.
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above data for apoE content of 'F01.209—28 lipoproteins

should be considered as minimum estimates.

3.5. Chemical Composition of Fol. 09-28 Lipoproteins

The F®, ,9-28 lipoproteins in the d 1.006-1.063 g/ml
fraction from two progeny were separately fractionated by
equilibrium density gradient ultracentrifugation. From ﬁhe
six density subfractions (4 1.028, 1.034, 1;040, 1.047,
1.056, 1.066 g/ml) which contained F°, ,.9-28 lipoproteins
by gradient gel electrophoresis, the two subfractions of
lowest density (d 1.028 and 1.034 g/ml) were not used
because they cbntained considerable amounts of LDL. The
three most dense subfractions (d‘ 1.047, 1.056, and 1.066
g/ml) were pooled (to make one subfraction with average
hydrated density of 1.056 g/ml) to provide sufficient
lipoprotein mass for analysis. The subfraction of density
1.040 g/ml was also analyzed. These two subfractions con-
tained most (>80%) of the F°1.209-28 lipoprotein material in
the 4 1.006-1.063 g/ml fraction and contained little or no
LDL by gradient gel electrophoresis or apoB by sodium dode-
cyl sulfate-polyacrilamide electrophoresis. The chemical

@]

composition of F lipoproteins in the two density

1.20%-28
gradient subfractions (mean density of 1.040 g/ml, contain-

ol 209-28 lipoproteins with mean particle size of 182A

ing F
by gradient gel electrophoresis; and 1.056 g/ml with mean
particle size of 146A by gradient gel electrophoresis) is

shown in Table 8. The major lipid moieties were cholesteryl
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Table 8. Chemical composition of two density subfractions

of Fol.209—28 lipoproteins 1isolated from the sera of two
progeny with Fol 209—28 lipoproteins

Density of Unesterified Cholesteryl
Subfraction 3aboon* Protein Cholesterol Ester Phospholipid Triglyceride
(g/ml) (Weight %)
A 24.4 7.3 35.1 32.3 0.9
1.040
B 23.9 7.5 33.1 34.7 0.8
A 30.6 7.1 31.5 30.8 0.0
1.056
B 29.9 6.4 28.9 34.8 0.0
* FO

1 209—28 lipoprotein concentration in serum of Baboon
A was 171 mg/dl; concentration in the serum of Baboon
B was 207 mg/dl.
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ester and phospholipids, .each constituting between 29 and
35% of the tbtal lipopfotein mass measuréd in eachv subfrac-
~tion. The protein moiety constituted 24% 6f the material in
the d 1.040 g/ml subfraction and 30% of the d 1.056 g/ml
subfraction. For each of the two densi;y subfractions
analyzed, there was no difference in chemical composition
between the two progeny. Since F°1.209—28 lipdproteihs of
all animals (which possessed this lipoprotein class) showed
similar size and flotation characteristiés, the results in
Table 8 should be representative of F01.209‘28 lipoproteins

in the experimental group.

Electron microscopy of the above density fractions from

baboon "A" (Figure 11) showed predominantly spherical parti-

cles packed in hexagonal array. Mean particle diameters

determined by electron micfoscopy (181A, 4@ 1.040 g/ml sub-
fraction in Figure 1l1l; 138A, d 1.056 g/ml subfraction 1in
Figure 11b) corresponded well with particle diameters
obtained by gradient gel electrophoresis (182a, 4 1.040 g/ml

and 146A, d 1.056 g/ml).
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Figure 11l.

Electron micrographs of negatively stained F01.209“28
lipoproteins within (a) 4 1.040 g/ml subfraction and (b) d
1.056 g/ml subfraction obtained from baboon serum following
density gradient wultracentrifugation. Magnification |is
240,000x. Bar markers represent 1000A.
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4. Low Density Lipoproteins (LDL), Intermediate Density

Lipoproteins (IDL) and Very Low Density Lipoproteins (VLDL)

4.1. Concentrations of Lipoproteins in the Serum d<l.063

g/ml Fraction

Figure 12 shows the analytic ultracentrifugation
schlieren patterns of the 30 minute frame of the serum
d<1.063 g/ml fraction from three progeny in the study. All
progeny examined exhibited a single, major peak within the
S°f5-12 flotation interval, which corresponds well witﬁ ~ the
flotation rates of LDL in other species (71,86). The LDL,
measured as material within the S°f5—12 flotation interval,
always appears as a singlé, narrow peak of flotation rate
be;ween S°f7.37 and S°f9.56. Other lipoprotein> material
sometimes appeared as a single broad peak within the Sofo-s
flotation rate interval. This material corresponded to the
Fol.209—28 lipoprotein species characterized in the previous
section of this dissertation. Small amounts of lipoprotein
material were also observed within the s°f12—1oo flotation
interval, which were measured as IDL (Sof12-20) and VLDL
(S°f20—100) material. Only rarely did an animal possess

lipoprotein material having flotation rates larger than

o
S £100.

The mean + SD LDL (s°.5-12) concentration of all pro-

f
geny in this study was 225 + 95 mg/dl (Table 9); the range
of LDL concentrations observed was 88-496 mg/dl among this

group of pedigreed progeny consuming the LARD+CS diet. The
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Figure 12.

Analytic ultracentrifugal schlieren patterns (a,b,c) and the
corresponding grédient. gel electrophoretic patterns (2-16%
gels) (2-16% gradient gels) of the serum d<1.063 g/ml frac-
tion . of three baboon progeny representing the variety of
schlieren patterns of LDL, IDL, and VLDL and the correspond-
ing particle size profiles observed in this study. Aaddi-
tional information on the 1lipoproteins of these three

animals is provided in the text.
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Table 9. Mean + SD serum concentrations (mg/dl) of LDL, IDL
and VLDL and peak 59f rate (svedbergs) (within the d<1.063
g/ml fraction) from all pedigreed progeny studied in Experi-
ment I (n=46).

Lipoprotein Group- Mean + SD Range of Values
Species

LDL ($°;5-12) 225 + 95 88 - 496

IDL (5°.12-20) 43 + 38 : 4 - 170

VLDL (S°£20-100) 9 + 12 0 - 40

Peak S°f Rate 8.51 + .56 7.37 - 9.57




peak flotation rate was 5058.51 + 0.56 (mean+SD) with an
overall range of values of S°f7.37 - s°f9.57. IDL (s°f12-
20) concentrations were quite variable (range of observed
values of 4-170 mg/dl with a mean + SD of 43 + 38 mg/dl)
while VLDL levels were quite low (mean + SD of 9 + 12 mg/dl

with an overall range of values of 0-40 mg/dl).

4.2. Statistical Correlations among Lipoproteins within the

Serum d<1.063 g/ml Fraction

Possible relationships between lipoproteins within the
serum d<1.063 g/ml fraction were examined by calculating
statistical correlation coefficients among concentrations of
LDL, IDL, VLDL, and LDL peak flotation (Sof) rate (Table
10). All of these parameters were found to be positively
correlated. The manner 1in which these relationships are
reflected in analytic ultracentrifugation schlieren patterns
is exhibited in Figure 12. For these representative animals
shown in the figure, as LDL (Sofs_lz) concentrations
increased (137 mg/dl in 1l2a; 292 g/ml in le{ 392 g/ml in
12c), so did peak S° rate (s°¢7.72, 12a; .s%8.17, 12b;
S°f9.19, l2¢c), as well as IDL (19 mg/dl; 35 mg/dl; 72 mg/dl)

and VLDL (1lmg/dl; 3mg/dl; 9 mg/dl) concentrations.

4.3. Characterization of LDL Size Distributions by Gradient

Gel Electrophoresis

The particle size distribution of lipoprotein material

in the serum d<1.063 g/ml fraction of some progeny in the
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Table 10. Coorelation coefficients among lipoprotein
species within the serum d<1.063 g/ml fraction from all

pedigreed progeny studied in Experiment I (n=46).

IDL VLDL Peak s°f Rate

LDL .788  _3gP .432
IDL - .582 .673

VLDL - T .643
a: P<0.005

b: P<0.01
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study was examined by gradient gel electrophoresis. LDL and
FO, ,09-28 lipoprotein material isolated at 4 1.063 g/ml are
"the most prominant species in the gradient gel electro-
phoresis patterns. -As shown in Figure 12(d,e,f) the LDL of
progeny in this study appeared 1in gradieht gel electro-

phoresis patterns as two or more peaks within the 220-290A

particle size range. Material of smaller particle size,

when observed, was Fol.209-28 lipoproteins, as described in
an earlier section. Material of 1larger (>290A) ©particle
size generally appeared as small shoulders on the major LDL
peaks (see Figure 12f) and probably represented IDL and VLDL

material.

Since baboons often exhibit, by gradient gel electro-
phofésis, several  major peaks within the LDL size rangé it
was hot possible to make a statistical comparison between
the LDL peak flotation rate (by analytic ultracentrifuga-
tion) and the LDL peak particle size (by gradient gel elec-
trophoresis). However, there was a general trend, within
the population of baboons studied by both methods, of the
appearance of major peaks corresponding to material of
larger particle size (within the LDL spectrum) for animals
which possessed faster 'LDL peak flotation rates. This trend
toward increasing LDL particle size with increasing LDL peak
flotation rate 1is also illustrated in Figure 12. The ana-
lytic ultracentrifugation pattern of the first animal (Fig-

ure l2a) exhibits a peak flotation rate of $°.7.72 while the

f

gradient gel electrophoretic pattern (Figure 12d) shows a
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peak particle size of 259a; in Figures.le,é S°f8,17 and

264A; and in Figures 12c,f $°.9.19 and 276a.

4.4. Heterogeneity of Lipoproteihs within the d 1.006-1.063

g/ml Fraction

In order to characterize the properties of the lipop;o—
. tein <classes found within the serum. d 1.006-1.063 serum
fraction, this fraction waé isolated from serum of five pro-
geny in the study and was subjected to equilibrium density
gradient ultracentrifugation within a final density range of

d 1.025 g/ml (top 0.5 ml) to 4 1.066 g/ml (bottom 0.5 ml).

Figure 13 is a photograph.of a centrifuge tube follow-
ing wultracentrifugation and sﬁowing the material distribu-
tion within the density gradient. All progeny examined
demonstrated three distinct lipoprotein bands by this
method. First, all progeny exhibited a band of material in
the top 0:5 ml of the gradient (Region I: d<1.025 g/ml); a
second band was»observea in the region of the second ml
(Region II: 4 1.028-1.040 g/ml). Differing amounts of
material were also observed spread throughout the lower half
of the tube (4th through 7th ml; Region III d 1.040-1.066
g/ml). These visual observations were confirmed wheh the
distribution of rotein within the density gradient was
measured (Figure 14). Namely, the protein distribution
showed a peak at the ¢top 0.5 ml, a second peak near the
second ml and a broad distribution in the fractions of

greater density.

-80



Figure 13,

Diagram of one of the density gradient ultracentrifugal pro-
cedures employed to separate and subfractionate LDL and
F°1'209—28 lipoproteins within the d 1.006-1.063 g/ml = serum
fraction. The photograph shows the typical banding pattern
observed by this procedure: a band at the top of the tube
(Region I, d<1.025 g/ml), a second band approximately 2 ml
from the top of the tube (Region II, d 1.028-1.034), and a
diffuse distribution of material in the lower half of the
tube (Region III, d 1.034-1.064 g/ml for the baboon shown).
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Subfractionation of d 1.006-1.063 g/ml_Fraction from Baboon Serum High in F; 1. 9-28

Dcnsity'laycrs Banding pattern Density gradient
(pre-centrifucation) (post-centrifugation) {(post-centrifugation)
t

0-0.% 1.0246
2.5ml N 0.5-1.0 | 1.0261

'i
5=1.0275 I 1.0-1.5 f 1.0275
: 1.5-2.0 | 1.0297

{
' 2.0-2.5 | 1.0319
2.5-3.0 1.0341

2.0ml

3.0-3.5 1.0371
£=1.0400 )
(sample) 3.5-4.0 1.0400
4.0-4.5 1.0433
4.5-5.0 1.0471
2.5ml 5.0-5.5 | 1.0527
p=1.0540 5.5-6.0 1.0569
6.0-6.5 1.0624

6.5-7.0 . 0644

\_/

SW 1S rotor
42 hours, 20°C .
174,000 x g . '
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Figure 14

Distribution of protein within the 4 1.006-1.063 g/ml serum
fraction after density gradient ultracentrifugétion of this
fraction by the method outlined in Figure 13. Each of the
six baboons studied by this method demonstrated a band of
protein within the top 0.5 ml of the tube (designated Region
I in the text), another band within the second ml of the
tube (designated Region II) and a broad band of material 1in
the lower half of the tube (Region III).
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Homogeneity of individual density subfractions was mon-
itored by gradient gel electrophoresis. This also provided
preliminary information on the size and heterogeneity of the
isolated species. Figure 15 shows gradient'gel electro-
phoresis patterns of density subfractions of the serum 4
1.006-1.063 g/ml fraction from one of the five progeny stu-
died. Material 'in the top three ml (first six density sub-
fractions) was often polydispefse within indiviaual density
subfractions. Consequently, density gradient ultracenﬁrifu—
gation did not yield density subfractions within Regions I
and II which contained a 1lipoprotein species of discrete
size. There was, however, a general trend of decreasing
particle size with increasing ﬁydrated density for subfrac-
tions from the serum of each animal.- One exception, though,
was the appearance of material of particle size “300A within
the d 1.047-1.066 Q/ml subfractions of some of the animals.
This material was tentatively 1identified as Lp(a), since
species within this density subfraction were observed to
cross-react with antibodies raised against human Lp(a).
Almost all other material found within Region III was iden-
tified as F°1.209—28 lipoproteins by gradient Agel electro-

phoresis.

4.5. Apolipoprotein Composition of Lipoproteins in Regions

I, 11, III

The apolipoprotein composition of the three lipoprotein

bands from all five progeny was examined by sodium dodecyl
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Figure 15.

Gradient gel electrophoretic patterns (2-16% gels) ‘of den-

sity subfractions of the d 1.006-1.063 g/ml fraction from

baboon 2033. Polydisperse LDL (within particle size range
220-290A) 1is contained within the subfractions of density
1.025-1.037 g/ml, while essentially all the F°l.209_28
lipoprotein material (within particle size range 125-220a)
is found within the subfractions of density 1.028-1.064
g/ml. These patterns illustrate the trend of decreasing
particle size with increasing hydrated density apparent for
both LDL and F°1.209-28 lipoproteins. The LDL within indi-
vidual density subfractions was poclydisperse, while

F°1.209—28 lipoproteins were often monodisperse.
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sulfate~-polyacrilamide electrophoresis (Figure "16) .
Lipoproteins within Region. I contained almost exclusively
apoB, which often appeared as multiple bands within the 25-
45 x lO4 MW size range. Lipoproteins within Region II con-
tained both apoB, similar in appearance to that observed in
the lipoproteins of Region I, as well as some smaller (10-20
X 104 MW) peptides. Some of the animals also possessed a
large amount of an unidentified 6 x 104 MW protein in this
region. The apolipoproteins observed within Region III were
identified as apoA-I and apoE, as well as smaller apoli-

poproteins, consistent with the presence of Fol 509-28

lipoproteins within these subfractions. The density subfrac-

tions within Region I1II, which.exhibited Lp(a) (as identi-
fied by gradient gel electrophoresis and radioimmunoassay)

showed, in addition to the apolipoproteins of the F° 9-28

1.20
lipoproteins present in the subfraction, the presence of
apoB near the top of the sodium dodecyl sulfate-
polyacrilamide electrophoretic gel. In each case when an
animal possessed Lp(a), the apoB contained within Region III

appeared to be of higher molecular weight than the apoB

appearing within Regions I or II for that animal.

4.6. Chemical Composition of Lipoproteins in Regions I and

1L

The chemical composition of lipoproteins within Regions
I and II was determined for two progeny studied (Table 11).

There were minimal differences in composition between the
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Figure 16.

Representative sodium dodecyl sulfate-polyacrilamide elec-
trophoretic gels illustrating the apoprotein composition of
lipoproteins isolated within density Regions I, II and 1III.
Regions I and II demonstrate apoB as the predominant apoli-
poprotein moiety, although low amounts of apoE are appérent
in each gel. Region II demonstrates the presence of apoB,
apoE, apoA-I and other small molecular weight peptides, con-
sistent with the presence of both LDL and Fol.209'28
lipoproteins within this density subfraction.
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Table 11. Chemical composition of the two major density

subfractions of baboon LDL (Region I and Region II) isolated
from the sera of the same baboons used for Table 8.

Unesterified Cholesteryl

Subfraction Baboon Protein Cholesterol Ester Phospholipid Triglyceride
(Weight %)
A 17.2 9.3 45.8 25.5 2.2
Region 1
B 17.5 9.3 : 46.5 24.6 2.1
A 19.3 9.0 442 26.3 1.3
Region II
B 19.7 8.7 ' 44.4 25.8 1.3

16



‘material within the two regions. Region I lipoproteins were

slightly lower in protein (17.4% vs 19;5% of total lipopro-
| tein mass) and triglyceride (2.2% vs 1.3%) and slightly
higher in cholesterylvesters (46.2% vs 44.3%) than were
lipoproteins in Region 1I1I. Both  regions consisted of
. approximately 9% unesterified cholesterol and 25-26% phos—

pholipid, by weight.

4.7. Statistical Correlations to Lipoproteins within the

Serum d<1.20 g/ml Fraction

Relationships between lipoprotein species were examined
by calculating correlation coefficients between lipoproteins
in the d<1.063 g/ml serum fraction (oL, IDL, VLDL, and SOf
rate) and those in the dil.ZO g/ml serum fraction (HDL,
HDL-I, HDL-II, HDL-III through HDL-V, and F°1.20 rate) and
are shown in Table 12. LDL concentrations correlated nega-
tively with total HDL, HDL-I, and HDL-II concentrations, but
positively with HDL-ITI through HDL-V concentratiohs. IDL
concentrations correlated positively with HDL-III through
HDL-V concentrations - and showed a marginally significant
negative correlation with peak Fol.zo rate. Peak SOf vrate

showed only a marginally significant positive correlation

with HDL-III through HDL-V concentrations.
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Table 12. Correlation coefficients between 1lipoprotein
species within the serum d<1.063 g/ml fraction and those
- within the serum d<1.20 g/ml fraction from all pedigreed
progeny studied in Experiment I (n=46).

LDL IDL VLDL  Peak S° Rate
Total HDL -.38%  -.20 -.16 -.05
HDL-1I _.33b .20 .'-.oa_ -.05
HDL-II C-.377 -9 -.26¢ -.10
HDL-III-V .478 .422 .09 .23d
peak F°. Rate .05 .00 .234 .08

a: P<0.005

b: P<0.01

C: P<0.05

d: P<0.1



Chapter 1IV: Effects of Assortative Mating on Lipoprotein

Profiles of Baboon Progeny Consuming the LARD+CS Diet

l. Lipoprotein Concentrations and Particle Sizes in Baboon

Families

1l.1l. Concentrations of Total HDL and HDL Subpopulations

Table 13 shows the mean + SD and median concentrations
of 1lipoproteins within the serum d<1.20 g/ml fraction from
the progeﬁy of each of the five sires in Experiment 1I.
Serum total and non-precipitable ("HDL") cholesterol levels
from each of the five sires are listed at_the top of each
column for reference. There was no significant difference
in mean total HDL concentrations between families, even
though sire HDL cholesterol concentrations varied consider-
ably. The distribution of lipoprotein material among . HDL
subpopulations did,v however, differ.between the progeny of
the hypercholesterolemic sires (102, 839 and 1672) and  the
progeny of the hypocholesterolemic sires (808 and 959). The
former group possesséd sign}ficantly more HDL-I (group mean
+ SD of 308 i 79 mg/dl vs 228 + 55 mg/dl, P<0.05) and signi-
ficantly less HDL-II (92 + 22 mg/dl vs 138 + .34 mg/d4l,
P<0.001), but both groups had similar concentrations of HDL
species within the pool of HDL-III through HDL-V (70 + 14
mg/dl vs 76 + 18 mg/dl, respectively). These differences in
distribution were responsible for differences in mean Fol.zo

rates of the schlieren peaks of the total HDL for these two
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Table 13. Family mean + SD and median ( ) concentrations
(mg/dl) of lipoprotein species within the serum d<1.20 g/ml
fcaction and peak F°1.2o trate {(svedbergs) from all pedigreed
progeny studied in Experiment 1, grouped by sire.

95

Sire
959 808 102 8139 1672
Number of Progeny S S 13 12 11
Total HDL 467 + 26 416 + 59 485 + 91 459 + 69 471 + 93
(4595) (409) (476) (463) (481)
HDL-I 261 + 14 195 + S7 319 + 85 296 + 68 309 +.93
(262) (210) (297) (285) (286)
HDL~-II 136 + 28 140 + 43 100 + 19 91 + 25 85 + 17
(125) (127) (94) (‘1) (85)
HOL-11I-V 70 &+ 12 81 + 24 66 + 18 71 + 14 74 » 11
(66) . (72) (64) (68) (72)
Peak ?°1 20 Rate 4.94 %+ .26 4,71 + .64 4.93 + .13  5.12 + .24 5.08 + .21
(4.89) (4.91) (4.98) (5.08) (5.07)
Sire's Serunm
Cholesterol 110 124 183 282 461
{mg/dl)
Site's HDL
Cholestecol 48 47 ND 91 120
(mg/dl)

ND: Not done



o) - ' . o
grnups (F 1.203-04 * .21 for the former and F l°204.82 + .45

for the latter, P=0.01).

1.2. Concentrations of Eol 203-28 Lipoproteins

Mean concentrations of Fo1 209-28 lipoproteins (Table

13) 1in the serum of the progeny of each of the three hyper-

cholesterolemic sires (l02, 839 and 1672) were significantly

greater than the concentrations in the serum of the progeny

of the two hypbcholesterolemic sires (808 and 959). Among

the progeny of sire 1672, F®, ,,9-28 lipoprotein concentra-
tions ranged between 30 and 247 mg/dl; among the progeny of
sire 102, between 9 and 289 mg/dl; and among the progeny of
sire 839, between 6 and 198 mg/dl. Only three of the 36
progeny of tnese three hypercholesterolemic sires possessed
Fol.209-28 lipoprotein concentrations which were 12 mg/al or
less. In contrast, all ten progeny of the hypo-

cholesterolemic sires had Fol 209-28 lipoprotein concentra-

tions of 12 mg/dl or less.

1.3. Concentrations of Lipoproteins within the Serum

d<1.063 g/ml Fraction

Table 14 shows the mean + SD and median concentrations
for LDL, IDL and VLDL for the progeny of each of the five

sires in Experiment I. The mean LDL (s° 5-12) concentration

£
of the progeny of one hypocholesterolemic sire , 959, was
significantly lower than the mean level for the progeny of

one hypercholesterolemic sire, 1672. Otherwise, the mean
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Table 14.

Family mean + SD and median (

concentrations

(mg/dl) of lipoprotein species within the serum d<1.063 g/ml

fraction and peak S°f rate (svedbergs)

Number of Progeny

LDL
IDL
vLDL

Peak»Sof Rate

Sire's Serum
Cholesterol
{mg/d1)

Sire's "LDL®
Cholesterol
(mg/d1)

from

all pedigreed
progeny studied in Experiment I, grouped by sire (n=46).

97

Sire
959 808 102 839 1672
5 5 13 12 11
130 + 26 211 + 110 208 + 100 221 + 68 299 + 86
(126) {166) {177) (216) (293)
11+ 7 42 + 40 47 + 42 33 4+ 29 63 + 39
(9) (23) (37) {18) (51)
2+ 2 10 + 17 10 + 12 7+ 13 14 + 12
(2) () (5) (1) {12)
8.18 + .42 8.32 + .35 8.64 + .67 8.26 + .52 8.87 + .39
(8.24) (8.37) (8.74) {8.16) (8.85)
110 124 183 282 451
62 77 ND 191 341

ND: Not done



LDL concentratioh for the 36 progeny of the hyper-
cholesterolemic sires was not siénificantly highef than the
mean LDL concentration for the progeny of ‘the two hypo-
cholesterolemic sires (mean + SD concentrations of 240 + 93
'mg/dl and 171 + 87 mg/dl for the two groups of progeny,
respectively). These measured differences were not statist-
ically significant because one of the five progeny of sire
808 had an LDL concentration of 405 mg/dl and because six of
the thirteen progeny of sire 102 had LDL 1levels below 175
mg/dl. Mean IDL and VLDL»concentrations.and peak S°f rates
showed no significant differences both among families, as
well as when the progeny of hypercholesterolemic sires were

compared to the progeny of hypocholesterolemic sires.

1l.4. Lipoprotein Particle Size Distributions by Gradient

Gel Electrophoresis

The particle size distributions of lipoproteins in both
the serum d<1.063 g/ml and d<1.20 g/mllfractions were exam-
ined by gradient gel electrophoresis for some'pf the progeny
in this study. Figgres 17, 18 and 19 show the gradient gel
electrophoretic patterns of the serum dil.063'g/ml fraetions
electtophoresea in a 2-16% gradient gel from some ofvthe
progeny of the three hypercholesterolemic sires (839, 1672
and 102). All progeny of sire 839 (Figure 17) examined (six
of the thirteen baboons in this family) exhibited a similar
LDL particle size distribution consisting of a major peak of

large particle size (268 + 5A) and one or two minor peaks of
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Figure 17.

Gradient gel electrophoretic patterns (2-16% gels) of the
serum d<1.063 g/ml fractions from six of the twelve progeny
of hypercholesterolemic sire 839. All six progeny of this
sire exhibited similar LDL particle size distributions con-
sisting of a major peak of large particle size (268 + 5A)
and one or two minor peaks of smaller particle size (246 +
6A) . These progeny did exhibit differing levels of

Fol.209-28 lipoproteins (material to the right_of-the LDL
peaks on the patterns).
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Figure 18.

Gradient gel electrophoretic patterns (2-16% gels) of the
serum d<1.063 g/ml fractions from five of the eleven progeny
of hypercholesterolemic sire 1672. These progeny generally
exhibited an LDL particle size distribution consisting of a
major peak (261 + 8A) and two minor peaks, one of larger
particle size (284 + 7A) and one of smaller particle size
(246 + 6A). These progeny possessed differing amounts of
F°1_209-28 lipoproteins (material to the right of the LDL
peaks on the patterns).
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Figure 19.

Gradient gel electrophoretic patterns (2-16% gels) of the
serum d<1.063 g/ml fractions from five of the thirteen pro-
geny of hypercholesterolemic sire 102. The progeny in (a),
(b) and (c) exhibit LDL profiles similar to those of the
progeny of sire 839 (Figure 17), consisting of a major peak
of particle size 265 + 2A ahd one or two minor peaks of
smaller particle size (243 + 7A). The progeny 1in (d) and
(e) demonstrate heterogeneous LDL particle size distribu-
tions consisting of several peaks, of approximately equal
heights, within the 225-258A particle size range.
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smaller particle size (246 + 6A). The progeny of sire 1672
(Figure '18) generally exhibited an LDL particle size distri-
bution consisting of a major peak (261 + BA) and two minor
peaks, one of larger particle size (284 + 7A) and one of
smaller particle size (250 + 1A) relative to the major peak.
"The progeny of sire 102 (Figure 19) exhibited two distinct
types of patterns. One pattern was similar to the pattern

common to the progeny of sire 839: a major peak of particle

size 265 + 2A and one or two minor peaks of smaller particle

size (243 + 7A) (Figure 19a, b and c). The second pattern
consisted of a heterogeneous population of 1lipoprotein
material with a particle size range of 225-258A (Figure 195,
e). The progeny of all thfee hygercholesterolemic sires
possessed differing amounts of F°1.209-28 lipoprotein
material, but it always appeared within the 125—220A parti-

cle size range.

The particle size distribution of HDL was examined by
electrophoresis of the serum d<1.20 g/ml fraction obtained
from all progeny of all five sires. All progeny exhibited
an HDL particle size distribution, similar to that described
in Chapter II1I, Section 1.2, consisting of a major peak of
HDL-I and minor peaks corresponding to HDL-II through HDL-V.
Examples of this type of particle size distribution can be

seen in earlier Figures (Figures 1 and 6).
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2. Correlations among Lipoprotein Species in the Serum of

Progeny of Hypercholesterolemic Sires

2.1. Correlations among Lipoprotein Species within the

Serum d<1.20 g/ml Fraction

To determine 1if there are relationships between
lipoprotein species within the serum d<1.20 g/ml peculiar to
the progeny of the hypercholesterolemic sires' (which were
not observed in the data of all progeny (Table 7)) correla-
tion coefficients among lipoprotein levels in this fraction
were calculated for all the progeny of the three hyper-
cholesterolemic sires as well as for each of these three
families (Table 15). Total HDL concentrations correlated

positively with both HDL-I and HDL-II concentrations, but

not with HDL-III through HDL-V concentrations. These corre-_

lations were observed, to a.greater or lesser extent, within
each of the three hypercholesterolemic families. HDL-I con-
centrations were positively correlated to HDL-II concentra-
tions (exclusively due to the strong correlation among the
progeny of sire 102) and negatively correlated with HDL-III
through HDL-V concentrations. HDL-II concentrations and
HDL-III thfough_HDL-V éoncentrations were positively corre-
lated only among the progeny of sire 1672. HDL-II concen-
trations were negatively correlated with total HDL peak

(o]

F 1.20 réte among all progeny.
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Table 15. Correlation coefficients among the concentrations
of lipoprotein species within the serum d<1.20 g/ml fraction
for the progeny of all three hypercholesterolemic sires
(n=36) and the progeny of sire 1672 (n=1ll), sire 839 (n=12)
and sire 102 (n=13).

HDL-I  HDL-II  HDL-III-V  Peak F°l 50 Rate

Total HDL
All progeny .952 .624 -.08 =.10
Sire 1672 .952 .32 .08 .38
Sire 839 .892 .544 -.32 -.42
Sire 102 .972 .802 -.42 -.06
HDL-1I
All progeny - .38 -.32€ .01
Sire 1672 .04 -.19 .51
Sire 839 .12 - -tssc -.28
Sire 102 .70P -.58C -.08
HDL-II b
All progeny - .17 -.46
Sire 1672 .840 -.39
Sire 839 .30 -.46
Sire 102 -.35 -.22
HDL-III-V ,
All progeny ‘ - -.01
Sire 1672 ’ -.49
Sire 839 .14
Sire 102 . .35
a: P<0.005
b: P<0.01
c: P<0.05
d: P<0.1



2.2. Correlations among Lipoprotein Species within the

Serum d<1.063 g/ml Fraction

Table 16 lists the correlation coefficients among LDL,
IDL and VLDL concentrations and peak SOf rate for all tﬁe
progeny of the three hypercholesterolemic sires as well as

for each of these three families. Just as was observed for
all progeny in the study (Table 10), positive ‘correlations
(P<0.01 for the group consisting of all 36 progeny) were
observed among all these components within the serum d<1.063
g/ml fraction. Among the progeny of sire 1672, though, LDL
concentrations did 6ot correlate.with either VLDL concentra-

tions or peak Sof rate.

2.3. Correlations among Lipoprotein Species within the

Serum d<l.gg g/ml Fraction and Those within the Serum

d<1.063 g/ml Fraction

Table 17 1lists the correlation coefficients among
lipoprotein species 1in thé serum d<1.20 g/ml fraction and
those within the serum d<1.063 g/ml ‘fraction for all the
progeny of the three hypercholesterolemic sifes as well aé

for each of the three families. LDL <concentrations were

negatively correlated with total HDL concentrations, being

negatively correlated with HDL-I  concentrations but posi-
tively correlated with HDL-III through HDL-V concentrations
(all correlations P<0.0l1 for the group of all 36 progeny).
A negative correlation between LDL concentrations and HDL-II

concentrations was observed only among the progeny of sire
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Table 16. Correlation coefficients among the concentrations
of lipoprotein species within the serum d<1.063 g/ml frac-
tion for the progeny of all three hypercholesterolemic sires
(n=36) and the progeny of sire 1672 (n=11l), sire 839 (n=12)
and sire 102 (n=13).

IDL VLDL  Peak s°f Rate

LDL 5
All Progeny .742 .562 .51
Sire 1672 .71€ .34 .07
Sire 839 772 .62€ .57¢
Sire 102 .75P L62C .67°

IDL
All Progeny - .5728 .682
Sire 1672 - .sed .574
Sire 839 .932 - .832
Sire 102 : .822 .70P

VLDL |
All Progeny - .55
Sire 1672 .86%
Sire 839 .782
Sire 102 < .740

a: P<0.005
b: P<0.01
C: P<0.05
d: P<0.1
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Table 17. Corrrelation coefficients between lipoprotein
species within the serum d<1.063 g/ml fraction and those
within the serum d<1.20 g/ml fraction for the progeny of all
three hypercholesterolemic sires (n=36) and the progeny of
sire 1672 (n=11), sire 839 (n=12) and sire 102 (n=13).

LDL . IDL VLDL  Peak S°. Rate
HDL - .
All Progeny -.42 -.15 -.14 .01
Sire 1672 -.579  _.14 .26 .18
Sire 839 -.07 .08 11 -.10
Sire 102 0 -.57°  -.74P _-.61° -.60C
HDL-1I - -
All Progeny -.512 -.32¢ -.23 -.12
Sire 1672 -.66° -.29 -.07 -.05
Sire 839 -.33 -.26 -.17 -.23
Sire 102 -.62° -.80P .68 -.72°
HDL-IT
All Progeny -.13 .23 .09 17
' Sire 1672 .13 .49 .73€ .62°
Sire 839 .43 .59€ .524 .22
Sire 102 -.489 -.38 -.35 -.35
HDL-III-V 5 b
All Progeny .50 .562 .33€ .51
Sire 1672 .39 .73 .74P .569
Sire 839 .41 .55 .44 .20
Sire 102 .56C .479 .53C .72P
Peak Fo Rate
All Progeny -.23 -.34F -.11 -.21
Sire 1672 -.852 -.78%  _-.43 -.25
Sire 839 -.31 -.19 -.22 -.05
Sire 102 -.05 .06 .04 -.12

a: P<0.005, b: P<0.0l1, c¢: P<0.05, d: p<0.1
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102 (pP<0.l). 1IDL concentrations were'negatively correlated
with HDL-I concentrations (mainly among the progeny of sire
102) (P<0.01 among the progeny of sire 102, P<0.05 among all
progeny) and positively correlated with HDL-III tthugh
HDL-V concentrations (P<0.005 among all progeny). IDL con-
centrations were also negatively correlated w;th the HDL
peak Fol.zo rate (P<0.05 among all progeny), exclusively due
to the strong correlation (P<0.0l) observed among the pro-
geny of sire 1672. VLDL <concentrations were positively
correlated with HDL-III through HDLfV concentrations
(p<0.05), an observation not seen among all progeny in the
study (Table 11). LDL geak Sof rate was also positively
correlated (P<0.6l) with HDﬁ~III through HDL-V concentra-
tions. Other correlations were apparent only among the pro-
.geny of individual sires and not among the progeny of all
three hypercholesterolemic sires, when taken as a single

group.

2.4. Correlations among gol 203-28 Lipoproteins and Other

Lipoprotein Species

Correlation coefficients between Fol.209-28 lipoprotein
concéntrations and all other lipoprotein species were calcu-
lated for the group consisting of all the ©progeny of the
three hypercholesterolemic sires as well as for each of the
three families (Table 18). Within these hyper-

cholesterolemic families, there was an inverse relationship

o

between concentrations of F 1.20

9-28 lipoproteins and
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Table 18. Correlation éoefficients between the concentra-

tion of Fol.209-28

lipoproteins and all other lipoprotein

species for the progeny of

three hypercholesterolemic

sires (n=36) and the progeny of sire 1672 (n=11), sire 839
(n=12) and sire 102 (n=13). ' '

HDL

HDL~-I

HDL-II
HDL-III-V.

Reék Fol.zo Rate
LDL

IDL

VLDL

Peak S°f Rate

All Progeny

Sire 102

Sire 1672 Sire 839
-.60 -.65¢ -.69C -,73P
-.a3P -.20 -.14 -,73b
'-.54‘b -.50 -.872 -.77b
.08 -.27 -.27 .56¢
-.08 .03 .40 .00
.16 .21 -.29 .46
;10 -.05 -.63° .32
-.01 -.21 -.56d .29
.08 -.04 -.40 .67°

a: P<0.005
b: P<0.01
Cc: P<0.05

d: P<0.1



concentrations of total HDL (P<0.05 in all families), HDL-II
(P<0.01 in two of the three families) and in HDL-I (P<0.01
in one of the three families). " These inverse relationships
also proved to be statistically significant when the progeny

of these three families were treated as a single group

(P<0.01). Progeny of sire 102 also exhibited a positive

‘correlation between concentrations of Fol 209-28 lipopro-

teins and peak LDL flotation (Sof) rate (P<0.05).
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Chapter V: Separate Effects of Saturated Fat and -

Cholesterol on Lipoprotein Profiles of Pedigreed Baboon Pro-

geny Consuming the LARD+CS Diet

1. High Density Lipoproteins and Eo 209-28 Lipoproteins

l.l. HDL Concentrations Measured by Ahalyticlultracentrifu-
gation | |

Table 19 lists the mean + SD concentrations for HDL
(F®] ,50-9), HDL-I  (approximately F°; ,04-9), HDL-II
(approximately Fol.202-4), and HDL-iII through V (approxi-
mately F°1_200—2) for the four progeny of sire 102 fed the
sequence of diets previously outlined in Table 3. After
consuming the LARD+CS (lard with cholesterol) diet since
weaning (Period 1), this group exhibited a mean HDL concen-
tration (412 mg/dl) - slightly lower thén the mean of all the
progeny of sire 102 (see Table 13). When cholesterol was
_removed from the diet for six weeks (LARD-CS (lard without
cholesterol) diet, Period 2), the mean total HDL concentra-
‘tion increased by 34% relétive to the mean concentration on
the previous diet (LARD+CS diet, Period 1) due to a 62%
increase in HDL-I (both P<0.005). There was a 29% decrease
in mean concentration of HDL-III through HDL-V' (P<0.005);
the mean HDL-II concentration was unchanged. The increase
in HDL-I material was accompanied by a 10% increase in - the

HDL peak flotation rate (P<0.05).



Table 19. Mean + SD values of the concentrations (mg/dl) of
total HDL and HDL subpopulations and the peak Fol.zo rate
(svedbergs) for four progeny of sire 102 during the sequence
of dietary periods described in Table 3. All values were
determined at the end of each diet period.

Period Diet HDL HDL-1 HDL-II HDL-III-V  Peak F°l.20 Rate
1 LARD+CS* 412 + 59 249 + 39 114 + 16 49 + 10 4.96 + .12
2 LARD-CS** 551 + 48 403 + 33 113 + 13 35 + 7 5.48 + .31
3 CHOW* * 412 + 63 243 + 55 129 + 19 40 + 10 4.56 + .42
4 LARD-CS 545 + 95 383 + 97 127 + 13 36 + 6 5.43 + .54
5 LARD+CS 507 + 59 335 + 66 124 + 4~ 48 + 10 5.05 + .39
* LARD+CS diet, column 1 of Table 2

* & LARD-CS diet, column 2 of Table 2

*x*x* CHOW diet, column 3 of Table 2
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When the amount and degree of saturation of the dietary
fat was reduced for 12 weeks (CHOW diet, Period 3),the mean
totai HDL concentration decreased significantly (P<0.05)
relative to 1levels on the LARD-CS diet during Period 2.
This decrease was due entirely to a 40% decrease in the mean
HDL-I concentration. Since HDL-II and HDL-III through HDL-V
concentrations ingreased slightly (P<0.1), the HDL peak
Fol.zo rate decreased by almost 17% (P<0.005). Relative to
the LARD+CS diet (Period 1) only the mean HDL-III through
_HDL-V concentration was significantly different (lower) on

the CHOW diet (P<0.005).

During the six weeks of Pgriod 4, the progeny consumed
the LARD-CS diet; the same diet as during Period 2. fhe
‘mean total HDL concentration during Period 4 was increased
(P<0.01) relative to the CHOW diet (Period 3), as was the
mean HDL-I concentration (P<0.05) and the mean HDL peak flo-
tation rate (P<0.0l). There were no significant changeé in
the concentrations of the other HDL subpopulations. HDL
levels attained during Period 4 (LARD-CS diet following the
CHOW diet) werevvery similar to those observed during Period
2 (LARD-CS diet following the LARD+CS diet) except that the
mean HDL-II concentration was highér during VPeriod 4

(P<0.01).

In the final six weeks of the study (Period 5, LARD+CS
diet) the mean total HDL concentration decreased by only 7%
(P<0.1), relative to the previous diet, and was 21% greater

than the mean level observed during Period 1 on the same
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diet (P<0.0l1). Likewise, with the addition of cholesterol
to the diet, the mean HDL-I concentration decreased by only
13% (P<0.l, LARD+CS diet relative to LARD-CS diet). Conse-
quently, after six week on the LARD+CS diet (Period 5) the
mean HDL-I concentration was 35% higher (P<0.05) than when
these progeny were fed the same LARD+CS diet (for a much
longer period of time) during Period 1. HDL-III through
HDL-V concentrations, however, did increase considerably
(P<0.005) during Period 5 (relative to Period 4) and reached

the same levels observed during Period 1.

1.2. Eol og-gg Lipoprotein Concentrations Measured by Ana-

lytic Ultracentrifugation

Table 20 lists the mean + SD values of the concentra-
tions of Fol'209-28 lipoproteins and lipoprotein concentra-

tions within selected subintervals of the Fol 209-—28 inter-

o o
1.20 1.20

(Period 1) mean concentration of Fol 209—28 lipoproteins

val: F 9-14, F 14-20, F°; ,,20-28. The initial
within this group of progeny (232 mg/dl) was higher than the
mean concentration of these lipoprotein species among all
the progeny of sire 102 (163 mg/dl, as shown in Table 13)
which is consistent with the previous observations (Table 18

in Chapter II1) which showed an inverse relationship between

HDL and F°l 209-28 lij oprotein concentrations.

When cholesterol was removed from the diet for six
weeks (LARD-CS diet, Period 2), the mean F°l 209—28 lipopro-

tein concentration decreased by 58% (P<0.05) relative to
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Table 20. Mean + SD concentrations (mg/dl) of F° 9-28

lipoproteins and

_ 1.20
three selected flotation subintervals

for four progeny of sire 102 during the sequence of dietary
periods described in Table 3. All values were determined at )
the end of each diet period.

Period Diet FO, 509-28 F°l.209-14 901.2014;26 FO ,020-28
1 LARD+CS * 232 + 63 86 + 26 104 + 33 42 + 20
2 LARD-CS* * 98 + 51 85 + 42 14 + 10 0+ 0
3 CHOW* * % 1.2 + 11 12 + 1.1‘ ' 0+0 0+0
4 LARD-CS 42 + 33 40+ 3 2+ 2 ._ 0+ 0
5  LARD+CS 130 i,, 86 84 + 25 33 + 31 - 15'1 30
* LARD+CS diet, column 1 in Table 2

* LARD-CS diet, column 2 in Table 2

**x* CHOW diet, column 3 in Table 2
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that on the LARD+CS diet. There Qas a loss of all material

within the F°l 2020-28 flotation interval (P<0.05) and an

87% decrease in material floating within the Fol 20l4-20

interval (P<0.0l1). After the progeny consumed the CHOW diet

for the next 12 weeks (Period 3), F°1.209—28 lipoproteins
were essentially eliminated from the plasma °f, all progeny
(mean + SD of 12 + 11 mg/dl, with greatest concentration of
26 mg/dl). All F°1.209_28 lipoprotein material present was

confined to the F®, , 9-14 flotation interval.

When the saturated fat was added back to the diet for
six weeks (LARD-CS diet, Period 4), the mean F01.209'28
lipoprotein concentration increased significantly (P=0.05,
relative to the CHOW diet) but éo only 43% of the mean level
which these progeny exhibited on the LARD-CS diet during

Period 2 (P<0.05).

When cholesterol was then added back to the diet

(LARD+CS diet, Period 5), the mean Fol 209-28 lipoprotein.

concentration increased more than three-fold (P<0.l1l) rela-
tive to that on the LARD-CS diet (Period 4). After six
weeks on the LARD+CS diet, however, the mean F01.209'28
lipoprotein concentration was still significantly lower
(P<0.05) than the mean leQel observed during Period 1, wheh
the progeny were consuming the same LARD+CS diet, but for a
longer time period. The main differences were in amounts of

material within the faster floating F° 14-20 (P<0.01) and

1.20

Fol.2020-28 (P<0.1) subintervals.
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1l.3. HDL and'gol 203-28 Lipoprbtein Distributions Measured

by Gradient Gel Electrophoresis

Figure 20 shows densitoﬁetric scans of 4-30% gradient
gels of the sefum ultracentrifuged d<1.20 g/ml fraction from
one representative progeny:  (animal 2092) in this study while
consuming each diet; On the LARD+CS diet (Period 1, Figure
20a), thé HDL appeared as five distinct peaks within the
72-125A particle size range, similar to that of other pro-
geny on this diet (see Figures 1 andv6 for examples). The
Fol.209-28 lipoproteins were obserQed as a broad distribu-
tion of material within the 125-220A particle size range.
In some cases this distribgtion of material demonstrated
profiles indicative of subpopulations. After consuming the
LARD-CS diet for six weeks (Figure 20b) during Period 2, the
major HDL peak (HDL-1) was quite prominant in the éléctro—
phoretic - pattern. 1In contrast, the HDL material of smaller
particle size did not exhibit discrete species, and material
corresponding to the HDL-V subpopulation was not detectable.
These observations werebconsistent with analytic ultracen-
trifugal results for this dietary period (previous section)
which indicated greater HDL-I concentrations and lower HDL-
IIT through HDL-V concentrations on this diet, relative to
other diets. 1In addition, the gradient gel electrophoretic
scans for the progeny on the LARD-CS diet indicated lesser
amounts of F°1°209—28 lipoprotein material (material within
the 125-220A particle size range) than when on the LARD+CS

diet. Most of the Fol 209-28 lipoprotein material detected
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Figure 20.

Gradient gel electrophoretic patterns (4-30% gels) of the
serum d<1.20 g/ml fraction from one representative baboon
(animal 2092) during the sequence of dietary _periods out-
lined in Table 3. 1In (a), after consuming LARD+CS diet for
over a year, the baboon exhibits a considerable amount of
F01_209-28 lipoprotein material within the 125-220A particle
size range. After 6 weeks on the LARD~CS diet (b), the
amount of F°1.209-28 lipoprotein material is reduced. The
amount of F°1.209-28 lipoprotein material changes 1little
after 6 weeks on the CHOW diet (c), but decreases to an
almost negligible amount after 12 weeks on the CHOW diet

(d). After 6 weeks on the LARD-CS diet (e), the Fol.209'28'

lipoprotein material appears little changed, but increases
considerably after 6 weeks on.the LARD+CS diet. Additional
information is provided in the text..

121



oL | Fl20 | HDL Lot | Flzo HOL
9-28 9-28

LARD+CS diet CHOW diet {12 weeks)
(o) (d)
I
LARD;CS diet { 1 LARD-CS diet
(b) e) .

CHOW diet {6 weeks) LARD+CS diet
(c) ' (f)
|

| j —
220R 125R 2204 1254

2ct



on the LARD-CS diet was within the smaller particle size

ranges (125-160Aa}).

When the progeny on the CHOW diet (for six weeks, half-
way through Period 3, Figure 20c) were sampled, the gradient
gel electrophoretic patterns of the serum d<1.20 g/ml frac-
tion were wvery similar to those for the preceding LARD-CS
diet. Namely, HDL-1 was the prominant subpopulation, other
subpopulations of smaller particle size generally did not

appear as discrete species and HDL-V material was essen-

tially absent (Figure 20c¢). In addition, a peak of-

Fol.209—28 lipoprotein material was still observed within

the 125-220A particle size range. After 12 weeks on the
CHOW diet, however, thé.gradieﬁt ge% electrophoretic pat-
terns of the HDL material again showed 4 - 5 distinct peaks
and Fol_éo9-28 lipoproteins were virtually absent (Figure

204).

‘After six weeks on the LARD-CS diet (Period 4) the
HDL~I species again appeared as the main peak, though subpo-
pulations of smaller particle size were observed as discrete
peaks (Figure 20e). Progeny exhibited some Fol.209-28
lipoprotein material, though not as much as was observed
during Period 2 on the same diet. None of the patterns of
the four progeny exhibited a distinct peak of Fol‘209—28

lipoprotein material during Period 4; this material

appeared, rather, as a tail extending from the HDL~-I peak.

When the progeny were returned to the LARD+CS diet for

the 1last six weeks of the study (Period 5), the HDL pattern

123



showed five distinct subpopulations. The Fol 209—28 lipopro-
tein material appeared as one or two bioad peaks within the

125-220A particle size range.

Although not all of the patterns of the progeny on all
diets exhibited the same number of discrete HDL species, the

peak particle sizes of such HDL species (when they could be

determined) occurred within similar particle size intervals

regérdless of the diet they consumed. When the frequency of
occurrence of peak HDL particle sizes from all baboons on
all 3 diets was plotted as a fﬁnction of Rf value (Figure
21), frequency maxima occurred within the same Rf intervals
already established for baboon.HDL-I, HDL-II, HDL-III, HDL-
IV, and HDL-V (see Figure 2) for pedigreed baboons consuminé

only the LARD+CS diet. Hence, dietary manipulations in this

study had little effect on the mean particle sizes of baboon

HDL subpopulations, but, rather, affected the relative mass

distribution émong the HDL subpopulations.
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Figure 21.

Frequency of occurrence of Re values of HDL peaks as
observed on 4-30% electrophoretic gradient gels. Electro-
phoresis was performed on the serum d<1.20 g/ml fraction
from all five progeny of sire 102 at the following time
points in the diet sequence outl ned 1in Table 3: LARD+CS
diet (at least 1 year), LARD-CS diet (6 weeks), CHOW diet (6
weeks), CHOW diet (12 weeks), LARD-CS diet (6 weeks) and
LARD+CS diet (6 weeks); n=30. The R, intervals containing
each of the five HDL subpopulations determined from this
frquency plot compare well with those determined in Figure
2, for baboons consuming the LARD+CS diet.,
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2. Lipoproteins within the Serum 4<1.063 g/ml Fraction

2.1. Lipoprotein Concentration Measurements Made by Ana-

lytic Ultracentrifugation of the Serum d<1.063 g/ml Fraction

Table 21 lists the mean + SD concentrations of LDL
(5°¢5-12), IDL (5°;12-20), and VLDL (5°;20-100) and LDL peak
Sof rate of the four pedigreed progeny of sire 102
throughout the dietary seéuence. During Period 1, this
group of four progeny exhibited mean lipoprotein concentra-
tions within the serum d<1.063 g/ml fraction quite compar-
able to the means for all progeny of sire 102 (see Table
14). After cholesterol was removed from the diet for six
weeks (LARD-CS diet, Period 2);'LDL levels decreased bfn 4§%
(P<0.005, relative to the LARD+CS diet), as IDL decreased by

60% (P<0.0l1l) and VLDL decreased by 90% (P<0.1l).

After 12 weeks on the CHOW diet (Period 3), LDL
decreased an additional 22%, relative to the previous diet
(NS), IDL decreased by 79% (P<0.1) and VLDL was now com-
pletely absent from the serum. LDL peak flotation rate,
though, decreased markedly from S°f8.76 on the LARD-CS diet

to S°f6.06 on the CHOW diet (P<0.005).

When the progeny were placed on the LARD~-CS diet for
six weeks (Period 4), all lipoprotein measurements returned
to essentially the same values observed previously on the
LARD-CS diet (Period 2). That is, LDL (NS), IDL (P<0.05),
and VLDL (P<0.05) concentrations and LDL peak Sof rate

(P<0.005) each increased when the baboons were switched from
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Table 21. Mean + SD concentrations (mg/dl) of LDL, IDL and
VLDL and the peak S°f rate (svedbergs) for four progeny of
sire 102 during the sequence of dietary periods described in
Table 3. All values were determined at the end of each diet

period.

Period Diet  LDL IDL VLDL peak S° Rate
1 LARD+CS* 195 + 47 47 + 10 10 + 10 8.48 + .81
2 LARD-CS*+ 99 +27 19 +13 1+ 2 8.76 + .32
3 CHOW*** . 77 + 26 4+ 4 0+ 0 6.06 + .55
4 LARD-CS 104 + 60 14+ 8 2+ 1 8.65 + .38
5  LARD+CS 151 497 71+ 59 21% 21 9.29 + .18

® LARD+CS diet, column.l of Table'2

* k& LARD-CS diet, column 2 of Table 2

**% CHOW diet, column 3 of Table 2
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the CHOW diet to the LARD-CS diet.

‘When cholesterol was added back to the diet for the
last six weeks of the. study (Period 5, LARD+CS diet),
increases, relative to the LARD-CS diet, were observed 1in
LDL (NS), 1IDL (P<0.1l) and VLDL (P<0.l) concentrations and
LDL peak flotation (Sof) rate (P<0.05). When these values,
obtained during Period 5 (LARD+CS diet), were compared to
those of Period 1 (LARD+CS diet), it appeared that LDL con-
centrations were slightly lower (P=0.l1) and LDL peak flota-
tion rates slightly faster (P<0.l) at the end of Period S

than during Period 1.

2.2. Lipoprotein Size Distributions Measured by Gradient

Gel Electrophoresis of the Serum d<1.063 g/ml Fraction

To evaluate whether the observed‘ dietary cholesterol
and fat dependence of the LDL peak s°f rate was due to
changes in LDL particle size, the size distribution of
lipoproteins within the serum d<1.063 g/ml fraction was
examined by gradient gel electrophoresis_in 2-16% polvacri-
lamide gels. Table 22 lists mean + SD LDL peak flotation
rate (by analytic ultracentrifugation) and LDL peak particle

sizes (by gradient gel electrophoresis) for all four progeny

at two time points in Period 3 (six and twelve weeks on the

CHOW diet following six weeks on the LARD-CS diet), at the
end of Period 4 (six weeks on the LARD-CS diet), and at the
end of Period 5 (six weeks on the LARD+CS diet). Mean LDL

peak s° rate values closely correlated with LDL peak

£
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Table 22. Comparison of the mean + SD of the LDL peak §°
rate (measured by analytic ultracentrifugation) and of thg
LDL peak particle diameter (measured by gradient gel elec-
trophoresis) for four progeny of sire 102 during the
sequence of dietary periods described in Table 3. Measure-
ments were made after 6 and 12 weeks on the CHOW diet and
after 6 weeks on each of the LARD-CS and LARD+CS diets.

Period Diet LDL Peak S°f Rate (s) LDL Peak Particle Diameter (A)
3 (6 weeks) CHOW 8.12 + .41 274 + 4
3 (12 weeks)  CHOW 6.06 + .55° 267 + 20
4 LARD-CS 8.65 + .382 277 + 4©
5 LARD+CS 9.29 + .18° 281 + 29
Linear regression: Diameter (A) = 4.18 * S°f Rate(s) + 241A
(r = 0.99)

a: different from pfevious diet by P<0.005
b different from previous diet by P<0.01
Cc: different from previous diet by P<0.05

different from previous diet by P<0.1
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particle size values (correlation coefficient, r = .99)
indicating a change of 4.2A in particle size for a change in

peak flotation rate of 1 svedberg (Sof unit).

Figure 22 shows gradient gel electrophoretic scans of
gels for one representative pedigreed progeny (baboon 2092)
following the sequence of diets described in Table 22.
After six weeks on the CHOW diet (Figure 22a), the LDL of

all progeny appeared as a single major peak (peak particle

size 270-278A) though all progeny also showed a small amount .

of lipoprotein material trailing into larger particle sizes.
One progeny (2092) exhibited a minor peak of particle size

257A.

After twelve weeks on the éHOW diet (Figure: 22b) the
LDL again appeared as a single major peak, but of smaller
particle size (range: 266-270A), consistent with the
decrease in peak flotation rate observed at this time point
(see Table 22). A minor peak corresponding to particles of
smaller éize (range: 249-254A) was also apparent in the gra-
dient gel electrophoretic patterns of three of the four pro-
geny. In contrast, larger sized material, observed after
six weeks on the CHOW diet, was no longer seen after twelve

weeks.

When saturated fat was added back to the diet for six
weeks (LARD-CS diet, Period 4), the major LDL peak was now
of larger particle size (range:273-282A), <consistent with
the obsérved increase in peak flotation rate (Table 22). 1In

addition, some of the baboons exhibited material of larger
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Figure 22.

Gradient gel electrophoretic patterns (2-16% gels) of.'the

serum d<1.063 g/ml fractionvfrom one represehtative baboon
.(animal 2092) during the sequence of diétary periods out-
lined 1in Table 3. after 6 weeks on the CHOW diet (immedi-
ately following the LARD+CS and LARD-CS diets, respedtively)
(a), the LDL exhibits a broad peak of particle size 272A.
After an additional 6 weeks on the CHOW diet (b), the LDL
peak 1is of smaller particle size (266A). The particle size
of thé LDL peak increases (273A) when the baboon is consum-
ing the LARD-CS diet for 6 weeks (c), and increases further
(282A) after 6 weeks on the LARD+CS diet (d).
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particle size trailing from the major LDL peak and some
showed a broad peak.of material within the 125-220A particle
size range. These results are consistent with the observed
presence of low concentrations of - IDL and Fe
1ipoprotéins, respectively, in these progeﬁy.when saturated

fat was added to the diet (previohs section, Tables 20 and

21) .

When dietary cholesterol was added (LARD+CS diet,
Period 5), the LDL peak in the gradient gei electrophoretic
patterns shifted to iarger particle size (range:278-284A)
and demonstrated additional minor peaks " indicative of
material of both larger and smaller particle size, as  well

as the presence of Fol 209-28 lipoproteins.

In order to obtain information about the size distribu-
tions of lipid-rich VLDL andv IDL species in the baboon,
serum fractions from the progeny at the end of Periods 3,4,
and S were electrophoresed (2-16% gradient gel) and stained
with lipophilic 0il Red O (Figure 23). Under these condi-
tions, the 1lipid-rich VLDL and. IDL lipoproteih species
become more prominant'oh the gradient ‘gel electtophoretic
patterns. In dgeneral, two or more lipoproteih peaks were
oBserved within the particle size range >290A, indicating

polydispersity within the IDL and VLDL classes.

1.209-28
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Figure 23.

Gradient gel electrophoretic patterns (2-16% gels) of the
serum d<1.063 g/ml fraction from one representative progeny
(animal 2092) illustrating the polydispersity within the IDL
and VLDL material (to the left of the major (LDL) peak)
which is observed when gradient gels are stained with the

lipophilic stain, 0il Red O.
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Chapter VI: Effects of Saturation of Dietary Fat on the

Lipoproteins of Non-Pedigreed Baboons: COCO+CS and CORN+CS

Diets - Experiment II

l. Experimental Design

Twenty-four unrelated baboons, ranging in age from 3 to
5 years were used as subjects. The baboons were fed, alter-
nately, the COCO+CS (coconut o0il with cholesterol) and
CORN+CS (corn oil with cholesterol) diets for each of three
six week periods. Serum samples obtained at the end of each
six week period were utilized for all studies described in
this chapter. More information on these baboons and on the
design of Experiment Ii ;s provided in Chapter Ii, Sections

1.2 and 1.4.
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2. Serum Total and Lipopfotein Cholesterol Concentrations

Measured by Heparin-Manganese Chloride Precipitation

Measured values of the meén and §5% confidence limits
of total sefum cholesterol, asl well as precipitable (by
heparin-manganese chloride) and non-precipitable serum
cholesterol (VLDL+LDL-C and HDL-C, respectively) for males
and females on both the CORN+CS and COCO+CS diets are shown
in Table 23. Relative to the CORN+CS diet, the COCO+CS diet
significantly indreased total serum cholesterol (P<0.0l) by
increasing both preéipitable and; non-precipitable
'cholesterol (P<0.001 and P<0.01, respectively). Although

there 'was no significant sex difference in any cholesterol

measurement, there was a significant diet-by-sex interaction

on HDL-C (P<0.05); that 1is, the COCO+CS diet induced a
greater elevation in HDL-C in males (77 mg/dl on CORN+CS vs
130 mg/dl on COCO+CS diet) than was observed in females (74

mg/dl vs 130 mg/dl).

Table 24 shows the effects of diet, sex and diet-by-sex
interactions as multiplicative effects, as defined in
Methods. 1In particular, total cholesterol is shown to be,
on average, 43% higher on the COCO+CS diet relative to the
CORN+CS diet (diet effect of 1.43). This increase is asso-
ciated with a 35% increase in precipitable cholesterol and a
58% increase in non-precipitable cholesterol (all increases

P<0.01).
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3. Lipoprotein Concentrations Measured by Analytic Ultra-

centrifugation

3.1. Concentrations of Lipoproteins within the Serum

The concentrations of lipoprotein fractions within the
serum d<1.063 g/ml fraction are shown in Table 23, and the
corresponding multiplicative diet and sex effects are listed
in Table 24. LDL, measured at 4 1.063 g/ml as material
within the S°f5-12 flotation interval, were slightly but not
significantly higher on the COCO+CS diet. However, there
was a sex difference with respect to LDL concentrations;
namely, females possessed higher concentrations of S°f5f12
lipoproteins on both diets. IDL (s°12-20) and  VLDL
(Sof20-100) concentrations were, in fact, significantly
lower on the COCO+CS diet (P<0.05). These saturated fat
fat-induced reductions in both IDL and VLDL were greater in
males than females (diet-by-sex interactions =0.47 and 0.28,

respectively, P<0.01).

Saturated fat (the COCO+CS diet) induced significantly
higher 1levels of 1lipoproteins in the serum d<1.063 g/ml
fraction measured within the Sofo?s flotation 1interval.
This lipoprotein species was increased, on the average, from
10mg/dl when the animals. consumed the CORN+CS diet to 106
mg/dl when they were fed the COCO+CS diet (P<0.0l). 1In
addition, this saturated fat-induced increase was consider-

ably greater- in males than 1in females (diet-by-sex
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Table 23--Mean total, VLDL+LDL, and HDL cholesterol concentrations (n

concentrations (n

Polyunsaturated fat (corn ofl)

= 24), and vltracentrifugal lipoprotein fraction
s 12) (mg/dl) in serum by type of dietary fat and sex.

Saturated fat (coconut o0il)

Variable with cholesterol with cholesterol
Male Female Male Female
Mean 95% Mean 95% Mean 951 Mean 351
confidence confidence confidence confidence
limits Timits Vimits Timits
Total cholestero!} 159 145-174 149 136-164 231 211-253 211 193-23é
Lipoprotein cholesterol by precipitation
VLDL+LDL cholesterol ' 7) 64-92 n 59-85 99 82-118 101 84-121
KL cholesterol ' 77 69-85 74 66-82 130 117-145 108 97-120
Analytical ultracentrifugation at density
d 1.063 g/m!l '
$% 0-5 (F;.zo 9-28 Yipoproteins) 5 Co2-12 ¢ 16 6-45 151 59-291 62 21-180
§¢ 5-12 (LoL) 127 91-177 ' 179 124-259 135 97-188 258 179-372
S§ 12-20 (1oL) 64 32-126 46 22-96 10 5-20 33 16-70
§% 20-400 (VLOL) 25 8-71 13 4-42 0 0-1 5 1-18
d 1.20 g/m)
F;,zo 0-2 (HDL-1T1 - HOL-V)* 50 39-63 46 36-58 43 34-55 42 33-53
F?,zo 2-4 (HDL-11)* 133 115-153 115 100-132 127 110-146 109 95-126
F:,zc 4-9 (HOL-1)* 199 162-244 235 191-288 290 236-1356 328 267-404
Fr.zo 9-28 4 2-9 11 5-23 154 78-305 . 72 36-143
F:.zo 9-14 1 0-4 : 7 2-20 70 39-125 58 32-104
F;,zo 14-20 o* - , 0 0-1 42 13-131 8 2-26
Ff.zo 2G-28 or . - o* - 19 2-122 1 0-9

*All observed values zero

+See Methods for definitton of HOL subpopulations,

ort



Table 24--Estimated diet, sex, and diet-by-sex interaction effects* on total and lipoprotein cholesterol (n = 24) and on

lipoprotein fraction concentrations (n .= 12),
Variable Fat effect Sex effect Fat-by-sex interaction
95% _ 95% 95%
Effect confidence Effect confidence Interaction confidence
Vimits 1imits effect VTimits
Total cholesterol 1.43 1.35-1,53 1.08 0.95-1,22 1.01 0.98-1.08
Lipoprotein cholesterol by precipitation .
VLDL+LDOL cholesterol 1.35 1.16-1,58 1.03 0.81-1,30 0.95 0.88-1.03
HOL cholesterol _ 1.58 1.43-1,75 1.1 0.97-1,26 1,07 1.02-1,13
Analytical ultracentrifugation by density
d 1.063 g/m}
$% 0-5 (F:.zo 9-28 lipoproteins) 10.95 2.73-43.38 0.85 0.31-2.28 2.87 1.42-5.79
$§ 5-12 (LDL) 1.24 0.72-2.11 0.61 0.46-0.81 0.86 0.66-1,13
$% 12-20  (10L) 0.34 0.12+0.98 0.65 0.35-1.21 0.47 0.27-0.80
$% 20-400 (viot) 0.13 0.02-0.64 0.51 0.22-1.21 0.28 0.12-0.63
d 1,20 g/ml
_ F;,zo 0-2 (HOL-TII - HDL-V)* 0.89 0.69-1.14 1.05 0.82-1.35 0,97 0.76-1.25
F?,zo 2-4 (HDL-1D)? 0.95 0.82-1.10 1.16 1.00-1,34 1,00 0.86-1.16
F? oo 49 (HOL-1)* 1,43 1.15-1.77 0.86 0.70-1,07 1.02 0.82-1.27
F? 50 9-28 13.36 6.57-27.19 0.95 / 0.47-1,94

2.23

1.10-4.54

*Effect is statistically significant (P < 0.05) if 95% confidence 1imits do not -include 1.00.
*See Methods for definition of HDL subpopulations.
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interaction, P<0.01l). - Thé lipoprotein species measured
within the S°f0—5 flotation interval - correspond to the

F®, 509-28 lipoproteins characterized in Chapter 2 of this

dissertation. Additional information on the effect of

dietary fat on these lipoproteins, as well ‘as preliminaby_

identification of subpopulations within this species are

given later in this chapter (Sections 3.2'and 5).

Figure 24 shows the effect of dietary fat on the ana-

lytic ultracentrifugalf schlieren' pattern of the serum '

142

d<1.063 g/ml fraction from a representative male baboon -

(animal number 1665). The LDL of this animal, when consum-

ing either diet, appeared as a single peak floating within

the S°f5—12 interval (peak flotation rate on COCO+CS,v

$°¢9.5; on CORN*CS 5°(8.8). The broad peak within the
S°fo-5 flotation interval in the baboon when fed the COCO+CS

diet represents Fol.209—28 lipoproteins with a peak flota-

tion rate of Sofl.s for the animal shown in figure 24. Very

little material appears within this interval when the same

animal  is consuming the CORN+CS diet.

On the other hand, saturated fat considerably reduced
both IDL (5°¢12-20) and VLDL (5°;20-100) in this baboon. In
the typical female pattern (Figure 25), LDL levels afé
higher on both diets. In addition, Fol.209—28, IDL and VLDL
changes in response to diet are less pronounced than in the

male pattern.



Figure 24.

Typical dietary responses observed among male baboons illus-
trated by schlieren patterns of the serum d<1.063 g/ml frac-
tion from baboon 1665 after six week periods each on the
coconut o0il (saturated fat) plus cholesterol diet (——) and
on the corn o0il (polyunsaturated fat) plus cholesterol diet
(-=--). For the animal shown, saturated fat elevated
F°1.209-28 lipoproteins (s°fo-s, 12 mg/dl on the corn oil
diet wvs 116 mg/dl on the coconut oil diet), did not affect
LDL (Sofs 12, 136 mg/dl on the corn o0il diet vs 144 mg/dl on
the coconut oil diet), but decreased both IDL (S°f12 20, 47
mg/dl on the corn o0il diet vs 7 mg/dl on the coconut oil
diet) and VLDL (S f20—100, 17 mg /dl on the corn oil diet vs
0 mg/dl on the coconut oil diet).
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Figure 25.

Typical dietary response observed among female baboons
illustrated by schlieren patterns of the serum d<1.063 g/ml
fraction from baboon 3076 after six week periods each on the
coconut oil (saturated fat) plus cholesterol diet (—-) and
on the corn oil (polyunsaturated fat) diet (---).  For the
animal shown, saturated fat elevated Fol.209—28 lipoproteins
(S°f0-5, 10 mg/dl on the corn oil diet vs 55 mg/dl on the
coconut oil diet), increased LDL (S°f5-12, 204 mg/dl on the
corn o0il diet vs 340 mg/dl on the coconut oil diet) and had
little effect on either IDL (S°f12—20, 30 mg/dl on the corn
oil diet vs 29 mg/dl on the coconut o0il diet) or VLDL
(S°f20—100, 5 mg/dl on the corn oil diet vs 0 mg/dl on the
coconut o0il diet).
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3.2. Concentrations of HDL and gol 203-28 Lipoproteins

within the Serum d<1.20 g/ml Fraction

The COCO+CS diet induced significantly higher concen-

trations of the larger size (>100A) apoA-I-containing .

lipoprotein species (i.e. Fol.209—28 lipoproteins and HDL-I)
but did not affect concentrations of the smaller HDL subpo-
pulations (see Methods and Chapter III for the biochemical
definition of the HDL subpopulations in the baboon). Aas
shown in Tables 23 and 24, material within the F°1.204-9
flotation interval (approximating the HDL-I subpopulation)
was 43% higher (217 mg/dl vs 309 mg/dl), on average, when
the animals were fed the QOCO+CS diet. In addition,

(o}

F~, . 209-28 lipoproteins were higher (8 mg/dl vs 113 mg/dl)

when the animals were fed the saturated fat diet. Most of

this Fo1 209--28 lipoprotein material was observed within the

the Fol 209-14 interval, corresponding to the smaller,

denser species within the Fol 209-28 lipoprotein spectrum

(78) . There was a significant diet-by sex interaction for

o}
greater increase in these lipoproteins on the saturated fat

diet than females. Saturated fat, however, had no signifi-

cant effect on any other HDL subpopulations (HDL-Ii, meas-

o
1.20

and HDL-III through HDL-V, measured as material within the

ured as material within the F 2-4 flotation interval;

F°l_200-2 flotation interval).

Figure 26 illustrates the effect of the saturation of

dietary fat on the schlieren pattern of the d<1.20 g/ml -

F 1.209-28 lipoproteins because males demonstrated a much
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' Figure 26.

Schlieren patterns of the Fol.209—28 lipoproteins in the
-serum d<1.20 g/ml fraction from a representative baboon
(animal 1659) after six week periods each on the coconut o0il
(saturated fat) plus cholesterol diet (——) and the corn o0il
(polyunsaturated fat) plus cholesterol diet (---). The pat-
terns from this baboon demonstrate saturated fat-induced
elevations in Fol_209—28 lipoproteins (<10 mg/dl on the corn
oil diet wvs 101 mg/dl on the coconut o0il diet) and HDL-I
(F°1.204—9, 194 mg/dl on the corn oil diet vs 325 mg/dl on
the coconut o0il diet). :
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fraction of a typical animal in this experiment (1659).

When consuming the corn o0il diet, all the lipoprotein

o

material (HDL) is observed within the F flotation

1.200°2
interval. When the same animal is consuming the COCO+CS
diet, the faster floating HDL species (HDL-I within the
Fol_204-9 interval) are considerably increased, and material

is also apparent within the Fol 209-28 flotation interval.
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4. Lipoprotein Size Distributions by Gradient Gel Electro-

phoresis

ﬁ.;. LDL and IDL Size Distributions

The particle size distribution of material isolated
within the serum d<1.063 g/ml fraction, obtained from all
baboons while consuming both diets, was examined by gradient
gel electrophoresis. figure 27 compares the gradient gel
electrophoresis profiles of 1lipoproteins in the serum
d<1.063 g/ml fraction from one animal (308l) consuming
either the COCO+CS (Figure 27a) or CORN+CS (Figure 27b)
diet. ‘While consuming the .COCO+CS diet, LDL material
appeared as 4 distinct peaks within _the 220—2§0A particle
size range and Fol.209-28 lipoproteins appeared as a broad
peak within the 125-220A size range. When the same animal
was fed the CORN+CS diet (Figure 27b), the LDL material

retained its polydisperse character, while the F°

1.20°°28
lipOprotein material was absent. Furthemore, while consum-
ing the <corn o0il diet, IDL material was observed as

polydisperse material of particle size >290A.

All animals on either diet usually Aexhibited two or
more major peaks within the 220-290A size range. In Chapter
ITI it was shown that this material has a hydrated density
of 1.025-1.040 g/ml, contains mainly apoB as its protein
moiety, and corresponds to the LDL material observed by ana-
lytic ultracentrifugation within the s°f5-12 flotation

interval.
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Figure 27

Comparison of gradient gell electrophoretic 'profiles of
lipoproteins in the serum d<1.063 g/ml fraction (electro-
phoresed on a 2-16% gradient gel) from baboon 3081 after six

weeks on (é) the - coconut oil (saturated fat) plus

cholesterol diet and (b) the corn o0il (polyunsaturated fat)
plus cholesterol diet. This animal was selected to illus-
trate the appearance of IDL material on gradient gel elec-
trophoretic profiles. 1In this case, there was an unusually
high concentration of IDL and VLDL on the corn oil diet as
determined by analytic ultracentrifugation (Soflz-loo, 190
mg/dl), but a typical concentration of this material
(Sof12—100, 36 mg/dl) on the coconut oil diet.
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Tb determiné if the discrete LDL peaks observed in the
gradient gel electrophoretic papterns' of most baboohs
represented distinct LDL sqbpopulations,vthe Rf value (ratio
of the peak migration distance in the 2-16% gradient»gel
relative to the migratioﬁ distance of an apoferritin stan-
dard in the same gel) of eéch LDpreak was tabdlated and
plotted as a histogram (Figure 28). The resulting frequedcy
distribution indicated seven discrete modes between Rf
.295-,.500 (approximate particle diameter 220-290A) which
have been designated A through G from largest to smallest
partiéle size. Since the Re inte:vals‘ containing these
modes were similar for both diets, the frequency distribu-

tion in Figuré'28 includes observations from patterns for

baboons on both_diets.

Support for the concept that these modes represent dis-
tinct subpopulations of LDL was the observation that when
the gradient gel electrophoretic pattern of an individual
baboon possessed Seve:al peaks, each peak corresponded to a
different mode, as designated in Figure 28. IDL. material
(of particle diameter >290A or Rf <.295) appeared as one or
more peaks in the gradient gel electrophoretic patterns of
baboons with elevated IDL (5°;12-20) and VLDL (s°fzb-100)

levels, usually while consuming the CORN+CS diet.
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Figure 28

Frequency of observation of peaks at specific Rf values 1in.

gradient gel electrophoretic profiles of baboon LDL and IDL
(derived from the serum d<1.063 g/ml fraction and electro-
phoresed in a 2-16% gel) based on combined data from baboons
on both the coconut oil and corn oil diets (n=72). The fre-
quency distribution indicates seven modes within the LDL
particle size range (which are designated A through G), sup-
porting the concept that discrete peaks on gradient gel
electrophoretic profiles represent distinct LDL subpopula-
tions. Polydispersity was also apparent within the IDL par-
ticle size range (>290A). Approximate particle sizes are
indicated at the bottom of the histogram.
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o . . . . . .
2.202—_§ Lipoprotein Size Distributions

4.2. E

By gradient gel electrophoresis, F61.209-28 lipopro-
teins 1in baboons on the COCO+CS diet formed a broad distri-
bution within the 125-220A particle size range. Figure 27
compares - the electrophoretic patterns (2-16% gradient.gel)
of the serum d§1.063 g/ml fraction from one baboon on the
two different diets. The Fol.209-28 lipoproteins lacked the
distinct peaks which would indicate discrete particle subpo-
pulations. The particle size distribution of Fol.209—28
lipoprotein material and its appearance usually as a non-
discrete continuum of material, in the sera of baboons on
the COCO+CS diet, are characteristics similar to those
reported for Fol.209-28 lipoprotein material of baboons on
the LARD+CS (see Figures 1 and 6 for examples of Fol.209'28
lipoproteins appearing on 4-30% gradient gels, and Figures
7,8, and 12 for examples on 2-16% gels). As illustrated 1in
Figure 27b, essentially no material is apparent within the
F°1;209-28 lipoprotein particle size range (125-220A) when

the baboon is fed the CORN+CS diet.

4.3. HDL Size Distributions

The HDL size distribution was evaluated following gra-
dient gel electrophoresis of the serum d<1.20 g/ml fraction,
obtained from all baboons on both diets. Figure 29 compares
the gradient gel electrophoresis profile of lipoproteins in
the serum d<1.20 g/ml fraction from one representative

baboon (animal 3080) exhibiting on the COCO+CS diet both HDL
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Figure 29.

Comparison of gradient gel eleétrophoretic profiles of
lipoproteins in the serum d<1.20 g/ml fraction (electro-
phoresed on a 4-30% gel) from baboon 3080 after six weeks on
(a) the coconut o0il (saturated fat) plus cholesterol diet
and on (b) the corn oil (polyunsaturated - fat) plus
cholesterol diet. Discrete subpopulations are apparent
within the HDL particle size range (72-125A) on both diets;
considerable Fol.209—28 lipoprotein material (particle size
range 125-220A) is seen only on the saturated fat diet (a).
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(particle size range 72-125A) and Fol 209—28 lipoprotein
(particle size range 125-220A) (Figure 29a), but only HDL

material while consuming the CORN+CS diet (Figure 29b) .

The major part of HDL in most baboons on both dieﬁs was
observed as a single peak located within the 100-125A size
range (mean + SD, 108 + 2A on the COCO+CS diet and 104 + 2A
on the CORN+CS diet). The remaining material was distri-
buted among 3 to 4 peaks in the size range 72-100A. when
the fregquency of observation of individual peaks was plotted
versus their peak R. value (ratio of the peak migration dis-
tance in the 4-30% gradient gel relative to a bovine serum
albumin standard in the same gel), distinct. distribution
maxima (Figure 30) occurred within specific éize intervals.
The Rf intervals containing the frequency maxima were used
to specify baboon HDL subpopulations (designated HDL-I
through HDL-V) and were found to be similar for baboons on
both diets. The intervals compared well with the particle
size rahges identifying baboon HDL subpopulations on other

diets (Compare with Figures 2 and 21).



Figure 30.

Frequency of observation of peaks at specific-Rf values in
gradient gel electrophoretic profiles of baboon HDL (derived
from the serum d<1.20 g/ml fraction electrophoresed in a 4-
308 gel) based on the combined data from baboons on both the
coconut 0il and corn oil diets (n=44). The ftequency dis-
tribution indicates five modes within the HDL particle size
range (which are designated HDL-I through HDL-V), supporting
the concept that discrete peaks on a gradient gel electro-
phoretic profile represent distinct HDL subpopulations.
Particle sizes at the boundaries between subpopulations are
indicated.

161



162

€69.-¢ 818X

068" 008"

A-710H

0

GL

OI-1aH

00L°

~3n|DA

069’

Iy

066"

I-10H

N

q—

92ud44n220 J0 Aduanbauig

Ol



5. Quantification of Baboon Lipoproteins by Precipitation

with Heparin-Manganese Chloride

The extent of precipitation of baboon 1lipoprotein
classes in nine baboons was examined by comparing the ultra-
centrifugal schlieren patterns of the total serum lipopro-
teins with those of the non-precipitable 1lipoproteins.
VLDL, IDL, and LDL were completely precipitated; however,
precipitation of the F°1.209-28 lipoprotein material was
partial and was related to the flotation rate of the
material within the F°1.209-28 flotation .interval. That is,
the concentration of material within the Fol.209—14 flota-

tion 1interval was essentially unaffected by reaction with

heparin-manganese chloride. 1In" contrast, material within.

the Fol.2014-20'interva1 was reduced by 28%, on average; and
material within the Fol.2020-28 interval showed an average
reduction of 75%. The precipitability of material within
the Fol.2014-28 interval would be consistent with the pres-
ence of apoE or apoB in the protein moiety of this material
(Figure 10). Incomplete prec¢ .pitability suggests either
inadequate concentrations of reagents or possibly the pres-
ence of subpopulations within the F01.209‘28 interval with
different contents of apolipoproteins reactive with the

heparin-manganese chloride reagent,
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6. Individual Differences in the Pprofiles of 501.2'2;28

Lipoproteins

Two of the twelve baboons examined by both gradient gel

electrophoresis and analytic ultracentrifugation showed pat-

terns’of.Fol 209-28 lipoproteins different from those of the

.others. Figure 313_ compares the'dil.zo g/ml lipoprotein

profile of a typical animal (1664) and that of one of the

two unusual animals (1478). Although the two animals shown

had similar Fol 20928 lipoprotein concentrations, baboon

1664 had 42% of its F®, ,09-28 lipoproteins within the

F®, ,09-14 subinterval and 20% in the F®; ,,20-28  subinter-
val, while baboon 1478 had only 28% in the former subinter-

val and 43% in the latter subinterval.

In an attempt to resolve further the differences
between these two patterns of Fol.209-28 lipoproteins, the
schlieren patterns of the serum d<1.20 g/ml fractions were
examined in earlier frames in which the LDL (Fol.2028-56),

FO

lozo9-28 1ipop;oteins, and HDL (F01J200—9) were similtane-
ously present. Figure 31lb compares the 14 minute frame from
baboons 1664 and 1478. In this frame, the lipoprotein pat-

tern of baboon 1478 shows a distinct peak of flotation rate

o

F 102024 within the F91.209-28 inte;val which is not present

in the pattern from baboon 1664.

Figure 31lc compares the analytic ultracéntrifugation
schlieren patterns of the serum d<1.063 g/ml fractions of
the same two animals. The pattern of baboon 1664 shows a

distinct LDL peak with a flotation rate of Soflo,o and an
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Figure 31.

Comparison of the Fol.209-28 lipoprotein profiles of two
baboons (baboon 1664, ;: baboon 1478,----) with high lev-
els of Fol.209-28 lipoproteins while consuming the coconut
0il plus cholesterol diet. Baboon 1664 had an Fol.209-28
lipoprotein concentration of 245 mg/dl, and baboon 1478 had

a concentration of 236 mg/dl. -

(a). Comparison of the analytic ultracentrifugal schlieren
patterns (30 minute frame) of the Fol ,09-28 lipoproteins
within the serum d<1.20 g/ml fraction.

(b). Comparison of the analytic ultracentrifugal schlieren
patterns (14 minute frame) of the d<l1l.20 g/ml fraction show-
ing LDL (F°1.2028—56), F°1.209—28 lipoproteins and HDL
FC] 540-9). |

(c). Comparison of the analytié ultracentrifugal schlieren
patterns (30 minute frame) of the serum d<1.063 g/ml frac-
tion.

(d). Comparison of the gradient gel electrophoretic pat-
terns (2-16% gradient gel) of the serum d<1.063 g/ml frac-
tion. Baboon 1664 is at top.
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Fol.209—28 lipoprotein peak (contained within the Sofo-s
interval) with a flotation rate of S°f2.3° In contrast, the
pattern of baboon 1478 shows a broad peak at s°f5.o within
the S°f0-7 flotation interval. This peak overlaps the LDL
peak which falls in the S°fs-12 interval and has a flotation

rate of S°f8.7.

Major differences between the particle size distribu-
tion of the Fol.209-28 lipoproteins of the two animals
appeared when they were compared by gradient gel electro-
phoresis (2-16% gels) (Figure 31d). The typical pattern
(baboon 1664) showed a broad symmetrical distribution of
material in the 125-220A part%cle size range characteristic
of F°1.209—28 lipoproteins, while the other éattern (baboon
1478) showed a-skewing of the distribution to larger parti-
cle sizes and two sharp peaks which correspond to particle
sizes 209A and 197A. These peaks were seen only in the gra-
dient gel electrophoresis profiles of these two unusual
animals (of twelve examined), both of which had Fol.209-28
lipoprotein concentrations greater than 235 mg/dl. They
were not observed in the gradient gel electrophoretic pat-

o

terns of other baboons with comparable F 1 209—28 lipopro-

tein concentrations.
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Chapter VII: Effects of Saturation of Dietary Fat and

Amount of Dietary Cholesterol on the Lipoproteins of Adult

Baboons - Experiment III

1l. Experimental Design

Ninety-six baboons were divided into four groups of 24
animals each. Each group was fed a diet high in either
saturated fat (P/S ratio = 0.26) or polyunsaturated fat (P/S
ratio = 2.1) and either high (0.9 mg/Kcal) or low (0.013
mg/Kcal) in cholesterol. Plasma samples obtained from 36 of
these baboons, after consuming their assigned diets for six
years, were utilized for all studies described in this
Chapter. More 1information on these baboons is provided in

Chapter II, Section 1.5.
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2. Concentrations of HDL and Eol 203-28 Lipoproteins within

the Serum d<1.20 g/ml Fraction

Table 25 lists the mean + SD concentrations of total
HDL, HDL subpopulations and Fol.209—28 lipoproteins and HDL
peak flotation (Foi.zo) rate for the four dietary groups
examined. Since the four groups were nbt balanced by sex or
by sire, statistical comparisons were not made. However,
there are some general ¢trends to note. Among all four
groups, the total HDL concentrations were lower than
observed 1in eithér Experiment I or Experiment II. Baboons
on the two diets high 1in cholesterol tended to exhibit
higher mean concentrations of total HDL. Associated with
these higher mean HDL concentrations were higher mean con-
centrations of- HDL-I. Other HDL subpopulation concentra-
tions were unaffected by diet. Mean HDL peak Fol.20 rates
were higher, 1in general, for baboons on the two saturated
fat diets. Mean Fol.209—28 lipoprotein levels were very low
or negligible on all diets.

Table 26 lists the mean + SD concentrations of total
HDL, HDL sﬁbpopulations and Fol.209-28 lipoproteins and the

HDL peak F° rates for each dietary group for both males

1.20
and females. Because of the small number of subjects
rinvolved and because there were .sire differences between
groups, statistical comparisons were not performed. How-
ever, there are somé trends to note. Among baboons on the

high <cholesterol-polyunsaturated fat diet, males tended to

have higher total HDL concentrations, higher HDL-I
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Table 25. Mean + SD serum concentrations (mg/dl) of HDL and

Fol 209-28 lipoproteins and peak Fol 2g rate (svedbergs)

within the serum d<1.20 g/ml fraction for all

died in Experiment III.

progeny stu-

Diet
Lipoprotein LC-PF LC-SF HC-SF HC-PF
Species (n=12) (n=8) (n=8) (n=8)
HDL-I 179+63 209+38 1238+61 240+121
HDL-II 128+17 131+22 120+14 121+29
HDL-III-V 47+16 46+10 " 47+13 47+15
o
F 1.209-28 13 22 11+18 16+25
. o ‘
Peak "y 20 Rate  3.92+.72  4.45+.71  4.67+.47  4.24+1.33
LC-PF: Low Cholesterol-Polyunsaturated Fat Diet
LC-SF: Low Cholesterol-Saturated Fat Diet
HC-SF: High Cholesterol-Saturated Fat Diet
HC-PF: High Cholesterol-Polyunsaturated Fat Diet



Table 26. Mean + SD concentrations (mg/dl) of HDL and
Fol.209—28 lipoproteins and peak Fol.20 rate (svedbergs)
within the serum d<1.20 g/ml fraction for male and female
baboons in Experiment III.

Diet
LC-PF LC-SF HC-SF HC-PF
Number of Males 8 5 3 3
Number of Females 4 3 5 5
HDL
Males 348+54 399+58 419+65 467+53
Females - 364+47 363+27 397+55 374+86
HDL-TI '
Males 176+70 232+24 250+81 339+75
Females 184+54 172+23 231+56 181+105
HDL-II
Males 123+19 125+27 123+16 95+32
Females 136+7 140+5 119+14 137+14
HDL-III-V
Males 48+15 43+10 47+14 33+8
Females 43+18 50+11 48+13 56+10
o
F 1.209"28
Males 1+2 2+3 8+13 20+22
Females 2+3 2+1 13+22 13+29
Peak Fol.ZO Rate ,
Males 4.02+.85 4.89+.31 4.81+.46 5.34+.30

Females 3.73+.40  3.70+.50 4.58+.51 3.59+1.27
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concentrations, faster HDL 'peak F 1.20 rates, but lower

HDL-II concentrations.



3. LDL, 1IDL and VLDL Concentrations within the Serum

d<1.063 g/ml Fraction

Table 27 shows the mean + SD concentrations of LDL, IDL
and VLDL and the peak LDL flotation (Sof) rate for the four
dietary groups studied. Mean LDL concentrations were
approximately 70% higher on each of the high cholesterol
diets relative to each of the low cholesterol diets (135 +

38 mg/dl on high cholesterol-saturated fat vs 8l + 13 mg/dl

on low cholesterol-saturated fat; 108 + 40 mg/dl on high

cholesterol-polyunsaturated fat vs 61 + 20 mg/dl on low

cholesterol-polyunsaturated fat). Mean LDL concentrations
were also approximately 27% higher on each of the saturated
fat diets relative to each of the poLyunsaﬁurated fat diets
(high cholesterol-saturated fat vs high cholesterol-
polyunsaturated fat; low cholesterol-saturated fat wvs low
cholesterol-polyunsaturated fat). Mean IDL concentrations
were <25 mg/dl on all diets, but tended to be higher on the
two high cholesterol diets. Mean VLDL levels were <10 mg/dl
on all diets. The mean peak S°f rates were higher on the
two saturated fat diets relative to the two polyunsaturated

fat diets.

Table 28 lists the mean + SD concentrations of LDL, IDL
and VLDL and the peak Sof rate for the baboons on the four
diets grouped by sex. The mean LDL concentrations for

females were slightly higher on all diets (approximately 10%

higher than males on the two high <cholesterol diets; 20%

‘higher on the 1low <cholesterol-saturated fat diet and 60%
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Table 27. Mean + SD serum concentrations (mg/dl) of LDL,

IDL and VLDL and peak S°f rate (svedbergs) within the serum
.d<1.063 g/ml fraction from all the baboons in Experiment

III.
Diets
Lipoprotein
Species LC~-PF LC-SF . HC-SF HC-PF
LDL 61+20 81+13 135+38 108+40
IDL 9+8 8+6 15410 23+13
VLDL 3+3 7+8 5¢3 7+4

Peak S°f Rate

7.96+.50 8.62+.52 8.56+.23 7.94+1.10

LC~PF:
LC-SF:
HC~SF:
HC-PF:

Low Cholesterol-Polyunsaturated Fat Diet
Low Cholesterol-Saturated Fat Diet

High Cholesterol-Saturated Fat Diet

High Cholesterol-Polyunsaturated Fat Diet



Table 28. Mean + SD serum concentrations (mg/dl) of LDL,

IDL and VLDL and peak Sof rate for male and female baboons
in Experiment III.

Diets
LC-PF LC-SF HC-SF HC-PF

Number of Males
Number of Females
LDL

Males 50+9 . 75+12 126+43 96+10

Females 81+22 '90+12 140+39 115+51
IDL

Males 8+5 4+3 10+7 23+5

Females 11+13 14+6 18+11 23+17
VLDL

Males 3+1 4+3 3+2 8+6

Females 4+6 11112 6+4 7+4

Peak Sof Rate
Males 7.97+.60 8.45+.54 8.56+.12 8.97+.42
Females 7.94+.23 8.90+.41 8.56+.29 7.33+.88
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higher on the low cholesterol-polyunsaturated fat diet).
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Chapter VIII: Discussion

l. Characterization of Baboon (Papio cynocephalus) Lipopro-

teins

1l.1. High Density Lipoproteins

High density lipoproteins (HDL} in the baboon are a
major transport vehicle for cholesterol,-carrying as much as
50% of the total serum cholesterol (43). Serum concentra-
tions of HDL 1in baboons, reported in this dissertation,
range between 300 and 700 mg/dl, regardless of diet or
genetic background. These conpentrations are high relative
to those normally observed in hUmans,_ but are similar to
levels encountered in other -non~human primate species
(8,65,66). Baboon HDL are confined mainly to the ultracen-
trifugal Fol.200-9 flotation interval, which also defines

human HDL (71,86).

Gradient gel electrophoresis of baboon HDL indicates
considerable polydispersity within this lipoprotein class; 5
discrete peaks (or subpopulations) are observed in densi-
tometric scans of these gels. The particle size of each
lipoprotein subpopulation appears to be similar for all
baboons and is wunaffected by diet or genetic background.
This fact is demonstra;ed when the relative migration dis-

tance (R value) of each electrophoretic peak in the HDL a

£
large number of baboons 1s tabulated and plotted in a histo-

gram (Figure 2,n=46; Figure 21,n=30; Figure 30,n=45)., 1In
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each 1instance, the resulting distribution révealS- five
discrete modes between particle sizes 72-125A. Size subin-
tervals containing these modes were used to definé five
baboon: HDL subpopulations: HDL-I through HDL-V fromvlargest
to smallest mean diameter. The size ranges of the baboon
HDL subpopulations defined in this way were not affected
either by diet (Figures 21 and 30) or by genetic background
(Figure 2). This lends support to the concept that the
discrete peaks observed within baboon HDL represent distinct
HDL subpopulations. Five aiscrete HDL subpopulations have
been observed by this method 1in plasma HDL of humans,
whereas dog HDL (87) and rat HbL (88) exhibit two or three
subclasses. The data in this dissertation are the first to
describe the HDL of an animal speéies, other than humans,
that exhibits such extensive and consistent polydispersity

within the HDL class.

Baboon HDL subpopulations were separable by density
gradient ultracentrifdgation, making compositionai analysis
possible (Table 6). Clear trends of increasing percent.pro-
tein and decreasing percent phospholipid, percent unesteri-
fied cholesterocl and particle size were observed with
increasing density. Compositional data on baboon HDL subpo-
pulations have not been previously reported. Reported com-
position wvalues for whole HDL (18,37) and "HDLZ" and "HDL3"
subclasses (43) are consistent with the data in this disser-

tation. Human HDL subpopulations (also five modes within a

particle size range of 72-125A) are very similar in size,
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density and <chemical composition to their baboon counter-
parts. The similarities in HDL structure between humans and

baboons imply comparable structural roles for the HDL apoli-

poproteins of the two species, though the metabolic proper-

ties of baboon apolipoproteins (e.g. receptor binding
activity, enzymatic cofactor activity) are not well docu-

mented.

The apolipoprotein content of baboon HDL subpopulations
was examined by sodium dodecyl sulfate-polyacrilamide gel
electrophoresis and indicated that apoA-I (2.8 x 104 dal-
tons) was the major apolipoprotein in all HDL subpopula-
tions. All subpopulations also possessed small molecular
weight proteins (1.8 x 104, 1.4 x 104, 1.3 x 104 and 1.1 x
104 daltons) which are probably apoA-II and forms of apoC.
Densitometric scanning of bands on the sodium dodecyl
sulfate-polyacrilamide electrophoretic gels indicated that
the relative amounts of these apolipoproteins may differ
~among the HDL subpopulations. However, the quantification
of élosely spaced individual bands by densitometric scanning
was not reliable because of a lack of resolution. ApoE was
not detected in any baboon HDL subpopulation. Data on
Baboon apolipoproteins have been previously reported by
several investigators (8,35-41). Bojanovski et al (18)
found that baboon whole HDL possesses a collection of apoli-
poproteins identical to that presented in this dissertation,
except that all their proteins were assigned somewhat highér

molecular weights. They also demonstrated that baboon
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apolipoproteins cross-react with antibodies raised against
human apoA-1, apoA-II, apoB, apoC, apoD and apoE, but no
mention is made whether this cross-reactivity 1is gquantita-
tive; Baboon apoA-1 and apoA-I1 have been sequenced (35)
and show considerable homology to the human proteins. Of
note 1is the observation that baboon'apoA—II lacks the cys-
teine residue at amino acid position 6 found only 1in the
humén 189), chimpanzee (90) and pink salmon (91) apolipopro-
tein. Consequently, baboon apoA-I1 appears as a monomer 1in

plasma, not the dimer usually seen in human plasma.

Since baboon apoA-I1I does not have a cysteine residue,
apo (E-A-1I) complexes are not formed. These mixed complexes
are found 1in some. large HDL speéies of humans (92).
Innerarity et al (93) have shown that the apo(E-A-II) com-
plex does not bind to cellular receptors and, therefore, is
not as readily removed from plaéma as uncomplexed apoE.
This could explain why apoE 1is observed in small, but
measurable amounts in human HDL, but not detected in baboon
HDL. That is, apoE in baboon HDL would be receptor active
and removed from plasma rapidly. 1In contrast, apoE in hﬁman
HDL may be in the receptor inaétive apo (E-A-11) complex and

would remain in circulation for a relatively longer time.

Using the measured biophysical properties of baboon HDL
subpopulations, it was possible to calculate their flotation
properties and then, from the analytic wultracentrifugal
schlieren patterns, estimate the concentrations of indivi-

dual HDL subpopulations. The results indicate that HDL-I
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is, by far, the major baboon HDL subpopulation and that

differences in 4DL-I concentrations (and, to a lesser

extent, HDL-II1) account for most of the variations in HDL

concentrations observed in all studies. Among humans, HDL3

(corresponding to baboon HDL-III through HDL-V) is often

predominant among males (44), while females may possess
roughly equal concentrations of HDLB' HDL, , (correspondirg
to baboon HDL-I1) and HDL2b (corresponding to baboon HDL-I).
In humans, though, HDL2b (the HDL in humans of largest par-
ticle size) is often most variable among individuals, Jjust
as HDL-I (the HDL in baboons of largest particle size) shows

the most variation among baboons.

Although baboon and human HDL exhibit sbmewhat similar
properties, such as particle size, composition and the pres-
ence of distinct subpopulations, the plasma levels of HDL of
humans and baboons are quite different. As reported in this
dissertation, baboon mean HDL concentrations are often
between 400 and 500 mg/dl, while human HDL concentrations
are generally between 200 and 400 mg/dl (44,86). In addi-
tion, while approximately 60% of baboon HDL lipoprotein
material is found within the HDL-I subpopulation (particle
size 100-125A, hydrated density 1.063-1.120 g/ml), the dis-
tribution of human HDL mass is shifted to smaller size par-

ticles (particle size 82-100A, hydrated density 1.110-1.150

g/ml).
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1.2. Eol 209-28 Lipoproteins

Fol.209-28 lipoproteins are é heterogeneous class of
lipoproteins of size 125-220A, of hydrated density 1.028-
1.080 g/ml and possess the same apolipoproteins observed 1in
baboon HDL with the additioh of apoE (3-11% of total protein
in individual subfractions). Most of their propertiesb are
similar to the HDLc species .("¢holesterol~induced HDL")
reported in cholesterol-fed dogs (16), swine (12) and rats
(59). Based on the studies reported in this disserfation,
F°l°209—28 lipoproteins are induced in baboons by dietary
cholesterol, but only on diets which also include a high
amount of saturated fat and, then, only in those baboons

that exhibit a hypercholesterolemic response to such a diet.

The dietary and genetic control of the Fol'209?28 1ipopro-'

teins will be discussed in a later section.

The F°1.209—28 lipoprotein class éxhibits considerable
heterogeneity; the subfractions of lower hydrated density
are larger in particle size, possess a lower percent protein
and greater percent cholesteryl ester and are conéiae:ably
richer in apoE. The extent of heterogeneity within the
F°1°209-28 lipoprotein class of an individual baboon depends
strongly upon the total Fol.209—28 lipoprotein concentration
of that animal. That is, when the animal possesses low con-

centrations of F©

1.209'28 lipoproteins, oniy the small,
dense subspecies within the Fol 209-28 lipoprotein spectrum
are present. At higher concentrations, both small (dense)

and large ({less dense) subspecies are present. The
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relationship between particle size distribution and serum
concentration may reflect the direction of metabolism of
these lipoproteins. This concept is supported by the stu-
dies in which dietary manipulations resulted in changes in
o

F 1 209-28 lipoprotein concentrations (Experiment I, Chapter

Vv and Experiment II, Chapter VI). When the baboons' diets

were changed to increase the 1level of serum F°1.209—28-

lipoproteins, the smaller species were always present in the
serum before the larger species appeared. Similarly, when
diets - were adjusted in order to decrease the concentration
of Fol‘209-28 lipoproteins, the larger species w¢ ‘e reduced
while the smaller species were étill apparent. Additional
in vivo studies are necessary, of course, to establish
whether such a relatibnship betwéen the small and large

species within the Fol 209-28 spectrum is indeed the case.

One component contributing to the heterogeneity of the

Fol 209-28 lipoprotein spectrum is apoE. 1In the present

studies, apoE accounted for 11% of the protein in the larger

Fol 209-28 lipoprotein species, and approximately 3% of the

protein of the smaller species. Consequently, it appears
that the Fol.209-28 lipoproteins consist of at least two
subpopulations: one small, dense and with a low content of
apoE, and one large, less dense and with a higher content of
apoE. It is most likely the presence of apoE within the

o

larger size F 28 lipoprotein subpopulation which

1.20°%"
accounts for the observation that this subpopulation is pre-

cipitable by heparin-manganese chloride. Therefore,
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heparin-manganese precipitation (94) or heparin-sepharose

affinity chromatography (95) couldu be a useful method of
separating these two subpopulations for further characteri-

zation.

Additional evidence for the heterogeneity of the

Fol 20928 lipoproteins 1is the observation of two discrete

peaks (209A and 197A) within the Fol.209—28 lipoprotein par-

ticle size range in gradient gel electrophoretic patterns of

some baboons with high levels of F°1 209-28 - iipoproteins.
These baboons also exhibited markedly elevated levels of
lipoproteins within the FO1.2020-28 flotation range (peak of

Fol.2024). When analyzed iq the 4<1.063 g/ml serum frac-
tion, these lipoproteins appearéd as _a broad peak of flota-
tion rate S°f5. Isolation and further characterization of
these discreté species is the subject of future studies, as

is selective breeding for this trait among baboon families.

Mahley et al (16) have indicated that HDLc in dogs is

also heterogeneous with regard to apoE content: They have

described a subpopulation that contains exclusively apoE,

with hydrated density of dil.OlQ g/ml and of size ranging up

to 400A. Comparable species with these properties have not-

been observed in either baboons or humans.

Human HDL species that contain some apoE (9,96-100) are
larger (100-150A) than typical human HDL, can be increased
in concentration by high cholesterol diets and have been
designated human "HDL-with-E". Although baboon Fol.209-28

lipoproteins are larger than human HDL-with-E, the
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possibility of comparable metabolic origins and fates of

these two lipoprotein species should be considered.

The origin of Fol_209—28 lipoproteins is not yet known.
Two 1investigators have proposed that the metabolic precur-
sors of HDL, are present in dog 1lymph (101-103) and dog
plasma (87) and that their conversion might occur during in
vitro incubations of isolated lymph or plasma, respectively,
in the presence of active 1lecithin:cholesterol acyl-
transferase and added cholesterol. While the products of
these incubations were not well characterized they did
differ from the HDL, normally found in dog plasma in both
hydrated density and chemical composition. When similar
incubations Qere performed on the plasma from fasted
baboons, there were no changes observed in either the con-

centration or particle size distribution of F°1 209-28

lipoproteins (88). Clearly, additional in vitro and in vivo
studies are required to elucidate the metabolism of the

F°1_209—28 lipoproteins.

One possible mechanism that might apply to the origin

o)
1.20

to explain a metabolic relationship bétween small HDL parti-

of the F 9-28 lipoproteins has been proposed (104,105)
cles (HDL3) and large HDL particles (HDLZ). This model pro-
poses that HDL2 particles are derived from HDL 4 particles by
acquiring phospholipid, cholesterol and apolipoproteins from
partially delipidated VLDL and chylomicrons and are then
remodeled by the action of lecithin:cholesterol acyl-

transferase. Specifically, the triglyceride molecules that
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méke up most éf the non—polar lipid core of VLDL and chylom-
icrons would bé hydrolyzed by lipoprotein:lipase (in vaécu—
lar beds) and possibly hepatic lipase (in the liver), pro-
ducing a core-deficient (or surface-rich) remnant particle.
Residual, or redundant, surface compbnents'(phospholipid,
cholesterol and apolipoproteins) might pinch off ffom. this
remnant particle, and remain in the plasma as vesicular or
disc-like structures (106,107). These structures may com-
bine with circulating HDL, particles and provide additional
substrate for lecithin:cholesterol acyltransferase.
Lecithin:cholesterol acyltransferase would mediate the
conversion of phospholipid and cholesterol (surface com-
ponents) into cholesteryl eéter (a core component) and
lysolecithin (which'would be transfeéred to albumin). The
altered HDL3 particle would be larger because it has
aqquired both surface (cholesterol, phospholipid and apoli-

poproteins) and core (cholesteryl ester) material and,

hence, would resemble an HDL2 particle. In 1like manner}

then, a mechanism to explain the origin of Fol.zog-zs
lipoproteins might involve, first, an uptake of
phospholipid-cholesterol-~apolipoprotein material (from lipo-
lysis of VLDL and chylomicrons) by circulating HDL-I parti-
cles and, secondly, a remodeling of this altered HDL-I via
lecithin:cholesterol acyltransferase. Such a mechanism seems
feasible because baboon HDL are comprised predominantly of
HDL-I (the largest HDL subpopulation) and because . the

saturated fat and cholesterol diets which are found to
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induce elevations of Fol.209—28 lipoprotein material also

result in increased production of chylomicrons and VLDL.

A second mechanism for the origin of F01.209'28
lipoproteins might involve conversion of precursor species,
such as apoE-rich phospholipid and cholesterol discoidal
complexes secreted directly by the liver. 1Interaction of
these complexes with lecithin:cholesterol acyltransferase
wohld convert surface components (cholesterol and phospholi-
pid) to the core component, cholesteryl ester, and transform
the discs into spherical structures. ApoE-containing phos-
pholipid and cholesterol disc-like structures have been

observed 1in extracellular media following perfusion of rat

(108,109) and guinea pig (110) livers and also appear in the.

plasma of individuals with lecithin:cholesterol
acyltransferase-deficiency (111-114). Following incubation
in the presence of active lecithin:cholesterol acyl-
transferase, these disc-like structures are converted to
spheres, with properties approximating circulating HDL

(115).

Clearly, elucidation of the origin and degradation of
Fol 209—28 lipoproteins cannot be determined by studying the
plasma lipoproteins of fasted animals, but requires careful

metabolic studies.
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l'§° LDL, IDL and VLDL

Concentrations of.lipoprotein classes within the serum
d<1.063g/ml fraction were measured by analytic ultracentri-
fugation. LDL was measured within the S°f5—12' flotation
interval, 1IDL within the-Sof12—20 interval and VLDL within
the S°f20-100 interval. Human LDL is usually measured
within the S°f0—12 flotation interval. Baboon LDL, in fact,
often includes a small amount of material with flotation
rates below S°f5. This constitutes but a small fraction of
the total LDL material and is often masked by elevated con-
centrations of Fol'209-28 lipoprotein material which floats
within the SofO-S flotation interval. For consistency in
the present study, LDL was alwdys measured within the Sofs-
12 flotation interval, regardless of the presénce Qf

F° 9-28 lipoprotein material.
1.20

LDL is, by far, the predominantx lipoprotein species
within the S°f5-100 flotation rate range. concentrations of
LDL in the plasma of béboons in this study ranged between 80
and 500 mg/dl and demonstrated some modulation by diet and
genetic background..Baboon LDL always appears in analytic
ultracentrifugal schlieren paﬁgerns as a single peak, gen-
>erally with a peak flotatibn rate between S°f7 and soflo,
The LDL peak flotation rate also seems to be strongly depen-

dent upon dietary and genetic factors.

LDL examined by gradient gel electrophoresis demon-
strates .a polydisperse character; LDL of individual baboons

in this study exhibited between one and five discrete
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lipoprotein peaks within the 220-290A particle size range.
To determine if the discrete LDL peaks.observed by gradient
gel electrophoresis represent distinct LDL subpopulations,
the relative migra;ion distance (Rf value) of each electro-
phoretic peak in the LDL of all baboons in Experiment II was
tabulated and plotted as a frequency histogram (Figure
28,n=72). The resulting distribution indicates seven dis-
tinct modes between particle sizes 220-290A. Size subinter-
vals containing these modes were used to define seven baboon
LDL subpopulations, designated A through G from largest to

smallest diameter.

Human LDL, which is polydisperse when examined by gra-
dient gel electrophoresis, also exhibits seven distinct par-
ticle size subpopulations when the frequency of occurrence
of discrete peaks of specific particle siée is plotted
versus the pafticle size (48). While the overall particle
size range of LDL for humans (approximately 220-278A) and
baboons (220-290A) is quite‘similar, the magnitude of the
particle size ranges of individual subpopulations is quite
different. Whereas the particle size subintervals contain-
ing babéon LDL subpopulations are each épproximately 104,
the subintervals for human LDL subpopulations range between

4 and 15A.

Density gradient ultracentrifugation does not resolve
individual LDL subpopulations. As shown in Figures 9 and
15, individual density subfractions were often polydisperse,

though there was a trend of decreasing particle size with
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increasing hydrated density. 1In the serum of all baboons
studied by density gradient ultracentrifugation, two dis-
tinct LDL bands are apparent: one at the top of the tube
(d<1.025 g/ml) and a second band near the middle of the tube
(d 1.028-1.040 g/ml). BApoB is the major apolipoprotein in
both bands and these two fractions exhibited similar chemi-
cal compositions (Table 11). The compositions of LDL sub-
fractions reported in this dissertation are comparable to
those of human LDL subfractions of similar hydrated density,

as reported by Shen et al (72).

The significance and origins of LDL subpopulations are
still wunknown. LDL subfractions are repqrted to exhibit
differing reactivities to LDL monoclonal anfibodies (116).
Such differences may reflect different degrees of masking of
apoB antigenic sites by phospholipid, cholesterol or,
perhaps, lower molecular weight apolipoprotein molecules on
the particle surface. At present, it is not known whether
the presence of LDL subpopulations is due to differences in
lipid composition and/or content between LDL particles or to
the existence of several specific conformations of apoB (the
major, if not exclusive, apolipoprotein in LDL) which may,
in turn, bé modulated by the lipid molecules within the LDL

particle,
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1l.4. 1Interrelationships among Concentrations of Lipoprotein

Classes

Significant positive correlations were observed among
VLDL, IDL and LDL concentrations and LDL peak s°f rates
among all progeny consuming the LARD+CS diet in Experiment I
(Table 10). Krauss et al (49); working with human subjects,
observed significant positive correlations among concentra-
tions of VLDL, IDL and specific subfractions of LDL; no

negative correlations were noted.

Among baboon HDL subpopulations, HDL-III through HDL-V
concentrations were negatively correlated with HDL-I concen-
trations and positively correlated with HDL-II concentra-
tions (Table 7). HDL-I concent;ations and HDL-II concentra-
tions were unrelated among all 46 progeny used in Experiment
I, but HDL-I and HDL-II concentrations were positively
correlated among the 36 progeny of the three hyper-
cholesterolemic sires. Correlations among HDL subpopula-
tions of humans, consuming an ad lib diet, are somewhat dif-
ferent (44) . Among human HDL subpopulations, HDL3
(corresponding to baboon HDL-III through HDL-V) concentra-

tions are negatively correlated with HDL (corresponding to

2b
baboon HDL-I) concentrations, but exhibit a non-significant
negative <correlation with HDL2a (corresponding to baboon
HDL-II) concentrations. In addition, human HDLZb
(corresponding to baboon HDL-I) concentrations and HDL2a
(corresponding to.baboon HDL-II) concentrations are posi-

tively correlated. While baboons and humans demonstrate
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different statistical correlations among corresponding HDL
subpopulations, this does not necessarily indicate that the

metabolic relationéhips between HDL subpopulations are radi-

cally different in baboons vs humans. Baboons possess con-.

siderably higher concentrations of large HDL (HDL-I in. the
baboon, corresponding to HDLzs in the human) and consider-
ably lower concentrations of small HDL- (HDL-III through
HDL-V in the baboon, HDL3 in the human) than humans. Com-
parisons of correlation coefficients calculated over dif-
ferent concentration ranges are difficult to interpret
because most relationships between lipoprotein subpopulation

concentrations are curvilinear (44).

Linear corrélations calculated _between concentrations
of baboon HDL subpopulations and LDL, IDL and VLDL concen-
trations presented in this dissertation (Table 10) are quite
similar to those correlation coefficients calculated by
Anderson (44) for the corresponding human lipoprotein con;
centrations. In general, concentrations of lipoproteins in
the serum d<1.063 g/ml fraction Qere inversely related to
HDL-I and HDL-II concentrations, but»positively correlated

to HDL-III through HDL-V concentrations.

Correlation coefficients among lipoprotein levels,
measured in a population of individuals, do not provide
direct information regarding the underlying metabolic rela-
tionships among lipoproteins. However, differences in such
correlation coefficients calculated for two populations may

indicate, 1indirectly, the presence of metabolic differences

192



between these two populations (e.g. dietary, genetic or hor-
monal differences). In this regard, the similarity between
correlation coefficients for baboons and humans strongly
suggests that baboons may indeed‘serve as an appropriate
animal model of human lipoprotein metabolism. This view is
reinforced by the characterization data that indicate simi¥
larities in biophysical properties (e.g. chemical composi-
tion, flotation characteristics, particle size and discrete
~subpopulation distributions) of the lipoproteins of baboons

and humans.
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.2. Modulation of Baboon Lipoproteins by Dietary Fat and

Cholesterol

2.1. High Density Lipoproteins

One result of the experiments reported in this disser-
tation 1is that dietary saturated fat increases the serum
.concentration of HDL in the baboon. This effect was
observed in two separéte experiments. In one study (Chapter
Vi), baboons exhibited higher concentrations of HDL ' (meas-
ured as lipoprotein material within the Fdl;zoo_g flotation
rate range) when consuming a diet high in saturated fat
(coconut Qil) and cholesterol than when the same baboons
were consﬁming a diet high in leyunsaturated fat and
cholesterol. 1In a separate study (Chapter V), baboons exhi-
bited higher HDL levels when consuming a diet high in
saturated fat (lard), but 1low in cholesterol, than those
observed when consuming a CHOW diet. An additional finding
of the present study is.that cholesterol exhibits an HDL-
lowering effect when it is added to diets high ih saturated
fat (lard), (Chapter V). Concommitant with this decrease in

HDL, an elevation of Fol 209-28 lipoproteins is observed.

The positive effect of dietary saturated fat (relative
to polyunsaturated fat) on ‘HDL concentrations has been
reported by several investigators (60,117-121) in humans and
other animal species. This effect has been attributed to a
higher intestinal apoA-1I synthesis of a saturated fat diét

(122) . The HDL-lowering effect of dietary cholesterol has
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been reported by Mahley et al (9) in humans and in other
species. In addi;ion, many species exhibit a concommitant
increase in F® . 9-28-like lipoproteins (HDL, in some
species, HDL-with-E in humans) (9,12,16,59,99), while others

do not (11).

In the baboon model, the concentrations of individual
HDL subpopulations respond differently to the type of
dietary fat and the amount of 'dietary cholesterol. HDL-I
levels are increased by dietary saturate« fat both without
cholestetol (Lard dieﬁ relative to the CHOW diet) and with
cholesterol (coconut oil diet relative to the corn oil
diet). HDL-I levels, though, are decreased by the addition
of dietary cholesterol to £he lard diet. HDL-II concentra-
tions are unchanged by differences in dietary £fat or
cholesterol. HDL-III through HDL-V concentrations are
increased by the addition of cholesterol (to the lard diet)
but are unaffected by type or amount of dietary fat. 1In the
only dietary studies performed on humans which measured con-
centrations of HDL subpopulations (46,47) saturated fat was
found to increase HDL2b levels relative to those on a
polyunsaturated fat diet. This observation is analogous to
the results reported in this dissertation for baboon HDL-I

concentrations.

Examination of HDL particle size distributions by gra-
dient gel electrophoresis demonstrated that the amount of

dietary cholesterol and the type or amount of dietary fat

has 1little effect on the size intervals defining the HDL
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subpopulations (compare Figutesvé, 21 and 30). Under some
circumstances, 'though, some subpopulations - éspeéially
HDL-V - were difficult to detect in every animal. There are
no data 1in other species describing size interyals»of HDL
subpopulations as a function of diet. It should be noted;
though, that the initial observations defining size inter-
vals of HDL subpopulations in humans were made on a popula-

tion on an ad lib diet.

The data in this dissertation suppért the concept that
modualtion of HDL levels by diet results in different rela-
tive amounts of individual HDL subpopulations, rather than
specific' changes in the biophysical properties of the HDL
subpopulations. ,

o

i.202-2 Lipoproteins

2.2. F

ol 209--28 lipoproteins are elevated when baboons are

F
placed on a diet containing high amounts'of cpolesterol and
satu}ated fat (lard or coconut o0il) and are essentially
absent on a diet high in cholesterol and polyunsaturated fat
or a diet low in fat and cholesterol (CHOW). Consumption of
a diet high in saturated fat bﬁt:with little cholesterol
produces modest, but statisﬁically significant, increases in
F°l°209—28 lipoproteins relative to a CHOW diet. Therefore,
it appears that both saturated fat and cholesterol are

required to 1induce maximal 1levels of these lipoprotein

species.
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Lipoproteins with properties similar to those of
F°1.209-28 lipoproteins have been observed in the plasma of
dogs, swine and rats (9,12,16,59) when these animals are fed
a diet high in cholesterol and saturated fat. This response
has been attributed primarily to dietary cholesterol, and
hence these 1lipoproteins are designated HDLc (cholesterol-
induced HDL). However, the experiments in this dissertation
show that while F°1.209-28 lipoproteins can be elicited in
many baboons by a diet high in cholesterol and saturated
fat, the same animals will not exhibit a comparable
_Fol.209-28 lipoprotein response when fed the same level of
cholesterol with poiyunsaturated fat. ~Since cholesterol
absorptién in the baboon is noﬁﬁ significantly affected by
the type of dietary fat (29), the cémbined results indicate
that dietary cholesterol alone is not sufficient_'to elicit

Fol.209-28 lipoproteins.

As mentioned in the previous section, the effects of
the type of dietary fat on lipoprotein metabolism in humans
have been studied by several investigators. Among human
subjects, Shepherd et al (122) found that a diet high in

saturated fat increased synthesis of apoA-I .relative to a

diet. high in polyunsaturated fat, although the fractional

catabolic rates of apoA-l1 were the same on both diets. This

finding is consistent with the observation of higher HDL and

Fol 209—28 lipoprotein concentrations (the major pools of

apoaA-I) in the serum of baboons on the saturated fat diet

relative to the polyunsaturated fat diet.
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2.3. LDL, IDL and VLDL

Dietary saturated fat (in the presence of éholesierol),
relativé td dietary polyunsaturated fat, increases LDL con-
centrations in female baboons but not in male baboons.
Among all human subjects, saturated fat tends, on average,

to elevate LDL levels (117,119-121,123,124). In 'babobns,

dietary <cholesterol, when added to a diet containing lard, -

increases LDL concentrations. In addition, LDL peak flota-

tion (Sof) rate (measured by analytic ulﬁracentrifugatidn)
and LDL peak particie size (measured by grédient gel elec-
trophoresis) are both increased by the addition of high
amounts of lard to a CHOW diet‘(when increases in LDL con-
centrations are minimal) and by the addition of chélesterol
to the lard diet (when LDL concentrations increase consider-

ably).

IDL and VLDL are virtually absent from baboon serum
when the animal is conéumihg a CHOW diet. IDL are induced
to a small extent by saturated fat without . cholesterol.
Both IDL and VLDL are increased by the addition of

cholesterol to a lard diet.

A most iﬁteresting observation in the present study,
though, is that levels of both IDL and VLDL are increased by
polyunsaturated fat relative to those on a saturated fat
diet in the presence of cholesterol. This increase in IDL
and VLDL could reflect depressed lipolytic activity and
decreased transfer of apoE to more dense lipoproteins, with

the result that production of Fol 209-28 lipoprotein species
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3. Differential Responses: Sex Differences and Possible

Genetic Control

3.1. High Density Lipoproteins

There are no apparent sex differences in total HDL con-
centrations (Fol.200-9 lipoprotein material by analytic
ultracentrifugation) on any diet. In addition, males and
females exhibit similar changes in total HDL concentrations
in responée to changes in-diet. There are, however, minor
differences in the distribution of mass among HDL subpopula-
tions, with males possessing more HDL-II (P<0.05) but less
HDL-I (P<0.l1) on both the COCQ+CS and CORN+CS diets. Among
adult hﬁman subjects on ad 1lib diets_(44),'females tend to
possess higher HPLZb (corresponding to baboon HDL-I), HDL2a
(HDL-1I) and total HDL concentrations and, perhaps, slightly
lower HDL5 (HDL-III through HDL-V) levels. Since the
species differences (in HDL concentrations) between humans
and baboons are far greater than the sex differences: encoun-
tered in the baboon, this animal species may provide a poor
model for the study of the effects of sex-related hormones
on lipoprotein metabolism. However, since male and female
baboons differ with regard to the concentrations of HDL-I
and HDL-II, without differences in total HDL concentrations,
the baboon may be a good model for the study of differences
in metabolic or physiologic functions among HDL subpopula-

tions.
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The results of Experiment 1, which involved the progeny
of assortatively mated (high total serum cholester01 with
high; low total serum cholesterol with low) sires and -dams,
provide some indication of genetic differences in HDL meta-
bolism in "the baboon. Although progeny of hyper-
cholesterolemic sires (families exhibiting F°1.209_28
lipoproteins) and progeny of hypocholesterolemic sires (fam-
ilies without F°®, ,9-28 1lipoproteins) possess identical
total HDL concentrations, progeny in families with Fol.209-
28 lipoproteins have significantly greater amounts of HDL-I
and significantly lower amounts of HDL-II. Since analytic
ultracentrifugation does not provide adequate separation of
baboon HDL (F°1.200-9) from Fol_209t28 lipoproteins, high
concentrations of HDL-I in the serum of the progeny of

hypercholesterolemic sires may include contamination by

Fol.209-28 species.

When HDL particle size distributions are.determined by
gradient gei electrophoresis, there appear to be no sex or
family differences in the particle size ranges of HDL subpo-
pulations.

3-2. 501.2 9-28 Lipoproteins

The experiments reported in this dissertation indicate

o
1.20

both sex and genetic background. 1In Experiment II (in which

that F 9-28 lipoprotein concentrations are affected by

baboons near or past puberty were sequentially fed the

COCO+CS and CORN+CS diets), males consistently exhibited
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higher Fol.209-28 lipoprotein concentrations on the COCO+CS
diet. (Such a sex difference in F°l°209—28 lipoprotein con-
centrations was not observed during Experiment I which
involved primarily pre-pubertal baboon progéﬁy.) Since.méles
also exhibit a greater elevation in IDL and VLDL concentra-
tions when switched to the CORN+CS diet (Table 24, diet-by-
sex interacticn),v it is interesting to speculate that male
baboons possess more apoE than females and that this apoli-
poprotein is partitioned betwéen IDL and Fol‘209-23 lipopro-
teins. The partitioning of apoE between these two lipopro-
tein species would be regulated by lipolytic activity and
the availability of apoA-I-containing acceptor lipoproteins
(possibly HDL-I) for the apoE moiety. A detailed study of
the apoE levels in baboons has nét been performed; in
humans, females possess, generally, at least as much‘apoE as

males (96-98,100).

Experiment I, involving pedigree progeny, demonstrated
that the presence of F® ,9-28 lipoproteins in the serum
(when baboons are fed a diet high in saturated fat énd
cholesterol) 1is a trait which can be bred for or against.
The present studies did not measure serum levels of indivi-

dual apolipoproteins (e.g. apoA-I and apoE) nor serum enzy-

matic activity (e.g. 1lecithin:cholesterol acyltransferase:

activity). Therefore, 1t is not possible to identify what
metabolic differences between baboon families may account
for the presence or absence of Fol 209-28 lipoproteins in

the sera of these animals.
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In addition, experiments were not performed to show
whether the progeny of hypocholesterolemic sires (which did
not exhibit Fol.209-28 lipoproteins) could be made to deﬁon-
strate elevated levels of F°1.209-28 lipoproteins if their
serum cholesterol levels could be increased by other than
dietary means. Therefore, elevation in levels of Fol.209‘28
lipoproteins should be considered one aspect of diet-induced
hypercholesterolemia which 1is observed, to a greater or
lesser extent, in the sera of baboons. among baboons that
are hypochoiesterolemic, in response to high saturated fat

and cholesterol diets, F 9-28 1lipoproteins are essen-

o
1.20
tially absent from the serum.

Tﬁe Fol.209—28 lipoproteins of almost all baboons on
saturated fat and cholesterol diets show similar hetero-
geneity in particle size (Figure 6) and flotation (Fol.zo)
rate distribution (Figure 5) as a function of total
F°1.209-28 lipoprotein concentration. There are exceptions,
howeyer, as 1illustrated by baboon 1664 in Figure 31. This
animal (while consuming the COCO+CS diet) exhibits elevated
levels of faster floating species (peak flotation rates of
Fol.2024 and SofS) which appear as two discrete species by
gradient gel electrophoresis (particle sizes of 209A and
197A). 1In studies not reported in this dissertation, these
animals were found to exhibit unusually high levels of apoE
(125) . The physical-chemical properties of these 1lipopro-

tein are yet to be established. It is possible that these

species are similar to a unique HDLc subspecies, which
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contain only apoE and appear as a single, .discrete peak on
gradient gel electrophoresis patterns (though of somewhat

larger particle size) in the serum of hypercholesterolemic

dogs- as reported by Gordon et al (87).

3.3. LDL, IDL and VLDL

The data from Experiment 1II (in which baboons were -

sequentially fed the COCO+CS and CORN+CS diets) show that
female baboons have significantly higher LDL concentrations

than males, on both the COCO+CS and CORN+CS diets. In addi-

tion, while female LDL levels were somewhat higher on the .

COCO+CS diet, male LDL levels were indistinguishable on the
two diets. These results are quite interesting since .human
females generally exhibit lower LDL levels that males (86).
No other reports of sex differences in 1lipoprotein concen-
trations in baboons are available. One péint to consider is
that of the 24 baboons selected for Experiment II, only 12
were éxamined by analytic ultracentrifugation for more than
one diet period; data from these 12 were used in the final
analysis. The possibility that the choice of these 12 from
the original 24 was biased in soﬁe way should not\ be
discounted. An indication of possible non-random selection
is that, within the group of 24 baboons, males and females
do not differ in the amount of precipitable cholestérol
(consisting of VLDL, IDL, LDL and the faster-floating sub-
species of F010209—28 lipoproteins), when both groups con-

sume the same diet (Tables 23 and 24). Although males do
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possess more IDL and VLDL on the CORN+CS diet and more
Fol.209—28 lipoproteins on the COCO+CS diet, these 1lipopro-
teins do not provide enough cholesterol mass to baiance the
higher amount of LDL (sofs—lz material) the females possess.
In any event, a sex difference in LDL may be present among
baboons, with females exhibiting more of this 1lipoprotein

class.

Males exhibited a much greater polyunsaturated fat-
induced elevation in 1IDL and VLDL concentrations when
switched from the COCO+CS diet to the CORN+CS diet (Table
24, diet-by-sex interaction). That 1is, while males gen-
erally possess lower concentrations than females of these
lipoprotein species on the COCO+CS ,diet, they exhibited
higher levels of these lipoproteins while consuming the
CORN+CS diet. In fact, female IDL levels were essentially
unaffected by the change in dietary fat. Consequently, it
appears that IDL and VLDL concentrations of male baboons are
sensitive to the type of dietary fat, while the 1levels of
these lipoprotein species among female baboons are generally

insensitive to the type of dietary fat.

Experiment I (involving the Progeny of baboon sires and
dams mated assortatively on the basis of serum cholesterol
levels) provided an opportunity to observe the effects of
differences in genetic background on lipoprotein levels. As
expected, the progeny of hypocholesterolemic sire 959 tended
to have 1lower LDL, IDL and VLDL levels than the progeny of

hypercholesterolemic sires. The progeny of
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hypocholesterolemic sire 808 did not exhibit mean concentra-
tions of the lipoprotein species significantly 1lower than
those of the prégeny of the three hypercholesterolemic sires
because, for unknown reasons, one of the five progeny of

sire 808 possessed extremely high LDL, IDL and VLDL levels.

LDL particle size distributions, determined by gradient
gel electrophoresis (Figures 17, 18 and 19), indicated simi-
larities in the particle sizes of LDL peaks and in the rela-
tive heights of major LDL peaks among members of the same
family. The relative heights of major LDL peaks, however,

varied among families.

3.4. Interrelationships among Concentrations of Lipoprotein

Classes

In Experiment I (involving pedigreed progeny of five
baboon sires) correlation coefficients among serum concen-
trations of lipoprotein species were calculated for the
entire group of 46 progeny (Tables 7, 10 and 12), the 36
progeny of only the threé hypocholesterolemic sires (Tables
15, 16 and 17) and the families of each of the three hyper-
cholesterolemic sires (Tables 15, 16 and 17). The purpose
of calculating correlation coefficients among the latter
groups was, first of all, to determine whether significant
correlations observed among fhe entire group of 46 progeny
merely reflect differences between the progeny of hypo-
cholesterolemic sires and those of hypercholesterolemic

sires. As an example, HDL-I and HDL-II <concentrations are
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positively correlated among the 36 progeny of the three
hypercholesterolemic sires. However, when lipoprotein con-
centrations from the sera of all 46 progeny are used, con-
centrations of these two lipoprotein species are not corre-
lated. This 1is because the progeny of hypocholesterolemic
sires have lower HDL-I <concentrations, but higher HDL-II
concentrations. It 1is of interest to note that in Section
1.4 of the Discussion it was mentioned that among a group of
humans consuming an ad 1lib diet, HDL,, (corresponding to
baboon HDL-I) and HDL2a (corresponding to baboon HDL-II)
concentrations are positively <correlated. The reason for
calculating correlation coefficients among the members of
each family was to furthe;',characterize the differences

between each family, providing information for future breed-

ing experiments.
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4. Long-term effects of High Levels of Dietary Fat and

Cholesterol

The baboons studied in Experiment III (Chapter VII),
which were consuming the same diets for six years,vprbvided
an opportunity to observ.- the concentrations of lipoproteins

in adult baboons as well as the effects on serum lipoprotein

levels of consumption of a high fat and high cholesterol

diet for a long period of time.

The baboons in Experiment III exhibited somewhat lower
to;al HDL (and HDL-I) concentrations than the baboons in
Experiments I and 1I, regardleés of diet. These lower HDL
levels most likely represented an age effect (and not adap-
tation to the diets consumed), Because many of the baboon
progeny studied in Experiment I consumed the LARD+CS diet
for 3 or more years, but exhibit higher HDL levels than the
baboons in Experiment III. Experiment III, however, does
not directly demonstrate that HDL levels decrease in the
baboon with age because the plasma of each baboon was exam-

ined at only one time point.

The baboons in Experiment IIT also exhibited lower LDL
concentrations (than most of the baboons consuming the high
cholesterol diets in Experiments I and II), though the mean
LDL concentrations were elevated by both saturated fat and
by cholesterol. Like the 1lower HDL concentrations noted
above, the generally lower LDL concentrations exhibited by
these baboons may indicate an age effect. Another possibil-

ity, however, 1is that the sires used to produce all the
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baboons used in Experiment III were hypocholesterolemic. 1In
Experiment I, it was demonstrated that the progeny of hypo-
cholesterolemic sirés possess LDL levels of approximately
130 mg/dl (Table 14, progeny of sire 959) and exhibit essen-
tially no Fol;209-28 lipoproteins. Therefore, it is not
possibie, with the data available, to determine if LDL (and

Fol 209-28) concentrations decrease with age in the baboon.
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5. ‘Applicability of the Baboon Model to Human Lipoprotein

Metabolism and Atherosclerosis

The data in this dissertation indicate that baboon
lipoproteins have physical-chemical characteristics similar
to their human counterparts. 1In addition to .demonstrating

comparable flotation rate intervals, chemical and apoli-

poprotein compositions, the particle size distributions of

the HDL and LDL of both species exhibit, under comparable
conditions, discrete subpopulations when Examined by gra-
dient gel electrophoresis. Among animal species, gradient
gel electrophoresis has been applied only to'dogs and rats;
neither species exhibits lipoprotein subpopulations of the

nature observed in baboons and humans.

Baboons exhibit somewhat higher HDL concentrations and
lower LDL concentrations than human subjects. The changes
in baboon lipoprotein concentrations in ‘response to to
diétary manipulation, however, are generally similar in

direction to observations made with human subjects. In

addition, the statistical correlations among concentrations

of 1ipoprptein classes and subpopulations are remarkably
similar between humans and baboons (especially among the
progeny of the hypercholesterolemic sires). These data
imply that lipoprotein metabolism in baboons and humans may
be quite similar. Experiments directly comparing aspects of
lipoprotein metabolism in these two species are in progress

(125).
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Motivation for studying serum lipoproteins and lipopro-
tein metabolism derives from epidemiological studies wherein
LDL has been identified és a positive risk factor (and HDL
as a negative risk factor) for coronary heart disease and
atherosclerosis in humans (1-7). Similar correlations
between serum lipoprotein concentrations and the extent of
diet-induced atherosclerosis have also been observed in the
baboon (8,22,23,25,26), as well as other animal specieé (8-
14). Therefore, despite unusual sex differences in lipopro-
tein 1levels among baboons, the baboon appears to be a good
model for human lipoprotein structure and metabolism and the

role of lipoproteins in the development of atherosclerosis.
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