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ABSTRACT

Dietary enrichment with phytosterols, plant sterols similar to cholesterol, is able to reduce
plasma cholesterol levels due to reduced intestinal absorption. The aim of this study was to
investigate the effect of phytosterol-enriched yogurt consumption on the major serum lipid
parameters, low density lipoprotein (LDL) receptor activity, LDL receptor affinity, and CD36
expression in hypercholesterolemic subjects.

Fifteen patients affected by polygenic hypercholesterolemia were evaluated in a single-blind
randomized crossover study after a 4 weeks treatment with a phytosterol-enriched yogurt
containing 1.6g esterefied phytosterols (equivalent to 1.0 g free phytosterol). Lipid parameters were
compared with a phytosterol-free placebo controlled diet.

The effect of the two treatments on each variable, measured as percent change, was
compared by paired-samples t-test and covariance analysis.

The treatment induced a modest but significant decrease in LDL-cholesterol levels (4.3%,
p=0.03) and a significant increase in high density lipoprotein (HDL) 3-cholesterol (17.1%, p=0.01).
Phytosterol consumption had no effect on LDL-receptor activity whereas patient LDL receptor
affinity significantly increased (9.7%, p=0.01) and CD36 expression showed a marked significant
decrease (18.2%, p=0.01) in the phytosterol-enriched yoghurt patients.

Our data show that the oral administration of a phytosterol-enriched yogurt has modest but
significant effects on commonly measured lipid parameters. The improvement of LDL receptor

affinity and the reduction in CD36 expression may reflect an important antiatherogenic effect.



INTRODUCTION

Changes in dietary habits represent an important action in the strategy to reduce
cardiovascular risk not only in at-risk patients but also in the whole population (1).

Phytosterols, a commonly used term for plant sterols and stanols, are a complex class of
compounds chemically resembling cholesterol present in vegetable and other food sources (1).
Previous studies demonstrated that phytosterols dissolved in food fats, such as margarine or in a
liquid formula, show long term recognized cholesterol-lowering properties (2) due to their ability to
reduce intestinal cholesterol absorption (3).

The lower cholesterol (Chol) flux to the liver results in a decreased Apolipoprotein (Apo) B-
lipoproteins production and in a compensatory increase in LDL-receptor activity resulting in a
reduction of total and LDL-carried plasma cholesterol levels (4).

Although a lack of effect of phytosterols on lipid levels has recently been reported (5), long
term studies have demonstrated the efficacy of phytosterols in reducing LDL-Chol levels with a
decrease ranging from 3% to 25% (6,7) and their use has also been recommended (8).

A beneficial effect of plant sterol ingestion on LDL particle characteristics has also been
reported (9). LDL particles undergo physical-chemical alterations during their life-cycle in plasma
and, instead of normal LDL-receptor uptake, these modified LDL are catabolized by CD36, a class
B scavenger receptor involved in atherosclerosis (10).

The aim of this study was to examine the effect of the oral administration of single-dose
phytosterol-enriched yoghurt on lipoprotein metabolism in 15 non-familial hyper-cholesterolemic
patients. Lipoprotein levels, LDL-receptor activity, LDL receptor affinity, and CD36 expression

were evaluated before and after treatment.

MATERIALS

Fetal calf serum and RPMI 1640 with L-glutamine were obtained from GibcoBRL (Life

Technologies, Milan, Italy). Bovine serum albumin (BSA), 1,1’-Dioctadecyl-3,3,3°,3’-tetramethyl-
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indocarbocyanine perchlorate (Dil), dimethyl-sulfoxide (DMSO), penicillin, streptomycin and
lipoprotein deficient serum (LPDS) were obtained from Sigma (St. Louis, USA). Lymphoprep was
from Nycomed Pharma AS (Oslo, Norway). Millex-GV filters (pore diameter 0.22um) were
obtained from Millipore S.A. (Molsheim, France). Fifty mL and 15 mL conical tubes, 50 mL and
100 mL flasks were obtained from Falcon, Becton Dickinson Labware (NY, USA). All
commercially available materials were of the highest grade. OptiPrep™ was a kind gift from Axis-
Shield (Sentinel, Milan, Italy). Fluorescent-labeled monoclonal antibodies PE-CD14 and FITC-
CD36, nonspecific isotype matched control antibodies (PE-conjugated rat IgG2a and FITC-
conjugated rat IgG1) were from BD Pharmingen (Oxford, UK). QlAamp Blood Kit was from
Qiagen-Geneco M-Medical s.r.l. (Florence, Italy). Tag DNA polymerase was obtained from Roche
Diagnostic (Milan, Italy). Hhal restriction endonuclease was from New England Biolabs (Ipswich,

USA). Silver staining was from Biorad (Milan, Italy).

METHODS

Healthy VVolunteers

Healthy unrelated volunteers were enrolled as lymphocyte and LDL donors from the staff
and students of the Department of Internal Medicine, University of Turin, Italy.

Subijects and study design

Study subjects were 15 outpatients (10 males, 5 females), attending the Lipid Clinic of the
Department of Internal Medicine at the University of Turin, affected by polygenic
hypercholesterolemia. The diagnosis was made on the basis of triglycerides levels <200 mg/dL,
LDL-Cholesterol >160 mg/dL and absence of elevated blood cholesterol in first degree relatives.
The patients were previously treated with statins but had discontinued the therapy due to
appearance of clinical and hematological side effects.

Treatment protocol was designed to allocate patients to one of the two 4-week treatment

sequences: diet + placebo or diet + phytosterols using a randomized, single-blind, crossover design.



Each phase was followed by a three weeks-washout period during which the subjects consumed the
diet, administered during the first phase.

A diet was designed based on the recommended nutrient intakes for Europeans to provide
2250 Kcal per 70-kg individual daily (males) and 1800 Kcal per 60-kg individual daily (females).
The Harris-Benedict equation was used to estimate each patient’s basal energy requirement (11),
which was then multiplied for an activity factor of 1.4 to compensate for the additional energy
needs of mildly to moderately active healthy adults. The nutrient content of the diet was calculated
by using Winfood (Medimatica, Te, Italy). Dietary carbohydrate, fat and protein made up 55%,
30% and 15% of ingested energy respectively; with a saturated fat less than 7% of total calories as
suggested (8). The diet was consumed by the patients at home without supervision. However, the
patients were asked to keep an alimentary diary which was subsequently examined by the dietician
during the patients visit.

Phytosterols were given as a commercially available yoghurt drink. This is semi-skimmed
milk fermented with lactic acid bacteria, commonly used in the manufacture of yoghurt, with a
caloric value of 69 Kcal per 100g of product and a Protein/Carbohydrate/Fat content of 3.2, 11.5
and 1.1 g, respectively. The fat content is 0.1g of saturated fat, 0.68g of monounsaturated fat and
0.32g of polyunsaturated fat. The yoghurt is supplemented with 1.6g esterefied phytosterols
(equivalent to 1.0 g free phytosterols) obtained from tall oil, a by-product of wood processing. The
placebo drink was fermented pasteurized milk with a caloric value of 48 Kcal per 100g of product
and a fat content of 1.5g.

At recruitment, the patients had a session with a dietician who recorded their anthropometric
characteristics, and gave a controlled diet. A blood sample was drawn for plasma lipid
measurement. The patients’ anthropometric and biochemical characteristics are listed in Table 1.
Patients were scheduled for a second visit 4-6 weeks later, when they were interviewed again by

the dietician and a blood sample was drawn to measure their plasma lipid and lipoprotein values.



The patients were instructed to drink the placebo or the sterol-enriched yoghurt in the
morning and all the patients completed the protocol. At the end of each treatment period blood
samples were collected from all patients. Patients gave their informed consent and the protocol was
approved by the local Ethical Commission.

To evaluate LDL metabolism, LDL-receptor activity was measured on patients’
lymphocytes and LDL receptor affinity was determined, by competitive assay, on LDL-receptors
expressed by lymphocytes obtained from healthy control subjects. The receptor affinity of patients’
LDL was measured after LDL isolation by self-generating gradient. LDL isolated from healthy
volunteers and labeled with Dil were used to measure patients LDL-receptor activity and LDL
receptor affinity. The expression of CD36 was measured on patient CD14+ peripheral mononuclear
cells isolated in the same analytical session.

Biochemical measurements

Plasma total cholesterol, triglycerides (Tg), ApoAl and B were analyzed using a Hitachi 911
Automatic Autoanalyzer and commercial enzymatic kits (Sentinel, Milan, Italy). HDL-2 and
HDL3-Chol were determined after precipitation of Apo B-rich lipoproteins. Plasma HDL2- and
HDL3-Chol levels were determined according to Gidez at al.. HDL2 and HDL3 were separated
after precipitation of ApoB-containing lipoproteins with heparin and manganese chloride, and
HDL2 were further precipitated with dextran sulphate (12).

Apolipoprotein E genotype

All the patients were typed for Apo E genotype, assessed by polymerase chain reaction
(PCR) amplification of genomic DNA using specific oligonucleotide primers. Genomic DNA was
isolated from frozen EDTA whole blood using the QlAamp Blood Kit. Genomic DNA (0.5 ng) was
amplified in 25 pl reaction mixture containing 10 mmol/L Tris-HCI (pH 8.3); 50 mmol/L KCI; 200
pmol each of dATP, dCTP, dGTP and dTTP; 1.5 mmolL MgCl,; 200 pmol of each primer, and 1.8

U Tag DNA polymerase.



The amplification cycle was performed in a gene Gene Cycler (Biorad, Milan, Italy). Five minutes
of denaturation at 94°C was followed by 30 cycles of 1 min at 90°C, 1 min at 60°C and 2 min at
70°C. PCR products were cleaved with 4 U of Hhal restriction endonuclease, as recommended by
the manufacturer. Subsequently, the samples were electrophoresed through a 10% nondenaturing
polyacrylamide gel and visualized by silver staining. The sizes of Hhal fragment were estimated by
comparison with known size markers (Mspl-digested pUC18 DNA).

Lymphocytes isolation and culture

Lymphocytes were prepared under sterile conditions, using a modified version of the
method of Boyum (13) as previously described (14). To obtain maximal receptor expression,
lymphocytes were incubated for 72h at 37°C in a humidified carbon dioxide incubator (CO; 5.0%)
in sterile RPMI with 10% human lipoprotein-depleted serum.

Briefly, diluted blood was layered upon lymphoprep (2:1 v/v) and centrifuged at 400g for
30 min at 20°C. The interface containing the lymphocytes was isolated, the cells were washed three
times with sterile phosphate-buffered saline (PBS) and finally with RPMI enriched with L-
glutamine (290 mg/L), penicillin (100,000 U/L), streptomycin (100 mg/L), and 10% fetal calf
serum (FCS). After sedimentation the cell pellet was resuspended in the above solution in a 50 mL
flask. Non-adherent cells were harvested and washed twice with cold RPMI/BSA (2 g/L). Cells
were adjusted to obtain a final concentration of 0.8-1x10° cells/mL in each tube and used directly
in the assay. Viability of the cells was > 95 % as assessed by trypan blue exclusion test.

Isolation and collection of patients LDL with self-generating gradient

LDL was isolated by a single-step centrifugation method using OptiPrep™, an iodixanol self-
generating gradient, as previously described (15) and outlined by the supplier (Axis Shield
Reference Manual M10). In brief, a solution of plasma/OptiPrep (4:1 v/v), lower phase, was mixed
in a plastic conical tube. The upper phase was made up of 0.75 parts of OptiPrep mixed with 4.25
parts of 0.14M sodium chloride buffered to pH 7.4 with HEPES (HBS). From the upper phase,

1.4mL was transferred to Beckman Optiseal tubes for the TLN100 rotor; 1.4 mL of the lower phase



was transferred to the bottom of the tube below the upper phase using a syringe with a long metal
cannula. HBS (~0.1 mL) was carefully layered on top of the upper phase to fill the tube. The tubes
were capped and centrifuged at 100,000rpm (350,000g) for 2 h 30 min at 16°C in the TL100
Beckman ultracentrifuge. LDL appeared as a distinct ring in the middle of the tube and was
collected by piercing the tube using a syringe fitted with a large gauge needle. Purity was checked

by agarose gel electrophoresis.

Isolation and labeling of normal LDL

Low density lipoprotein (density 1.019-1.063 g/mL) and lipoprotein deficient serum (density
>1.210 g/mL) were isolated and purified by sequential preparative ultracentrifugation as described
by Havel (16) and LDL was labeled with Dil (Dil-LDL) as described (17). LDL specific activity
was measured with a spectrofluorimeter. The difference in specific activity between different
preparations of LDL was less than 14%.

LDL-receptor assay

LDL-receptor activity was determined on patient’s lymphocytes incubated with normal Dil
labeled LDL as described (17) with at a final concentration of 10 ug/mL LDL protein for 2 hours at
37°C on a rotary shaker in a humidified carbon dioxide incubator (5.0% CO,). Cells were then
washed twice, resuspended in PBS and directly analyzed by flow cytometry. Final cell
concentration was 0.4-0.6 x 10° cells/mL. Each experiment was performed in duplicate.

LDL binding assay

To assess binding, LDL from each subject was tested in a competition assay using Dil-labeled
pooled human LDL as tracer. Whereas incubation at 37°C allows binding and internalization of
LDL through its own receptor, incubation at 4°C reflects binding only (18). Lymphocytes obtained
from healthy subjects were incubated in the dark with increasing concentrations of patient’s LDL

and fixed dose of pooled Dil-LDL. The patient’s LDL concentration which inhibited 50% of the



binding of pooled LDL was determined by flow cytometry. The value obtained was defined as
binding or affinity of patient’s LDL, after normalization with a normal LDL competition curve and
expressed as %. Each experiment was performed in duplicate.

CD36 expression

Mononuclear cells (0.5 - 0.6 x 10° cells/mL) were isolated as above and incubated with 10 pL
of fluorescent-labeled monoclonal antibodies PE-CD14 and FITC-CD36 for 20 minutes at room
temperature in the dark. Staining with nonspecific isotype matched control antibodies (PE-
conjugated rat IgG2a and FITC-conjugated rat 1gG1) was performed in each experiment. Cells
were washed twice with PBS and finally resuspended in 500uL of PBS. Analysis of stained
monocytes was performed on a FACScan flow cytometer using the Cell Quest Software (Becton-
Dickinson). For each sample 10000 events were collected.

During analysis, monocytes were identified by their reactivity with CD14-FITC and their
distinctive forward and orthogonal light scatter profile. Mean fluorescence intensity (MFI) values
were used as indirect measures of antigen density after conversion from the logarithmic scale used
for data acquisition to a linear scale for data analysis. MFI values derived for cells stained with
isotype control antibodies were taken as indicators of autofluorescence, non-specific antibody
binding or instrument noise and were subtracted from MFI values obtained by staining for CD14 or
CD36.

Flow cytometry measurements

The uptake of Dil-LDL was measured on a FACScan flow cytometer (Becton-Dickinson,
Mountainview, USA). A morphological scatter, forward-scatter FSC (cell size) and side-scatter
SSC (cell granularity), for each lymphocyte or monocyte preparation was performed. Dil emission
(FL2) was measured at 585+21 nm using a bandpass filter from gated cell population. The
fluorescence signals from 10,000 cells were routinely collected. The number of receptor-positive
cells was determined setting the marker at the highest range of the unstained lymphocytes (auto-

fluorescence) in the acquisition plot (SSC/FL2); in the following acquisition of stained

10



lymphocytes, the fluorescence signals over the marker were expressed as percentage of positive
cells out of total cells in gated region. The % value obtained (measure in duplicate) reflects the
degree of Dil-LDL uptake (binding and internalization) by lymphocytes through the LDL-receptor.
The mean intra-assay coefficient value was below 2.0 %.

In the LDL binding assay, performed at 4°C, the fluorescence signals over the marker
reflect the concentration of patients LDL which inhibited the normal Dil-LDL binding to cell
surface. The concentration value which inhibited 50% binding of normal LDL was normalized to
the normal LDL competition curve and expressed as %.

Statistics

The effects of the two treatments on each variable were measured as percent change (after
treatment value / before treatment value x 100) and were compared by paired-samples t-test.
Results were also compared by repeated measures covariance analysis (ANCOVA), including the
treatment sequence in the model. All tests were two-sided and a P value below 0.05 was
considered as statistically significant. All analyses were performed using the SAS statistical

package v. 8.2 (SAS Institute, Cary, NC, USA). All data, if not specified otherwise, are mean + SD.

RESULTS

All the patients enrolled completed the study and no adverse events were reported. The baseline
anthropometric characteristics of the study subjects are presented in Table 1. During the control
diet and the treatment period with phytosterols and placebo body mass index (BMI), blood pressure
and fasting blood glucose levels showed no significant changes (data not shown).

The lipid parameters were analyzed over the four-week phytosterol oral administration and over
the placebo period, measured as percent change before/after treatment and compared by paired-
sample t-test. Analysis revealed the absence of significant changes after placebo treatment. By
contrast, phytosterol consumption caused a reduction in LDL-Chol plasma levels (2.4%, p<0.05

and 4.3%, p<0.01, respectively) with a non-significant reduction in ApoB levels. In spite of a 4.3%
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increase of HDL-Chol (p<0.05), a significant increase in HDL3-Chol (p<0.01) with a non-
significant reduction in HDL2-Chol levels was observed.

When the effect of the two treatments was compared by covariance analysis for repeated
measures including the treatment sequence, total cholesterol became non-significant while the
difference in LDL-Chol (p=0.03), HDL-Chol (p=0.01) and HDL3-Chol (p=0.01) remained
significant. Also ApoAl levels showed a significant increase (p=0.03) (Table 2).

Although the four-week phytosterol consumption had no significant effect on LDL-receptor
activity, LDL binding to LDL-receptors expressed by control lymphocytes in comparison to
placebo was significantly increased (9.7%, p=0.01) (Table 3).

CD36 expression measured as mean fluorescence intensity of CD14+ cells, showed a marked
decrease after 4 weeks phytosterol treatment in all patients (18%, p=0.01). These differences
retained their significance also when the treatment sequence was included in the analysis by
ANCOVA.

All the patients were typed for Apo E genotype and were all homozygous for the most common
€3 allele excluding one patient, heterozygous for the €4 allele. Due to the low number of subjects in

each Apo E genotype groups no comparison was made between the different Apo ¢ alleles.

DISCUSSION

The study was designed to evaluate the effect of a controlled diet supplemented with a fixed
dose of phytosterols, provided as a yogurt drink, on lipoprotein metabolism in a group of patients
with polygenic hypercholesterolemia. Polygenic hypercholesterolemia is the most common form of
hypercholesterolemia caused by a susceptible genotype, still unknown, aggravated by excessive
saturated fat, trans fatty acid and cholesterol intake. The patients did not exhibit any LDL-receptor
defect and manifested a moderate hypercholesterolemia (240-350 mg/dL) with serum triglyceride

concentrations within the reference range.
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Phytosterol-consuming patients showed a statistically significant reduction in total cholesterol
and LDL-Chol levels, a significant increase in ApoAl, HDL-Chol and HDL3-Chol and a non-
significant decrease in ApoB when measured as percent change before/after treatment and
compared by paired-sample t-test. No statistically significant difference was observed after placebo
treatment. When data were compared by covariance analysis the reduction of LDL-Chol remained
significant (p=0.03), as did the changes in HDL-Chol (p=0.01), HDL3-Chol (p=0.001) and ApoAl
levels (p=0.03).

The decrease in LDL-Chol reported here (4.3%) agrees with the results presented in the
literature. Some trials failed to lower plasma lipid levels (5, 19), but in a meta-analysis consisting of
41 stanol/sterol ester trials with the dose varying from 0.8 to 4.2 g of stanol/sterol/day, the majority
of studies demonstrated an LDL-Chol decrease, although with a wide range (3% to 25%) (6). As
other authors (5,19) observed, the reason for the slight changes of LDL-Chol levels in our patients
may be due to the product formula and to the timing of consumption. Actually, the more significant
reduction of lipid values was obtained using sterol-enriched solid food products, while recent
studies on the effect of low-fat milk products on lipid profile showed a pooled 4.9% LDL-Chol
difference after treatment, with a difference meal-time dependent (20). The food product we used is
a 1.6 g phytosterol-enriched yogurt and was consumed by our patients, in the morning outside
mealtimes. As our patients were not €4 carriers, a determinant in cholesterol absorption (21), we
speculate that the LDL-Chol decrease we obtained may be related to our study design with a
reduced efficacy of phytosterol consumption as liquid products, out of mealtimes. Thus, a reduction
of LDL-Chol levels associated to an increase in HDL-Chol and HDL3-Chol represent a positive
event due to phytosterol ingestion in regards to protection against atherosclerosis.

Moreover, HDL3-Chol increase shows a general positive effect of phytosterols on lipid
metabolism: HDL3 particles exert an anti-atherogenic activity by way of antioxidative, anti-

inflammatory, anti-thrombotic and anti-apoptotic actions (22).
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The LDL-receptor pathway represents a key determinant in cholesterol homeostasis and normal
LDL-receptor activity is a pre-requisite for normal cholesterol levels as LDL carry 60 to 80% of
plasma cholesterol. Functional tests of LDL-receptor activity and LDL ligand function can
theoretically identify defects in LDL catabolism, distinguish between receptor and ligand defects
and provide useful information about pharmacological/dietetic intervention. These studies have
been based classically on the use of '?°l-labeled LDL on cultured human fibroblast (23).
Fluorescence flow cytometry represents a simple and fast technique allowing the quantification of
LDL-receptor expression and LDL ligand function, also on patient’s peripheral blood mononuclear
cells. Human lymphocytes, lacking scavenger receptors are a suitable and widely used model to
investigate LDL metabolism both in normal and pathological states (24, 25).

The method used to measure LDL binding (which involved the use of patient’s LDL in
competition with normal Dil-labelled LDL for normally expressed LDL-receptor) gave information
about the qualitative abnormalities in patient’s LDL particle.

The reduction of LDL-Chol we observed was not associated with an increase in LDL-receptor
activity, measured as LDL uptake by patient lymphocytes. Other authors reported plant stanol esters
consumption a reduction in LDL-Chol linked to increased LDL-receptor activity (26). Changes in
LDL-receptor activity are dependent on cholesterol cell concentration, in turn to LDL cholesterol
plasma levels and cell synthesis.

Our inability to document an increase in LDL-receptor activity may be due to the small
reduction of LDL-Chol level. By contrast, LDL affinity increased significantly, with a near 10%
increase after sterols consumption. LDL particle’s content and size is a major determinant in their
recognition and catabolism through LDL-receptor and the role of small dense LDL in the
development of atherosclerotic lesions is well known (27) and a decrease of smaller LDL particles
by sterol-enriched diet was recently observed (9).

We can speculate that the increased affinity of LDL observed is related to a reduction of

smaller LDL particle and, because of this, to a change in the LDL particle number, as stated by
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LDL Chol and Apo B decrease. Consequently, the beneficial effect related to phytosterols results
in a better catabolism of LDL.

The beneficial effect of a phytosterol supplemented diet is also the significant reduction (-
18%) in CD36 expression after treatment. Class B scavenger receptor CD36 is a complex
multifunctional protein that plays a critical role in the initiation of atherosclerotic lesions through
its ability to bind and internalize modified LDL, facilitating the formation of lipid-engorged
macrophage foam cells (10,28,29). CD36 expression on cell surface is up-regulated by oxidized
LDL with a dose dependent increase (30,31) and, as previously cited, a reduction in CD36
expression may indicate a decrease in oxidated LDL related to the phytosterol supplemented diet.

Our results confirm previous reports showing a significant decrease of plasma
concentrations of oxidated LDL after plant sterols enriched diet (32,33).

In conclusion, our data indicate a positive effect of single-dose phytosterol-enriched yogurt
on lipoprotein metabolism with a slight improvement in common lipid parameters in comparison
to LDL behavior and cellular receptor expression.

Our data agree with the general consensus regarding the role of plant sterols in human
cholesterol metabolism and may provide a further explanation of the mechanism of the action of

phytosterols in hypercholesterolemic patients.
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Table 1

Anthropometric and plasma lipid baseline characteristics of the patients
(Values are means + SD)

Age (yrs) 542 +7.3
Sex (M/F) 10/5
BMI (Kg/im2) 24.3+1.7
Systolic Blood Pressure (mmHg) 131.5+10.3
Diastolic Blood Pressure (mmHg) 75.5%£4.9
Smoke (Y/N) 2/13
Total Cholesterol (mg/dl) 308.2+£19.6
HDL Cholesterol (mg/dl) 47.2+6.9
HDL2 Cholesterol (mg/dl) 19.5+53
HDL3 Cholesterol (mg/dl) 285145
LDL Cholesterol (mg/dl) 230.6 £ 26.7
Triglycerides (mg/dl) 152.2 £ 23.9
Blood Glucose (mg/dl) 79.4+13.1
HbALc (%) 53+06
Apolipoprotein B (mg/dl) 172.2 £ 32.0
Apolipoprotein Al (mg/dl) 134.7+9.3




Table 2

Effects of placebo and phytosterol-enriched yoghurt drink on plasma lipid, lipoprotein and
apolipoprotein values

Variable Placebo A%]| Yoghurt A% P
Triglycerides

before treatment 133.9+26.8| 1.5 | 133.3£25.7 | 4.0 ns
after treatment 135.0+21.9 139.6+£25.5

Total Cholesterol
before treatment 309.9+21.4 | 0.9 | 315.3+28.3| 2.4* ns
after treatment 312.7+24.1 307.1+21.0

HDL Cholesterol
before treatment 47.8+8.4 1.4 | 49.5+104 | 4.3* | 0.01
after treatment 47.249.4 51.6+11.1

HDL?2 Cholesterol
before treatment 19.445.8 0.7 19.5+5.8 3.0 ns
after treatment 19.3+6.1 18.4+5.0

HDL3 Cholesterol
before treatment 28.4+4.4 0.7 28.2+4.3 |17.18| 0.001
after treatment 28.2t4.4 33.2+7.5

LDL Cholesterol

before treatment 235.3+275| 1.2 | 239.1+38.1 | 4.38 | 0.03
after treatment 238.5+33.2 227.6+31.6

Apolipoprotein B
before treatment 174.6+34.7| 05 | 172.6£35.8 | 3.3 ns
after treatment 173.6+34.2 166.4+36.0

Apolipoprotein Al 11 3.2 | 0.03
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before treatment 137.61£9.3

135.9+10.8

138.6+9.3

after treatment 141.9+10.0

Values, mg/dl, are means = SD. P indicate statistical difference evaluated by
repeated measures covariance analysis, including treatment sequence in
the model.

*p <0.05, § p<0.01 indicate difference before/after treatment evaluated by
paired t-test.

Table3

LDL-receptor activity, LDL binding and CD36 expression

Variable Placebo A% Yoghurt A% P
LDL uptake (%0)

before treatment 68.6+7.3 1.7*| 76.7£9.0 3.7 |ns
after treatment 69.9+8.4 72.6+9.1

LDL binding (%)

before treatment 71.6+6.7 |16 | 72.1+11.6 | 9.7* | 0.01
after treatment 72.6+6.6 78.8+13.7

CD36 (MIF*)

before treatment 1904.1+411.6 | 2.6 | 2286.5+476 | 18.28 | 0.01
after treatment 1849.5+410.1 1806.3+246

LDL uptake (%) by patients’ lymphocytes is expression of LDL-receptor
activity. Through the paper the terms are used as synonymous. LDL
binding (%) of the patients is the affinity of the particles to LDL receptors
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expressed by normal lymphocytes. Through the paper the terms are used
as synonymous.

Values are means + SD. P indicate statistical difference evaluated by
repeated measures covariance analysis, including treatment sequence in
the model.

* p <0.05, § p<0.01 indicate difference before/after treatment evaluated by
paired t-test.

# MIF indicates mean intensity of fluorescence, expressed in arbitrary unit.
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