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Abstract

Intestinal absorption of plant sterols and stanols is much lower as compared with that of cholesterol; and therefore, serum concentrations
are low. Circulating plant sterols and stanols are incorporated into tissues. However, hardly any data are available about tissue distributions of
individual plant sterols and stanols, particularly in relation to their serum concentrations. We therefore fed female apolipoprotein E*3-Leiden
mice a control diet, a plant sterol–enriched diet (1g/100 g diet), or a plant stanol–enriched diet (1g/100 g diet) for 8 weeks. In the sterol
group, serum cholesterol-standardized campesterol and sitosterol concentrations were, respectively, 8 and 7 times higher as compared with
those in the control group. Consequently, the serum campesterol-sitosterol ratio remained essentially unchanged. Cholesterol-standardized
plant sterol concentrations increased significantly in all analyzed tissues, except brain. However, the campesterol-sitosterol ratio also
increased in all tissues (except in liver and spleen), suggesting that campesterol is preferentially incorporated over sitosterol in those tissues.
For the stanol group, serum plant stanol concentrations also increased; but the increase was but less pronounced. We conclude that, in
apolipoprotein E*3-Leiden mice, campesterol is preferentially incorporated into most tissues over sitosterol, which cannot be deduced from
changes in serum concentrations.
© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Plant sterols and stanols are cholesterol-like compounds
that reduce intestinal cholesterol absorption and, as a result,
lower serum low-density lipoprotein (LDL) cholesterol
concentrations. High-density lipoprotein cholesterol concen-
trations are unaffected. At a daily intake of 2 to 2.5 g, these
components lower LDL cholesterol concentrations on
average by 9% to 10% [1]. This can be regarded as a
favorable effect because an elevated serum LDL cholesterol
concentration is an independent risk factor for coronary heart
disease. Estimates for the intestinal absorption ranges from
0.4% to 3.5% for plant sterols and from 0.02% to 0.3% for
plant stanols [2,3]. In contrast, cholesterol absorption is much
higher and varies between 40% and 60% [3,4]. Consequently,
plant sterol and stanol concentrations in serum are rather low.
Because plant sterols and stanols are transported by
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lipoproteins, concentrations are normally expressed relative
to those of cholesterol. Thus, an increase in the plant sterol (or
plant stanol) to cholesterol ratio indicates a relatively higher
concentration of plant sterols and a changed composition of
the lipoprotein particles. Examples of factors that change the
plant sterol to cholesterol ratio are single nucleotide
polymorphisms in the ABCG5/G8 transporters [5,6] as well
as the use of statins (hydroxymethylglutaryl–coenzyme A
reductase inhibitors) [7]. Recently, we have summarized
these factors based on a systematic review of all published
placebo-controlled human intervention trials [8]. The impact
of increased plasma plant sterol concentrations on human
health, either positive or negative, is unknown. It is known,
however, that part of these circulating plant sterols and
stanols is incorporated into tissues. However, hardly any data
are available about changes in tissue distributions of
individual plant sterols and stanols in relation to changes in
their serum concentrations. In addition to the scarce amount
of data concerning plant sterols, even less data are available
on tissue concentrations of plant stanols in relation to their
serum concentrations. Of course, such data are difficult to
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Table 1
Composition of the diets

Diet

Control
group a

Plant stanol
group

Plant sterol
group

Diet components g/100 g diet
Western fat b 11 11 11
Sucrose 38.5 38.5 38.5
Corn starch 10 10 10
Casein 20 20 20
Cellulose 5.95 5.95 5.95
Cholesterol 0.25 0.25 0.25
Free sterols/stanols 0.0 1.0 1.0
% of free
sterols/stanols
β-Sitosterol 0.0 1.1 45.5
Campesterol 0.0 0.85 27.0
Stigmasterol 0.0 0.0 17.0
Brassicasterol 0.0 0.0 4.4
Sitostanol 0.0 73.0 2.01

1242 J. Plat et al. / Metabolism Clinical and Experimental 57 (2008) 1241–1247
obtain from human studies, which makes animal studies
necessary. Therefore, the aim of this study was to determine
to what extent the various plant sterols and stanols are
incorporated into different tissues. We were particularly
interested to see whether changes in tissue concentrations of
the individual plant sterols (sitosterol/campesterol) or stanols
(sitostanol/campestanol) followed those in serum. This latter
question may be relevant because, in humans, serum
concentrations can easily be measured. To address this
question, apolipoprotein (apo) E*3-Leiden transgenic mice
were fed a plant sterol– or stanol–enriched diet for 8 weeks,
after which plant sterol and stanol patterns were determined
in a number of tissues and compared with those in serum.

We here show that campesterol is preferentially incorpo-
rated into most tissues over sitosterol, which cannot be
deduced from changes in serum concentrations. This also
implies that, when considering cellular effects of plant sterols,
effects of campesterol should preferably be monitored.
Campestanol 0.0 24.7 0.61
a The control diet contained very low amounts of plant sterols (ie, 3.6,

9.5, and 3.5 mg/100 g diet of campesterol, sitosterol, and stigmasterol)
derived from 5% soybean oil used in the chow preparation.

b Western fat consisted of 40.7% (wt/wt) monounsaturated fat, 17.4% (wt/
wt) polyunsaturated fat, and 41.9% (wt/wt) saturated fat. Total fat provides
37.2 en%; sucrose, 35.3 en%; cornstarch, 9.4 en%; and casein, 18.8 en%.
2. Methods

2.1. Design, mice, and diets

We decided to use female apoE*3-Leiden mice for this
study because we would like to evaluate sterol and stanol
deposition in a situation comparable with the human
lipoprotein situation, that is, serum LDL cholesterol higher
than high-density lipoprotein cholesterol. This aspect seems
important because plant sterols are transported through the
circulation as part of the lipoproteins and, in theory,
the uptake into the different tissues may depend on the
way the sterols are presented to the tissues. In the human
situation, serum cholesterol is located in the total apo B
fraction for 70% to 80% and in the apo A-I fraction for 20%
to 30%, which is also seen in the apoE*3-Leiden model.
During a run-in period of 4 weeks, seventeen 3-month–old
female apoE*3-Leiden mice were fed a Western-type diet
(Table 1) with no additionally added plant sterols or stanols.
This control diet contained only plant sterols provided by
soy-based oil that is normally used for chow preparation. For
the next 8 weeks, the mice were randomly divided into 3
groups. One group of 5 mice (control group) continued with
the Western-type diet containing 250 mg cholesterol per 100
g and 37 energy percentage (en%) of fat, of which 15.6 en%
was provided as saturated fat, 15.1 en% as monounsaturated
fats, and 6.5 en% as polyunsaturated fats; a second group of
6 mice received the same diet enriched with 1 g/100 g plant
stanols; and a third group of 6 mice received the same diet
enriched with 1 g/100 g plant sterols (Table 1). This high-fat
diet was chosen because plant sterol and stanol absorption
may depend on the dietary composition because the presence
of fat and the consequent bile secretion are essential factors
in intestinal plant sterol and stanol absorption. Plant sterols
and stanols were provided as their fatty acid esters, obtained
by esterification with fatty acids from low erucic rapeseed oil
(Raisio Life Sciences, Raisio, Finland). A follow-up period
of 8 weeks was chosen because, in general, 4 weeks is
needed to reach new stable lipid concentrations, whereas
4 additional weeks was used for reaching new steady-state
levels for serum plant sterol and stanol concentrations. The
plant stanols were prepared by saturation of a part of the
batch of plant sterols that was used for the production of
plant sterol esters. The animals were housed in wire-topped
cages and fed ad libitum.

During the study, body weight and food disappearance—
expressed as gram per mouse per day—were determined
periodically. Blood was collected from the tail vein after
4-hour fasting at week 4 (run-in period) and week 12
(experimental period). Serum was obtained by centrifugation
of the blood at 2000g and used for plant sterol, stanol, and
lipid analyses. At the end of the experimental period, the
animals were killed. In this study, we tried to focus on steroid-
rich tissues. Examples of this are sterol-metabolizing tissues
like adrenals, ovaria, brain, liver, etc, and tissue part of the
gastrointestinal tract. Therefore, colon, small intestine, heart,
brain, liver, spleen, kidneys, adrenals, and ovaries were
removed; extensively rinsed with phosphate-buffered saline
at 4°C to remove remainders of feces or blood; snap-frozen in
liquid nitrogen; and stored at −80°C until plant sterol and
stanol analyses.

2.2. Serum and tissue concentrations or sterols and stanols

Serum total cholesterol and triglyceride concentrations
were measured enzymatically by using commercially avail-
able kits (236691; Boehringer, Mannheim, Germany, and
337-B, GPO-Trinder kit; Sigma Chemical, St Louis, MO) as



Table 2
Absolute (A) and cholesterol-standardized (B) serum plant stanol and sterol concentrations after 8 weeks of plant stanol ester or sterol ester consumption as
compared with control

Control diet Plant stanol diet Plant sterol diet

A. Absolute concentrations
Cholesterol 11.8 ± 1.6 6.5 ± 1.0 ⁎ 6.3 ± 05 ⁎

Sitosterol 14.0 ± 2.0 5.9 ± 0.6 ⁎ 51.6 ± 4.8 ⁎,†

Campesterol 79.3 ± 8.5 34.3 ± 1.5 ⁎ 355.4 ± 16.7 ⁎,†

Campestanol 0.3 ± 0.0 1.4 ± 0.1 ⁎ 0.3 ± 0.0 †

Sitostanol ND 1.3 ± 0.2 ND

B. Plant sterol-cholesterol ratio
Sitosterol 1.18 ± 0.17 0.91 ± 0.09 8.13 ± 0.76 ⁎,†

Campesterol 6.70 ± 0.72 5.28 ± 0.23 56.26 ± 2.58 ⁎,†

Campestanol 0.08 ± 0.05 0.20 ± 0.03 ⁎ 0.11 ± 0.03 †

Sitostanol ND 0.21 ± 0.02 ND
Campesterol/Sitosterol ratio 5.71 ± 0.70 5.85 ± 0.45 6.91 ± 0.33

Values are means ± SD and expressed in millimoles per liter for cholesterol or in micromoles for plant sterols (A: absolute concentrations) or 102 × μmol/mmol
cholesterol for cholesterol-standardized plant sterols (B: ratios). ND indicates not detectable.

⁎ P b .05 vs the control group.
† P b .05 vs the stanol group.
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described before [9]. Serum sterols and stanols were
extracted as described [10], with the following minor
modifications. During saponification, the internal standards
were evaporated to dryness at 37°C at a moderate nitrogen
flow before serum was added. Furthermore, for extraction of
sterols and stanols from tissues, some additional steps were
required. First, the tissues were homogenized in distilled
water and then extracted twice with a chloroform-methanol
mixture (2:1 vol/vol). Saponification and calculations related
to internal standards were similar as described for serum
samples. After extraction, serum and tissue sterols were
separated on a 25-m × 0.32-mm capillary GLC column
(Altech AT1701; Chrompack, Middelburg, the Netherlands)
in an 8000 Top gas chromatograph (CE Instruments, Milan,
Italy) equipped with a flame ionization detector (model 980).
Quantification was based on the ratio of the area of a
particular sterol/stanol to that of 5β-cholest-3-α-ol (C-2882;
Fig. 1. Changes in tissue campesterol and sitosterol concentrations (in
micrograms per milligram protein) in female apoE*3-Leiden mice of the
plant sterol ester–fed group as compared with the control group. Changes
are expressed as percentage changes vs the control group, and significant
differences (*P b .05) are marked.
Sigma Aldrich, St Louis, MO) for the noncholesterol sterols
and to that of 5α-cholestane (C-8003) for cholesterol. For
protein standardization of tissue plant sterol and stanol
levels, the method of Lowry was used. In brief, organs were
destructed in sodium hydroxide. After complete destruction,
the solution was neutralized with hydrogen chloride and
subsequently diluted with distilled water and mixed with a
solution containing 2% Na2CO3 in 0.1 mol/L NaOH and
0.5% CuSO4·5H2O in sodium citrate. After 10 minutes of
incubation at room temperature, Folin-Ciocalteu phenol
reagent (diluted 2 times with distilled water) (Merck,
Darmstadt, Germany) was added. Finally, after 30 minutes of
incubation at room temperature, the protein concentration was
measured spectrophotometrically at 750 nm.

2.3. Statistical analyses

Data were not normally distributed, as evaluated by the
Shapiro-Wilk test. Therefore, the nonparametric Kruskall-
Wallis test was used to test for statistically significant
differences between the 3 groups of mice. When this test
indicated a statistically significant difference (P b .05), the
groups were compared pairwise using the Mann-Whitney test.
Data are expressed as means ± SD. All tests were performed
with the computer program SPSS 11 for Macintosh (SPSS,
Chicago, IL).
3. Results

Plasma total cholesterol concentrations were almost
identical for both the plant sterol– and plant stanol–fed
groups at the end of the 8-week intervention period, that is,
6.3 ± 0.5 and 6.5 ± 1.0 mmol/L, whereas in the control group,
the cholesterol concentration at the end of the intervention
period was 11.8 ± 1.6 mmol/L. Body weight of the mice did



Table 3
Absolute sitosterol and campesterol concentrations in various tissues after
8 weeks of plant stanol ester or sterol ester consumption as compared
with control

Control diet Plant stanol diet Plant sterol diet

Adrenals
Sitosterol 0.65 ± 0.14 0.57 ± 0.12 0.95 ± 0.27
Campesterol 3.14 ± 0.25 2.59 ± 0.30 ⁎ 13.24 ± 2.80 ⁎, †

Kidney
Sitosterol 0.04 ± 0.03 0.06 ± 0.03 0.08 ± 0.04
Campesterol 0.13 ± 0.02 0.09 ± 0.02 ⁎ 0.56 ± 0.07 ⁎, †

Colon
Sitosterol 0.06 ± 0.03 0.05 ± 0.03 0.15 ± 0.07 ⁎, †

Campesterol 0.12 ± 0.02 0.10 ± 0.04 0.46 ± 0.12 ⁎, †

Spleen
Sitosterol 0.01 ± 0.01 0.02 ± 0.02 0.07 ± 0.03 ⁎, †

Campesterol 0.16 ± 0.03 0.11 ± 0.02 ⁎ 0.62 ± 0.11 ⁎, †

Ovaries
Sitosterol 0.15 ± 0.05 0.24 ± 0.01 0.32 ± 0.13
Campesterol 0.42 ± 0.14 0.43 ± 0.14 1.44 ± 0.16

Brain
Sitosterol 0.10 ± 0.05 0.10 ± 0.05 0.10 ± 0.05
Campesterol 0.16 ± 0.02 0.22 ± 0.08 0.54 ± 0.47

Heart
Sitosterol 0.05 ± 0.05 0.04 ± 0.03 0.04 ± 0.02
Campesterol 0.14 ± 0.08 0.09 ± 0.03 0.35 ± 0.07 ⁎, †

Small intestine
Sitosterol 0.04 ± 0.02 0.07 ± 0.04 0.06 ± 0.02
Campesterol 0.18 ± 0.07 0.10 ± 0.05 ⁎ 0.32 ± 0.07 ⁎, †

Liver
Sitosterol 0.04 ± 0.01 0.01 ± 0.00 ⁎ 0.06 ± 0.01 ⁎, †

Campesterol 0.55 ± 0.17 0.17 ± 0.04 ⁎ 0.71 ± 0.05 †

Values are means ± SD and expressed in micrograms per milligram protein.
⁎ P b .05 vs the control group.
† P b .05 vs the stanol group.

ig. 2. Changes in tissue campesterol concentrations (in micrograms per
illigram protein) of female apoE*3-Leiden mice after 8-week consumption
f the plant sterol ester– or plant stanol ester–enriched diets as compared
ith the control group. Changes are expressed as percentage changes vs the

control group, and significant differences (*P b .05) are marked.
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not significantly change during the study (data not shown).
Differences in absolute and cholesterol-standardized serum
plant sterol and stanol concentrations are shown in Table 2.
Although the intakes of plant sterol or stanols were
comparable, cholesterol-standardized serum sitosterol and
campesterol concentrations in the plant sterol–fed group
were substantially higher than those of sitostanol and
campestanol in the plant stanol group. There was an 8-fold
increase for cholesterol-standardized serum campesterol
concentrations and a 7-fold increase for sitosterol, implying
that the serum campesterol-sitosterol ratio did not change
substantially during the intervention period. In contrast, in
the plant stanol–fed mice, serum cholesterol-standardized
campesterol and sitosterol concentrations were lowered by
23% and 21%, respectively, again implying that the
sitosterol-campesterol ratio in serum was rather stable.
Feeding plant stanol esters increased cholesterol-standar-
dized serum campestanol concentrations by 150%. Sitosta-
nol also increased, but was not detectable in serum of the
control as well as the plant sterol group.

Although the cholesterol-standardized levels of sitosterol
and campesterol in serum of plant sterol–fed mice increased
to the same extent, we observed that the cholesterol-
standardized tissue campesterol concentrations were more
prominently increased than those of sitosterol (Fig. 1 and
Table 3). For campesterol, the concentrations were sig-
nificantly (P b .017) increased—as compared with the
control group—in all organs except for the liver and the
brain. As shown in Fig. 1, in descending order, the relatively
highest campesterol accumulation was found in the adrenals,
kidneys, colon, spleen, ovaries, and brain. Cholesterol-
standardized sitosterol concentrations were significantly (P b
.017) increased in the colon, liver, and spleen as compared
with the control group. Consequently, the campesterol-
sitosterol ratio was increased in all tissues except for the liver
and the spleen.

In the plant stanol–fed group, campesterol was signifi-
cantly decreased in the spleen, liver, and kidney as compared
with the control group (Fig. 2). Sitosterol was only signi-
ficantly (P = .006) decreased in the liver. Sitostanol was not
detectable in the various tissues, whereas cholesterol-
standardized campestanol concentrations were increased in
most organs without reaching statistical significance (data
not shown). Furthermore, the percentage increases in
cholesterol-standardized campestanol concentrations in the
plant stanol–fed group were considerably lower (13%-113%)
than those for sitosterol (0%-555%) or campesterol (28%-
590%) in the plant sterol–fed group.

In summary, the serum campesterol-sitosterol ratio is not
changed during the plant sterol or stanol intervention periods,
whereas the tissue campesterol-sitosterol ratio is increased
during plant sterol intervention in almost all tissues analyzed,
indicating preferential incorporation of campesterol.
4. Discussion

As expected, we found that dietary plant sterol and stanol
esters lowered serum cholesterol concentrations in apoE*3-
Leiden mice. Despite these encouraging results, there is some
concern with respect to possible adverse effects of increases in
serum plant sterol or stanol concentrations [11-14]. Especially
F
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plant sterols and stanols incorporated in tissues may in theory
cause adverse effects that we are currently not aware of.
Therefore, it is of utmost importance to know exactly where
these compounds are deposited to be able to monitor potential
unknown or unexpected effects in the human situation
especially when enriched products are consumed.

In the present study, we have now shown that relative
changes in serum sitosterol (7-fold) and campesterol (8-fold)
concentrations were comparable when apoE*3-Leiden mice
consumed a diet enriched with 1% (wt/wt) of a plant sterol
mixture, which consisted of 46% sitosterol and 27%
campesterol. Like in humans [3], this suggests that
campesterol is preferentially absorbed over sitosterol, as
serum campesterol concentrations were higher than those of
sitosterol, whereas campesterol concentrations in the diets
were lower. Although the campesterol-sitosterol ratio in
plasma remained essentially unchanged, increases in cho-
lesterol-standardized plant sterol concentrations in various
tissues were more pronounced for campesterol, that is, the
campesterol-sitosterol ratio increased. This was evident in
almost all tissues, except for the liver and the spleen in which
predominantly sitosterol was incorporated. Whether these
enrichments with plant sterols resulted in any functional
changes was not studied. However, it implies that, when
discussing cellular effects of plant sterols, it is more likely to
study effects of campesterol instead of sitosterol. Safety
studies in rats however did not reveal any adverse effects of
plant sterol mixtures, even when intakes were well above
recommended intakes (reviewed in Katan et al [1]).

In line with findings in human studies [1], cholesterol-
standardized serum plant stanol concentrations were much
lower than those of plant sterols. In addition, as for the plant
sterols, plant stanols were also incorporated into various
tissues, but to a much lower extent than plant sterols. Finally,
plant stanol consumption decreased plant sterol concentra-
tions in plasma and most tissues in the plant stanol–fed
group. This seemed especially true for campesterol. Thus, it
seems that especially tissue campesterol concentrations are
more readily modifiable by dietary means than those of
sitosterol. Interestingly, these changes did not follow those in
serum because the campesterol-sitosterol ratio in serum
remained essentially the same.

Until now, only a limited number of studies have
evaluated the tissue distribution of plant sterols and stanols
in (nontransgenic) animals and humans. Bhattacharyya and
Lopez [15] studied absorption and accumulation of plant
sterols in New Zealand white rabbits after a diet containing
2% of a plant sterol mixture (59.% β-sitosterol, 35%
campesterol, and 6% stigmasterol). Interestingly, in the
peripheral tissues, such as subcutaneous adipose tissue,
muscle, skin, and tendons, only campesterol was present as
well as in the aorta. In the abdominal organs, like the liver,
small intestine, kidney, adrenal, and ovary, both campesterol
and sitosterol were present; but concentrations of campes-
terol were still higher than those of sitosterol. In rats, Sanders
et al [16] showed increases in tissue concentrations of
β-sitosterol, sitostanol, campesterol, campestanol, and stig-
masterol after a diet (30-40 mg/kg body weight) enriched
with a plant sterol/stanol mixture (60% β-sitosterol, 8%
campesterol, 8% stigmasterol, and 15% sitostanol). Absorp-
tion of campesterol was the highest (13%), followed by
β-sitosterol and stigmasterol (4% of the dose) and finally
β-sitostanol. Furthermore, plant sterols accumulated in the
ovary and adrenal cortex. This elevation was approximately
10-fold higher than that observed in other tissues. In general,
campesterol was preferentially incorporated over sitosterol.
Unfortunately, plasma plant sterol and stanol concentrations
were not reported in this study. In a third study by Kritchevski
et al [17], serum and aortic plant sterol concentrations in New
Zealand white rabbits were determined after consumption of
a plant sterol– or plant stanol–enriched cholesterol-free diet
providing 0.27 to 0.30 g of sterol or stanol daily. In the plant
sterol–fed group, campesterol was dominantly present, both
in serum as well as in aortas. In the plant stanol–fed group,
sitostanol increased, whereas both sitosterol and campesterol
decreased in aortic tissue. Campestanol was not detected.
Finally, Connor and coworkers [18] showed that male Wistar
rats consuming plant stanol ester–rich diets (0.5 g stanols per
100 g) resulted in a pronounced incorporation of both
sitostanol and campestanol into skeletal muscle, heart
muscle, and liver. The finding of sitostanol tissue incorpora-
tion is in contrast to our findings in the apoE*3-Leiden mice
in which we could not find any sitostanol in the various
tissues analyzed. However, this difference might be
explained by the fact that serum plant stanol concentrations
(especially after consumption of the stanol ester–rich diets) in
the rats were several fold higher than those in our mice.
Altogether, these animal studies showed preferential cam-
pesterol incorporation in subcutaneous fat, muscle, skin,
liver, small intestine, kidney, ovary, adrenal cortex, and aorta
in 2 different animal models, that is, rats and rabbits.
Unfortunately, these earlier studies did not evaluate whether
changes in tissue plant sterol or stanol levels were reflected in
serum. However, these earlier results are in good agreement
with our findings in the apoE*3-Leiden mice. In addition, we
also found incorporation of campesterol in the brain. This
finding is in line with recent data from mice deficient in
ABCG5 or ABCG8, which also showed elevations of plant
sterols (both campesterol and sitosterol) in brain. Interest-
ingly, this increase was not observed in apo E knockout mice,
suggesting that apo E is needed as a chaperone protein
facilitating sterol transport over the blood-brain barrier [19].
This may also explain the incorporation of campesterol in the
brains in our apoE*3-Leiden mice. In sitosterolemic patients,
Salen et al [20] did not find any plant sterols in the brain; and
it was concluded that, in sitosterolemia, the blood-brain
barrier is still intact and plant sterols can hardly cross this
barrier. In contrast, it has also been reported that [21] sito-
sterol and campesterol concentrations were slightly increased
in the frontal cortex and the basal ganglia of Alzheimer
patients as compared with those in healthy controls. Although
this latter study shows that these compounds can cross the
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blood-brain barrier, it does not demonstrate that plant sterol
consumption is causally related to the development of
Alzheimer disease.

In contrast to data from animal studies, tissue distribution
patterns of plant sterols and stanols in humans are less well
defined. Only 3 very small scale (case) studies and a larger
study in patients undergoing endarterectomy have described
tissue plant sterol concentrations in a selective number of
tissues in humans. Bhattacharyya and Connor [22] for the
first time found increased plant sterol concentrations in
plasma, skin, and tendons (xanthomas) of 2 sisters with
sitosterolemia. In both plasma and tissues, sitosterol
concentrations were higher than those of campesterol.
Mellies et al [23] described plant sterol dispersal in aortic
tissues and showed that moderate amounts of plant sterols
(mainly campesterol and stigmasterol) were present in
atheromatous lesions. This illustrates that, in the absence of
sitosterolemia, sitosterol is not the predominant tissue plant
sterol. Unfortunately, plasma data for these subjects were not
presented. Salen et al [20] compared the sterol tissue patterns
of a sitosterolemic patient with that of a healthy control. In
this study, in line with the observation of Bhattacharyya and
Connor [22] in the sitosterolemic sisters, sitosterol was again
dominantly present over campesterol in plasma, erythro-
cytes, lung, liver, heart muscle, thoracic aorta, and
xanthomas of the sitosterolemic patient. It is unclear why,
in sitosterolemic patients, more sitosterol is incorporated in
tissues. It is possible that it is simply related to the higher
plasma concentrations of sitosterol available for the tissues to
take up. As already discussed, tissue concentrations in
subjects without sitosterolemia do not show this preference
for sitosterol incorporation [23]. This may also imply that, in
healthy subjects in whom serum campesterol concentrations
are higher, predominantly campesterol is present in tissues.
In this respect, Miettinen et al [24] have indeed shown that
the serum campesterol to cholesterol ratios of patients
undergoing endarterectomy correlated positively with the
vascular campesterol to cholesterol ratios. Although sitos-
terol was also detected in atherosclerotic plaques, no results
concerning a potential correlation for the sitosterol to
cholesterol ratio were presented. This study illustrates that,
for some tissues, serum concentrations of campesterol may
predict tissue concentrations. Unfortunately, we did not
measure plant sterol concentrations in the aortic wall of our
mice. Finally, an additional remark is that, from this study of
Miettinen et al [24], it cannot be concluded whether the
elevated campesterol to cholesterol ratio contributed to
atherosclerotic plaque development.

In conclusion, we have shown in apoE*3-Leiden mice that
campesterol is preferentially incorporated into most tissues
over sitosterol, which cannot be deduced from changes in
serum concentrations. In this respect, tissues with the highest
incorporation rates were adrenals, kidney, colon, and spleen.
It also implies that, when considering cellular effects of plant
sterols, preferably effects of campesterol should be mon-
itored. Finally, elevated serum cholesterol-standardized plant
stanol concentrations only lead to nonsignificantly elevated
cholesterol-standardized campestanol tissue concentrations;
but percentage changes in campestanol were less pronounced
than those observed for campesterol.
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