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Abstract

In this study, we describe a simple liquid extraction (methanol/choloroform, 1:1, v/v) method for endogenous free cholesterol and adminis-
tered sterols extracted from cultured Caco-2 cells. To quantify sterol contents in Caco-2 cells, a new HPLC-APCI-MS method was developed
All the sterols were baseline separated using reversed-phase colgm®I@Gmx 150 mm, 3.5um) and isocratic conditions (90%, v/v,
methanol-water mixture containing 0.2 mM ammonium acetate). The full scan mass spectra of sterols were measured by an ion trap ma:
spectrometer equipped with an APCl ion source. The intense fragment ions resulting from the loss of water [MD} Hr4 369, 395, 397
and 399 for cholesterol, stigmasterol, sitosterol, and sitostanol, respectively) were used for determinations. The absolute extraction recovel
of sterols from the spiked cell samples were 16026.2, 105.7-5.1, 109.8+ 5.0 and 99.6: 7.0% for cholesterol, stigmasterol, sitosterol,
and sitostanol, respectively. Furthermore, no significant matrix effect was observed for the sterols in the cell samples. The sample assa
was based on the internal standard method using stigmasterol as an internal standard. The method was linear over the concentration ran
of 0.45-9.QuM (cholesterol) and 0.225-7@V (sitosterol and sitostanol). The within- and between-day precision was less than 7% and
accuracy ranged from 93.51 to 101.77%. The lowest limit of quantitation (LLOQ) was @NZ6r sitosterol and sitostanol, and 0.4
for cholesterol. The accuracy range was 95-106% and precision was lower than 9% for all LLOQ values.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tosterol absorption studies are performed in vivo with human
oranimals; however, studies using cultured cell lines (in vitro)
A major health concern is high cholesterol levels, which are also commofb—8].
lead to various diseases. Dietary phytosterols and stanols (sat- Cholesterol and phytosterols in human serum and phyto-
urated phytosterols) from plants prevent intestinal absorption sterols in plants are typically analyzed by gas chromatogra-
of cholesterol. These compounds are structurally related tophy (GC) and radioisotope methof®s-12]. In vitro cellular
cholesterol Fig. 1) However, phytosterols have compara- uptake of sterols have been traditionally analyzed by enzyme
tively poor intestinal absorptiofi,2] and limit cholesterol reactions, radiolabeled isotopes, GC methods, UV-HPLC
absorption through competitive inhibition resulting in a re- methods, and thin-layer chromatography (TL&}8,13,14]
duction of serum cholesterfd,4]. Most cholesterol and phy- UV-HPLC and TLC methods lack either sensitivity or selec-
tivity, whereas enzymatic and radioisotope methods can lack
* Corresponding author. Tel.: +358 17 163465; fax: +358 17 162456, @ Suitable internal standard as these compounds are not al-
E-mail addressjoni.palmgren@uku.fi (J.J. Palrégn). ways commercially available. GC methods are sensitive and
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Fig. 1. HPLC-APCI-MS spectrum of standard cholesterol and phytosterols. Mass spectrum of cholesterol (A) ionp@Hat-B869m/z, spectrum of
stigmasterol (B) ion at 396Vz, sitosterol (C) ion at 39®Vz and sitostanol (D) ion at 399z detected as a loss of water (MH-®)*.

selective, however, they require laborious sample derivatiza- trix effect and the presence of endogenous cholesterol have
tion steps before analysis and are suitable only for a limited to be investigated because they might cause potential ion sup-
number of compounds. pression or enhancement of signal intensities. Therefore, an
Recently, atmospheric pressure chemical ionization accurate, precise, selective, and sensitive analytical method
(APCI) with liquid chromatography mass spectrometry is required for sterol analysis in cultured cells.
(LC-MS) was found to be suitable for the sterol analyses In the present work, we describe a fast and effective
in different samples and matrices. LC-APCI-MS was used extraction method for endogenous free cholesterol and
to identify sterols in soybean dil5], to characterize phyto-  administered sterols extracted from cultured Caco-2 cells.
sterols in spelf16], to determine ergosterol levels in bulrush ~ Sterol contents in Caco-2 cells were quantified by a new
[17], and to measure cholesterol oxides in the different food HPLC—-APCI-MS method. This is the first HPLC-APCI-MS
supplies[18]. Phillips et al.[11] reported a precisely vali- method for the quantitation of cholestrol, sitosterol, and
dated GC method for the sterols and stanols, but this studysitostanol from cultured cells.
was limited to human serum samples.
Because sterols are highly lipophilic with few polar func-
tional groups, they are difficult to ionize through conventional 2. Experimental
electrospray method46,21] APCI ionization is usable but
is not the most sensitive method. Electron impact (El) ion- 2.1, Materials and chemicals
ization in particular and the recently developed atmospheric
pressure photoionization (APPI) are effective alternatives for  All sterol standards were from Sigma (St. Louis, MO,
lipophilic compound$19-21] However, APCI ionization is USA). Cholesterol (5-cholester3l, purity 99%), sito-
most widely used for the sterols analysis, APCI instruments sterol @-sitosterol, 28&-ethylcholesterol, purity 95%) and
are commonly available, and APCI ionization can be easily sitostanol (stigmastanol, 24ethyl-5x-cholestan-B-ol, pu-
coupled with HPLC system. rity 96%) were used as the reference compounds. Stig-
Extraction recovery of sterols from cultured cells can be masterol (38-hydroxy-24-ethyl-5, 22-cholestadiene, purity
varied depending on different properties of solvgh8j. For 95%) was used as an internal standard (1.S.). Methanol and
HPLC-MS studies in cultured cells (such as Caco-2) the ma- chloroform were obtained from Rathburn (Walkerburn, UK)
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and ammonium acetate from Riedel-de Haen (Seelze, Ger-mization of chromatography different flow rates were used

many) and all the chemicals were of analytical grade. and another Xterra column (1.0 mr50 mm, 3.5.m) with
a flow rate of 8Qul/min was used to compare for sensitivity,
2.2. Cell culture and cellular uptake study separation, and speed.

Caco-2 cells (a human colon adenocarcinoma cell line 2.4. Mass spectrometry
(HTB 37)) were purchased from ATCC (Manassas, VA,
USA). The cells were grown in 75 éeell culture flasks A Finnigan LCQ quadrupole ion trap mass spectrometer
(Nunc, Denmark) in Dulbecco’s Modified Eagle’s Medium (San Jose, CA, USA) equipped with an atmospheric pres-
(DMEM BE12-604F) (BioWhittaker, Belgium) supple- sure chemical ionization (APCI) source was used for the
mented with 10% heat inactivated foetal bovine serum (Hy- mass analysis. The ionization was performed in the posi-
Clone, Belgium), 2 mM.-glutamine, & non-essentialamino  tive mode and full scan mass spectra framz 200 to 700
acids, 100 IU/ml penicillin and with 10@g/ml streptomycin were measured. The optimized operating parameters of the

(BioWhittaker, Belgium) in 7% C@ atmosphere at 3. APCI-MS interface were as follows: vaporisation temper-
Cells were subcultured twice a week and passages 46—4%ture 400C; source temperature 15G; discharge current
were used for experiments. 5A; sheath gas flow 80 arbitrary (instrument) unit; aux gas

Sodium taurocholate (Fluka Chemie, Switzerland) and flow O arbitrary unit; tube lens offset 10V and ion collection
oleic acid (Sigma, St. Louis, MO, USA) were used as micelle time was 200 ms and three scans were summed. The flow
forming substances. They were dissolved in ethanol as well asfrom the HPLC was diverted to waste for the first 5 min pre-
cholesterol, sitosterol, and sitostanol (Sigma, St. Louis, MO, venting the impurities entering the mass spectrometer. Data
USA) to form stock solutions. Substances were mixed in a were processed using the Finnigan LCQ software package
glass tube, thereafter; ethanol was evaporated under nitroversion 1.2.
gen flow at 37C. The residual, forming a thin film in a glass
tube, was dissolved in DMEM and sonicated in a bath sonica- 2.5. Validation of the method
tor for 15 min at 37C. Final concentrations of micelles were

2.5mM sodium taurocholate, 128 oleic acid and 10.M 2.5.1. Standard solutions and calibration
cholesterol, or 10Q.M sitosterol or 10QuM sitostanol. Mi- Individual primary stock solutions (2 mM) of cholesterol,
celles were protected from light and kept in &2lover night. sitosterol, sitostanol and stigmasterol (1.S.) were prepared

Caco-2 cells were seeded to polycarbonate membraneseparately in absolute ethanol and stored in the dark@t 4
(TranswelP 3401, 12 mm diameter, Oidm pore size) (Corn-  at which they were found to be stable for at least 3 months.
ing Incorporated, NY, USA) at a density of 90 000 cells/insert 1.S. working solutions were prepared by diluting the pri-
and were cultivated for 22—27 days. Culture media were mary |.S. stock solution to the final concentration of 200
changed every 2—3 days and on the day before experiment(for samples) and 26M (for standards and quality con-
The integrity of Caco-2 monolayer was controlled by measur- trol samples) in methanol. Similarly, appropriate amounts
ing the transport ofH-mannitol. In uptake experiments, mi-  of each primary stock solution (except of 1.S.) were com-
celles (containing cholesterol, sitosterol, or sitostanol) were bined and diluted with methanol to give 20 working
administered to cells for 3 h (in 7% G@tmosphere at 3C). solutions (A) for calibration and quality control (QC) stan-
Cells were washed once with colckIPBS, then, cells were  dards. Furthermore, all the four primary stock solutions were
lysed by addition of 0.1% Triton X-100 solution for 30 min. mixed and prepared to final concentrations of g0 (B;
Finally, cells were carefully scraped from membranes, sus- for recovery samples) and 20M (C; for matrix effect sam-
pended by pipeting, and removed to microcentrifuge tubes. ples). All the working solutions were stored-a20°C until
All samples were stored at20°C until prepared, extracted, used.
and analyzed. Sterol and protein contents of samples were A working solution (A) was further diluted with methanol
measured by HPLC-APCI-MS and by Bradford methods, and solutions were used for calibration and QC standards.

respectively. Calibration (0.225, 0.45, 0.9, 2.25, 4.5, 7.2 and M)
and QC (1.125 and 36M) standards were prepared daily
2.3. Liquid chromatography through serially dilution and each contained an equal amount

of I.S. (2.5uM). The calibration and QC standards were an-

The HPLC system consisted of the Ultimate pump and alyzed (immediately after the preparation) repetitively be-
Famos autosampler (LC Packings, Netherlands) with@?20 tween samples within each analytical sequence. The calibra-
injection volume. The sterol samples were separated undertion curve was constructed by plotting the chromatographic
isocratic conditions with a methanol-water (90:10, v/v) mix- peak area ratios (standard area/Il.S. area) versus the concen-
ture containing 0.2 mM ammonium acetate. The chromato- tration in the standard using linear regression and the coeffi-
graphic separation was performed using an Xterra MS C cients of correlationr@) was calculated. The lowest limit of
reversed-phase column (2.1 myr150 mm, 3.5um, Waters, quantitation (LLOQ) for each sterol was calculated based on
Milford, MA) with a flow rate of 180ul/min. For the opti- the FDA Guidance for Industry, Bioanalytical Method Val-
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idation [22]. Briefly, the analyte response at LLOQ should Percent ion suppression for each sterol was calculated as
be five times level of the baseline noise, and the analyte re-100x (As — Ap)/As, whereAsandA, were the mean peak area
sponse at LLOQ should be determined with precision <20% of the sterol standard and the spiked sample, respectively.
and accuracy of 80—-120%.

2.6. Sample preparation and extraction process

2.5.2. Precision and accuracy

W|th|n_day accuracy and precision of the assay were de- After cellular uptake StUdieS, micelles were collected and
termined by repetitive measuremems6) of QC standards ~ analyzed. Micelles (10fl), 50wl of I.S. solution (20Q.M)
on two concentration levels. Precision was calculated as theand methanol (385(l) were vigorously mixed for 10 min by
relative standard deviation (R.S.D., %) and accuracy was VOrtex. Sterol contents of micelles were analyzed along with
expressed as the mean percent [(mean measured concerfther samples using HPLC-APCI-MS. Lysed and scraped
tration)/(expected concentratior)100]. Between-day accu- ~ Cell samples (361) were sonicated for 15 min, then g5of
racy and precision was evaluated by performing repeated!-S. solution (20@M) and 3193.l of methanol/chloroform
measurements of the same QC standards on three differenfl:1, v/v) solvent were added to the cell suspension. After

days and calculated in the same manner as the within-dayl5 min vortex-mixing, the extracted samples were processed
values. as described in Sectidh5.3

2.5.3. Extraction recovery and matrix effect . .
Cultured cells contain endogenous cholesterol; pure blank3' Results and discussion
cells are not available. Therefore, the extraction recoveries
of four sterols were determined using the standard addition
method (a known amount of sterols was added to a cell
sample) and based on liquid extraction without phase sep-
aration. Briefly, a cell sample (4Q4, contains endogenous
cholesterol) was sonicated for 15 min and8@f methanol
and 355Qul of methanol/chloroform (1:1, v/v) solvent were
added to a cell suspension. A spiked cell sample was pre-
pared in the same manner, exceppb0f methanol was re-

3.1. Liquid chromatography

The high lipophilicity of the sterols can make sample pro-
cessing and chromatography difficult. Potential contamina-
tion problems in the column or autoinjector were minimized
by utilizing high organic solvent content both in the autoinjec-
tor and in the mobile phase. After standard or matrix samples,
pure methanol samples did not present any traces of carry-

placed with equal volume of working solution B (2@ of over. Although normal-phase chromatography is more often
each sterol). After 15 min vortex-mixing, cell and spiked cell used E)r the ?epﬁratlonl o;%tergﬂ,i], reV(ahrse;:i]-phase COIU?_”
samples were centrifuged at 4000 rpm for 5min. Clarified was chosenforthe analysksg. 2shows the chromatographic

supernatants (200)) were collected and evaporated to dry- separation of sterols with two different reversed phase LC-

ness by vacuum centrifugation. Residues were reconstitutedC!UMNS. Separation of sterols was ach|e\_/ed n 3."5 min using
in 200wl of methanol. Finally, all samples were sonicated ashortcolumn (Xterra, 1 mm 50 mm) with isocratic elution

and vortex-mixed prior to analysis. The absolute recoveries (Fig. 2A)and ir?creasgd sen.s_itivitywas observed with the flow
of sterols were calculated in five replicates=(5) by com- rate of 8Qul/min, but impurities and sterols eluted together.

paring the peak areas of the samples (cell sample subtracted? HPLE-MS anagyss, bﬁsilme sgfpa}ratlo%of p;ealgs_ls n?tr?l-
from spiked cell sample) to those of unextracted (matrix-free) ways hecessary due to high speci _'C'ty and se eCt'V'ty.O the
standards at equivalent concentration (2\8) (Eq. (1)). For dete.ctlon.method. Hoyvever, effective chromat_ographlc sep-
evaluation of extraction procedure accuracy and precision thearaltlon IWI” dgcrr]ease mterfe:jen_ce <r:]aused bly |scr>1bar|ch(s<faml:e
calculation was based on calibration curve plotted against in- molecular weig t.) compounds in the sample when the fu
ternal standard. Contents of spiked sterals §) were cal- scan mass mode is used_. We found thatlo_nger reversed-phase
culated and compared to known added (nominal) contentscommn with MS detection was appropriate for the sterol

for accuracy determination. Precision values were caIc:uIatedanaIySIS (thrra, 2.1 mm 150 mm, 3..m, isocratic flow
from spiked sterol contents. rate 18Qul/min). As seen inFig. 2B, sterols were success-

fully separated within 15 min and uniform peak shapes were

ined. An interferin m nd, which might origin
area of spiked cell sample area of cell sample obtained terfering compou d, c gnt originate

Recovery (%)= area of mairix free standard % 100% from impurities or from an isotope of sitosterol, was suc-
(1) cessfully separated from sitostanblg. 2B, ion channel 399
mz).

To optimize peak intensity and retention times of sterols,

To investigate matrix effect, standard samples were four different flow rates were assessed. The flow rate of
compared to spiked cell samples=<5) at equivalent  80pl/min offered the highest peak intensity but the reten-
concentrations (2.@M). Briefly, 90wl of pre-extracted tion time was over 30 min. Peak intensities using flow rates
and reconstituted cell sample (as stated earlier) was spikedof 160 and 18@l/min were rather equal, however, separation
with 10wl of working solution C (2QuM of each steral). was 2 min faster when the higher flow rate was used giving
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Fig. 2. lon chromatograms of a standard mixture of sterols by HPLC-APCI-MS. Separation performed in (A) reversed phase Xterra coluaB0(thmin
eluent flow rate 8@ul/min; (B) reversed phase Xterra column (2.1 mm50 mm), eluent flow rate 18§0/min. Concentrations in (A) and (B) 1.0 and 3.,
respectively.

the final retention time around 15 min. Flow rates over the characteristic for sterols as dehydration was observed in ear-
180pl/min produced weak peak intensities. lier reports with cholesterol oxid¢$8], phytosterol$15,16],
and ergosterdl1l7]. The operating parameters of the APCI-
MS were manually optimized to maximize the detection of
fragments [M +H-HO] * and the analysis of subsequent
The positive full scan mass spectra of sterols are shownsamples was based on these fragments. Detection using full
in Fig. 1 In the mass spectra the protonated sterol moleculesscan mass mode was adequate for the sterol analysis, since the
[M+H]* induced weak signal intensities, and sterols were molecular weights were different and the chromatographic
not observed as ammonium adducts. Intense fragment ionsseparation was efficient. MS/MS detection is known to be
(m/z 369, 395, 397 and 399 for cholesterol, stigmasterol, Specific and selective. However, we tested MS/MS spectra of
sitosterol, and sitostanol, respectively) were observed, indi- Sterols and we observed that the product ion spectrums of the
cating the loss of water [M + H—D]*. This seems to be [M +H-H>QOJ* ions were quite similar. Additionally, signal-

3.2. Mass spectrometry
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to-noise ratios of sterols in the MS/MS mode were lower than
using the full MS method.

3.3. Validation of the method

3.3.1. Calibration and limit of quantitation

General recommendations for bioanalytical method
validation (e.g. FDA-guidelines, ref22]) specify the quan-
titative determination of drug and metabolites in biological

matrices such as blood, serum, plasma, or urine. There aré"

no recommendations of method validation for cultured cells.
Typically, bioanalytical validation parameters (calibration,
LLOQ, precision, and accuracy) should be determined in
the same biological matrix as the samples. The quantitation
of sterols in cultured cells is difficult, since cells contain
high level of endogenous cholesterol. When blank matrix is
not available for the preparation of validation standards, the
method of choice is using the standard solutions instead o
spiked matrix sample@3-25]

In this study, method selectivity was evaluated during
method development. First, the method was tested to be se
lective for sterol analyses in the presence of biological ma-
trix. Second, interference from the solvent used for standard

149

area) versus the calibration curve. Stigmasterol was chosen
for the internal standard (1.S.), since it was commercially
available and was observed to behave in the same manner as
other sterols during sample extraction, chromatographic elu-
tion, and mass spectrometric detection. The linearity of the
I.S. was tested using concentration range 0.28@nd it
showed linear response with 0.998 correlation coefficient.
The LLOQ was 0.22%.M for sitosterol and sitostanol,
and 0.45.M for cholesterol Table 1. The accuracy range
as 95-106% and the R.S.D. precision was lower than 9%
(n=23) for all LLOQ values, which surpass the minimal FDA
criteria. The signal-to-noise ratios obtained atthe LLOQ were
atleast 10:1 and true sample concentrations were well above
the LLOQ. This method is about six-fold more sensitive for
sitosterol compared to a corresponding HPLC-UV method
(sitosterol in the oil sample§) 5] and similar to the LLOQ of
0.14p.M for sitosterol recorded from GC analysis of serum

ssampleg10]. Furthermore, Phillips et a[11] utilized also

GC method for phytosterols in the human serum and reported
the LLOQ of 1.0 and 0.5M for sitosterol and sitostanol,
respectively. However, these previous results were performed

by using spiked matrix samples.

preparation was evaluated. Each sterol was tested individu-3.3.2. Precision and accuracy

ally to ensure that there was no detectable interference at spe-  Within-day precision of the method was evaluated by per-
cific ion channels. As stated in Secti8r8.3 cell matrix did forming six repetitive analyses of QC standards (1.125 and
not cause any interference for the signal intensities or for the 3.60.M), which gave excellent R.S.D. values between 1.27
extraction recoveries. Extraction efficiencies in spiked cell and 4.36%. The accuracy range was 93—-1028bl¢ 2. The
sample were excellent with a good precision and accuracy. between-day accuracy of the method ranged from 93 to 101%
Furthermore, no significant interfering peaks from the matrix and the R.S.D. precisions were lower than 7%. The within-

and from the standard solvent were found at the MS reten-
tion times and in the ion channels of the analytes. After these
confirmations, validation parameters of the analytical method
were determined by using standard solutions instead of spike
matrix samples. Recently, similar semi-validation approach

has been applied for determinations of endogenous retinoid

and retinol levels in plasma and a variety of tiss[&%-25]

The calibration curves of cholesterol, sitosterol, and
sitostanol were linear over concentration ranges with cor-
relation coefficientsr) greater than 0.994T@ble 9. The
equations for the curves were calculated using six calibration
points with three sets of replicate standamis 8) per curve.

To compensate for analyte losses during sample preparation

the sample assay was based on the internal standard metho
which was calculated from the peak arearatios (unknown/I.S.

Table 1
Calibration range, linearityr{) and LLOQ of the LC—APCI-MS method
Compound  Calibration Linearity LLOQ (n=3)

range (r)2

(M) wM R.S.D.  Accuracy

(%) (%)

Cholesterol 0.45-9.0 0.9965 0.45 2.02 BH
Sitosterol 0.225-7.2 0.9992 0.225 8.38 .86
Sitostanol 0.225-7.2 0.9944 0.225 4.20 45

2 Correlation coefficient using six calibration points(3).

day precision of stigmasterol (1.S.) was 6.5% R.Srx 88).

d3.3.3. Extraction recovery and matrix effect

Extraction recovery and matrix effect were performed by
using spiked matrix samples, i.e. real spiked cell samples.
A straightforward liquid extraction (methanol/chloroform,
1:1, v/iv) method was used for each sterol. The mean abso-
lute recovery of sterols from the spiked cell samples )
were 109. 7 26.2,105.74 5.1, 109.8: 5.0 and 99.6: 7.0%
for cholesterol, stigmasterol (1.S.), sitosterol, and sitostanol,
respectively. The extraction procedure accuracy was
90.9-103.7% and precision was lower than 16.2% for added

holesterol, sitosterol, and sitostanol. A previous report
measuring radiolabeled cholesterol recovery from primary
monocytes using chloroform/methanol (2:1, v/v) resulted in
93+ 4.0% recovery initially and <50% recovery after evapo-
ration and resuspensi¢b3]. Thus, the extraction recoveries
of our method were excellent, and the time of sample prepara-
tion was minimized. Matrix associated ion suppression of the
response of the sterols was relatively minor with APCI-MS.
Values for the spiked cell samples<5) ranged from-0.1
to +6.5%. Overall, above-mentioned validation parameters
indicate the accuracy, repeatability, linearity, and sensitiv-
ity of the analytical method and usefulness of the extraction
procedure.
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Table 2
Within- and between-day precision and accuracy of LC-APCI-MS method

Compound Within-day variation §=6) Between-day variation (3 days= 9)

QC° (uM) Mearf (uM) R.S.D. (%) Accuracy (%) QE(uM) Mearf (M) R.S.D. (%) Accuracy (%)
Cholesterol 1.125 1.145 411 107 1.125 1.052 6.92 931

3.60 3.416 1.27 989 3.60 3.437 2.87 987
Sitosterol 1.125 1.122 3.24 5 1.125 1.120 3.62 956

3.60 3.488 1.80 988 3.60 3.507 2.10 972
Sitostanol 1.125 1.133 3.81 108 1.125 1.128 3.33 1087

3.60 3.381 4.36 931 3.60 3.433 3.62 936

a Compounds are in chromatographical order.
b QC: quality control standard (nominal concentration).
¢ Mean observed concentration.

3.4. Sterols assay and cellular uptake of sterols sitostanol) was administered to a cell monolayer. After sam-
ple preparation sterol content was measuregl.3shows that
The extraction procedure and analytical method were uti- all the sterols were successfully extracted from cell samples
lized to quantify endogenous cholesterol and cellular uptake and identified chromatographically along with the internal
of cholesterol and phytosterols in Caco-2 cells. In uptake ex- standard. Further, no significant interfering peaks from the

periments, an individual sterol (cholesterol or sitosterol or matrix were found in the ion channels of the sterols or inter-
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Fig. 3. lon chromatograms of sterols extracted from cell samples (A—C) and chromatograms of standard sterols (D). Concentrations in a cel) sample: (A
cholesterol (6.8.M), stigmasterol (2.5.M) and absorbed sitosterol (0.p61) after sitosterol administration. Correspondingly, in (B) absorbed sitostanol
(0.62uM); (C) absorbed and endogenous cholesterol (843; and (D) each sterol standard (3.8). Conditions as stated iRig. 1B.
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Table 3
Cellular uptake of sterols and amount of endogenous cholesterol in Caco-2 cells

Micelles compositiof (ug) Cellular sterol contenn(= 3)

Cholesterol Sitosterol Sitostanol
Mean+ S.D. Mean+ S.D. (ug Mean+ S.D. Mean=+ S.D. (ug Mean+ S.D. Mean+ S.D. (ug
(r0) sterol/mg protein)  (Q) sterol/mg protein) (r0) sterol/mg protein)
Cholesterol 19.335 11.216+086 32.38+0.97
Sitosterol 20.735 9.671+0.95 31.66+ 6.3F 0.799+ 0.0% 2.60£0.18
Sitostanol 20.835 10.454+150 29.95+4.6F 0.884+0.13  2.52+0.39

2 Micelles were administered to the cell monolayer, after 3 h sterols were extracted as described irSection
b Endogenous and absorbed cholesterol.

¢ Endogenous cholesterol.

d Absorbed sterol.
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