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A novel liquid chromatography-tandem mass spectrometry method is described for the quantitative
determination of the endogenous CYP 3A4/5 marker 43-hydroxycholesterol in human K,-EDTA plasma.
It is based on alkaline hydrolysis to convert esterified to free 4[3-hydroxycholesterol, followed by analyte
extraction from plasma by hexane and purification of the hexane extract by normal-phase solid-phase
extraction. The analyte is chromatographically separated from endogenous isobaric plasma oxysterols
and excess cholesterol by a 16-min reversed-phase gradient on a C18 column; detection is performed

Keywords: . s . e .
4B-Hydroxycholesterol by atmospheric pressure photoionization tandem mass spectrometry in the positive ion mode, using
Biomarker toluene as a dopant.

CYP3A4/5 Using 400l of plasma, 4B-hydroxycholesterol can be quantified in the concentration range
LC-MS/MS 10.0-250 nM. Validation results show that the method is sufficiently selective towards endogenous

APPI plasma sterols and capable of quantifying the analyte with good precision and accuracy. The analyte
is sufficiently stable in all relevant matrices and solvents; the addition of the anti-oxidant butylated
hydroxytoluene to prevent in vitro formation of 43-hydroxycholesterol from cholesterol during storage

or analysis is not necessary, provided that long-term frozen storage of plasma occurs at —70°C.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Biological samples contain a wide variety of cholesterol oxi-
dation products, or oxysterols, most of which are formed from
cholesterol, either by enzymatic action or as a result of autoxi-
dation [1,2]. One of the most abundant oxysterols in the human
circulation is 43-hydroxycholesterol (Fig. 1A). Identified in human
plasma in the mid 1990s as part of the LDL and HDL fractions
[3], this compound has been the subject of increasing interest. It
was shown to be formed solely by the drug-metabolizing enzyme
cytochrome P450 (CYP) 3A4/5 [4] and highly elevated concentra-
tions were found in patients treated with drugs known to induce
the activity of this enzyme [5-8]. Despite some recent criticism
[9], there is increasing evidence that 43-hydroxycholesterol is a
useful endogenous marker of CYP 3A4/5 activity, since a good
correlation was found between 43-hydroxycholesterol plasma lev-
els and accepted markers for CYP 3A4/5 activity [10-12]. For this
reason, the assessment of CYP 3A4/5 activity by measurement
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of 4B-hydroxycholesterol plasma levels has become increasingly
popular in drug development programmes, as it does not require
the administration of exogenous compounds to the participating
subjects.

Over the years, a variety of liquid chromatographic (LC) and gas
chromatographic (GC) methods has been applied for the determi-
nation of oxysterols in biological samples [13], but GC with mass
spectrometric detection (GC-MS) has been most commonly used,
generally in combination with deuterium-labelled internal stan-
dards [14,15]. Most of the studies with 43-hydroxycholesterol have
been performed using this approach: the analyte as well as other
oxysterols are extracted from the sample and typically converted
into their trimethylsilyl derivatives, which are amenable to fur-
ther GC-MS analysis [3]. The high resolving power of GC and the
good sensitivity and selectivity of MS detection have been impor-
tant drivers for the dominance of this methodology, but the long
(>25 min) run times and need for an overnight derivatization step
are disadvantages for the high-throughput determination of 4(3-
hydroxycholesterol, which is typically required for the support of
clinical trials.

In the past decade, LC with tandem mass spectrometric detec-
tion (LC-MS/MS) has replaced GC-MS for many bioanalytical
applications, because of its better compatibility with non-volatile
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Fig. 1. Molecular structures of 4B-hydroxycholesterol (A) and 43-hydroxycholesterol-dy, the internal standard (B).

analytes, higher speed and better robustness. LC-MS/MS with elec-
trospray ionization (ESI) has been described for the determination
of underivatized sterols, among which 4[3-hydroxycholesterol, in
cell cultures and brain tissue [16], but because of the absence
of acidic and basic functional groups, it is relatively difficult to
ionize oxysterols in this way and for sufficient sensitivity a rela-
tively unselective mass transition (loss of water) has to be selected.
Other approaches are, therefore, generally preferred. The only
LC-MS/MS method described for 43-hydroxycholesterol in plasma
so far applies a derivatization into a picolinyl ester to enhance
the ionization efficiency in the ESI process [17], but with this
approach there is no clear gain in sample throughput compared
to GC-MS, because of the required 1-h derivatization step and
the unfavourable total run time of 40 min. The use of atmospheric
pressure chemical ionization (APCI) is an alternative for the deter-
mination of underivatized oxysterols, as has been demonstrated for
24S- and 27-hydroxycholesterol [18], but probably the most suit-
able ionization technique is atmospheric pressure photoionization
(APPI), which shows an efficient ionization, especially for relatively
non-polar compounds such as steroids [19,20]. This technique has
been used for the quantitation of 27-hydroxycholesterol in plasma
and was reported to be more than two-fold more sensitive than
APCI [21], being able to quantify concentrations down to 10 ng/ml
in a 15-min chromatographic run.

In this paper, we describe a method for the rapid determination
of underivatized 43-hydroxycholesterol using APPI-LC-MS/MS. It
addresses the challenges related to the determination of this com-
pound: the presence of a variety of isobaric endogenous oxysterols,
among which 4a-hydroxycholesterol, which might interfere with
analyte quantification and the possible autoxidation of the excess
of plasma cholesterol during storage and analysis, which might
cause in vitro formation of the analyte and lead to the overes-
timation of 4fB-hydroxycholesterol concentrations. Results of an
extensive method validation and the application to clinical samples
are shown as well.

2. Materials and methods

2.1. Chemicals

4[3-Hydroxycholesterol was purchased from Steraloids (New-
port, RI, USA) and 4p3-hydroxycholesterol-d7, the internal standard
(Fig. 1B), from Avanti Polar Lipids (Alabaster, AL, USA). 4o-
Hydroxycholesterol was obtained from Syncom (Groningen, The
Netherlands), cholesterol, 5,6c- and 5,63-epoxycholesterol from
Sigma (St. Louis, MO, USA), 7a-, 73-, and 25-hydroxcholesterol
from Steraloids, 24(S)-hydroxycholesterol from Avanti Polar Lipids
and 27-hydroxycholesterol from Medical Isotopes (Pelham, NH,
USA). Acetonitrile, methanol, ethanol, hexane, ethyl acetate, 2-
propanol and toluene were obtained from Merck (Darmstadt,
Germany) and sodium methoxide and butylated hydroxytoluene
from Sigma. HPLC grade water was prepared using a Milli-Q water
purification system (Millipore, Bedford, MA, USA). Human plasma
and whole blood on K,-EDTA were provided by PRA International
(Zuidlaren, The Netherlands).

2.2. Standard solutions, calibration and validation samples

Stock solutions were prepared in 2-propanol at 500 uM for
both 43-hydroxycholesterol and internal standard. Standard dilu-
tions were prepared at 50.0 and 5.00 uM in 2-propanol for
4[3-hydroxycholesterol. An internal standard working solution was
prepared in 2-propanol at 1000 nM. All solutions were stored in
glass tubes at +4°C.

Calibration samples were prepared at 10.0, 20.0, 40.0, 80.0, 120,
160, 200 and 250 nM in 2-propanol (corresponding to a range of
ca 4-100 ng/ml and 0.8-20 pmol injected on-column). For method
validation, spiked and unspiked human plasma samples were used
as well as spiked 2-propanol samples; plasma was spiked with
small volumes of standard dilutions in 2-propanol, not exceed-
ing 5% of the total plasma volume. For determination of precision
and accuracy, a validation sample at the lower limit of quantitation
(LLOQ) was prepared in 2-propanol. Validation samples in plasma
were prepared at four concentrations: unspiked plasma was used at
arelatively low endogenous concentration and this batch of plasma
was also spiked with an additional 50.0nM, 150nM or 350 nM
4[3-hydroxycholesterol to obtain medium, high and over-curve
concentrations, respectively. To test the effect of matrix variabil-
ity, six individual plasma batches were analysed unspiked and after
spiking with an additional 50.0 nM.

For stability assessment, one unspiked human whole blood sam-
ple, two unspiked human plasma samples (at a relatively low
and a relatively high endogenous concentration) and two spiked
2-propanol samples (at 30.0 and 200nM) were used. Calibra-
tion and validation samples were prepared from separate stock
solutions and all samples were stored in polypropylene tubes at
—70°C.

2.3. Sample preparation

An aliquot of 400 pl of well-homogenized plasma was mixed
with 50 ul of internal standard working solution and 800 .l of
sodium methoxide solution (2 M in ethanol, prepared freshly every
day) and the mixture was left at ambient temperature for 20 min
to convert esterified to free 43-hydroxycholesterol. Subsequently,
1 ml of water and 2 ml of hexane were added and the sample was
extracted for 1min at ambient temperature. After centrifugation
at 2500 x g for 5min at 20°C, the aqueous layer was frozen in a
mixture of acetone and dry-ice and the upper organic layer was
transferred completely to an Isolute diol (100 mg, 1 ml) solid-phase
extraction (SPE) cartridge obtained from Sopachem (Eke, Belgium),
which had been conditioned with 1 ml of hexane. The cartridge was
washed with 1 ml of hexane and eluted with two 750-p.1 aliquots
of a mixture of ethyl acetate and hexane (80:20, v/v). The eluate
was evaporated to dryness under nitrogen at 40 °C and redissolved
in 100 !l of methanol. Calibration samples in 2-propanol (400 1)
were mixed with 50 pl of internal standard working solution and
evaporated and redissolved in the same way. The extracts were
stored at 10°C in the autosampler until injection.
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2.4. Separation and detection

The chromatographic system consisted of a Shimadzu (Kyoto,
Japan) LC-10 ADvp high-pressure pump, a HTC PAL (CTC Analytics,
Zwingen, Switzerland) injector, a Shimadzu Shim-pack ODS col-
umn (100 mm x 3 mm, 2.2-p.m particle size), conditioned at 50°C
in a Shimadzu CTO10ACvp column heater, and an AB Sciex (Foster
City, CA, USA) API 3000 mass spectrometer, equipped with an APPI
probe. Aliquots of 20 ] of the sample extracts were injected. The
mobile phase, a mixture of water (solvent A) and acetonitrile (sol-
vent B) was delivered at 1.0 ml/min and completely directed to the
mass spectrometer. A gradient was applied, starting at 20% A and
80% B, changing linearly to 10% A and 90% B at 8.0 min after injec-
tion. This composition was maintained until 9.0 min, after which it
was changed to 100% B. At 14.0 min, the mobile phase was changed
back to the original composition of 20% A and 80% B until 15.0 min
after injection. Between 11.0 and 13.5 min, the LC flow was diverted
to waste to prevent excess cholesterol from entering the mass spec-
trometer.

Quantitation was achieved by MS/MS detection in the positive
ion mode. Toluene was used as the dopant in the APPI source at
60 wl/min; a source temperature of 480°C and an ionspray volt-
age of 1500V were applied. Detection of the ions was performed
by multiple reaction monitoring (MRM) of the transitions m/z
385.4-109.1 for 4[3-hydroxycholesterol and m/z 392.5-109.1 for
the internal standard.

2.5. Validation

Method validation was based on the general principles laid
down in the FDA guidance for industry [22]; specific issues for the
validation of methods for endogenous compounds were addressed
as described in [23]. A linear model with weighting factor 1/x was
used to describe the relation between analyte concentration and
instrument response (peak area ratio of analyte over internal stan-
dard). The precision and accuracy of the method were assessed at
five concentrations (one in 2-propanol and four in plasma) by anal-
ysis of the validation samples in six-fold in three analytical runs.
For the plasma sample spiked at the concentration outside the cal-
ibration range, half of the sample volume (i.e. 200 1) was used for
analysis. As a measure for the precision, within-run, between-run
and total CV were calculated by analysis of variance. As a mea-
sure for the accuracy, the (overall) bias for spiked samples was
determined by calculating the difference between the mean con-
centration of the spiked samples and the mean concentration of the
corresponding unspiked samples and comparing this difference to
the theoretical value. The effect of matrix variability was investi-
gated by analysis of six individual plasma samples before and after
addition of 50.0 nM 43-hydroxycholesterol.

The extraction recovery was evaluated for the internal standard
as surrogate analyte at three plasma concentrations (30.0, 100 and
200 nM) by comparing the peak areas obtained after regular plasma
analysis to the peak areas, obtained from samples, spiked after
extraction. The stability of the analyte was evaluated under vari-
ous conditions by analysis in triplicate by comparison of the mean
concentrations found after storage to those found before storage. In
plasma, freeze/thaw stability, stability at ambient temperature and
stability at —70 °C were determined (the latter both in absence and
in presence of 50 p.g/ml butylated hydroxytoluene, BHT). In calibra-
tion solvent (2-propanol) the stability at ambient temperature and
at4°Cwere determined, in whole blood the stability after storage at
ambient temperature and at 0°C (measured by analysis of plasma,
prepared from whole blood after the stability experiments) and in
processed plasma and processed calibration solvent the stability at
10°C. Analyte stability in stock solution was assessed after storage
atambient temperature and at 4 °C, by comparing peak areas found

after injection of the stored stock solutions to the peak areas found
for freshly prepared stock solutions.

3. Results and discussion
3.1. Sample preparation

For endogenous compounds, there are several ways to prepare
calibrators in an analyte-free matrix [23]. Charcoal stripping was
no option, since this hardly removed 4f3-hydroxycholesterol from
plasma, probably because of its presence in lipoproteins. Due to
the limited solubility in water even in the presence of proteins,
the use of a synthetic aqueous matrix was not considered. Instead,
calibrators were prepared in 2-propanol, which is a usual approach
for steroids.

Just as in the case of many other oxysterols, part of the 4[3-
hydroxycholesterol in plasma occurs in the form of long-chain fatty
acid esters [13]. For the determination of the total concentration,
esterified 4pB-hydroxycholesterol has, therefore, to be converted
to the free form prior to extraction. Alkaline hydrolysis using
sodium methoxide in ethanol was used rather than the more usual
approach with ethanolic potassium hydroxide, because of its speed
and simplicity. As judged from the maximum analyte responses
that were obtained and which did not increase upon further stor-
age, hydrolysis with sodium methoxide was found to be complete
after just 20 min at ambient temperature, while typical procedures
with potassium hydroxide may take as long as several hours and
require heating [4,17].

A simple extraction of the analyte from plasma (400 wl) could
be achieved with hexane (2000 ). The addition of water (1000 1)
was necessary to effect a good phase separation between the aque-
ous and organic layers after the extraction and properly remove
plasma from the hexane phase. An additional clean-up step of
the hexane extract by normal-phase SPE was found to improve
method selectivity and robustness. Comparison of chromatograms
obtained with and without SPE showed that about 80% of co-
extracted cholesterol was removed in this way, as well as some
minor unidentified oxysterols, which eluted closely to the analyte
peak. Without the additional SPE step, the extracts of more lipi-
daemic plasma samples were visually turbid and a steady increase
in column back-pressure was found upon injection of larger series
of samples, indicating the build-up of plasma components on the LC
column. With the inclusion of the additional SPE step, clear extracts
were obtained and an excessive increase in column back-pressure
could be prevented.

The recovery of the two-step extraction procedure was not com-
plete, ranging between 45 and 69%, as judged from the results for
the internal standard. Still, it was similar for the analyte and the
internal standard, as the peak arearatio of analyte and internal stan-
dard after extraction of plasma (after correction for endogenous
43-hydroxycholesterol) was identical to the ratio in unextracted
calibration samples. This illustrates the crucial importance of the
availability of an isotopically labelled internal standard to normal-
ize the responses and correct for incomplete extraction recovery.

The in vitro formation of oxysterols during storage and/or anal-
ysis, by autoxidation of the large (typically 50,000-fold) excess of
plasma cholesterol, is an important phenomenon to consider. To
minimize this effect, blood is usually collected in EDTA tubes, as
this anti-coagulant complexates metal ions, which are thought to
catalyse cholesterol autoxidation. An anti-oxidant such as buty-
lated hydroxytoluene (BHT) may be added as an extra precaution
[13]. In our study, blood and plasma on EDTA were selected a pri-
ori and other anti-coagulants were not further investigated. The
addition of 50 g BHT per ml of sample prior to analysis did not
significantly change the 4B-hydroxycholesterol plasma concen-
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Fig. 2. MS/MS spectrum for 43-hydroxycholesterol-d7, precursor ion m/z 392.5.

trations found, whence it was concluded that no in vitro analyte
formation occurs during the analytical procedure. The use of a
short hydrolysis step at ambient temperature is a helpful method
characteristic in this respect. The findings are in line with the
general observation, that - compared to some other oxysterols
- relatively little 4B-hydroxycholesterol is formed by cholesterol
autoxidation [4].

3.2. Separation and detection

Both 4f3-hydroxycholesterol and its seven-fold deuterated
internal standard lost water in the APPI process, which is the usual
case for underivatized oxysterols [24], and formed [M-H,O+H]*
precursor ions at m/z 385.4 and m/z 392.5, respectively. The pre-
cursor ions showed characteristic fragmentation patterns. Both lost
an additional molecule of water, yielding product ions at m/z 367.2
and 374.3, respectively. The most intense product ion for both com-
pounds was found at m/z 109.1 (Fig. 2). The exact structure of
this ion is difficult to elucidate because of the complicated frag-
mentation mechanism of sterols, but it possibly is a protonated
form of the sterol A ring, after loss of water and dehydrogenation.
In any case, with MRM transitions of the [M-H,O+H]* precur-
sor ions to the m/z 109.1 product ions and by using toluene as a
dopant in the APPI process at 60 wl/min, sufficiently high responses
were obtained to determine 4[3-hydroxycholesterol concentrations
down to 10 nM.

Human plasma contains a variety of oxysterols. As many of these
have the same molecular mass as 4f3-hydroxycholesterol, chro-
matographic separation of interfering oxysterols from the analyte
or the selection of a unique analyte production is required to obtain
a sufficiently selective analytical method. In addition, separation
of 4B-hydroxycholesterol from the large amount of cholesterol is
important to prevent excessive suppression of analyte ionization.
Analysis of standard solutions of cholesterol and eight of the most
abundant plasma oxysterols (4a-, 7a-, 78-, 24(S)-, 25- and 27-
hydroxycholesterol and 5,6c- and 5,6 3-epoxycholesterol) revealed
that they all show responses at the selected MRM transition of
4[3-hydroxycholesterol. For the isobaric oxysterols, this is under-
standable. For cholesterol, which contains one oxygen atom less,
it could mean that oxidation takes place under the conditions in
the ion source, resulting in one or more species with the same
m/z value as 43-hydroxycholesterol itself, which subsequently fol-
low the same ionization and fragmentation pattern. An alternative
explanation could be that cholesterol is dehydrogenated in the ion
source, thus forming an ion isobaric to the oxysterols after loss of
water.

Because of the insufficient mass spectrometric selectivity,
proper chromatographic resolution was necessary to separate 43-
hydroxycholesterol from interfering plasma sterols. The use of a
column with a high plate number was essential for the combination
of sufficient resolution and a reasonably short analytical run time.
As is shown in Fig. 3, a column with 10 cm length and 2.2 wm par-
ticle size provided sufficient separation of 4(3-hydroxycholesterol
from cholesterol and the most abundant plasma oxysterols within
a 16-min run. It appeared advantageous for method robustness
to divert the LC flow to waste rather than to the mass spectrom-
eter between 11 and 13.5min. In this time window, cholesterol
elutes off the column and its very high concentration caused con-
tamination of the ion source, leading to a gradual increase of the
background signal.
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Table 1
Summary of precision and accuracy results.

Matrix Nominal concentration (nM) Calculated concentration (nM) Bias (%) Within-run CV (%) Between-run CV (%) Total CV (%) n
2-Propanol 10.0 10.5 +5.3 4.8 7.6 9.0 18
Plasma Unknown 37.0 na? 2.5 1.0 2.7 18
Plasma 87.0 82.8 -4.8 1.7 2.0 26 18
Plasma 187 173 -7.5 1.9 3.6 4.0 18
Plasma 387P 344 -11.0 3.7 42 5.6 18
2 Not applicable, endogenous level.
b Partial volume (200 p.l) analysis.

3.3. Validation 100

For all calibration curves recorded during method validation, the - - - -

back-calculated concentrations of the calibrators were within 10% = 1 o o &

of the theoretical value with a CV of less than 5%, which indicates the =

suitability of the linear calibration model with weighting factor 1/x. % 50 4

Table 1 summarizes the accuracy and precision results, as obtained < | »

for the repeatedly (n=18) analysed validation samples. Results for § G ® s -

accuracy, expressed as the average bias from the theoretical value, S 25

were between —11.0% and +5.3% and method precision, expressed

as within-run, between-run and total CV, was below 10%in all cases,

which is well within the acceptance limits [22]. 0 T T T

0 100 200 300 400

Upon spiking an additional 50.0 nM 4{3-hydroxycholesterol to
six different lots of plasma, the bias from the theoretical spiked
concentration was below 11%, in all cases, which illustrates that
variability in the matrix does not negatively affect method perfor-
mance.

Under normal analytical and storage conditions, the analyte is
sufficiently stable in the relevant matrices and solvents, as the bias
of the concentrations found after storage compared to those in the
corresponding unstored samples was well within 10% for all condi-
tions tested (Table 2). In plasma, stability was demonstrated over
three freeze/thaw cycles (between —70°C and ambient tempera-
ture), for up to 24 h at ambient temperature and for up to 343 days
at —70°C (without BHT added). In processed plasma at 10°C, the
storage conditions in the autosampler, stability was sufficient for
up to 98 h. In whole blood, no analyte degradation was observed for
storage up to 4 h at ambient temperature and at 0 °C. Stability in the
calibration solvent (2-propanol) was sufficient at ambient temper-
ature for 24 h and at 4°C for up to 11 days; in processed calibration
solvent at 10°C, stability was demonstrated for up to 98 h. In stock
solution (2-propanol), the stability was sufficient both at ambient
temperature for 24 h and at 4°C for 183 days.

The effect of the presence of BHT in plasma on the stability of 43-
hydroxycholesterol during prolonged storage at —70 °C is shown in
Fig. 4. After frozen storage for 61, 159, 265, 291 and 343 days with-
out BHT and for 57, 155, 261, 287 and 339 days with 50 pg/ml BHT,
the deviation from the t=0 value was typically <15% in all cases.
This illustrates that no in vitro formation of 4[3-hydroxycholesterol
occurs at —70°C and that no addition of BHT is needed if plasma
is stored at this temperature. However, as is shown in Fig. 5, the

Table 2
Summary of stability results.

storage period (days)

Fig. 4. Low and high endogenous 43-hydroxycholesterol concentrations in human
plasma after storage at —70°C with (O) or without (W) butylated hydroxytoluene
(50 pg/ml) added.

abundance of plasma oxysterols, including 43-hydroxycholesterol
itself, increases considerably when plasma is stored at —20°C for
(much) longer periods of time. Apparently, more in vitro autoxi-
dation of cholesterol takes place under these storage conditions,
which could be due to the higher storage temperature, but also to
the fact that the —20°C (walk-in) freezer used is continuously illu-
minated, while cholesterol oxidation is known to be sensitive to
photoirradiation [25]. This phenomenon was not further investi-
gated in the present study, as storage at —70°C and in the dark was
judged to be a workable alternative. Should storage at —20°C be
necessary, additional research is required to define optimal storage
conditions.

3.4. Application to clinical samples

To date, more than 1000 plasma samples from six different
clinical trials have been analysed with the described method. The
average accuracy (expressed as % bias from the nominal concentra-
tion) and precision (expressed as % CV), found for quality control
samples, typically is in the order of 10% or below. A sample through-
put of about 80 per day (ca 60 study samples plus calibrators and
quality control samples) is routinely achieved. As an illustration,

Matrix Analyte concentration (nM) Temperature Period Mean deviation from t=0 (%)
Plasma 37.0/76.4 -70°C 343 days -6.1/-2.0

37.0/76.4 Ambient 24h -1.4/-0.3

41.8 Freeze/thaw 3 cycles +0.9
Processed plasma 37.0/76.4 10°C 98h +0.4/+1.3
Whole blood 42.8 0°C 4h -1.8

42.8 Ambient 4h -1.0
Stock solvent 500 uM 4°C 183 days +2.1

500 M Ambient 24h -15
Calibration solvent 30.0/200 4°C 11days +3.8/-1.0

30.0/200 Ambient 24h —2.4/+0.1
Processed calibration solvent 30.0/200 10°C 98h +0.4/-1.0
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Fig.5. LC-MS/MS chromatograms of two unspiked human plasma samples, stored at —20°Cin an illuminated freezer for 146 days, concentration 47.4 nM (A) or for 1874 days,

concentration 206 nM (B).

Table 3
43-Hydroxycholesterol concentrations in plasma from 129 untreated volunteers.

Mean (nM) SD (nM)
55.9 23.7 20.2 148

Minimum (nM) Maximum (nM)

the concentrations of 43-hydroxycholesterol determined in plasma
samples from 129 healthy, untreated volunteers, are summarized
in Table 3. Published plasma 4p-hydroxycholesterol concentra-
tions, obtained with GC-MS, vary somewhat from report to report,
but typically range between 20 and 50 ng/ml (ca 50-125nM) for
untreated, adult subjects [3,4,7,10], which is comparable to our
findings. The reproducibility of the described method for incurred
study samples was tested by reanalysis of a selection of ca 10% of the
plasma samples(n=14). The deviation of the repeat results from the
original ones was +3.2% on average and varied from —7.8% to +10.0%,
which proves that the described methodology yields reproducible
results.

4. Conclusions

The APPI-LC-MS/MS method described in this paper allows the
quantification of 4-hydroxycholesterol in human plasma at the
relevant physiological levels (10.0-250 nM); if necessary, higher
concentrations can be determined by partial volume analysis.
Because of the good sensitivity and selectivity of the method, the
favourable accuracy and precision, the good stability of the analyte
and the relatively short analysis time, the method is very suit-
able for the support of clinical studies with 43-hydroxycholesterol.

The method has demonstrated its value in the analysis of over
1000 samples. Compared to previously described methods, it has a
higher sample throughput and is more rigorously validated. In addi-
tion, it is more selective than direct ESI-LC-MS/MS and, compared
to GC-MS and other ESI-LC-MS/MS methods, it avoids a critical
derivatization step.

Ethical aspects of the research

The authors state that appropriate institutional review board
approval and written informed consent has been obtained for the
investigations involving human subjects.
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