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Abstract In a recent publication [Diestel, A., O. Aktas, D.
Hackel, I. Häke, S. Meier, C. S. Raine, R. Nitsch, F. Zipp, and
O. Ullrich. 2003. Activation of microglial poly (ADP-ribose)-
polymerase-1 by cholesterol breakdown products during
neuroinflammation: a link between demyelination and neu-
ronal damage. 

 

J. Exp. Med.

 

 198: 1729–1740], extremely high
levels of 7-oxocholesterol were reported in cerebrospinal fluid
(CSF) of 11 patients with multiple sclerosis (MS) [7.4 

 

�

 

 0.3
mg/l (mean 

 

�

 

 SEM)]. The corresponding level of 12 sub-
jects with other kinds of neurological diseases was reported
to be 0.5 

 

�

 

 0.1 mg/l. Such high levels of 7-oxocholesterol were
found to cause neuronal damage of living brain tissues. Us-
ing a highly accurate method for an assay of 7-oxocholesterol
based on isotope dilution-mass spectrometry and anaerobic
conditions during workup, we found that the level of 7-oxo-
cholesterol in CSF from 29 Swedish patients with MS was
only 1.2 

 

�

 

g/l (median, ranging from 0.4 to 4.6 

 

�

 

g/l), less
than 1/1,000th of the previously reported level. The level
of 7-oxocholesterol in CSF from 24 Swedish control pa-
tients was 0.9 

 

�

 

g/l (0.3–2.3 

 

�

 

g/l), slightly but significantly
lower than the CSF level in MS patients (

 

P

 

 

 

�

 

 0.002). In
vitro-induced lipid peroxidation of the endogenous choles-
terol in CSF increased the level of 7-oxygenated cholesterol
metabolites, particularly 7-oxocholesterol, up to 

 

�

 

0.3 mg/l.
These results are discussed in relation to the fact that 7-oxy-
genated steroids are easily artificially formed by autoxida-
tion of cholesterol during workup procedures and analysis
of sterols and oxysterols from biological samples.

 

—Leoni,
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In a recent publication by Diestel et al. (1), high levels
of the cholesterol oxidation product 7-oxocholesterol were

 

reported in cerebrospinal fluid (CSF) of patients with mul-
tiple sclerosis (MS): 

 

�

 

7 mg/l. Unsurprisingly, such high
levels were found to cause neuronal damage under in vitro
conditions. The levels were considerably lower in CSF
from control subjects: 

 

�

 

0.5 mg/l. In a previous work from
this laboratory, we measured levels of 7-oxygenated oxy-
sterols in CSF from different groups of patients (2), and
the levels were always found to be less than 0.01 mg/l (our
unpublished observation). It is well established that the
other oxysterols in CSF, 24

 

S

 

-hydroxycholesterol (24OHC)
and 27-hydroxycholesterol (27OHC), are present in simi-
larly low concentrations (3–6). In view of this, and in view
of the suggestion by Diestel et al. (1) that 7-oxocholesterol
could be an important link between demyelination and
neuronal damage, we measured the levels of 7-oxocholes-
terol in CSF from 29 Swedish patients with MS and 24 con-
trol subjects. A highly accurate and sensitive method was
used based on isotope dilution-mass spectrometry (ID-MS)
using deuterium-labeled internal oxysterol standards. The
results are discussed in relation to the fact that 7-oxygen-
ated steroids are easily artificially formed by autoxidation
of cholesterol during workup procedures and analysis of
sterols and oxysterols from biological samples.

MATERIALS AND METHODS

 

Patients

 

We retrospectively investigated CSF samples from 53 patients
at the Division of Neurology and the Division of Geriatrics, Karo-
linska University Hospital in Huddinge. CSF was collected for

 

Abbreviations: ABAP, 2,2

 

�

 

-azobis-2-amidinopropane hydrochloride;
BHT, 3,5-di-

 

tert

 

-butyl-4-hydroxytoluene; CSF, cerebrospinal fluid; ID-MS,
isotope dilution-mass spectrometry; MS, multiple sclerosis; 24OHC,
24

 

S

 

-hydroxycholesterol; 27OHC, 27-hydroxycholesterol; SIM, selected
ion monitoring; TMSi, trimethylsilyl.
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routine diagnostic purposes under varying conditions. These pa-
tients were not included in any of our previous studies. Aliquots
of the CSF samples were frozen immediately at 

 

�

 

80

 

�

 

C. All inves-
tigations on the patients with neurological diseases were approved
by the Ethics Committee at Karolinska University Hospital in
Huddinge, and each patient gave written informed consent. The
subjects investigated were grouped and characterized as described
below.

 

Control patients.

 

This group consisted of 20 females and 4 males
with a mean age of 43 

 

�

 

 3 (SD) years. These subjects presented
with headache of uncertain background without any clinical or
laboratory signs of diseases of the central nervous system. The
patients thus had normal CSF/serum albumin ratios and an ab-
sence of blood cells in the CSF (7, 8).

 

MS patients.

 

This group of patients consisted of 20 females
and 9 males with a mean age of 41 

 

�

 

 2 years. MS was diagnosed
in accordance with the criteria of Poser et al. (9). On MRI imme-
diately proceeding or after CSF collection, only five of the pa-
tients had positive gadolinium-enhancing lesions, whereas seven
patients were without such lesions. For the other 17 patients,
MRI scans had not been performed around the time of sam-
pling.

 

Analysis of the oxysterols in CSF

 

The oxysterol levels both in CSF and in the oxidation induc-
tion experiments were determined by ID-MS essentially as previ-
ously described (10) with minor modifications to optimize the
analysis for CSF.

To a screw-capped vial sealed with Teflon-lined septum, 500 

 

�

 

l
of CSF was added together with 10 ng each of [

 

2

 

H

 

6

 

]7

 

�

 

-hydroxy-
cholesterol, [

 

2

 

H

 

6

 

]7

 

�

 

-hydroxycholesterol, [

 

2

 

H

 

6

 

]7-oxocholesterol,
[

 

2

 

H

 

4

 

]24

 

S

 

-hydroxycholesterol, and [

 

2

 

H

 

6

 

]27-hydroxycholesterol [50

 

�

 

l from a methanolic solution of 10 ng/50 

 

�

 

l (w/v) of each of
the deuterated oxysterols] as internal standards. To prevent au-
toxidation, 10 

 

�

 

l of 3,5-di-

 

tert

 

-butyl-4-hydroxytoluene (BHT; 5 mg/
ml, w/v) and 20 

 

�

 

l of EDTA (10 mg/ml, w/v) were added to each
vial, and argon was flushed through the vials to remove air.

The alkaline hydrolysis was then allowed to proceed at room
temperature (22

 

�

 

C) to mix with a magnetic stirring bar for 2 h in
the presence of ethanolic 0.35 M potassium hydroxide solution.
The latter was prepared by diluting 6 ml of an aqueous 5.9 M
KOH solution to 100 ml with ethanol.

The lipid fraction was obtained by chloroform (18 ml) extrac-
tion in separatory funnels after addition of 6 ml of 0.9% NaCl
and 130 

 

�

 

l of phosphoric acid (85%) at pH 7. The chloroform
phase was evaporated at room temperature under reduced pres-
sure using a rotary evaporator. Cholesterol was separated from
oxysterols by means of solid-phase extraction using a 100 mg
Isolute Silica cartridge (International Sorbent Technology, Mid
Glamorgan, UK) conditioned with hexane and eluted with 0.5%
2-propanol in hexane. The oxysterols were finally eluted with 5
ml of 30% 2-propanol in hexane (v/v), evaporated under a gen-
tle stream of argon, and converted into trimethylsilyl (TMSi)
ethers during incubation at 60

 

�

 

C for 30 min by a mixture of pyri-
dine-hexamethyldisilazane-trimethylchlorosilane (3:2:1, v/v/v).
The solvents were evaporated under argon, and the residual
TMSi ethers of the oxysterols were dissolved in 50 

 

�

 

l of 

 

n

 

-hexane
before injection onto the gas chromatography column. GC-MS
analysis was performed on an Agilent Technologies HP5890 se-
ries II gas chromatograph combined with a model 5972 mass se-
lective detector and equipped with an HP7673A automatic sam-
ple injector. The gas chromatograph was equipped with an a
HP5-MS capillary column (30 m 

 

	

 

 0.25 mm internal diameter,
0.25 

 

�

 

m film thickness), and injection was performed in the
splitless mode at 270

 

�

 

C using helium (1 ml/min) as a carrier gas.
The temperature program was as follows: initial temperature of

180

 

�

 

C for 1 min, followed by an increase of 20

 

�

 

C/min up to
250

 

�

 

C, and immediate increase by 5

 

�

 

C/min up to the final tem-
perature of 300

 

�

 

C, and hold for 8 min. The detector transfer line
was kept at 280

 

�

 

C. Data were collected by selected ion monitor-
ing (SIM), and the full-scan mode (range, 

 

m/z

 

 50–550) was used for
compound identification using authentic reference compounds.

The mass spectrometer was operated in the SIM mode, and two
ions (TMSi ethers of deuterated and authentic oxysterols) were de-
tected in the same detection groups. The ions used for the analysis
(

 

m/z

 

), molecule ion minus fragments (in parentheses), and typical
retention times (minutes) were as follows: [

 

2

 

H

 

6

 

]7

 

�

 

-hydroxycho-
lesterol at 

 

m/z

 

 462 (M

 




 

-OTMSi), 14.55 min and 7

 

�

 

-hydroxycholes-
terol at 

 

m/z

 

 456 (M

 




 

-OTMSi), 14.61 min; [

 

2

 

H

 

6

 

]7

 

�

 

-hydroxycholes-
terol at 

 

m/z

 

 462 (M

 




 

-OTMSi), 15.98 min and 7

 

�

 

-hydroxycholesterol
at 

 

m/z

 

 456 (M

 




 

-OTMSi), 16.05 min; [

 

2

 

H

 

6

 

]7-oxocholesterol at 

 

m/z

 

478 (M

 




 

), 18.83 min and 7-oxocholesterol at 

 

m/z

 

 472 (M

 




 

),
18.96 min; [

 

2

 

H

 

3

 

]24

 

S

 

-hydroxycholesterol at 

 

m/z

 

 416 (M

 




 

-OTMSi-
CD(CH

 

3

 

)

 

2

 

), 18.68 min and 24

 

S

 

-hydroxycholesterol at 

 

m/z

 

 413
(M

 




 

-OTMSi-CH(CH

 

3

 

)

 

2

 

), 18.43 min; [

 

2

 

H

 

6

 

]27-hydroxycholesterol
at 

 

m/z

 

 462 (M

 




 

-OTMSi), 19.64 min and 27-hydroxycholesterol at

 

m/z

 

 456 (M

 




 

-OTMSi), 19.74 min. Peak integration was performed
manually, and sterols were quantified from SIM analyses against
internal standards using standard curves for the listed sterols.

 

Analysis of cholesterol in CSF

 

Cholesterol levels in CSF samples were analyzed as described
previously (11) with minor modifications. To a glass vial, 50 

 

�

 

l of
CSF was added together with 1 

 

�

 

g of [

 

2

 

H

 

6

 

]cholesterol (50 

 

�

 

l
from a methanolic stock solution of 1 

 

�

 

g/50 

 

�

 

l) as an internal
standard. To prevent autoxidation, 10 

 

�

 

l of BHT (5 mg/ml) and
20 

 

�

 

l of EDTA (10 mg/ml) were added to each vial, and argon
was flushed through the vial to remove air. The alkaline hydroly-
sis was then allowed to proceed at room temperature (22

 

�

 

C) to
mix with a magnetic stirring bar for 1 h in the presence of 1 ml
of 99.9% ethanol and 0.25 ml of an aqueous 5.9 M KOH solu-
tion. After adding 1 ml of 0.9% NaCl and 

 

�

 

50 

 

�

 

l of phosphoric
acid (85%), a neutral pH (pH 7) was reached and the sterols and
oxysterols were extracted by adding 2 ml of chloroform and gen-
tly shaking at room temperature. The chloroform phase was
evaporated under argon, then suspended in 0.5 ml of a metha-
nol-water solution (80:20, v/v). Cholesterol was separated from
other lipid compounds by means of solid-phase extraction using
a 100 mg Isolute-MF C18 cartridge (International Sorbent Tech-
nology) and freshly conditioned consecutively first with 2 ml of
methanol and thereafter with 2 ml of methanol-water (80:20, v/v).
The cholesterol was finally eluted from the C18 cartridge with
2.5 ml of methanol. The collected cholesterol fractions were
evaporated under a gentle stream of argon, and the residual cho-
lesterol was converted into its TMSi ether as described above.
SIM for [

 

2

 

H

 

6

 

]cholesterol was performed at 

 

m/z

 

 464 (M

 




 

) with a
retention time of 14.86 min and for cholesterol at 

 

m/z

 

 458 (M

 




 

)
with a retention time of 14.92 min.

 

Monitoring of oxysterol formation during lipid 
peroxidation in vitro

 

7-Oxygenated oxysterols in serum samples are formed from
cholesterol in connection with lipid peroxidation (12). To evalu-
ate the effect of autoxidation on the CSF concentrations of oxy-
sterols, CSF samples collected for diagnostic analysis from pa-
tients with unspecified diagnoses were pooled to provide enough
material to establish two aliquots of 750 

 

�

 

l each. One aliquot was
immediately analyzed for cholesterol and the oxysterols, and the
second was allowed to stand at room temperature for 24 h and
analyzed thereafter. Cholesterol and oxysterols were analyzed as
described above, and the experiment was conducted in triplicate.

Finally, to evaluate the effect of in vitro-induced lipid peroxi-
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dation, CSF samples, freshly collected from 12 patients for diag-
nostic purposes, were pooled to reach a sufficient amount of
sample. The CSF was then diluted (1:1, v/v) by addition of an
aqueous NaCl solution (0.9%, w/v). Thereafter, 2,2

 

�

 

-azobis-2-ami-
dinopropane hydrochloride (ABAP; Polyscience, Warrington, PA)
was added to each test tube at baseline (time point 0) in a final
concentration of 5.5 mM. The tubes were incubated for various
periods of time in air at 37

 

�

 

C. The peroxidation was stopped af-
ter 2, 4, 8, 12, and 24 h by addition of 50 

 

�

 

l of a solution of BHT
(5 mg/l) and 50 

 

�

 

l of EDTA (1 mg/ml) to the individual ali-
quots. The samples were capped, vortexed, and stored light-pro-
tected at 

 

�

 

20

 

�

 

C before analysis.

 

Statistical analysis

 

Data are given as median, minimal to maximal range, and 25–
75% confidence interval. Statistical comparisons were performed
using the Mann-Whitney rank sum test, and 

 

P

 

 

 

�

 

 0.05 was consid-
ered significant.

 

RESULTS

 

Evaluation of the method

 

To evaluate the accuracy of the method, the recovery of
the oxysterols from spiked CSF samples was measured.
The mean recovery was found to be 98% for 7

 

�

 

-hydroxy-
cholesterol, 103% for 7

 

�

 

-hydroxycholesterol, 97% for
7-oxocholesterol, 98% for 24OHC, and 97% for 27OHC.

 

Levels of cholesterol and oxysterols in CSF from MS 
patients and controls

 

The median CSF concentrations, ranges [minimum to
maximum], and 25–75% confidence intervals of choles-
terol, oxysterols, and the ratios of the oxysterol-to-choles-
terol concentrations from controls and MS patients are
shown in 

 

Table 1

 

. There was no significant difference be-
tween CSF cholesterol levels in MS patients and controls.
The levels of the 7-oxygenated oxysterols were of the same
order of magnitude as those of 24OHC and 27OHC. In
the case of 7-oxocholesterol, the levels were slightly but
significantly higher in the MS patients than in the controls
(

 

P

 

 

 

�

 

 0.002). In the case of 7

 

�

 

-hydroxycholesterol and 7

 

�

 

-

hydroxycholesterol, the CSF levels in MS patients were
slightly but not significantly higher than those in controls
(

 

P

 

 

 

�

 

 0.23 and 

 

P

 

 

 

�

 

 0.097, respectively).
The ratio of 7-oxocholesterol to cholesterol was signifi-

cantly higher in MS patients than in controls (

 

P

 

 

 

�

 

 0.018).
No other cholesterol-corrected concentrations of the oxy-
sterols measured here differed between the two groups
(MS patients vs. controls).

 

Increase in levels of 7-oxygenated sterols after 
autoxidation at room temperature and after
oxidation of cholesterol in CSF with use
of a generator of hydroxyl radicals

 

Uncontrolled lipid peroxidation by incubation of a
pool of CSF at room temperature for 24 h was found to in-
crease the levels of 7

 

�

 

-hydroxycholesterol by 36% (

 

P

 

 

 

�

 

0.002), 7

 

�

 

-hydroxycholesterol by 102% (

 

P

 

 

 

�

 

 0.002), and
7-oxocholesterol by 44% (

 

P

 

 

 

�

 

 0.033) (

 

Table 2

 

). No sig-
nificant changes in the concentrations of cholesterol,
24OHC, and 27OHC were found.

 

Figure 1

 

 shows the results of a kinetic experiment in
which the changes in oxysterol concentrations were fol-
lowed during 24 h after addition of a generator of hy-
droxyl radicals, ABAP, to a pool of CSF. The levels of the
7-oxygenated oxysterols were increased 

 

�

 

300-fold under
the conditions used, with little or no effect on the levels of

 

TABLE 1. Absolute cholesterol and oxysterol levels and the ratios of oxysterol to cholesterol levels in CSF from 
controls and multiple sclerosis patients

 

Variable Controls (n 

 

�

 

 24) Patients (n 

 

�

 

 29)

 

Cholesterol (mg/l) 4.50 [2.23–19.3] (3.86–5.93) 4.20 [1.93 –21.7] (3.04–5.14) 
7

 

�

 

-OHC (

 

�

 

g/l) 1.50 [0.67–4.43] (1.12–2.33) 2.01 [0.65–6.68] (1.20–2.81) 
7

 

�

 

-OHC (

 

�

 

g/l) 1.11 [0.88–3.75] (0.79–1.24) 1.43 [0.52–4.70] (0.98–2.26) 
7oxo (

 

�

 

g/l) 0.86 [0.30–2.34] (0.69–1.05) 1.24

 

a

 

 [0.44–4.60] (0.97–1.72)
24OHC (

 

�

 

g/l) 1.54 [0.88–3.12] (1.20–2.29) 1.52 [0.45–7.16] (1.06–2.09) 
27OHC (

 

�

 

g/l) 0.80 [0.51–3.75] (0.65–0.95) 0.97 [0.41–6.70] (0.71–1.35) 
7

 

�

 

-OHC/cholesterol (

 

�

 

g/mg) 0.29 [0.12–0.88] (0.21–0.52) 0.51 [0.06–1.10] (0.21–0.82) 
7

 

�

 

-OHC/cholesterol (

 

�

 

g/mg) 0.19 [0.07–0.84] (0.17–0.28) 0.39 [0.05–1.10] (0.21–0.54) 
7oxo/cholesterol (

 

�

 

g/mg) 0.20 [0.06–0.45] (0.16–0.25) 0.32

 

b

 

 [0.04–1.47] (0.19–0.52) 
24OHC/cholesterol (

 

�

 

g/mg) 0.35 [0.15–0.66] (0.25–0.51) 0.33 [0.09–1.93] (0.26–0.52) 
27OHC/cholesterol (

 

�

 

g/mg) 0.20 [0.02–0.39] (0.14–0.25) 0.23 [0.05–0.64] (0.15–0.32) 

Data are given as median, range [minimum to maximum], and (25–75%) confidence intervals. CSF, cerebro-
spinal fluid; 7

 

�

 

-OHC, 7

 

�

 

-hydroxycholesterol; 7

 

�

 

-OHC, 7

 

�

 

-hydroxycholesterol; 7oxo, 7-oxocholesterol; 24OHC, 24

 

S

 

-
hydroxycholesterol; 27OHC, 27-hydroxycholesterol.

 

a

 

 Significantly different from controls (

 

P

 

 

 

�

 

 0.002).

 

b

 

 Significantly different from controls (

 

P

 

 

 

�

 

 0.018).

TABLE 2. Absolute concentrations of cholesterol and oxysterols in 
CSF from a pooled sample before (baseline) and after 24 h standing

at room temperature (end point)

 

Variable Baseline End Point

 

Cholesterol (mg/l) 3.10 [3.05–3.39] 2.99 [2.84–3.16]
7

 

�

 

-OHC (

 

�

 

g/l) 0.98 [0.93–1.01] 1.33

 

a

 

 [1.24–1.39]
7

 

�

 

-OHC (

 

�

 

g/l) 0.53 [0.51–0.57] 1.07

 

a

 

 [0.89–1.12]
7oxo (

 

�

 

g/l) 0.67 [0.49–0.74] 0.96

 

b

 

 [0.82–1.02]
24OHC (

 

�

 

g/l) 2.88 [2.57–3.36] 2.80 [2.48–2.86]
27OHC (

 

�

 

g/l) 2.71 [2.60–3.10] 2.93 [0.41–4.00]

Data are given as median and range [minimum to maximum] (n 

 

�

 

 3
for baseline and end point).

 

a

 

 Significantly different from controls (

 

P

 

 

 

�

 

 0.002).

 

b

 

 Significantly different from controls (

 

P

 

 

 

�

 

 0.033).
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24OHC and 27OHC. The baseline cholesterol concentra-
tion (time point 0) was 4.93 mg/l.

DISCUSSION

In the present study, the levels of 7-oxocholesterol mea-
sured in CSF appear to be more than one thousand times
lower than those reported by Diestel et al. (1). In vitro-
induced lipid peroxidation of CSF using a radical genera-
tor increased the levels �300-fold, still considerably lower
than the levels reported. The very much higher levels re-
ported previously (1) cannot be solely interpreted on the
basis of an uncontrolled lipid peroxidation or cholesterol
autoxidation of the samples during sample handling. In
our hands, incubation at room temperature in air was
found to be responsible for an increase of the 7-oxygen-
ated oxysterols ranging between a factor of 1.4 to 2.0.

In accordance with the findings by Diestel et al. (1), the
absolute and cholesterol-corrected concentrations of CSF
7-oxocholesterol were significantly lower in the control
population than in patients with MS. However, in Diestel’s
report, this difference was 15-fold higher for the absolute
concentrations of 7-oxocholesterol, whereas in our ex-
periments, the difference was only a factor of 1.5. A simi-
lar but statistically not significant difference was also ob-
served in the cases of 7�-hydroxycholesterol, an enzymatic
and autoxidative metabolite of cholesterol, and 7�-hydroxy-
cholesterol, mainly formed by autoxidation. The results of
the mild as well as the aggressive attempts to oxidize cho-
lesterol in CSF samples are consistent with the contention

that the side chain-hydroxylated oxysterols 24OHC and
27OHC are endogenous products of Cyp46A1 and Cyp27A1,
respectively, and are not formed by autoxidation.

The slight difference in 7-oxocholesterol concentrations
between the Swedish patients with MS and controls may
be attributable to increased oxidative stress in the MS pa-
tients as a consequence of demyelination. However, defin-
itive evidence for this is lacking. No significant differences
were found with respect to the CSF cholesterol levels in
MS patients and controls. The observed differences in the
7-oxocholesterol concentrations are thus not attributable
to variations in the cholesterol levels. In addition, our data
suggest that the demyelination process is not associated
with a significant increase in the levels of CSF cholesterol.

At this stage, our data do not allow a conclusion regard-
ing whether or not the increased levels of 7-oxocholes-
terol previously found by Diestel et al. (1) in CSF from MS
patients are the result of increased in vivo lipid peroxida-
tion or a higher sensitivity toward such oxidation in the
CSF of MS patients, which is responsible for ex vivo cho-
lesterol autoxidation.

We can only speculate about the reason for the very
marked difference between our results and those of Dies-
tel et al. (1). Cholesterol is present in great excess in all bi-
ological fluids from mammals, and there is always a high
risk that autoxidation and uncontrolled lipid peroxidation
may result in falsely high levels of 7-oxygenated products.

The levels of 7-oxygenated steroids reported in plasma
have been markedly decreased during the last two de-
cades in parallel with the development of more accurate
methodologies (13). The levels of 7-oxocholesterol in hu-
man plasma have been reported to vary by a factor of al-
most 200 in some previous publications (14). However, in
a recent interlaboratory comparison study in which our lab-
oratory participated together with seven others (14), the
levels of 7-oxocholesterol varied by a factor of less than 3.

In this work, we applied a highly accurate GC-MS meth-
odology using SIM detection of the oxysterols after deriva-
tization. HPLC with classic detection systems is not sensi-
tive enough for the determination of oxysterols in CSF, in
which the levels are at least 20 times lower than in plasma.
Other detection methods use flame ionization detection
instead of SIM technologies by the use of mass selective
detectors; however, the latter has a markedly higher speci-
ficity and sensitivity.

To prevent cholesterol autoxidation during our sample
preparation, cholesterol was rapidly separated from oxy-
sterols by solid-phase extraction using silica cartridges be-
fore derivatization and detection. Addition of a deute-
rium-labeled internal standard for each single compound
at the very beginning of the workup procedure was per-
formed to ensure optimal accuracy. An internal standard
should by definition behave as similar as possible with
respect to extraction and derivatization. A deuterium-
labeled standard appears to be ideal from this point of view.

In view of the present findings, the hypothesis of Diestel
et al. (1) that 7-oxocholesterol may represent a link be-
tween demyelination and progressive damage has to be re-
considered.

Fig. 1. The 7-oxygenated sterols are increased by in vitro-induced
lipid peroxidation. The cerebrospinal fluid was diluted 1:1 with an
aqueous NaCl solution (0.9%, v/v). At time point 0, lipid peroxi-
dation was induced by adding 2,2�-azobis-2-amidinopropane hydro-
chloride at a final concentration of 5 mM. The tubes were incu-
bated for various periods of time in air at 37�C. The reaction in
individual aliquots was stopped at 2, 4, 8, 12, and 24 h by the ad-
dition of 3,5-di-tert-butyl-4-hydroxytoluene and EDTA solutions.
The samples were capped, vortexed, and placed in a �20�C freezer
before analysis. The levels of 7-oxygenated steroids [7�-hydroxy-
cholesterol (7�OHC), 7�-hydroxycholesterol (7�OHC), and 7-oxo-
cholesterol (7oxo)] were increased up to 100-fold. In contrast, the
levels of 24S-hydroxycholesterol (24OHC) and 27-hydroxycholes-
terol (27OHC) were slightly but not significantly reduced, indicat-
ing the exclusively enzymatic origin of these side chain oxysterols.
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