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Abstract Accurate methods based on isotope dilution-mass
spectrometry were developed for assay of free cholesterol-5,6-
epoxide (sum of 5a,6a- and 58,68-epimer) and cholestane-
38,5a,68-triol in human serum. In all serum samples tested, the
level of cholesterol epoxides was well above the detection limit
(about 10 ng/ml) whereas the level of cholestane-38,5a,66-triol
was below or near the detection limit in most cases. Immediate
addition of antioxidant was found to be necessary in order to
obtain reproducible results in the serum analyses, and prolonged
storage of frozen samples had to be avoided. The level of
cholesterol epoxide in healthy subjects 23-35 years of age ranged
from 67 ng/ml to 293 ng/ml (mean 131 ng/ml, n = 9). There was
a tendency to higher levels with increasing age, but there was no
correlation to serum cholesterol. In marked contrast to results
previously reported with a less accurate method, patients with
various forms of hyperlipoproteinemia did not have increased
levels of cholesterol epoxide. On the contrary, many of these
patients had levels lower than normal. — Bjorkhem, L., O. Breuer,
B. Angelin, and §-A. Wikstrém. Assay of unesterified cho-
lesterol-5,6-epoxide in human serum by isotope dilution mass
spectrometry. Levels in the healthy state and in hyperlipopro-
teinemia. J. Lipid Res. 1988. 29: 1031-1038.

Supplementary key words cholestane-38,5a,68-triol

The biological role of autoxidation products of choles-
terol is controversial. These products are potent inhibitors
of the rate-limiting enzymes in cholesterol and bile acid
biosynthesis, HMG-CoA reductase and cholesterol 7c-
hydroxylase, respectively (for a general review, see ref. 1).
In addition, they possess carcinogenic and atherogenic
properties (1). These compounds are formed from choles-
terol in connection with lipid peroxidation or by direct
exposure of cholesterol to different oxygen species.

The possibility that autoxidation products are of regu-
latory importance for cholesterol synthesis and degrada-
tion cannot be excluded at the present state of knowledge,
but direct evidence for this is lacking. Thus, the levels of
these compounds in tissues and blood are low and difficult

to measure. It should be pointed out that the concentra-
tion of cholesterol is 10%-10° times higher than that of
autoxidation products in blood and tissues. Since choles-
terol is easily autoxidized during extractions and chro-
matographic procedures, it is evident that the techniques
for collection of the material, extraction, and workup may
be crucial. This may be the explanation for the varying
concentrations of autoxidation products that have been
reported by different groups (1-5).

Among the major autoxidation products in human
blood are the two isomers cholesterol-5a,6a-epoxide and
cholesterol-58,68-epoxide (1, 3-5). In most studies, cho-
lesterol-5a,6c-epoxide has been reported to dominate
over cholesterol-58,683-epoxide (3, 5), but the opposite has
been found in one study (4). Patients with Wolman’s dis-
ease were found to accumulate about equal amounts of
cholesterol-5a,6a-epoxide and cholesterol-58,68-epoxide
in the liver (6). In a study by Gray, Lawrie, and Brooks
(3), the serum concentration of cholesterol-5c,6cc-epoxide
was found to be low in healthy subjects (below 50 ng/ml)
but up to 1,000-fold higher in patients with hyper-
cholesterolemia. In addition, there seemed to be a correla-
tion between the degree of atherosclerosis and the level of
cholesterol-5c,6a-epoxide in serum, The number of sub-
jects studied was very limited, and the mode of isolation
of the steroid fraction may be criticized. Thus, no anti-
oxidant was added before the workup procedure. On the
other hand, one would expect that a general autoxidation
of cholesterol during the workup would lead to increased
levels also of other autoxidation products of cholesterol.
The increase seemed, however, to be limited to the
cholesterol-5a,6a-epoxide.

Abbreviations: GLC, gas-liquid chromatography; TLG, thin-layer
chromatography; MS, mass spectrometry.
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Isotope dilution-mass spectrometry is the method of
choice when high accuracy is required (7). In the present
work, we have developed isotope dilution methods for
assay of cholesterol epoxides (sum of 5a,6c- and 58,683-
epimer) and its hydrolysis product cholestane-38,5x,68-
triol in serum. This technique has been used for assay of
these compounds in samples from healthy subjects and
from patients with two forms of genetic hyperlipopro-
teinemia known to be associated with premature athero-
sclerosis, familial hypercholesterolemia, and familial com-
bined hyperlipidemia.

MATERIALS AND METHODS

Materials

Cholesterol-50,6cx-epoxide and cholestane-38,5c,6a-
triol were obtained from Sigma Chemical Co. (St. Louis,
MO). The cholesterol-5a,6c-preparation contained less
than 5% of the 58,68-isomer. Cholesterol-53,68-epoxide
was synthesized from the triacetate of cholestane-38,5¢,60:-
triol by the method of Davis and Petrow (8). The product
was purified by preparative thin-layer chromatography
and had the same retention time as cholesterol-5o,6c-
epoxide under the thin-layer and gas-liquid chromato-
graphic conditions used below. The acetate of the choles-
terol-53,68-epoxide could, however, be separated from
the acetate of cholesterol-5a,6a-epoxide by gas-liquid
chromatography when using the conditions described
previously (9). ZHj-Labeled cholesterol-5a,6a-epoxide
was prepared from *H;-labeled cholesterol (with H in the
25-, 26-, and 27-positions, obtained from Applied Science
Laboratories Inc., State College, PA) by treatment with
monoperphtalic acid in chloroform (10) for 24 hr. The
product was isolated by preparative TLC (cf. below). The
material appeared pure as judged by TLC and GLC (as
trimethylsilyl ether, see below). It was shown with the
method above, however, that the material contained about
10% of the 583,63-epoxide. The isotopic purity was better
than 95% as judged by combined GLC-MS and the
material contained less than 3% unlabeled molecules.

’H,-Labeled cholestane-38,5«,68-triol was prepared

from the above labeled epoxide by acid hydrolysis (reflux
in 1 M methanolic sulfuric acid for 2 hr). The product
was purified by preparative TLC as below. The material
obtained was pure as judged by TLC and GLC of the
trimethylsilyl ether. The isotopic composition was the
same as that of the labeled epoxide.

Subjects

Serum was obtained from healthy medical students
(age 23-35), and from patients with minor illnesses
(hernia, hemorrhoids, etc.) that did not affect their
general state of health. Sera were also obtained from
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patients with familial hyperlipoproteinemia (5 females, 14
males; age 20-68). All blood samples were taken in the
morning after an overnight fast.

The patients with hyperlipoproteinemia had been
without medical treatment for at least 2 months before the
collection of the blood sample. They had no clinical or
laboratory evidence of secondary hyperlipoproteinemia,
and they had all been adequately classified with regard to
the genetic origin of their hyperlipoproteinemia (11).
Altogether, 12 patients had heterozygous familial hyper-
cholesterolemia and 7 had familial combined hyper-
lipidemia. According to WHO criteria (12), all patients
with familial hypercholesterolemia displayed type IIA
phenotype (isolated elevation of low density lipoprotein
levels). Of the patients with familial combined hyper-
lipidemia, 4 had a type IIB (combined elevation of low
density and very low density lipoproteins) and 3 had a
type IV phenotype (isolated elevation of very low density
lipoproteins). The serum cholesterol levels were 9.5 + 0.4
mmol/}, 9.5 + 0.5 mmol/]l, and 7.1 + 0.6 mmol/l in the
patients with type IIA, type IIB, and type IV hyper-
lipidemia, respectively. The serum triglyceride levels were
1.3 + 0.1 mmol/l, 5.3 + 1.0 mmol/], and 8.6 + 1.3 mmol/],
respectively, in the three groups of patients.

Collection of blood samples and isolation of
autoxidation products

In the general procedure, 500 ug of BHT (butylated
hydroxytoluene) was added to each ml of blood im-
mediately after its collection. After clotting, the material
was either extracted immediately or frozen and extracted
after storage at —20°C for a maximum of 1 week. The
internal standard (*H;-labeled cholesterol-5a,6a-epoxide
or cholestane-38,5a,68-triol), 1 pg, was added to the
serum sample, 1 ml, and the mixture was extracted with
chloroform-methanol 2:1 (v/v) after addition of 1 ml of
saline (0.9%, w/v). The material in the chloroform phase
was subjected to preparative TLC, using toluene-ethyl
acetate 3:7 (v/v) (cholesterol epoxides) or ethyl acetate
(cholestane-383,5a,63-triol) as mobile phase. Under these
chromatographic conditions the cholesterol epoxides had an
Ry between 0.56 and 0.58, whereas cholestane-38,5«,60-
triol had an Ry between 0.34 and 0.36 in the two solvent
systems, respectively. The added BHT separated from the
steroids in these TLC systems. The appropriate chro-
matographic zone containing the epoxides or the triol was
scraped off and eluted with methano! immediately after
development.

Analysis by combined gas-liquid chromatography-
mass spectrometry
The isolated mixture of unlabeled and 2H;-labeled cho-

lesterol epoxide was converted into trimethylsilyl ethers
(13). Under these conditions there was no cleavage of the
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epoxide and the silylation was complete. The material was
analyzed by combined GLC-MS using an LKB 9000
instrument equipped with a 1.5% SE-30 column. The
carrier gas was helium and the flow rate was 30 ml/min.
The temperature of the column was 270~290°C and the
temperature of the flash heater and ion source was about
30°C higher. The electron energy was set to 20 €V and the
trap current to 60 gA. The first channel of the multiple
ion detector unit was focused on the ion at m/z 474 and
the second channel on the ion at m/z 481. Peak heights of
the recordings were measured as this was found to give
more reproducibie results than measurements of peak
area. In the calculation of the level of cholesterol-5a,60-
epoxide in serum, a standard curve was used. This stan-
dard curve was obtained by analysis of mixtures of ?H;-
labeled cholesterol-5e,6a-epoxide (1 pg) with various
amounts of unlabeled cholesterol-5a,6a-epoxide (0-1000
ng). In some cases the standard mixtures were carried
through the same procedures as for serum before the
analysis. Such treatment had no effect on the standard
curve.

The isolated mixture of unlabeled and 2H;-labeled
cholestane-38,5a,683-triol was analyzed by combined
GLC-MS as above, with the exception that the channels
of the multiple ion detector were focused on the ion at m/z
403 and m/z 410, respectively. A standard curve was ob-
tained by analysis of mixtures of ?H;-labeled cholestane-
38,5a,6a-triol with unlabeled cholestane-38,5a,6a-triol.

Mass spectra of trimethylsilyl ethers of reference com-
pounds were obtained by analysis with an LKB 2091 in-
strument, using essentially the same conditions for GLC
as above.

Analysis of serum cholesterol and triglycerides

Serum cholesterol and triglycerides were assayed with
fully enzymatic methods as described previously (14). The
accuracy of these methods has been established (14).

RESULTS

Isotope dilution-mass spectrometry of cholesterol-5,6-
epoxide and cholestane-383,5¢,683-triol

Fig.1 shows the partial mass spectrum of the trimethyl-
silyl derivative of unlabeled and ?H;-labeled cholesterol-
5a,6a-epoxide. The mass spectrum of the derivative of
unlabeled cholesterol-5a,6c-epoxide was essentially iden-
tical to previously published mass spectra of this com-
pound (3, 14) and had prominent peaks at m/z 474 (M),
m/z 459 (M-15), and m/z 366. As expected the mass spec-
trum of the derivative of ?H;-labeled cholesterol-5a,6a-
epoxide had prominent peaks at m/z 481 (M), m/z 466
(M-15), and m/z 391 (M-90). In accordance with previous
work (9, 15), the mass spectrum of the trimethylsilyl
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Fig. 1. Partial mass spectrum of trimethylsilyl derivative of unlabeled
(A) and ?H,-labeled (B) cholesterol-5a,6a-epoxide. Peaks with an inten-
sity less than 4% of the base peak are omitted.

derivative of unlabeled cholesterol-58,68-epoxide was
identical to that of the trimethylsilyl derivative of cho-
lesterol-5« ,6a-epoxide, and both epimers had the same
GLC retention time under the conditions employed (cf.
Materials and Methods).

Fig. 2 shows the partial mass spectrum of the trimethyl-
silyl derivative of unlabeled and *H;-labeled cholestane-
38,5a,6B-triol. The mass spectrum of the unlabeled
derivative was essentially identical to previously published
mass spectra of this compound (9), and had prominent
peaks at m/z 548 (M-90), m/z 458 (M-2 x 90), m/z 403,
and m/z 321. The structure of the fragments at m/z 403
and m/z 321 could not be established. As expected, the
mass spectrum of the *H;-labeled compound had promi-
nent peaks at m/z 555 (M-90), m/z 465 (M-2 x 90), m/z
410, and m/z 328.

For quantitation of cholesterol-5,6-epoxide with *H,-
labeled cholesterol-5a,6c-epoxide as internal standard,
the ions at m/z 474 and m/z 481 were used. A standard
curve for the quantitations was obtained by analyzing
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Fig. 2. Partial mass spectrum of trimethylsilyl derivative of unlabeled (A) and 2H,-labeled (B) cholestane-
368,5c¢,68-triol. Peaks with an intensity less than 4% of the base peak are omitted.

various amounts of unlabeled cholesterol-5a,6a-epoxide
together with a fixed amount (1 pg) of ?H;-labeled
cholesterol-5ct,6a-epoxide. There was a linear relationship
between the amount of unlabeled cholesterol-5a,6a-
epoxide and the ratio between the peak heights at m/z 474
and m/z 481. An essentially identical standard curve was
obtained when the unlabeled cholesterol-5a,6a-epoxide
in the above procedure was substituted for freshly pre-
pared cholesterol-58,68-epoxide. The 58,683-epoxide, in
contrast to the 5a,6a-epoxide was labile, and decomposed
to unknown products after a few weeks in solution at 4°C.
The lability of the cholesterol-38,68-epoxide has been
noted also by others (Aringer, L., unpublished
observation).

For quantitation of cholestane-38,5a,6(8-triol with use
of H,-labeled cholestane-383,5a,68-triol, the ions at m/z
403 and m/z 410 were used. These ions are highly charac-
teristic for the compound. A standard curve tor the quan-
titations was obtained by analyzing various amounts of
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unlabeled cholestane-38,5a,68-triol together with a fixed
amount (1 pg) of ?H;-labeled cholestane-38,5a,6(3-triol.
A linear relationship was observed between the amount of
unlabeled cholestane-38,5a,68-triol and the ratio between
the peak heights at m/z 403 and m/z 410.

Assay of cholesterol-5,6-epoxides in serum

Fig. 3 shows a typical mass fragmentographic recording
of the derivative of a purified serum extract from a patient,
to which a fixed amount (1 pg) of ZH;-labeled
cholesterol-5c,6c-epoxide had been added. The concen-
tration of unlabeled cholesterol-5,6-epoxides (sum of
5at,6a-epoxide and 58,68-epoxide) could be calculated
with use of a standard curve. The detection limit of this
assay was about 10 ng/ml serum under the conditions
employed. The coefficient of variation of the assay was
relatively high: 10-15% in the range 10-100 ng of
cholesterol-5,6-epoxides/ml serum and about 10% at con-
centrations above 100 ng/ml. The apparent imprecision
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Fig. 3. Multiple ion recording of trimethylsilyl ether derivative of
material isolated from serum of a healthy subject to which ?H;-labeled
cholesterol-5a,6a-epoxide had been added.

may, in part, be due to autoxidation of serum cholesterol
during the workup procedure, in spite of the addition of
the antioxidant. Addition of an antioxidant was found to
be necessary, otherwise falsely high levels of cholesterol-
5,6-epoxide were sometimes (but not always) obtained.
Analyses of a fresh serum sample and of the same serum
after storage for a maximum of 2 weeks at —20°C gave
essentially identical results. After storage for a longer
period of time, however, higher values were sometimes ob-
tained. In spite of all the precautions taken, a falsely high
concentration of cholesterol-5,6-epoxides was occasionally
obtained in one out of several replicates of the same serum
sample. All analyses were therefore done in triplicate.
In order to evaluate the accuracy of the method, serum
samples to which known amounts of cholesterol-5«,6a-
epoxide had been added were assayed. In one such experi-
ment, addition of cholesterol-5a,6a-epoxide, 500 ng/ml,
increased the measured concentration of cholesterol-5,6-
epoxide from 79 + 12 ng/ml to 570 + 23 ng/ml (n = 4).
The difference between calculated and found values was
thus 2%. In another experiment, addition of the same
amount of cholesterol-5a,6a-epoxide increased the mea-
sured concentration of cholesterol-5,6-epoxide from 247 +

18 ng/ml to 794 + 83 ng/ml (n = 4). The difference be-
tween calculated and found values was thus 6%.

The above assay only measures underivatized cholesterol-
5,6-epoxides in serum, and esters of this compound are
not included. Several attempts were therefore made to
assay cholesterol-5,6-epoxides in serum after mild alkaline
hydrolysis (3). In one set of experiments, levels of
cholesterol-5,6-epoxides were obtained similar to those in
unhydrolyzed serum. In some other experiments both
higher and slightly lower values were obtained. It should
be pointed out that, in the above experiments, the 2H,-
labeled standard was added before the hydrolysis step.
Theoretically, a possible degradation of the unlabeled
cholesterol-5a ,6a-epoxide during the hydrolysis should
be the same as that affecting the 2H,-labeled cholesterol-
5a,6a-epoxide. The cholesterol-58,66-epoxide in serum
may, however, be degraded to a higher extent, leading to
falsely lower levels of measured cholesterol-5,6-epoxide.
The hydrolysis may also lead to increased autoxidation of
the serum cholesterol, which would counteract the above
effect. In view of the uncertainties and the lack of
reproducibility, no further attempts were made to analyze
the total concentration of cholesterol-5,6-epoxides in
serum (free plus esterified).

Serum levels of underivatized cholesterol-5,6-epoxides
in healthy subjects and in patients with
hyperlipoproteinemia

Table 1 summarizes the results of the measurements of
the serum levels of underivatized cholesterol-5,6-epoxides
in healthy subjects and in patients with hyperlipopro-
teinemia. Healthy medical students, 23-35 years of age,
had levels of cholesterol-5,6-epoxides varying from 67 to
293 ng/ml with a mean of 131 ng/ml (n = 8). In a study
of healthy subjects and outpatients (25-73 years of age)
with minor nonmedical diseases, there was a tendency to
higher levels of cholesterol-5,6-epoxides with increasing
age. Thus, subjects 20-40 years of age had a lower level
(108 + 16 ng/ml) than subjects 61-80 years of age
(193 + 18 ng/ml). This difference was statistically sig-
nificant (P < 0.05, Student’s ¢-test). There was no sex
difference and no correlation between the serum levels of
cholesterol-5,6-epoxide and cholesterol (r = 0.1 for all
subjects studied).

Patients with familial hypercholesterolemia (phenotype
I1A) had lower levels of cholesterol-5,6-epoxides than the
healthy subjects and the patients with minor nonmedical
diseases. Also in this case, there was no correlation
between the serum level of cholesterol-5,6-epoxides and
cholesterol. The patients with familial combined hyper-
lipidemia had levels of cholesterol-5,6-epoxides similar to
those of the healthy subjects. The individual variation was
high in this group of patients, but there was no difference
between patients displaying the type IIB or the type IV
phenotype. Furthermore, there were no differences between
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TABLE 1. Concentration of cholesterol 5,6-epoxide in different subjects

Subjects

Age

Number

Concentration of
Cholesterol-5,6-epoxide

Healthy medical students

Healthy subjects and patients with minor
non-medical diseases

Patients with familial hypercholesterolemia
(phenotype I1A)

Patients with familial combined
hyperlipidemia (phenotype IIB)

Patients with familial combined
hyperlipidemia (phenotype IV)

22-35
(28)

20-40
(33)
41-60
(1)
61-80
(69)

20-66
(#7)

41-56
(46)

46-68
(59

12

ng/ml
131-29°

108 + 16
172 + 31

193 + 18

69 + 14

105 + 58

93 + 64

“Mean + SEM.

the 7 patients with clinically overt coronary heart disease
and the remaining 12 patients.

Assay of cholestane-3(3,5¢,683-triol in serum

Fig. 4 shows a typical mass fragmentographic record-
ing of the derivative of a purified serum extract from a
patient, to which a fixed amount (1 ug) of ?H;-labeled
cholestane-33,5a,68-triol had been added. The concen-
tration of unlabeled cholestane-38,5a,68-triol was calcu-
lated with use of a standard curve. The detection limit of
the assay was about 10 ng/ml serum under the conditions
employed. The coefficient of variation was about 10%. As
above, the apparent imprecision may, in part, be due to
autoxidation of serum cholesterol during the workup
procedure. Also in this case, addition of antioxidant was
found to be necessary; otherwise, falsely high levels of
cholestane-38,5a,68-triol were obtained.

In order to test the accuracy of the method, serum
samples were assayed to which known amounts of
cholestane-38,5c,68-triol had been added. In one such
experiment addition of cholestane-33,5¢,68-triol, 500
ng/ml, increased the measured concentration of cholestane-
38,5¢,68-triol from 73 + 10 ng/ml to 603 + 4 ng/ml.
The difference between expected and found values was
thus 5%. The concentration of cholestane-33,5a;,68-triol
in the above serum sample was relatively high due to
storage at 4°C for some days before the analysis.

In all the subjects tested, the level of cholestane-
383,5a,68-triol was near or below the detection limit (10
ng/ml) when the serum had been collected under the con-
ditions described in Materials and Methods. In view of
this, no further measurements of cholestane-38,5«,606-
triol were made.
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Fig. 4.

Detector response

m/z 403

m/z 410

Time (min)

Multiple ion recording of trimethylsilyl ether derivative of
material isolated from serum of a healthy subject to which H,-labeled
cholestane-38,5a,68-triol had been added.
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Mild alkaline hydrolysis of serum prior to the assay of
cholestane-38,5a,68-triol did not, in general, increase the
measured concentration of cholestane-38,5c,68-triol.
Acid hydrolysis can be expected to convert cholesterol-
5,6-epoxides into cholestane-38,5a,68-triol. Such hydrol-
ysis yielded higher concentrations of cholestane-38,5«,63-
triol, in some cases considerably higher than those of
cholesterol-5,6-epoxide measured in the same serum
sample. The variations in the experiments with acid as
well as alkaline hydrolysis were however unacceptably
high, possibly due to uncontrolled autoxidation of
cholesterol during the hydrolysis step.

DISCUSSION

According to current concepts, autoxidation and hydro-
peroxide-mediated oxidation yield predominantly the 8-
isomer of cholesterol-5,6-epoxide (1, 16), whereas cyto-
chrome P-450-dependent oxidation yields predominantly
the a-isomer (17). The possibility has been discussed that
circulating cholesterol-5,6-epoxide may be used as a
marker for the effects of free radicals in the body formed
by influence of both exogenous and endogenous factors
(4). Theoretically, the 58-isomer should be most suited as
such a marker.

The present method for assay of cholesterol-5,6-
epoxides should be more accurate than previous methods
based on GLC only (3-5). No extensive attempts were
made to separate the two isomers in individual serum
samples. It is possible to separate the 5a- and 58-epoxides
as the acetate by TLC or GLC (9) and in a recent study
a separation of the two underivatized isomers was achieved
by high performance liquid chromatography (18). The
primary goal of the present work was, however, to try to
confirm the finding by Gray et al. (3) that cholesterol-5,6-
epoxide is markedly elevated in patients with hyper-
lipidemia. This goal could be achievable with the present
method with no separation of the two isomers. The ana-
lytical variation was relatively high, with a coefficient of
variation of 10-15%. With the technique used, the analyti-
cal variation in the assay could be expected to be less than
5% (7). The reason for the relatively high imprecision is
most probably a small uncontrolled autoxidation of cho-
lesterol occurring during the workup procedure in spite of
the precautions that were taken. Attempts are in progress
to further minimize such autoxidation by introducing a
more rapid procedure than that used here for separation
of cholesterol from its autoxidation products.

After completion of the present study, a publication ap-
peared reporting that isotope dilution-mass spectrometry
was used for assay of cholesterol-5,6-epoxides and cho-
lestane-38,5a,68-triol in nipple aspirates of human breast
fluid (19). That method should have the same analytical
merits as the present method.

In similarity with cholesterol, some part of the choles-
terol epoxides present in serum is most likely esterified.
Several attempts were therefore made to measure the total
amounts of cholesterol-5,6-epoxides in serum by intro-
ducing a mild hydrolysis step. Less reproducible results
were obtained, however, possibly due to uncontrolled
autoxidation occurring during the hydrolysis. As a conse-
quence, only free cholesterol epoxides could be analyzed
with sufficient accuracy. It may be mentioned that a
hydrolysis step was included in the isotope dilution
method used by Gruenke et al. (19). According to these
authors, the autoxidation occurring during the hydrolysis
could be controlled by addition of ascorbate.

Under in vivo and different in vitro conditions, both
epimers of cholesterol-5,6-epoxide are hydrolyzed to yield
cholestane-38,5a,68-triol (1). In accordance with the
work by Gray et al. (3) only very low or undetectable
levels of this compound were found in serum. The rapid
metabolism of cholestane-38-5¢,683-triol is well estab-
lished (1, 20). In theory, acid hydrolysis of serum would
lead to conversion of all unesterified cholesterol-5,6-
epoxide. Less reproducible results were obtained by this
method, however, possibly due to varying degrees of con-
version. In view of the low levels, no further attempts were
made to quantitate cholestane-38,5a,68-triol in all
individual serum samples.

The levels of cholesterol-5,6-epoxides found in serum of
healthy subjects were somewhat higher than those reported
by Aringer (4) (30-80 ng/ml) but similar to those reported
by Kuksis et al. (5) (100 ng/ml). The higher levels obtained
in the present work may be due to the use of an ideal
internal standard, which makes the assay insensitive to
losses during the workup procedure. No sex difference
could be demonstrated. There was a tendency to higher
levels of cholesterol-5,6-epoxide with increasing age. This
was probably not due to the age-dependent increase in
serum cholesterol level since no correlation was found
between serum cholesterol and serum concentration of
cholesterol-5,6-epoxides.

Using the present method for assay of cholesterol-5,6-
epoxides, the previous finding by Gray et al. (3) that
patients with hyperlipidemia had markedly higher levels
of cholesterol-5a,6a-epoxide than healthy subjects could
not be confirmed. On the contrary, patients with type IIA
hyperlipoproteinemia had lower levels of this compound
in serum than normal subjects. In view of the great inter-
individual variation, the significance of this difference is
difficult to evaluate. The reason for the different results is
not known, but the fact that Gray et al. did not add anti-
oxidant to their serum samples may be of some impor-
tance. The possibility cannot be excluded that lipid perox-
idation and autoxidation may occur more easily in serum
from hyperlipidemic patients. The fact that more sub-
strate for autoxidation of cholesterol is available may also
be of some importance. In the publication by Gray et al.
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(3) it was stated that there seemed to be a correlation
between the degree of atherosclerosis and the level of
cholesterol-5a,6c:-epoxide. Although both familial hyper-
cholesterolemia and familial combined hyperlipidemia
are associated with premature atherosclerosis, we did not
observe any influence of clinically overt coronary heart
disease. Preliminary experiments with geriatric athero-
sclerotic patients also do not show markedly elevated
levels of cholesterol-5,6-epoxides when using the present
method (Bjorkhem, I., K. Einarsson, and P. Henriksson,
unpublished observations). B
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