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Abstract O A GLC method for the quantitative analysis of cholesterol,
B-sitosterol, stigmasterol, campesterol, 7-dehydrocholesterol, and
dihydrocholesterol in biological samples was developed to screen serum
and lipid extracts of heart and liver tissue for these sterols precisely. The
addition of the internal standard, cholestane, at the beginning of the
procedure led to a reduction in the required sample size and the elimi-
nation of several steps. The only critical measurements are those of the
biological samples and internal standard.

Keyphrases O Sterols, various—GLC analyses in biological fluids and
extracts 0 GLC—analyses. various sterols in biological fluids and ex-
tracts

A study involving the feeding of cholesterol and other
sterols to large numbers of chicks required a simple, precise
method for the qualitative and quantitative analysis of the
sterol content of serum, heart, and liver samples. The
commonly employed colorimetric methods are subject to
several limitations, not least of which is the lack of dis-
crimination among two or more sterols in a single sample
(1).

Several GLC methods were reported for the determi-
nation of serum cholesterol (2-8); however, a procedure
was required to determine quantitatively cholesterol and
other sterols in a single sample. Additionally, a small
sample size and the least number of manipulations con-
sistent with precise and accurate analysis were desirable
objectives.

EXPERIMENTAL

Materials and Chemicals—All solvents were reagent grade. Cho-
lestane! and the sterols were dissolved in chloroform, and their purity
was checked by GLC. Accuracy was monitored by the daily use of com-
mercial controls2.

Apparatus—Chromatographs A3 and B4, equipped with dual hy-
drogen flame-ionization detectors and glass columns (3 mm X 2 m), were
connected to a recorder fitted with an integrator® or an automatic pro-

Table I-—Analysis of Control Serums

Control Number of

Serum Analyses Mean + SE
1e 41 1747 £ 20
2b 37 135.8 £ 3.0

2 Choles-Trol; reported mean value was 196/100 ml when assayed by the An-
derson and Keys modification of the Abell method. ® Moni-Trol I; reported mean
value was 151 mg/100 ml when assayed by the Abeil method.

grammable integrator® Nitrogen was the carrier gas. All gas flows were
adjusted according to recommendations of the manufacturer.

The injection port and detector were set at 300°. Columns were packed
with 3% OV-17 on 100-120-mesh Gas Chrom Q7, 3% SE-30 on 100-
120-mesh Gas Chrom Q38, or 3% SP-2401 on 100-120-mesh Supelcoport?.
Column temperatures (250-280, 280-300, or 240-250°, respectively) were
adjusted to give retention times of less than 10 min for cholesterol. All
analyses were isothermal, and the attenuation was adjusted to give near
full-scale deflection for the internal standard.

Serum Analysis—Fresh serum (0.1 ml), cholestane standard (200
mg/100 ml, 0.1 ml), 33% KOH aqueous solution (0.2 ml), and ethanol (2.0
ml) were measured into a screw-capped test tube (13 X 100 mm). After
mixing!©, the tubes were placed in a shaking water bath!! at 60° for 2 hr.
Following hydrolysis, water (0.5 ml) was added and the cholesterol and
cholestane were extracted with hexane (2.0 ml). The hexane fraction was
subjected directly to GLC analysis.

Tissue Extracts—Total lipid was determined quantitatively by ex-
tracting the weighed hearts and livers according to the method of Bligh
and Dyer (9). The lipid subsequently was dissolved in chloroform (5 ml),
0.5 ml was immediately transferred to a screw-capped test tube, and the
chloroform was evaporated in a stream of dry nitrogen. The analysis was
continued as for serum, care being taken that the amount of lipid was
small enough (less than 200 mg) to be saponified by the amount of po-
tassium hydroxide being used. Values were then related to the weight of
the tissue lipid.

GLC Analysis—GLC standards containing known amounts of cho-
lestane, cholesterol, and/or B-sitosterol, campesterol, stigmasterol,
dihydrocholesterol (cholestanol), and 7-dehydrocholesterol were prepared
and analyzed4® at the beginning and end of each day. A correction factor
was determined by dividing the sterol concentration found by GLC with
the known concentration. Sterol concentration of the serum and tissue
samples was determined as follows:

1 Aldrich Chemical Co., Milwaukee, WI 58233,

2 Choles-Trol and Moni-Trol I, Dade Division, American Hospital Supply Corp.,
Miami, FL 33152.

3 Hewlett-Packard model 5710A.

4 F&M Scientific 700 laboratory chromatograph.

5 Fisher Recordall series 100 fitted with disk chart integrator.

0022-3549/ 78/ 0800-1157%01.00/ 0
© 1978, American Pharmaceutical Association

6 Hewlett-Packard model 3380A.

7 Chromatographic Specialties, Brockville, Ontario, Canada.
8 Applied Science Laboratories, State College, PA 16801,

9 Supelco, Inc., Supelco Park, Bellefonte, PA 16823.

10 Vortex-Geni, Fisher Scientific Co.

11 Magni Whirl model MSB-1122AA-1.
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Figure 1—GLC analysis of heart cholesterol using 3% SE-30 and
Chromatograph A.

cholestane concentration  counts of GLC
stero) _ (ml/100 ml) peak (sterol) (Eq. 1)
(mg/100 ml) counts of GLC peak correction factor
(cholestane)

GLC standards also were injected? to program the integrator® and then
to check the accuracy of the equipment. The integrator subsequently
printed the sterol concentrations, in terms of milligrams per 100 ml in
the original sample, for all subsequent injections.

RESULTS AND DISCUSSION

Commercially available cholesterol control serums were analyzed with
each batch of samples. Values obtained over 15 months with two gas
chromatographs, three column phases, and 10 columns are summarized
in Table I and testify to the reproducibility of this procedure.

Columns packed with SE-30 (Fig. 1) or OV-17 (Fig. 2) were used in-
terchangeably. While relative retention times differed, there was no ev-
ident interference from other components (Fig. 3), except during ex-
periments involving 7-dehydrocholesterol and dihydrocholesterol. Both
of these sterols had retention times nearly identical to cholesterol under
the experimental conditions. For these sterols, columns packed with
SP-2401 were employed (Figs. 4 and 5).

Since a rapid, precise method was needed to conduct numerous, routine
determinations of total cholesterol and/or other sterol levels, a pro-
grammable automatic integrator® was employed. With this apparatus,
repeated injections of the same sample varied by less than 1%. The earlier
use of a disk-type integrator® required more instrument tending and value
judgment by the operator; consequently, variations of 5% were observed
between repeated injections.

Cholesterol levels as determined by GLC are usually lower than those
determined by the standard colorimetric methods, partly because of the
greater specificity of the GLC technique (10, 11). The column absorption
phenomenon noted previously (2, 8, 11) was observed in this study, even
after conditioning and many injections of cholesterol. Consequently, a
correction factor, based on the analyses of standards, was determined
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Figure 2-—GLC analysis of chick serum cholesterol using 3% OV-17
and Chromatograph B.

for each day’s set of samples and was further checked during and after
each series of analyses. This factor ranged between 0.75 and 0.90 for the
disk-type integrator®. The calibration of the programmable integrator®
adjusted the correction factor automatically. When it was determined
separately, it was constant at 0.85. Correction factors were similar for the
other sterols.

Both samples and standards were kept tightly covered and refrigerated
when not in use. Under these conditions, both samples and standards
were stable for several weeks, in agreement with those values stated by
Tonks (1).

While the use of cholestane as an internal standard was reported pre-
viously for cholesterol in serum, it was used only in the final step, ne-
cessitating careful measurement of the extraction solvent and extreme
care in ensuring complete extraction of cholesterol. In Blomhoff’s method
(2), the extraction solvent was measured, transferred, and reduced to
dryness under nitrogen; the internal standard then was added in chlo-
roform to redissolve the cholesterol. It was found that by adding the
cholestane to the accurately measured sample of serum or lipid extract
(in the cases of heart and liver tissues), these steps could be eliminated.
The complete analysis involved only one test tube and no reduction of
solvent. Injections from hexane rather than chloroform also resulted in
a cleaner detector and longer column life.

In normal circumstances the hydrolysis time could be greatly decreased
(11); however, this project was dealing with artificially high cholesterol
levels, and the prolonged hydrolysis period was required. Free sterol
concentrations, if desired, could be determined by GLC analysis of the
samples prior to hydrolysis.
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Figure 3—GLC analysis of a standard solution of some sterols using

3% SP-2401 and Chromatograph A.
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Figure 4—GLC analysis of 7-dehydrocholesterol and cholesterol in
chick serum using 3% SP-2401 and Chromatograph A.
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Figure 5—GLC analysis of dihydrocholesterol and cholesterol in chick
serum using 3% SP-2401 and Chromatograph A.

This method is rapid, precise, and flexible for the qualitative and
quantitative analysis of cholesterol and other sterols in biological mate-
rials. Except for the amounts of biological sample and internal standard,
no other measurements are critical.
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