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0lesterol by
Isotope Dilution /Gas Chromatography/Mass Spectrometty

I.Koyama, H. Iso, M. Kiyama, T. Shimamoto, Y. Ishikawa and M. Nakamura, Public Health, Department of
Social and Environmental Medicine, Graduate School of Medicine, Osaka University, Osaka, Japan, Osaka
Medical Center for Health Science and Promotion, Osaka, Japan

Traceability of total cholesterol (TC)

measurements can be verfied by comparing
manufacturers’ and clinical laboratories’ methods

with  the  Abell-Kendall (AK) reference
measurement  procedure (RMP) in  the
CDC/CRMLN  certification ~ program. CDC

previously presented 2 RMP for cholesterol using
Isotope Dilution / Gas Chromatography / Mass
Spectrometry (ID/GC/MS)'. We have also
completed a practical measurement system for
cholesterol using ID/GC/MS for the purpose of
more accurate TC standardization in Japan. Sample
preparation is the same as for the AK method
except a preliminary dilution with tris-HCl buffer
(50mM, pH7.4) and addition of “C,-cholesterol as
an mternal standard. Diluted samples including the
internal standard “C,-cholesterol are hydrolyzed
with ethanolic potassium hydroxide (EtOH/KOH)
at 50C for 1 hr followed by hexane extraction and
evaporation under vacuum. The cholesterol is
derivatized with N, O-Bis (trimethylsilyl) -
acetamide before GC/MS analysis. A magnetic
sector- type mass spectrometer (JMS GC matell ) 1s
operated in electron impact ionization mode and
mass ion fragments m/z 368.4 and m/z 370.4
corresponding to the native and labeled cholesterol
fragment ions, respectively, are used for selective
ion monitoring. The total run time from injection
to MS detection is less than 5 minutes. Three
quality control pools (MQ10, Q27, Q28) from
CDC and SRM1951b from the National Institute of
Science and Technology (NIST) were analyzed in
quadruplicate in 20 analytical runs. The data were
compared with the assigned values of CDC and
NIST. As a result, r* for the standard calibration
range (0-400mg/dL) was 0.9998. The within-run
(n=4) CV and the among-run (20 assays) CV
ranged from 0.08% - 1.57% and 0.20% - 0.51%,
respectively. The average bias from CDC and NIST
ID/GC/MS methods was 0.39% and 0.03%,
respectively. These results demonstrate sufficient

precision and accuracy that is required for the
method to be considered as a potential RMP.

Introduction

CDC previously presented a2 RMP for cholesterol
using Isotope Dilution / Gas Chromatography /
Mass Spectrometry (ID/GC/MS) using a multi-
level linear standard calibration approach." We have
also developed a practical measurement system for
cholesterol using our own instruments for purpose
of more accurate TC standardization in Japan.

Methods

1. 250ul samples (serum, cholesterol standard,
control serum) were preliminarily diluted with 5mL
of 50mM Tris-HCI buffer, pH7.4, containing 0.5%
Emulgen 108.

2. 500ul of diluted samples was mixed with the
ethanolic potassium hydroxide (EtOH/KOH)
solution for hydrolysis.

3. 2ml. of intemal standard
(5mg/dL) was added in each tube.
4. Sample mixtures including the internal standard
PCy-cholesterol are hydrolyzed with ethanolic
potassium hydroxide at 50°C for 1 hr.

5. After hydrolysis, 7mL of H,O was added, and
tubes were incubated at 25°C for 15min in water
bath.

6. 6mL of hexane was added, set on the shaker for
extraction, and allowed to stand for more than
15min to entirely divide the hexane layer.

7. Aliquots of hexane layers were transferred into
empty vials for GC/MS, and evaporated under
vacuum at 55°C.

8. Before GC/MS analysis, vials were reconstituted
by hexane (100ul), and derivatized with N, O — Bis
(trimethylsilyl) - acetamide (100ul) at 70°C for 1hr.
9. A magnetic sector-type mass spectrometer (JMS
GC matell ) was operated in electron impact
ionization mode and mass ion fragments m/z 368.4

BC,-cholesterol
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and m/z 370.4 corresponding to the native and

; : Sorum AbclKendall cv ID/GC/MS oo
labeled cholesterol fragment ions, respectively, were podl (mg/dL) *) (mg/dL) o9 -
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Figurel. Calibration plot for cholesterol z 200 ’
- |
ID/GC/MS analysis. C,-Cholesterol was used as 5 :
the internal standard. The linear regression equation g 150 ;
and the correlation coefficient are shown on the l
100 .
figure. 1
Table 1. Three quality control pools (MQ10, Q27, 50 ;
Q28) from CDC and SRM1951b from the National I
Institute of Science and Technology (NIST) were 0 :
analyzed in quadruplicate in 20 analytical runs. ¢ & W v W T W 2
AK (mg/dL)
e 2vgetvalue  IDGCMS  Bias o - Witirrun Among-n - Figure2. The correlation  between the AK
(mgdl)  (mgidl) (mg/dl) CVe  CV%  method and the ID/GC/MS.
€DC Control
MQ10 51.01 51.45£0.26 044 086 0.51 083  Conclusions
Q7 27545 275254062 020 -0.07 0.3 040 We developed a practical system for measurement
Q8 S 170.47:0.53 e S 031 047 of cholesterol using gas chromatography (Agilent
NIST SRM 1951h 6890A) and the magnetic sector-type  mass
spectrometer (JMS GC mate II). The within-run
Levell  18576:055 18601038 025 013 0.20 045 o
e e wees SHE A 0l . and among-run CV values were less than 1%.
ki el Dt bt B : = Lower deviations from the CDC control and the
4 aliquot per sample

20 nuns for N = 80 samples

Table 2. Ten frozen pooled serum and CDC
controls (MQ10, Q27) were measured by the AK
method (n=2) and ID/GC/MS method (n=3)
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NIST SRM 1951b were observed. Differences
between  measurements obtained by the
ID/GC/MS method and by the AK method were
reported by NIST (Ref.2, average Yobias = -1.60%)
and presented by CDC (Ref.1, average %bias = -
1.39%). Average %bias calculated from our results
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was -1.29%. These findings demonstrate sufficient
levels of precision and accuracy required for a
practical method to be considered as a potential
RMP.
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