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2 ok R | FeHES FFRA] A% ARAUOR U4 AR A2 vETH /A
ZE- 299 (isotope dilution liquid chromatography/mass spectrometry)S AR&-3FIth Zd| 2B =2 Thermo
ODS hypersil Cj3 Z-& AME-ste] £2]8190, o572 100% WEE, f4-2 03 mL/min® 2 3}3ith
FY2HEF S 2EH2-34-PCE [M-H,0+H]" 0|20 a|33E m/z 369.49F 3713004 U E & &k
Aol P ARnEIHE e 5 AT W] RS SEH] fI8iA NIST SRM 909bE &
Mgt Az At B e elld dAlsks A RlETh o] WS vider Y SEE
2 4 FHE Axs JAFS AT )15 A3, v O] R AR 0.1~0.8%, AEde] 73
- 0.24%013}, B EeE 95% A relA oF 143%= VeI

Abstract: An ID LC/MS (isotope dilution liquid chromatography/mass spectrometry) was used as a primary
method for the quantitative analysis of cholesterol in human serum. The separation of cholesterol was carried out
by Thermo ODS hypersil Cig column. The mobile phase was 100% methanol, and flow rate was 0.3 mL/min.
Cholesterol and cholesterol-3,4-'3C, were monitored at m/z 369.4 and 371.3, which correspond to [M-H,O+H]"
respectively. In order to verify the measurement method, NIST SRM 909b was analyzed. The results agreed well
with certified values within uncertainty. The four kinds of serum certified reference material were prepared and
certified. The repeatabilities of measurement were ranged from 0.1 to 0.8% (RSD), which were relatively good.
The reproducibility between independent measurement run was below 0.24% (RSD). The expanded uncertainty
was about 1.43% within the 95% confidence interval.
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Fig. 1. Structure of free form cholesterol.
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2.1. A|ef

FASPE(ACS, >85%)F oI EZHACS, 99%)
Sigma-Aldrich (St. Louis, MO, USA)A}oll A, o €k
(ACS, HPLC certified solvent), &4HACS, HPLC
certified solvent), ©}4] ELY] E Y (ACS, HPLC certified
solvent), 2-ZZ¥-&(ACS, HPLC certified solvent)<
Burdick&Jackson (Muskegon, MI, USAA}ol| A, v gh&
(HPLC grade)= J.T. Baker (Phillipsburg, NJ, USA)A}
oNX FhstA Tt ol &S AHEst7] Hell 022 pm
PVDF membrane filter (Millipore, Bedford, MA, USA)
2 filterdl] A3t Th S/ Millipore Alpha Q
purification system¥} reverse osmosis system (Sinhan-
science tech. Co. Ltd., Koreayg AF&-aA] AUTh.

UAFFELY Az 220 FH2HE AT BE
EZ(NIST SRM 911b)3 Ao fa4S 82l
&7) Y8l ALEE A EFEZ(NIST SRM 909b)
£ NIST(Gaithersburg, MD, USA)|A T+ 38Tt &
AYVAEA WHEEZEE, Y 2EE-34-2C99%)yE
Cambridge Isotope Laboratories, Inc.(Andover, MA,
USA)ellA +dske] ARg-sF3iTt
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FEEAE spikingstal 24 o] FAE S48

eN
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22 nj7bx) 2REn o] BeEE 9 S@3Fat
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AN AL AFE oS 1 mLE 718l A E
3] &3AZ Tk BHE ¢ ¥, 50 pg/g F=7F 5
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24. D LCMS =Xst x=A

AA T2 wlE 22 3= Agillent 1100 seriesS A&
S, HFEA7)E  triple-stage quadrupole mass
spectrometer 2 ABIS|A}F2] API 2000 =498 AF&-31%
o} ©o]23 #AX= APCI (Atmospheric Pressure
Chemical Ionization) o] REE ARSI 49
< ODS hypersil Cg(Thermo, 100x2.1 mm, 3 um)<
AFE-3H A, B ZHE ODS hypersil Cjg (Thermo,
10x3 mm, 5 pm)S A3 T A AR rE 2 T
A o] FFE 100% ME-E, F<4-2 03 mL/min, Al
EFYFE 5 uLE HAAs 202 vk A
71 = A8 o] &5 24 ¥ (Selected Ion Monitoring,
SIM)E 53 FU2HES m/z 3694, T 2EH E-
3,4-3C, 2 m/z 3713904 RUEHEAT} AF AF

7] AL ol REA curtain gas= 35
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psi, nebulizer current= 1.5 pA, 2%+ 450°C,
nebulizer gas+= 70 psi, heater gasv= 25 psi, declu-
stering potential=>= 20 V, focusing potential<= 400 YV,

entrance potentiak> 4 Vo]t},

25. EHEX

KRISS (Korea Research Institute of Standards and
Science)oll Al A3 457 A AFTHFER 7H2t
& 292 5 Y Aestel AxY HYL Y3
Atk HZA 3 2700M EFRHEEA, AR SAE
48] o1g WrE ZA el RARAY. BY ARz 2
g 2 H B/F 8 2EH E-3,4-5C,2 HAHE dom,
Fe2E 8 SR ok Aol 77te) WEE gl
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1237 29 2EE34-PC, TFFF LN A 29
EZS RIS Fig 25 FH2HET S 28HE-
34-5C, EFATENY Q1 HF ~HEH SR FY X~
HEZ2 m/z 369.4904, S8 28 =-34-"C,= m/z 3713
oA 71 & o]2AM71E YERAT o= E A7t
Holxl [M-H,O+H]" o]-2¢] ajFates AR EA}o]&
2o} o] & o] 2AI71E el e & AFdA=
o] F o] & HUE Pt 73Tt

At ol 5 4S APty st &uje =4S
S EYEZ 2-Z 2 H-8(65:359} 70:30, viv), HEHE:
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4 FELS o| 23T RR o237} FE 1, 1
-5 AlZke] 7HE whE W EhE 100%E o5 HoE
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Fig. 2. Mass spectrum of [M-H,O+H]" of cholesterol and cholesterol-3.4-'*C,.

Vol. 21, No. 6, 2008



506 A -

6.6e6

o5}y -

oA =

Intensity, cps

7.9¢6

(a) Cholesterol in human serum m/z 369.4
1.0 2.0 3.0 4.0 5.0
Time, min
(b) Cholesterol—3,4—13C, in human serum m/z 371.3
- 1.0 2.0 3.0 4.0 5.0

Time, min

Fig. 3. Mass chromatograms of cholesterol (50 pg/g) (a) and cholesterol-3,4-3C, (50 pg/g) (b) in spiked human serum.
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AN FY A ABnE TP Al
H](S/N ratio)dl] 71Z3t] AESHAIS}F G =sHA

Tuble 1. Relative response factors of cholesterol-3,4-1>C, and
cholesterol calibration standard mixture solution

No Weight ratio Area ratio Relative
" (chol/isotope)  (chol./isotope) response factor”
1 0.996 0.974 0.978
2 1.004 0.985 0.981
3 0.974 0.965 0.990

Average 0.983
Standard Deviation 0.007
Relative Standard Deviation (%) 0.71

DRelative response factor : Area ratio/Weight ratio

stk A EEAS B3 o A2 AEE

ul Fated v SAsnh AEE AS o 32

317} 391 Fol= M7]eA¢] FEol™ <F 0.05 pg/gd
S AT AFIAE AF o 7 voE Ha
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Table 2. Certified values and measurement results of
cholesterol in NIST SRM 909b

Certified value Measured value

(ng/e) (ng/e)
Level I 1432.35£17.61 1432.40+15.82
Level II 2269.05+28.93 2264.86+36.61

CRE EECTEREEE R RC EROE
oA % gzl vEE Fsal Gk o2
CREEEME EEUEELEEREERRRE
FEAS ol Wo gl FANLEY A Az}
EadeagRA g oRe] By B0l H5ge

selaiglTy.

35 H¥E AZSEFESEH SYAHE s=

TR NS HEEE S Axst] ol WF

o=
APFEAA AFTtet om Hudy 8 F 5%
7h =3 @4 Well EAske & =2l vsiM F
| 2EE2 SAFEFEN AZAP T} spikingTt
i F2 AAE 45 & vk EFFEFEA Al
He ulE AMEEEE UE e ¥
o] W7} QIEE 981, spikingS & wlE &)
o} Ao mjdo] t2rg A3 FL 9 spikingS
e Folo] et FAL BAS AAE F= 3l0]

a

oF 2% A0 63 W S ste] ABYS ]
ugich o 249 dvitt 83 AFHFEL 4 F
ol sl $A9Z 57 ARE Adsigla, v o
A9 Fol 248 9 AFEFEA ) B2

HE9 TS 7[Fo2 ZH2HE34-5C,5
Ll(wiw)el S =5 H7tste] Ax 2 & A3t
LA AR IRnET /A FEAAHOR 4
H e Z24sle] A ZYAHEF Fy2HE-
3,4-8C,9] WHHZRE FE(C) Aol 2l ALt
H S5 TFAXE Tuble 39 YEHIATH =
9H9l 7} batchol A o) EEARE WS
el & ZAoZ 571 A =
spikingst & FASH, EFES
LCMS &AM o2& B3 xE ¥ty &
L2 ESAAE 4 TF BT da Aux
=]

f
o,

3
F5o s =5 0.24%°]3}2]
Lo2H £ ATEAL B AFx%
kel

(Ga S O L A = i
AN
o,
%R
o
M os
2y
o
o
fiu}

K

N
)
o
i
N
S
Q

Level 12 1259.67+18.01 pg/g, 358 A Level 1=
1554.49+22.23 ng/g, §-5 7133 % (Lyophilized human
serum) Level 12 1373.46+19.64 png/g, 351283
Level 1= 1512.26+21.63 pg/gdS 13kt

(Program for Uncertainty Calculation in Measurement
and Analysis)S ©]-&3}o] ISO guide®ol] w2} % 713}
Qow, YEEH Level [ A5 ZH=HE 242
el gk 8 7t AAE Table 40 YERAATE
oA7)olN E St FaE e B3
A AAst 1o we] Hmoltt. £

Table 3. Measurement results of cholesterol in human serum by ID LC/MS

Period F* 1 (ng/g) F 1T (ug/g) L** T (ng/g) L 1T (ng/g)
1 1260.56+5.93 1553.71£9.90 1372.29+£10.81 1511.96+6.92
2 1254.61£6.56 1549.97£10.18 1370.39+£7.42 1513.74+6.42
3 1259.63£1.67 1555.36+1.01 1373.33£5.86 1507.54£11.46
4 1258.96+5.89 1553.984+5.33 1378.2243.54 1513.18+3.67
5 1264.07+3.46 1559.73+1.52 1370.7543.97 1512.07+1.20
6 1260.194+5.37 1554.2142.02 1375.78+3.28 1515.05+1.28
Average 1259.67 1554.49 1373.46 1512.26
SD 3.05 3.15 3.04 2.58
RSD (%) 0.24 0.20 0.22 0.17
Exp. unc. 18.01 22.23 19.64 21.63

*F : Frozen human serum
**, : Lyophilized human serum
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Table 4. Uncertainty budget for measurement result of cholesterol in frozen human serum according to ISO guide

Paameter Ioput Uit ey coeticlent contibation 0%
Mgpiked 0.6060 g 0.0001 200 B 2081.81 0.03
AR e 1.0209 0.0046 3 A 1235.38 64.97
Mot s 0.3926 g 0.0001 200 B 3212.11 0.07
W 0.5114 g 0.0001 200 B -2466.20 0.04
ARy 0.9803 0.0029 3 A -1286.49 28.04
Mis chol.std 0.3840 g 0.0001 200 B -3284.39 0.07
Mol 39.7890 ug 0.0577 200 B 31.66 6.78
Methanol 39.7718 g 0.0001 200 B -31.68 0.00
Average (ug/g) 1261.14
Combined standard uncertainty 7.02
Effective degree of freedom 5
k (95% level of confidence) 2.57
Expanded uncertainty 18.05
A= ALY 7 g A RH A7 HAN|(ZH EOES
2H| E/FY 2H E-3,4-B0)7F 7P 2 93 VA
I teo s ERHETENS WHnrE S vAE 1. EEERE, R0, S, EfRE, SEsEE, 17-
A& Uehslth ole AeRiA7])7F e QPgEkA 50, %ﬁfﬁ%#&ﬁ iRl 1990.
HHE SR o] of Fo mE Zow 7]7]9] MY 2. FHE, FHUZHE - 98D, 9-34, AAA Y, t
d &80l BEFEE Fole F& #de]l E & e =, 1998.
S & 4 I FAEF 5 (Expanded Uncertainty)= 3. "\54 4 9, ‘B2 &4 4= F A5, KRISS/
95% AF| %= PR A oF 1.43%3A T} IR-2000-022, 419-443, 3=t EFHSAT, t) gy
=, 1999.
4.4 B2 4. P. Ellerbe., S. Meiselman and L. T. Sniegoski, Anal. Chem.,
61, 1718-1723(1989).
B A= g3 Y S 2HES HAFEA G 5. R. Kock, B. Delvoux and H. Greiling, Clin. Chem.,
ek H4b9) 2O R D LOMS HHES Aoks} 43(10), 1896-1903(1997).
Atk o] WHHL ID GC/MSO Hls] §E=A 3 24 o) 6. O. Pelletier, L. A. Wright and W. C. Breckenridge, Clin.
29 3 ANE AAg FAHo] 7hste] A7k v)& Chem., 33(8), 1403-1411(1987).
S AN Y= AAo] ) Zu|LHE ) 7. P. Ellerbe, G. L. Myers, G. R. Cooper, H. S. Hertz, L. T.
2H 23 4-3C,5 m/z 369.49F m/z 371394 sl o) Snlegoskl, M. J. Welch, E. White and V, Clin. Chem.,
< glo] Aol Pt AZMEIRS AS F U3 36(2), 370-375(1990).
o}, Wb o] faAL Felstr] Y8l NIST SRM 909b 8. P. Gambert, C. Lallemant and A. Archambault, J. c/ro-
2 BAse] AZR vws A7 23w W o matogr., 162, 1-6(1979).
A DRSS HATH EF =T FER 427E BA 9. H.S. Lee and S.R. park, 4nal. sci. & tech., 18(7), 271-
& A3}, ke el %EHE% HAXF= 0.1-0.8%, A @A 277(2005).
L 0.24%0°]3 7 = IE At 3 B = 10. G. R. Cooper, S. J. Smith, I. W. Duncan, A. Mather, W.
95% A Z oA 2F 143%E Uelygth 2 A31E & D. Fellows, T. Foley, 1. D. Frantz, J. B. Gill, T. A.
st 84 W S 2HES A A B4 HA Grooms, I. Hynie, R. Laessig, F. A. LoBasso, J. Mar-
Q] v EAAHO ZH D LC/MS B S 8359 e tin, H. Naito, H. A. Newman, L. Sideman, J. H. Turner
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