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Evaluation of the Method for Total Homocysteine in Plasma Using LC-MS/MS

Sun-Hee Jun, Mi-Suk Lim, Yong-Sun Jung, and Jung-Han Song
Department of Laboratory Medicine, Seoul National University, Bundang Hospital, Bundang 463-707, Korea

Total homocysteine is now considered a risk factor for cardiovascular diseases. I increased interest has led
to a multitude of studies requiring the determination of total homocysteine in conjunction with other factor.
There are various methods for measuring total homocysteine, including HPLC, FPIA, GC-MS and
LC-MS/MS. The most recent method for measuring total homocysteine uses a deuterium-labelled internal
standard and tandem mass spectrometry. This development requires no derivatization and therefore leads to
an increase in sample throughput compared to other techniques. We have evaluated the method for
homocysteine by the LC-MS/MS method, and the correlation between the FPIA method and the LC-MS/MS
method. The standard curve (0, 5, 10, 20, 50, 100 uM) was linear over the range examined (up to 100 uM).
The lower limit of quantification (CV <10 %) was 0.5 uM/L and the lower limit of detection (S/N >3) was
0.1uM/L. Intra-assay variation and inter-assay variation were both <6 %. The comparision study for
‘homocysteine concentration showed good correlation (r=0.9684) between the FPIA method and LC-MS/MS
methods. Our conclusion is that the method showed relatively good precision, and was rapid and accurate.
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disulfide ¥elE A3} YH= homocystine, homo-
cysteine thiolacton & AAJgic}

1964 Carson¥} Neilo]l 93t T EAIAES FE7}
A¥y #BHEFo] glgo] #d=A o]F (Carsond Neil,
1964), 1969 McCully7} 85 T=EA|ZE Q] o] F7}4
3 A 2Bl = Z (homocystinuria) Ao} Ekx}ol Al A 3 9
& 59 903E KuaUA 9% s2Aadle 27}
A% we AR 292 5 Jnn ANSU
(McCully, 1969).

O0F BE ATE Fo Hols BERALHAY
Z (hyperhomocysteinemia)o] 59 HHAZ oL} T HZF9
5949 994z deid o M Aads 893
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Aol A9 Fui7lA FelFte AE2E A7 2FE
W 591t} (Sudhas} Alexa, 2002).
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1) AAPEY

Ae AL AMESYT EEFEFEZE DL-homo-
cysteine (Sigma, H-4628)2- 0, 5, 10, 20, 50, 100 M 5=
Z TEolX ARG WRREEERE FHYELT)
E A ds-homocystine (Cambridge Isotope lab.)< 0.1 N
HCIZ 5494 101M T=2 AM-3I3Th

AA 9} 7 EFEA 20 L] WEEFEH 200LE ¥
3 187 4o)& & 500 mM DTT (dithiothreitol)/0.075 M
NaOH 20 ULE ¢} E£3E0] 5ol HoFE F H2d 15&
7+ "kx)3iet oju) DTT7} AA ol & homocystine,
mixed disulfide homocysteine, protein bound form
homocysteineS- free homocysteine 0.2 HEA| A FUTh

2ol &3Eo| 100uLe] formic acid: trifluoroacetic
acid: MeOH (0.1:0.05:100)Z $o] 187 ukgA7] & 9
A3l 25S microplate wello] 74 2 5 10uLE
Ao ARst T

TRAZHS  FEd  ARgd" Waters
Symmetry C8 column (2.1x100 mm, 3.5 um)®] 1., o]FA+
£ 30% MeOH/0.1 % formic acidE AR&8l9oH, /4
(flow rate)2 0.25 ml/min, cycle time (injection-to-injec-
tion)& 2502 &Nt LCoAA ZTRAAHQS 283
T MSMSz BAsIglEt o) SRALH S HFE
ZFE5-7 (ds-homocysteine) | tune parameter= Table 13}
%+31, MRM chromatogram-2 Fig. 1¢] vJehA Aot

column&
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M4 7AAR= NCCLS guideline EP6-Pol] w}e} A
o] AA e} nEx FAE 4t 579 FEZ T
Ths, 494wk HARste] 243519

Table 1. Tune parameter for both homocysteine and ds-homocysteine

Collision energy (eV)

MRM transition (m/z)

THEAE Cone voltage (v)
Homocysteine 15
ds-homocysteine 15

10 135.8>89.6

10 139.8>93.6

23



HCYS041019_D Smooth(Mn, 2 X 3)

MRM of 2 channels, ES+

STD20 135.8>89.6
100 Homocysteine ; 1.18 ; 32362.260 ; 158534 ; 19.440 uM 1.588¢ + 005
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HCYS041019 D Smooth(Mn, 2 X 3) MRM of 2 channels, ES+
STD20 139.8>93.6
100 Homocysteine ; 1.18 ; 24648. 783 ; 123695 ; 1. 023 uM 1.238e + 005
]
%
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Fig. 1. MRM chromatograms of Ds-homocysteine and homocysteine at concentration of (20 uM)

using the appropriate transitions.

3) Ion suppression test
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Fig. 2. Linearity test in different concentrations (10, 50,
100, 150, 180 pM).

180 pM7}A] 2448& Ko Fith

A% A (limit of detection)t chromatogramof| 4]
slope®} noise?] ratio’} 3 o]Ato|d 7153+ 0.05 Mol
A= S/N7F 1.67°]11 0.1 iMoo M= S/N7} 6.84 2 e}
AESAE 0.1 IME Fouth & HAFESA (limit of
quantification) CV7} 10 % ©|8t2 Yehdd Hed 0.5
Mol A CV7E 9.3 %E B AT (Table 2).

Ton suppression testo]] A= ion3}e] F&-S Hh= AOZ

UER O U (Table 4) 0121 & EAAIZMS Z2A s4AY

EEFEAS BNEAY 22 AS ARRTOEZAN Y
- %LQEE 2 Ao YHREFEZS ds-homo-

cystine AME3FATE



Table 2. LOQ (limit of quantification) : CV <10 %

Table 4. Ion suppression test

Concentration (UM) Methods Area
No 0.3 0.5 1.0 A Sample + STD (20 yM) +DTT 5119
1 03 0.5 1.0 B Sample + DW + DTT 1476
2 0.2 0.5 0.9 C DW + STD (20 uM) +DTT 7193
3 0.1 0.5 0.9
(A-B) / C x 100 = 50.6%
4 02 0.5 1.0
5 0.2 0.4 1.0
Mean 0.2 0.48 0.96
SD 0.07 0.04 0.05 V. 2 =1
CV(%) 35.4 9.3 5.7
SRAZHQIY F7h= 1 A BAlglo] EHE
- o 24 AR 2ANA BEe 724473, IR
Table 3. Precision for homocysteine using LC-MS/MS 2 ZANA ERS AstH oz B E So Thokat
Iner-assay variation Intra-assay variation Ao oJste] FBzA ] o|AS Zeldle] 27 BAE
Mean(@) CVOY Mo VOO w48 Hga 34, SH40FS 22 99 990] 3
Low 7.9 3.73 7.9 4.03 7tge AoE 4eA Ut} (Clarke, 1991). FEA| 32
High 31.9 5.37 32.4 4.99 A2H 9 5uMe] Z7}e AAEW AL |8y, HEH
AS 230, D28 H F3S 6.88) F/MAA HER A
g A4PeS MG doh &F cobalamino|i}
AN ARES WOASTE A2 3.73%, 53T%E @Al (folate) BB 5 RA|2EQ) FX7F FAEE @A
WERRIL AR e A7 403 %, 499 %R T2 zmAnos 8 9IS 7aNZ $ Jokn A
AUEE FA3 USS HY FUT}H(Table 3). 91t} (Joosten,1993). B FTHAAEClY] E5E L}o),
3} A 827} = FPIAY 2 LC-MS/MSE 8 #AALE} A, %xq;g Qoo we} xpol7t Qom, 1 9o Fdo)
RS W F AAPH Y ARBAE Y=1.0015x+1.69070] 3L U Be 93844, gortE S pHao] glular k.

kS 0.968 0.2 353 ARAAE Jelidct (Fig 3).
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Fig. 3. Homocysteine correlation between Axsym & LC-MS/MS
(N=82).
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% (0uL)S AFR-3}9, LC (Waters 2795 Alliance HT
HPLC)oj| A] isocratic elution® & TR AH| QS 23 &
o1& MS/MS9|| A electrospray positive ionosation mode &
B3 ol 1o} 438 AAE A5 BAAL
7} AR GEEERAL eI WA By Fol
A2 7 = 2AE AT A4 180uMER

=3
LC-

7HA] 1gko] 0.99828 w5 FH g Bk Axsym
o] FPIAYTO] AATAE Y =1.0015x + 1.69070] 1 r
e 09682 Fed FBBAE Ueilen, A
AZhe A BHAITE 2802 HAE S A

AYE sl WG A9 A5 DI EA
7t 7sd Ao AlmEh
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LC-MS/MSE o] 83 3 RA|2HQ] &3] A}5313H]
Bt} o] oA Aol gRol7|e AT =& F
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