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Hey . 2 it & R (cysteine, Cys) X H & & R (methionine, Met) 7K 3 . 45 il 5% F§ HPLC-MS/MS & 4t , fifi F {4 % #+
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AEHA (54.4415.38) %, B 1724, 2 11 136 4] ; Hey . Cys . Met 19 28 7 38 Bl 23 3] & 1~100,5~500,2~200 pmol/L;
EE TR 1.5.2 pmol/L; b N 18] 78 55 R KL Ccoefficient of variation, CV) <4 15% ; [R5 il 2 97 %~
105%.93%~111% .102%~109% ; 1: 1IR & FEA 1) Hey . Cys . Met I 22 {5 H 1ML 17 3 0 RE A K 40075 WORE AR I 52 B 1Y
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Xof g 25 ¥ <<= 15 %0 5 1y I Ak B A b  FUAS B2 9 I L #59ERT G 0L A% T B8 5 7 B S A% L LO A% AN 20 % il A% P Y Hey
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BETE(P<0.00D). £ AWFsE 87 A9 I003E Hey 3% HPLC-MS/MS #6107 2k f8 B 47, v JH T4 01 CKD # %
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Establishment of HPLC-MS/MS method for serum homocysteine profile detection
and its clinical application in chronic kidney disease
CUI Bao-ling, LI Xiao-fei, QIN Yong-liang, L.IU Jin-shuo, L.IU Ze-lin, SHI Min"
(Department of Laboratory Medicine, the Second Hospital of Hebei Medical University,
Shijiazhuang 050000, China)

[Abstract] Objective To establish a method for quantitative detection of serum homocysteine (Hey) profile
by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) and its clinical application in
chronic kidney disease (CKD). Methods This study enrolled individuals initially presenting to the Second Hospital of
Hebei Medical University between January 2024 and January 2025, including 308 patients with a clinical diagnosis of
CKD (CKD group) and 103 healthy individuals undergoing physical examinations (control group, CON). Serum
levels of Hcey, cysteine (Cys) and methionine (Met) were measured and compared between the two groups. The
detection was carried out using a HPLC-MS/MS system. A chromatographic column [ (2.1>100.0) mm, 2.1 pm]
was used for separation at a column temperature of 40°C. The mobile phase was a 0.2% formic acid aqueous solution

and pure acetonitrile, with gradient elution. The performance of the method was verified by applying parameters such
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as linear range, lower limit of quantification (LLOQ) , precision, accuracy, matrix effect, sample stability, residue,
interference and dilution consistency. Results A total of 411 people, including healthy controls and patients with
CKD, were enrolled in this study. There were 103 patients in the CON group, with an age of (50.014+12.41) years,
including 58 males and 45 females. There were 308 patients in the CKD group, with an age of (54.44415.38) years,
including 172 males and 136 females. The linear ranges of Hcy, Cys and Met were 1—100 pmol/1., 5—500 pmol/L
and 2—200 pmol/L, respectively. The LLOQ was 1 pmol/L, 5 pmol/L, and 2 pmol/L, respectively. The
coefficients of variation (CV) within and between batches were within +15% and the recovery rates were 97 % —
105%, 93%—111% and 102% —109%, respectively. Compared with the mean of mixed serum samples and pure
solution samples, the measured values of mixed samples were 1.45% , 3.52% and 2.18% lower in concentration. The
relative deviation between the concentration of serum Hey, Cys and Met within 7 d after detection and 24 h after the
initial measurement were within =15%. The method exhibited low residue in detecting Hey metabolite profiles and
remained unaffected by hemolysis, jaundice and lipemia. The CV of Hey, Cys and Met in serum samples diluted 5, 10
and 20 times were all less than 15% and the recovery rates were between 85% —115%. Compared with the CON
group, the levels of serum Hcy and Cys in the CKD group were significantly increased (all P<C0.001). Conclusion
The HPLC-MS/MS method for detecting serum Hcy profile established in this study demonstrated favorable

performance and can be reliably utilized to quantify serum Hcy profile in CKD patients.
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Wk 2w B E DI RE 25 ) Candt e hiE = . R HS
RYT R 254 W ABE. CKD 43086, %172
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121 FEACREE M5 mL & 02 %5 1 40 8 i
25 K I B SR AR R R DKL, 2 h R0 O 4 B i
W, 4 CRImRR.

1.2.2 U#5EH Jasper HPLC &4 (& A
ik 24> (FE, AB SCIEX ); Triple Quad
4500MD i (EFE, AB SCIEX); A KL
i (P E, Rl SIES AL ARARD . B
WY Hey (FP[E, Cato Research Chemicals Inc) |
Cys ({8, Sigma-Aldrich), Met (W [E, HEE
i 2y i K E WS BE ) s INARY) BT Hey-d4 . Cys-d2 }
Met-d3 (3£ [E, Cambridge Isotope Laboratories) ;
o352 g (35E, Thermo Fisher Scientific); {4
W 2N (£E, Thermo Fisher Scientific); {0 3%
Ze R (3E, Thermo Fisher Scientific); i 7
BE B (dithiothreitol, DTT) ( 2 [ ,
Fisher Scientific) ; /N4 IV W (£ [FE, Thermo
Fisher Scientific) .

Thermo

1.2.3 7 e i

1.2.31 @®EAEH FO0.2gDTTH A6 mL
AINE S, IR -

1.2.3.2 PUEMBH MO - gk - PR=

100 = 20 = 0. O1 AR LLBC i, I 3R -
1.2.3.3 AR TAEWRECH] 430 BRI 3 F AR5 4 9
PRI %2 5 mL & .04, A 50% &5 K% W
o, A5 #8950, 100, 100 mmol/L 4 # ¥ .
TR BEWRH 5020 N8 /K ¥ WO B MR S 1L 10,
10 mmol/L ) — N bR ik - e i 5 — 2 b Tl H
50% & W& K WO ORE O Mk BE O 25, 250,
100 pmol/L BN As TAEW . 4 CPRAF, Wir TYEW
Fa¢ FEHE U BC 5 1 H -

1.2.3.4  FRES RO EE SR EC ] 4 BIAR 3 R b i
Y25 mL 08T, MAS0% CHEKERT,
2] Hk B R 50, 250, 100 mmol/L & . F¥
BE W] 50% & W 7K W WM ORE Bk Bl 5. 25,
10 mmol/L 1 — G AR & o e S5 K — b e b
50%0 2.1 7K 1% T B A S B o S TP TR B R R
TAEW, FrdfEdh TAEW Tl bre i &, Wk
IS

1.2.4 FEARLEE 43 5IHLS0 pl AR S . FES &R
M A 10 pL AR TAEW . FhnA 50 pL ik
B, R ENR B IR AR, 30 (CHE R N 15 min,
A 800 pL YL¥E R, WHEIR Y 3 min, 4 CTF
15 000 g 5 B0 10 min, X200 pL 3% 8H T8
A €135 H I BT T A )

F1 HmERRRERRE
Table 1 The concentration of standard and quality

control samples

W JE (pmol/1)

AR

Hcey Cys Met
S1 1 5 2
S2 2 10 4
S3 5 25 10
S4 20 100 40
S5 50 250 100
S6 100 500 200
L 10 50 20
M 40 200 80
H 80 400 160

1.25 {4 i & ¥k # Waters CORTECS T3
[ (2.1X100.0) mm, 2.1 pm] %k 31786
WM, KR40 °Cs HERERR2 ul; WEIAMH: 0.2% WK
KW CAMD . gl (BAHD . 50% H EEK %
W (PRSI o it Sh AR B WL 36 2,
F2o mHEKE
Table 2 The mobile phase gradient

Wi (mL/

I 1) (min) min) A (%) B (%)
0.00~1.00 0.30 96 4
1.00~1.05 0.30 96~40 4~60
1.05~1.45 0.30 40 60
1.45~1.46 0.30 40~96 60~4
1.46~2.00 0.30 96 4

1.2.6 Bk RIS 8 7 JE 2 78X
Wi% HLH 5 500 Vi HF AR 10 Vs Al fE b
JE 7V BT IEEE 500 °C; Ton Source Gasl (GS
1) 55 Psi; Ion Source Gas2 (GS2) 60 Psi; #34f
Jr A 2 E WM AL 2L (multiple reaction
monitoring mode, MRM) . #% 0%+ & F Q1.
T B F Q3. KR . il fEAE i F g S5
L2 3.
%3 MRMTEESH Hey kW RiE S
Table 3 The mass spectrum parameters for quantitative

analysis of Hcy metabolite spectrum under MRM

—HEE T CHTH T RBWIE BEEREL

MY pi o mi (Do) W) %

Hcey 136.00 56.00 40.00 24.00
Cys 122.00 76.00 35.00 19.00
Met 150.10 56.00 45.00 21.00
Hey-d4 140.10 94.10 40.00 16.00
Cys-d2 124.10 61.20 35.00 18.00
Met-d3 153.10 56.00 45.00 25.00
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1.3 HPLC-MS/MS i £ Ml Hey 3% 19 1 68 % UE
Z M (CLSI C62-A: A New Standard for Clinical
Mass Spectrometry) ** . (VA €438 53 B 5T 3% 11 IR
Rl 7wk i F & S E) Y K (A ik — i
I R B R B TL) 20 X ik etk L e i N R LK
WL OEWE . TN . FEARREM . RE .
Tt B H A — B0 2 A7 10 E <

1.3.1 M K6 ANWE (S1~S6) B AR ifE & 4
G E 2 W E 3R . KW E R W2 (deviation,
DEV) <+15%, 72 % & ¥
variation, CV) <20%, R L 1019 77 7 £ il
PRl g, TSI R B =0.99, RIRT A i R
LMV EK .

1.3.2 ik AR 3E A I S I B B ST 5 S R A ok
FERTEERE TR, BOEAEEZENE 10K, ¥
il B AR BERE AR OV BCH e B 7 3404 5 2R p ok
BE A AH X I 2, BE A5 ML (signal-to-noise ratio,
S/N) =10, HCV<20% . DEV £ +15% {1 Fl !
F18 B AR R 38 R A 1 T B0 R O i A i R R
1.3.3 K®E H®EML (L. M. & dD
SR BE B AEAS, BRI E 10K, 2
3R, it 90 M AEA L THE B AW E R AN
CV Fltl Cv, #ty Cv, Hftm CV<<£+15%,
R

1.3.4 IERHEE R ATINAR [0SR g, 2k HBC— A i
THHEARE R R FEA, TN E 6K, Hey. Cys
K Met AR JE M JEME (C) 4158 9. 76 pmol/L |
247.96 pmol/L. 25.16 pmol/L, [ — & fk
U (V=46 pl) 3% I3 B A hom A — & &
B V=4l ML, M, H3MWE (Co B
YT SR, A 3N MR IAR AR A, B
FRREA Sy S 54y, BE Oy EEWE 3, TN bR AR
AR ARG e BE IAE (CO, R AR TR A W E

(coeffictent of

Toom o AR W Mk R R, R=
CX(V,4+ V)= C, XV, i B
VeC X 100% o N A5 Wi % R

B R 85%0~115% , WIIE B & 57 J7 1% 19 1E B B AF
BEXR,

1.3.5 LA GEHCM R AL . T AR AR
KB TIRAW, i BRRE 5 b By 6 B4 Ff
aCEAT A 3, R R ERE 6 k. B I 3k
J A A 5 0 A GV PR A D S 2 SR Y (E, PR AR
HE5RAGEBRFEAMN R EHZES, CV<15%,
A TE = 15% LA, W #:5Z ,

1.3.6 FEARREME  BEE AT AR E MR M
THHEARAE R IR FEAS o] — AR R % TR Il i
FEAC A I A — R B L. M. H 3k & i
W, WG HEARE T 4 CRAF 24 h, A A b —
JE B[] R A2 A3 BT s PRI AEAE T4 CIRAF 7 d,
g [R] By — 22 Bof ] 4b BAE AS O BERE A3 B, THIRAS ]
ik ) A5 45 4L 0 5 ik A FR X T A0 4 ARG T A e Y A
X2, B 3, SRR 2N AE 152 N
1.3.7 & =% QRO 635 B i R N 2
W, el AR AR ST, ML s
BS6, PERENTF & S1-S1-S1-S1-S1, S6-S1, S6-
S1, S6-S1, S6-S6-S1. 43315 KN4 S6 75 YL iy
S1SEMAERIE (AD A RE#E S675 4L iy S1 521
EH¥ME (A2), A25 ATMZR/NT A1 3SD.
1.3.8 T4 78 2/ W B Y Il 3 R 5 4 0 AR
EFHRWwEMmaEH (100 g/L) . 4545 ML
£ (5.76 g/, L HMMaOR 4g/L. =k
Tl (472.8 /L) T HeWy LIASLDLE B I . #59E
Jg AL I, 25 THRE P AT AR 4 W s BERE T
FEORE AR BT YUk B R A X I 25, A X 22
TE+15% LI .
1.3.9 Wik M K-SR JH50%
KB &2, 10, 4 mmol/L, 20 pli%tr
HEHEW (Co 5180 pL AR MIEEA (Cp A
Ja ., BIRSE IS REA S 1 - 5. 1 10 M2 1:
20 Fi B, HEAUEPE R4 610, REA AL FS 43 B
W, AW ENE (O, HEENKERNCY, If
e M Ur A KX i & m o ® R, R=
C X Hi B 5k
(Co X 180 pl. + C, X 20 pl.) /200 pl.
RRTESSU~115% LAy, HCV<<15%.
1.4 Sit2grik B SPSS 26. 0 48 38 4:o br
s o i & PR IE 2 P A 5 R ] Kolmogorov-
Smirnov K55 . A& IERSMIATTE TR 7538
A, HCBCR T e s Al IE S A0 AR T R L
M (QR) %7, WH KM Mann-Whitney U £ 53 .
P<<0.05 M EFA G FE X

X 100%, %

2 % R

21 JikfEE AR fE ERTEE AT, Hey.
Cys M Met = A 4 5 P8 b 04 €8 135 I o) o7 4628 1
o ME AL, HARRAFMER, H 8 E a0k
B £ 2min, WHE1.
2.2 VEREEIEZS R
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221 £t Hey. Cys. Met W& R 54350
0.9999, 0.9986, 0.9997, ¥ >0.990, H 6/
J& % Hey. Cys & Met i) DEV ¥ <<+15%, CV
¥1<20%, FW Hey 78 1~100 pmol/L ¥ i 5 [l
BEREFMLMRER; CysfE 5~500 pmol/L ¥ i
BN 2 RAF A2t ¢ R 5 Met#E 2~200 pmol/L ¥
FETE N 2 RAFII R PE GRS

222 JER TR 2r it 5 A e B AR A E Xy
HACV & H 5 E K DEV, Hey. Cys &
Met 435l & 1 pmol/L. 5 pmol/L & 2 pmol/L HY} ,
CV<<20% . DEVTE+15% JuB i, HI5W >
30: 1, BHPLC-MS/MS Kl Hey, Cys }& Met i
e FR4MM 1 umol/L . 5 pmol/L & 2 umol/L,
WK 4.

B XiC of +MRM (12 pairs): 128.000/58.000 Ds ID: Hoy from Ssmple 257 (S_3) of 20230920.wiff (Turbo Spray)

5. 6ed 0.17

5.0edt

4.0ed

3.0e4 +

BRAE (cps)

2.0ed ¥

1. 0ed +
b

2.2.3 KEEE  JF BN 3 A He B 0 B4R AR A BEAT
Hey 3% &, 450 W8, Hey. Cys fll Met = Ff At
WAL . e CV 3 <<+15%, F B HPLC-
MS/MS i Hey 1 B AT R4 (0K % 8 . RSk E
L CV Atk CV L& 5,

2.2.4 IEFREE  4r BIXE 3 AW AR AR AR 2E AT A
W, 5B LB, Hey. Cys M Met 78 34~ ¢ i 3 [
(i B R 4 o8 85% ~115%, W36 6, FWI HPLC-
MS/MS B4 Hey 3% H A R & 10 1E 66 % .

2.2.5 EFRALN T FEAALR AR AT RUESS
WL MLVE R RREAR X1 TIR A FEA M Hey
Cys & MetMl B A CVH<15%, H1: 1IRAHR
AH Hey. Cys K Met I 5 {8 L 1fiL 1 55 52 A A K 4l
WEOWRE A DN E B B ME IR 1.45% . 3.52%

Max. 5.8e4 cps.

Hey

0.0 0.1 0_.‘2 6.‘3 0.‘4 0.‘5 0.‘6 0.‘7 0..8 0.‘6
A (min)

B XIC of +MRM (12 pairs): 122.000/76.000 Da ID: Cys from Sample 257 (S_3) of 20230920, wiff (Turbo Spray)

3. 0edx 0.1d

2.5e4t

2.0edt

1. 5e4F

BRAE (cps)

1. 0ed k

5.0edr
b

.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 L8 1.9

Max. 3.1e5 cps.

Cys

0.0 0.1 0.2 0.3 04 0.5 0.6 07 08 09 1.0 1.1 1.2 L3 1.4 1.5 1.6 1.7 18 19

B XIC of +MRM (12 pairs): 150.100/58.000 Ds ID: Met from Sample 257 (S_2) of 20230820 wiff (Turbo Spray)

2.9e4 0.7

2. 5e4

2. 0ed

1. 5ed

BRAE (cps)

1. 0e4d

5. 0ed
b

A (min)

Max. 2.9e5 cps.

Met

0.0 0.1 0.2 0.3 04 0.5 0.6 07 08 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 18 19

A (min)
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B XIC of +MRM (12 pairs): 140.100/94.100 Ds ID: d4-Hoy from Ssmple 257 (S_3) of 20230920.wiff (Turbo Spray) Max. 7.6e4 cps.

7.604 0.77

7. 0e4
6. Ocd Hey-d4
5.0e4
4. 0e4
3. 0ed
2.0e4
1. Oe4

| . . i

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
A (min)

BRAE (cps)

B XIC of +MRM (12 pairs): 124.100/78.000 Ds ID: d2-Cys-1 from Sample 257 (S_3) of 20220920.wiff (Turbo Spray) Max. 1.5e5 cps.

1. 5ed 0. 72
1. 4e4t
1. 2e4 Cys—d2
1. 0e4
8.0e4}
6.0e4t
4.0e4f

2. 0ed b

Mo o s e

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
A (min)

BRAE (cps)

B XIiC of +MRM (12 psirs): 152.100/58.000 Ds ID: d3-Met-1 from Sample 257 (S_2) of 20220920.wiff (Turbo Spray) Msx. 1.8e5 cps.

0.79
1. 6e4

1. 4e4
1. 2e4
1. 0e4 ¢
8.0e4 }
6.0e4}
4.0e4}

2.0ed |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
fiF ] (min)

Met-d3

BRAE (cps)

E1 HPLC-MS/MS x#& il i i Hey i Ay B2 B & i &

Figure 1 The typical chromatogram of serum Hcy metabolite profiles detected by HPLC-MS/MS

2.18% , W7, FRBAMEA I I FE BT K 25 SR A HPLC-MS/MS & £ Ml Hey #% 5% B & 4>, if 2
TE— 3 A RN, AHAS 2560 07 vk 9 o A i BoK,

]

2.2.6 MEARREM  ME T Hey ik 3 EAE7d
P AS [ B5F 8] 8 DA B Ah B I R AR A 24 h P9 AS [ 15 (]
U5 WO 2 R A R 22 <<+ 15%, W&
8, FRWIIMWEHEATE 4 CLRAE 7 d N LA S AL B S FE A
4 CIRAF 24 h N, HPLC-MS/MS ¥ K I Hey 3 4
SR REREN.

2.2.7 ¥ T IEKRH, HPLC-MS/MS ik
Kl Hey . Cys & Met = F AR5 A 975 4L i S1 58
WE B E (AL F1al G 8k 05 e /9 ST 52 I {H ¥
H (A2) Z2Z/NT ALR3SD, W9, £

228 T4 HPLC-MS/MS ¥ & il & B % 1 .
B A I REAS f A Hey . Cys [z Met = F AL i 4
I 5 (B 55 6) FRRE A I 2 7 A X O 22 1 FE = 15%
LAY, WL 10, ¥ HPLC-MS/MS % %f Hey i 4
Gl R D N | AN R = 1 W o

229 MWEE—zE HPLC-MS/MS ¥ il i B 5
B 1045 B 205 RE A Hey . Cys & Met = F At i
Yk B, CV<<15%, HFRTE 85%~115% LA
W, WL, UERZ O E A R 50 12 10
B 1 209 B e vk BE AR AR 1 BER

2.3 HPLC-MS/MS #ll Hey i #£ CKD H ) 1ifi PR
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4 HPLC-MS/MS# il Hey i M EE T RIIE
Table 4 The validation of lower limit of quantification of

Hcy metabolite profiles detected by HPLC-MS/MS

R R e S
Hcy 1/4A 0.25 0.43 9.11 73.20
1/2A 0.75 0.56 7.35 —24.93
A 1.00 1.12 6.93 11.60
1/2B 1.50 1.69 2.20 12.73
3/4B 2.00 2.07 4.89 3.60
Cys 1/4A 1.25 0.64 48.81 —48.56
1/2A 3.75 1.09 34.91 —71.04
A 5.00 491 7.87 —1.72
1/2B 7.50 7.51 8.88 7.26
3/4B 10.00 10.03 3.39 0.27
Met 1/4A 0.50 0.58 7.42 15.60
1/2A 1.50 1.20 17.22 —20.13
A 2.00 2.06 2.65 2.75
1/2B 3.00 3.23 2.53 7.57
3/4B 4.00 3.95 2.77 —1.15

N 5 CONAMIEL, CKD A Hey & Cys K
TR E TR (P<0.001), HAARE R LG 1%
M (P>0.05), W12,

CKD S 4 Bk 24 36 AR S0l 9 — 30T R Bk
RN RFFLE ETE, B TE PEE , CKD 3% 45 Fl A

=/
o

BT XURS 38 m, ™ R AR A T,
BB E A T B R, REB
#FHW, & Hey 2 CKDWER K ZE, Hey KF 5
CKDW Wi f 5 AH G, BHEALZ5 T Hey 9
R, S E T HE Hey UThEE. 45T
Hey 7R WAL B, 5 350 A7 54 A B i 48 R 48 19
P, dEM S EREE IR, B R — B
PEFR 205750 B, Hey BYAR S5 8 sk T %
DIREA 4=, X SeAR i 4 mT 8 4 2 100 3 3 7
B TR 995 kA A T B bR R o

ARWF5EE S T —Ff HPLC-MS/MS 7%, M
FAEG T AU AT LLAS I Hey — b &%, sl
[vi) B A 0 ot 3 rf Hey 3% 09 & &, 4245 Hey . Cys.,
Met, HPLC-MS/MS i & Il £k & #2175 22 3% 45
A T Y T AL B, b M) 7 3% 1 e 1 R A
P U w O YA R DU T R A AR L A
1 T LG R R A 2 FPOE 0 Hey, AR R —#8 434k
TEARE, FEEL FES A S CysHiE,
I3 R 70 % ~85% 1) Hey i 5 14 28 14 A1 H: Al 1 %
BEALA, TSI &S Hey & &, IRFE S
WAIBUE S R BRI, SRR A RE AR M AT
TENPEER A, DARBHORE S b R34 Hey. JF H2R
FIUTVE AR X T B AR A O, A 20 TR X R 5
BCASAR A AL A5, B SE I DR R e A

ab 57, 45
i

B
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#&5 HPLC-MS/MS#&ill Hey i% i 15 % B I 1E
Table 5 The precision validation of HPLC-MS/MS for detecting Hcy metabolite profiles

(%)
Hcey Cys Met
AR - - -
M Cv it CV Ll Ccv it CV M Ccv it Cv
L-1 4.68 4.65 6.17 4.26 2.41 2.98
L-2 5.10 3.43 3.87
L-3 2.79 2.70 2.41
M-1 4.67 10.86 4.91 7.81 2.01 7.25
M-2 3.45 2.21 3.35
M-3 3.61 3.82 1.90
H-1 4.93 3.41 2.12 3.92 2.26 2.85
H-2 1.92 1.95 1.71
H-3 2.65 3.47 1.88
*®6 HPLC-MS/MS#:ill Hey i &Y IE 78 B I8 E
Table 6 The accuracy verification of HPLC-MS/MS for detecting Hcy metabolite profiles
Hcy Cys Met

AT K s . - L R .

e (um(;)T/L) (umi/l/L) RO (pm(;)T/L) (umtl/l‘) RO (;Lm((/j/ll) (umtl/ll) ROD
L-s 50 13.17 105 250 250.34 111 100 31.84 109
M-s 100 17.14 102 500 272.20 110 200 40.36 108
H-s 400 40.05 97 2000 377.00 93 400 88.23 102
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Table 7 The matrix effect verification of HPLC-MS/MS for detecting Hcy metabolite profiles

W5 25 58 Cumol /1)

fLie e 141t 5 241t 4 341t #H cvew PEVOD
Hey LIRS 18.16 18.23 17.56 17.99 2.05 —1.45
I HEAR 15.94 15.75 15.54 15.74 1.26
1 1RA R 16.96 16.73 16.17 16.62 2.45
Cys AR 3011 100.60 100.59 95.44 98.88 3.01 —3.52
IIRIEREZN 282.61 290.28 267.99 280.30 4.04
L 1R AR 191.28 180.04 177.40 182.91 4.03
Met IR 40.56 41.06 39.45 40.36 2.04 —2.18
M HEAR 26.65 26.87 24.89 26.13 4.15
1 1RG W 33.62 32.01 31.93 32.52 2.93
%8 HPLC-MS/MS #&ill Hey i # 45 B 78 & 14 36 IE
Table 8 The stability verification of HPLC-MS/MS for detecting Hcy metabolite profiles samples
L M H
5 T v i
R L
Hey Oh 10.09 0.00 29.92 0.00 53.42 0.00
12h 9.82 —2.68 29.76 —0.52 52.86 —1.05
24 h 9.87 —2.21 28.54 —4.59 52.45 —1.83
2.d 10.24 1.42 31.00 3.61 54.62 2.25
4d 11.18 10.73 34.00 13.66 60.42 13.10
6d 10.57 4.72 31.92 6.69 58.14 8.83
7d 10.54 7.30 31.03 4.27 57.25 8.31
Cys Oh 289.40 0.00 381.87 0.00 481.41 0.00
12h 285.28 —1.42 379.20 —0.70 490.45 1.88
24 h 275.59 —4.77 387.29 1.42 488.12 1.39
2d 264.20 —8.71 367.11 —3.87 471.86 —1.98
4d 283.53 —2.03 377.49 —1.15 495.90 3.01
6d 277.45 —4.13 381.00 —0.23 497.80 3.40
7d 290.92 1.98 398.39 5.06 497.63 1.46
Met Oh 41.18 0.00 91.60 0.00 153.94 0.00
12h 41.50 0.78 91.83 0.25 149.76 —2.71
24 h 41.88 1.71 94.05 2.68 153.19 —0.49
2d 44.17 7.27 98.81 7.87 162.97 5.87
4d 44.86 8.95 102.32 11.70 173.19 12.50
6d 46.07 11.89 102.40 11.79 173.29 12.57
7d 46.89 13.01 104.71 14.03 172.12 14.93
%9 HPLC-MS/MS #&ill Hey & i 5% B 36 1iF
Table 9 The residue validation of HPLC-MS/MS for detecting Hcy metabolite profiles
i I A1Cpmol/L) SD 38D i A2Cpmol/L) A2-A1(gmol/L)
Hey 0.89 0.12 0.36 0.95 0.06
Cys 4.97 0.54 1.61 5.41 0.44
Met 2.01 0.07 0.21 2.00 —0.01

[F) Fif A W 5 i SR 7 1% ) 6 UE 445 2R R B 2 Y
BT RN, PRI e B R TUE 1 A Dl i Ad B

Titke

HHE, TR R ICEMUY SN B A

G Y B S T, T MR S A 2 R o R
R SO N 1y QAN QI G 3= 2R g
A4k, JCTLM 4 e i 77 R RS (6] 6 R Fm ic 1Y
AR & 7 8 HPLC-MS/MS 5 1fiL 3% o Hey 93 %
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Table 10 The interference validation of HPLC-MS/MS for detecting Hcy metabolite profiles

BEAL FEA 2

4L (27 W 5 24 i DEV W 44 £ DEV
(pmol/L) %) (pmol/L) ZP)

Xt B8 Hey 23.63 — 94.07 -

Cys 290.55 — 653.39 -

Met 45.48 — 201.57 -
R4 G IR Hey 23.82 0.79 90.98 —3.29
Cys 294.77 1.45 648.54 —0.74
Met 44.64 —1.85 192.32 —4.59
AR Hcey 23.81 0.74 90.33 —3.98
Cys 293.27 0.94 658.21 0.74
Met 45.08 —0.90 198.98 —1.29
g il Hey 24.18 2.31 89.54 —4.82
Cys 290.05 —0.17 639.55 —2.12
Met 44.34 —2.51 188.27 —6.60
el Hey 23.03 —2.55 98.26 4.45
Cys 283.24 —2.52 636.85 5.12
Met 43.91 —3.46 206.75 2.57

# 11 HPLC-MS/MS#ill Hey & FI# B — B E 10 IE
Table 11 The verification of dilution consistency of
HPLC-MS/MS for detecting Hcy metabolite profiles

K #4) 48 (ol /L)

B RmmC,  WRs® WM WE20M
Hey 16.85 42.92 22.23 11.04
Cys 299.85 241.74 125.38 63.21
Met 26.85 83.24 45.00 21.59

B CV(%)

LD -

AIRMEC,  WEESME O RBEL0M%F FRR204%
Hey 3.24 4.92 3.29 3.43
Cys 3.56 418 4.08 3.00
Met 2.09 3.17 3.18 3.10
b RA)

ARG C,  WEESME  MBEL0fF R 2044
Hey — 99.74 104.28 102.62
Cys — 95.18 98.73 99.55
Met — 98.12 106.09 101.80

& 12 CON#AL5 CKD A% Hey it 7k F i bk 5
Table 12 Comparison of serum Hcy metabolite profiles

levels between CON group and CKD group

(pmol/L)
45 #IE Hey[MQR)]  CysIM(QR)]  Met(z=£s)
CON# 103 10.58(4.48) 260.00(66.62)  25.9645.83
CKD# 308  19.97(17.97)  289.73(98.57)  25.61+6.85
U/t 4 064.000 1037.000 0.453
Pl <0.001 <0.001 0.650

I EERE Y, HLAE AR E R 2 bR g i N b ] 2
P07 TR B0 A R, T Ak B D RN X AR

WA D5 251 AT RE W R AL R AR ad B R 1E N
i, DT & 155 1k 1 A A P ROR 8

BeAb, 3 X HPLC-MS/MS il 2 f: W
WG, XA LLGE S G A ZH LC RGRER
GEff, SR, X S 2R BOF A N R BT R A
AN REZE G R R B v, EAR kT, F
TS AH SUCTE R o AR, A B TG YA
AU, oAb Y, 4 A Ok R )l 6 R 4R
B2 2 min, B8 F Jiang % "% ) 3~7 min,
KRR P& 7RI B2, i 1 e e i BRI,
T8 T I DA R A g DA A )

A, AR MR (CLSI C62-A: A New
Standard for Clinical Mass Spectrometry) . & A {5
T I BT R R AR vk R OF R S 8RR ) LA K
C AR 21 — T35 16 DR I A1) %o e 4y ¥ iR A7
PEAR 0 ZOT R E L R TR R
TEWRBE . BERTALN . MEARRREME . BB . T K
i B — Bk S AR VERE R 47, AT T X4 R CKD
BE MM Hey, Cys X Met /K i fTHEMEE . 5
Cao % ™ [ F 58 — 3, AWBF5EHh CKD B # I 7
Hey. Cys/K-F- U] m T fd e Xt BAHE, P RE/E
T B TIREZ Wit , Hey fQU i 48 A= 2 6k = 3 ¢
B G TR, W IR AR RSz B, AL
WS RAESE N, B REHEM D RE R BE DL Kk & H
RFZHEDRE U FEZ IR R, LR S8 Hey fEAA N
RS20 S g B B R I LR, Cys B%
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