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K& T [l o7 2 48 T 00 A A4 035 R DD 3 B AR LS 25 (OH)
D3 e 2 2% Il By 8 e B PEGE P
F 0, Tz, 2457 (L AR RERAREAL, AT 1000765 2. KR A FRT =R, JoHE 300203 )

H OE: B # A TREFHERAEE#E $RMAEH AR (liquid phase chromatography tandem mass spectrometry,
LC-MS/MS ) #)in ik 25 # % % % D3[25-hydroxy vitamin D3, 25(0H)D3] iR AL MERF, FiEx KA RALE AT
ERRANAF, RAFRFEFNALRE, EFF o FEXSANN, ABEBIEKEREFELWMS (Clinical and
Laboratory Standards Institute, CLSI) C62-A #= EP15-A3 % SCH'- xt 7 kol B *%‘5"‘7‘)@‘ KMTEE . ZEMR. A
TR AR R R AR F B ATINE . R AR R A AR A i HLAE B A ) 40 4 R, MR ke —
MM, R AFRG RTINS 1S min, B EENEERLTALS B R ﬂfa\%#’m& 3-epi-25 (OH ) D3, 4B 4F.
M EAFH FIE B (RELA A, A& T 1.5%. # W45 5 E Ao R A 5 231 4 0.75%~2.31% #7 1.28%~2.01%
s Fﬁﬁv%uﬂ' TR A 4 0.85 ng/ml A= 1.84 ng/ml, 7 2.5~220ng/ml 3 6B P 2Rk B 3F, ARSI At W05 4
TR E AR HAR R A E AR A R EIT (1=0.982) , 1A B AF AL 694k 24 h TAE R4 P o & B R R 69 AF &
BE 25%. B RHELT AT LC-MS/MS H AR fik 25 (OH) D3 #94E ik A Z N EA42)/F, S HREHFEER,
TR T e R P kb AA R
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Establishment and Performance Evaluation of Candidate Reference
Measurement Procedures for the Detection of Serum 25 (OH) D3 Based on
Isotope Dilution Liquid Chromatography Tandem Mass Spectrometry
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Laboratory Medicine, Tianjin Medical University, Tianjin 300203, China )

Abstract: Objective To establish a candidate reference measurement procedure for the detection of serum 25-hydroxy vitamin
D3[25 (OH)D3 ] based on isotope dilution liquid chromatography tandem mass spectrometry (LC-MS/MS). Methods Isotope
standard solution was used as internal standard, liquid-liquid extraction was used for pre-treatment, and positive ion electrospray
ionization mode was used for monitoring. The accuracy, precision, linear range, limit of quantitation, detection limit and relative
matrix effect of method were verified based on documents of the America Clinical and Laboratory Standards Institute (CLSI)
such as C62-A and EP15-A3. Candidate reference measurement procedure and mass spectrometry routine procedure were used
to detect 40 clinical serum samples, and to evaluate the consistency of the two methods. Results The analysis time of the
candidate method was 15 min. Isometric elution of chromatography was used to effectively separate the isomer 3-epi-25(OH)D3,
with good specificity. RELA comparison sample was measured, with a bias of less than 1.5%. The intra-batch precision and inter-
batch precision ranged from 0.75% to 2.31% and 1.28% to 2.01%, respectively. The limits of quantification and detection were
0.85 ng/ml and 1.84 ng/ml. It had good linearity in the concentration range of 2.5~220 ng/ml, and there was no relative matrix
effect and carrier contamination. The correlation between the mass spectrometry routine procedure and candidate reference
procedure was good (7=0.982), while the deviation at low concentration samples exceeded the allowable total error + 25% in the
external quality assessment of the National Center for Clinical Laboratories. Conclusion A candidate reference measurement
procedure for serum 25(OH)D3 technology based on LC-MS/MS was successfully established, and the analytical performance
met the requirements, which could be used for quantitative traceability by clinical conventional methods.
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hydroxyvitamin D, 25(OH)D]. H B & J5 ¥ 41 45
FEIC SR e i . U PR RE T L VRORH ATk MO (1
g Bk T i ¥ (liquid chromatography tandem mass
spectrometry, LC-MS/MS) % ") LC-MS/MS &
DA MLY% 25(OH)D ¢ 5 B . S TR Ty, 9k
NAR RGN 25(OH)D Y 4xbrifis P, ER DA MR
B 23 G A 565 v I J8 1 25(OH)D % [ Ji 97 4%
LR, R LC-MS/MS 7 14 5256 2 [RIKG I 25 52475
FAEROR 22 5. G, REESIHL M 25(0H)D £
WM EA AT I 58 % 2% 0k, B, &
B9 & 2 R B & & 5 4 (Joint Committee for
Traceability in Laboratory Medicine, JCTLM ) A A]
) 25(OH)D % J5 kA 3 F, 415k 36 F FE Kb
WEME ARIFFTEBE ( National Institute of Standards and
Technology, NIST ) . & &% Fi B2 il .00 ( Centers
for Disease Control and Prevention,CDC ) . Lt F] Bt
M4 K 2% ( Ghent University ) 7 37 [ 5 F LC-MS/
MS 2% )5k, H 3 M S% )i I Ar AR T oK &
K. i red g et &S IRIE AR A A
W 53 ST S5 (R, AN T Ilm R SE B s 454, il
AR ST AE L SEE R T ST 25(0H)D3 Ayt S %
SRR, A I ARG I 455 S 00 R b R e A A
5%,
1 #R5FE
L1 ARt WCRJE AU R BB B 2023 4E 7 A
e £ R I 4% 40 1y MR AVE M EEXIARAR
PIABRAE: TCRTEI . B DA ERN, IE
W eGP s, T I . TR ARAS Y T
VI, FLEEFIEIE . A RS G 0 WA AR
Mg R, s Ol b iR S R B e 3
e AL
1.2 B LKA WatersTQD FH: ACQUITYUPLC
A €15 T3 6 AL (52 [E Waters A F] ) 5 Agela
A WAL, XSE205DU + 1 43 Z — 43 fr R (48[
HEAF i HE M £ A W ) ; Eppendorf B W #, = H %
7R AL (15 = Eppendorf 28 7] ) 5 MilliQ # 4 7K
#l. Ascentis Express F5 {4 {41 ( 2.1mm x 150 mm,
2.7um, F[EH Supelco AH] ) o 25(0H)D3 #xifdh (52
[ Sigma A Fl ), A% & 25(0H)D3-d3 ( Cambridge
Isotope Laboratories 2w ) , HEE, IECHE. Tk
fi2 ( 92[E ThermoFisher 2] ) o
1.3 7k
13,1 ARERBTE A Wal A 0.1% HRK
VAW, WA By 0.1% FR H AR, R A
B (73% B9 EEAK ) BEE 15min, A4 0.3ml/
min, FE40°C, JEFEEF 10wl RABEBIZHE
B IE B N 22 O WA S o B B R

150°C, ZEALSIRFE 400°C, FFFEHLIE 24V, fff#GE
i 10V, 25(0OH)D3 [ & & & X 2 401.3/365.3,
25(0OH)D3-d3 AYE fit B4 h 404.3/368.2,

132 brdfESAINARIGBCH] . SRHPRE Lo il 25
H 10 w g/ml 1) 25(0H)D3 it % A1 N A5 fif 45 T,
FTEK C B4k & W AT A B, 15 31 250ng/ml 1Y
25(0H)D3 T AE ¥ 1 30ng/ml INFx TAEW . R
SRR bR MERZE, 25(0H)D3 5 Py AR 1) i
FeA3504 0.5,0.8, 1.0, 1.2, 1.5,

133 FEASTHIARHE: SR I R 5 B BT 7 vk A5 i
THFEASH 25(0OH)D3 [ REHR B, KE PR IBUALTE FF
AR 0.25~1g, HIAZEK Iml, A0 N R T AR BfEH I
5 25(0H)D3 FIN AR & &t LU {E4%IE 1, TRIETRS)
10min J5 Z & T F i 1he il A 0.1g/ml 1) Na,CO,
VAR 0.1ml, 38 53 % i pH AE AR Tk Al 45 & 8 H R
25(0OH)D R, MILA 2.5ml 1E C kel I T A8,
B JE IR, AR T g RcEeR, &
WM FERGEFE, A 200 1 73ml/dl FP A 9%
WHERAG R EOEC 150 w ] FISW EALRGI
1.3.4  JriEFEEm

1.3.4.1  IEHARE: SR FE PRIG R A2 A 56 2=
A S H LR R E N RN TR (the
International Federation of Clinical Chemistry and
Laboratory Medicine External Quality Assessment
Scheme for Reference Laboratories in Laboratory
Medicine, RELA ) X773k 09 1E 6 BE AT 0P R
FHARAIF G HE 37 19 7 500 72 2022 RELA HEXFFEAR,
TEAMFEAE 3 AU, BRI B oAb 2
3, EEWE S K.

1.3.42 AEH R MRS € B I R 52 55 % An i Ak D
2= (the Clinical and Laboratory Standards Institute,
CLSI) EP15-A3 3¢, Xk, . @& =ik
JFE R A MG FEARDEA TR, B3R AR FE
ARGy S RHEATACBE, FELRE 3 R, S BITEAL
TR EEREA L N ARG 3 3 S SR B

1.3.43 TRV SRR A 258 09 5 e b4l AR X
BRI o BEREIMGE FETTREAS . I3 FNAE 80 = 20
RAY. MEMBRL: 1IRAY. M5 ME R
20 : RO IRGY . WHRELTREAIX 5 RhEE A s
Iy 55 AR 8 U TR RR B TS AR X B B o 47
RA YRI5 bR T AR LU S 308 R A i
2E< £20%, WAR ICHRXS B BTAR0N o

1.3.4.4  RIRR R bR DIF3 5 ML (signal-
to-noise ratio, S/N ) =3 B A EEAE AR . FAE
PRER KU 06 BE () LS A AR (18.42ng/ml ) #E4T
TRk, il es b AL HE U B PRV BEZE N A 3 ik
FREE IR RBRREAS, R NRBERIREAR Sy 5 i AT Ak
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B, RREEARE R 3K, BTG AR EE AR
AR A% S Z2 80 (coefficient of variation, CV) M H:
e I A S FIRE R 25 . ¥ CV < 10% H
< 10% BYUEIEAE b i T IR
1.3.4.5 #arig e, EE IR E & T R T
FEAS, ACHEUERE v AR JEREAS, A —IK
ERE PRV B R AR A 45 R PN 5 B2 R ARV B R AR
GERP T, FEFET 20%, A NIZ T EAT
FERA 5 A HE TS L
1.3.4.6  ZNMEVElE: 27 22 EliG R 250 % bR fE AL
U EP-6A SCIF, il — IR EEREAS (L, R
4 2.5ng/ml ) Fl—{n = EEAEAS (H, ¥ h 220ng/
ml) , Hr SRR EASE T TSR RS . # L,
0.8L+0.2H, 0.6L+0.4H, 0.4L+0.6H, 0.2L+0.8H,
H A LLBIECH] 6 M BEARAS, M B 5 FEAS JEA T
ARBR S EAIAE 2 UK, A BRI T A 25K [m]
HA3 4. 5 r = 0.995 H 45 o BS {8 A S e
Z R 22 <15%, WA AT IRTE 2.5~220ng/ml {5
FRIN 2R R4
1.3.4.7 AW WRIEAIE IR, A
SEJEALAE AR B EARERE, Hrh AR TE Y
EEMELGI AR E, B IFREY) R4 |
PRUED R FR ST A B i B A R
WiERE, PR T N2, HEAY RAHEE.
1.3.4.8 Jrikegtbxd: SR FAE S 2 2% 0 & 72 1y Fi
B RLTE J7 0 E 40 103 37 B VKR VS AR AR TP
25(0H)D3, e Ky 2.6~71.6ng/ml, % B 1
PUIARIRL, PP R R R A TS HOF TR 25
Bro
1.4 % F o4 K MedCale 4t i1 2% 84 Fl
Microsoft Excel2003 #£47 41T 43, K F Passing-
Bablok £ B934 . Bland-Altman —Z0 44341 %F
Ji i XS SR A T M o
2 #R
2.1 EAE W 1, 2022 4 RELA FEAS (1) ] &
TRFFE/INF 1.5%,

x1 2022 f£ RELA HAMNELE R

FEA WEIE (ngmD)  ZEMH (ngmD) s (%)
2022RELA-A 2225 22.00 1.10

2022RELA-B 40.82 40.49 0.81

22 MEE W2, RAZFEEIRA ML
th 25(0OH)D3 WRJE, N FItE CV /N T 2.5%,
23 KR RE M MR S0 20 RAWY . L
HMEW L VIRE Y. LT A 20 : 80 IR &
W3 = FhRE AR 1) - 359 06 g R EL 43 ) A 3.39, 2.75,
2.09, THEATEAHXF L BRI 5350 3.53%, 3.48%,

2.02%,
24 HmRAeE TR WK 3. ZTERKIFR
FE i FIR:514 0.85ng/ml Al 1.84ng/ml.,

F£2 25(0H)D3 Byt N AN EFEZ EIFME R

. ; o R i v
e mm(ﬁﬁ)ﬂﬂ) miﬁ W%
WAMIE 1L 1 10.73 2.13
2 10.69 2.08 10.68 201
3 10.63 231
RAmE2 1 19.59 1.19
2 19.40 207 19.44 1.62
3 19.33 1.79
RAME3S 1 37.52 124
2 37.06 1.80 37.33 1.28
3 3741 0.75
%3 25(0OH)D3 EE FRER (n=15)
Feks %‘jﬁ% “’?”@ff v (%) i (%)
1 0.92 1.06 1238 1522
2 1.84 201 8.95 9.24
3 2.76 2.92 6.59 5.80

25 A 2 UGEEAE R AR RS
B, TR RTE YRl —2.85%, WINNARTELE
WiRTALOE A AT

26 LWEE CRHEB/N_FREHITERERS, B
A M 7 B R Y=0.994X+0.471(r=0.999), 4% 1 i
SUICIE S BSR4/ F 10%, i AR T
BEAE 2.5~220ng/ml 5 FBl LR BL U

27 AR E WK A WFEAREZNG . AR
ARRE | ARE DTS5 THTAS 2022RELA FEAS
A

x4 25(OH)D3 MEAR#HE EiFE
bk WEsE  PRAWEE A RATE
(ng/ml ) (ng/ml) JE (%)
2022RELA-A 225 0.65 29
2022RELA-B 40.82 0.89 22

2.8 FakFrbat DI BE S5 AR T
SER N X Rh, TR R MU T I e S5 R Y,
Xt 4 A 5 9 9E 47 Passing-Bablok [0l 5 43 #7 , 28 1
Wl 75 F2 ok Y=1.025X-0.349, &} 3% 1) 95% 1] {5
X 18] 4 0.955 ~ 1.081, #% #5149 95% w] {5 X [&]
1 -1.198 ~ 0.373, FHICFREL =0.982, PP idike
W25 ) -2 22 0 1.3%. ARk X I 22 50K,
A 3 PIREA R 2248 DA (R By 23 A 0 2 )
JRPFRLE B SRV IR 2E + 25%, MEEREANHREE [ F,
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22 REA%, BARILE 1.

40 |-
= -
iz 30
i +1.96 s
Py |
p 251
2 2}
~ =
j§ 10F o
2 Mean
= 0 R 13
‘ | 2
H 10}
R
%ﬁ -
K
ﬂ: -20 — -1.96 s
< 5 22.4
S0 . 1 . 1 1 . 1 ! 1
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BEBEH I (ngfnl)
B 1 RiEENGENRESEGEIE 25(0H)D3 #4589 Bland-Altman &

3 iTig

H AT, VD AAEE 87T, FEMERI | O
a0 T A2 B AL Y, R VD AR TR SR
WG S BEH AR AR, LC-MS/MS 4
Iz TR T VD ORI . RS AT R A
ERE . RIS, H LC-MS/MS k£ st
B A, BT, Ak, K5 D
GRS, AN S0 5 A R I 25 5 T b 25
PREAL SRR TE AR S0 2 . S [ S e P
AAF— B R Z 2 B

[i) {7, 2 5 T8 o il 2 1 B 2 DA 1) — ) i
B AR R, (AR 2 B A
J i ) SR B R IR AR, TESH IR R A Ek
A IZHIN . JCTLM BdEEh B4 3 Ff 25(0H)
D3 WS H MRy, HohSEE E R e S BRI
5¢BE ( National Institute of Standanrds and Techology,
NIST) W7k V' Irdee A ik, MR T FREUEA
W 2g iy, ZBUSTEPIECHE - ZRROBRAIATIZ
8ml, HURIRHRERE A ™ 55 R F — e i A,
FEN Y HEBUS Je 4 Sephadex LH-20 4355, BfJE KK
223 C4 Ml Zorbax SB-CN il fE, #4443 B i FL4x
HH. FEE CDC ik Y ri kA mE v, HARE
fly £ A T A e R A vh 25(OH)D3 IR I, 5
25(0H)D3 ¥ < 75nmol/L, TIAZ 4R 5 i L 3 Bl
1E 0.25~1.25 Z 8], # 25(0OH)D3 ¥ i >75nmol/L,
Jo e B EE 0.5~2.5 Z [ .

ARG AL IE B RO B R A SR 1 i
T, RREAS A R v i 2 A A TR T T
otk B SCREA I AR B HITE 0.25~1g Z 18], H
U HER 2 M SR, B e ik &

IMAASFHARFRFEAS, [l RE 004 F1 N b 1) o o EEA
HI7E 0.5~ 1.5 Z 08 U, Dibrifi5 ARt i i AL G AR
KYNAERR, ARES BRI LA R AR RS, R
TIRIEI T A . AR SCRITALBER RO AR B
FX . EE CDC MFFFR BN, SRR IR BUR
SRAT DA S pir A BRAS ], (E TR 5 8 a0 i AR A
FRARFE A HLIEF ., akmi 45 U i 98 R B & 1 R
UUTESS AR AR B e, PR ERZ MR
W R, B —YRPENN A 1ml 0. 1mol/L (8% ik S H it
JKYES WO 8ml (A 1E OV %¢, 7850 PR 7% 127 30 min J&5
BB LIEW . REZ I A8 e IR LA s
BIELEIR G IR ST RIZE K, SR A REAS b A 7]
FEA WL, 25(0H)D3 1 5E & 5 % 3[R 43 S ke Ak
3-epi-25(OH)D3 W14, W& L5 FAUAE — -5t
237 ) FR2E R, HUIR 3-epi-25(0OH)D3 FHAFAE
FILEERN, AT B, EAETEX S, Bk
0 E B 2E BRI R R A 2 D Bz i B AT
ERR A2 B U AR A5 R FH AR BE R 15min 7Y
R, Al AR B 25(0H)D3 Y [A] 43 S A A 3-epi-
25(0H)D3. A WFgE KW Y, H FOR L 3 (0 %
FEDL L RORIE N S A 2L T, 2R B U T rT
A A S T Z B A EAE R, FETR SR
B A EEAE R T, 8min PN SZ P 25(0OH)D3 5 3-epi-
25(0OH)D3 M1 B . AR L HEAT I E, K EE
LS T AN SRR -

SR PR 22 0 e A P S LR PP ARG 40
DY MLTEARAS, P25 R B A e (7=0.982)
TR B PR AR 25 SR A I 22 58K . PTRESE T
LT R 2 A i 2k, AN BT A REAR A N Bk
WRPEYRAR | o R A AR DX AT 40 R0 DA s g e 1 L
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SRR X B LS, AR, S5

ok s A AR I A TR HE AT A R S i )i

RIS 2 8] LC-MS/MS Kl 45 RAFERE KA 2%

PR EAL AR L R A 22 T T AT

WU, A REAAT i Bt i BAT i PR (AR 30 2 2R
28 LAk, ARHFSTEE ST AY LT 25(0OH)D3 i ik

ZEMERE, WESHMERTFRERREOR, 7T

HT 25(0H)D3 Ay B IR MbR il 765 L2 PR

25(OH)D3 Fa i i th R 2 ER .
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