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Abstract: Liquid chromatography-tandem mass spectrometry ( LC-MS/MS ) is an emerging technology
which has developed rapidly in recent years. It has combined the separation properties of liquid chromatography
and the high sensitivity and specificity of mass spectrometry, which is widely applied in various areas, such as
chemistry, biology, pharmaceutical science, food, clinic and environmental science. Especially in the field of
clinical laboratory and diagnostics, LC-MS/MS used as a complement to traditional diagnostic techniques can often
provide more accurate and reliable testing results in accurate and rapid diagnosis of diseases. In this review, some
internationally published LC-MS/MS method validation guidelines, related literature and practical experience were
summarized, and some key processes of LC-MS/MS development were introduced. Using 25-hydroxyvitamin D5[25

(OH ) D,] as an example, the key elements of method validation were reviewed, in order to provide a reference for
the establishment, verification and implementation of LC-MS/MS.
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Wi. (1) FEARRIALEE, GFGFEAER | HURE
. OFEARLE T, (2) WAAHEIESN, B
FEPT R B AR | AL . PRI
AL AN HRASEAEE . (3) g
4, dEEH SRR B, EF
A DL S ABAR OGBS 24, A, R EOC
HE—SeRRIR ME B, W AT e 14 LA M 7T REAF
FERTHE ORISR B T3 ) 55
1.3 Jaigriknyasr S5k
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POk A ) o bR (B PR B . AR
) LR (SRR, mER) . &JEh
CBFEL . #3h4) o (2) WZEIGE (liquid-
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Ik Y 4 T 0 A S R 2 e
)R (U. S. Food and Drug Administration,
FDA) &Aifly) (LW Mk uEssm ) A
I [l RS2 56 % br AL Pp 2 (the Clinical and
Laboratory Standards Institute, CLSI) & fif%
C62-AP | C50-ASCHFR, EN HA hAEEY 2
o 6y B 2 o3 o R R DA 1A 23 I R AR 35 o

FR01 7RG KA AR 35— BTk I IR
N Y W ik, FAIL5E HATE A K
LC-MS/MSJ ¥ 561k 48 m FIAR 56 Skt > 112U
M EPRIRIEL SR, IR L2534k D,[25-
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PIAUE P Y S
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(OH) D,HI3-epi-25 (OH ) Dy MRS HIA,
JERERGIRUNuN = = SN e - <o N i NS R
W, A BETH3-epi-25 (OH) D;Xf25 (OH) D,
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2.2.2  FEARACEUS AL Has HEE R R
A, ZRTAL B S INA H AR T B — 2 Bk
FE, Al G FUE A2 . I A . Lk
i _EBRI80% 3R EEIAEAS, R EE IR
ARG RS0y, B FEARE G ME3W . xR EA
55 TR] e 32 118 A 4l 750) Sy 5 ot ) A AR — [ SR A
GyMT, SR B HAS A R B . SR AR AR RN
VA TR A i) 1 (I 174) 2 5 37 390 R A i 7 L ) B A
R R %t R A 3 TR RON , %7 ¥R T PR 4t
FE TN o 38 3k AR A AR T Ak 3 vk B 1 A

1, AT LAY Sl B 266 0T R TR

2.2.3 RASRDY EECH bR T 0 LlE
W, YRR L &1 - LHRAHR,
Oy AL B IS HEAE T . AR - LR A REEA
(4] M) 17 A 5 A4 A 356 Joi A A R 4 3 A AR g o
HRYEM L, Z5ET—2WE (20%) ,
DRI B 66 T 000 2 5 AA AR AN S2 i H AR 43 B )
(AU 22 f, KR T PR A R X 3R R R
Lh25 (OH ) Dy, 4 )Xok JH: 468 Xof 56 Joit 24 )i
FIURE X R B 8% 0 475 %€, HF25 (OH) D,
N IEMERE, RXEREIAE25 (OH) D,
25 ST, T ) 28 i A B ) I VE R A i
In—EwaNFR25 (OH ) D,-[H,)WE NG ke
HEA, 5% MRS IR I S0 WFEAS IR 1Y
o R EAT LU B, 5 5 T Tk B A X L TR AR
N5 RIS SER A i, BIVAE I A I I v 3
JEREAS | VR TREAS . B R - 1R
Py 3 AR A v R I A 5 P A ) D TED AR L
ERTT AT LTk, S5 IR, £2.

#1 25 (OH) DB EFRMME R

LEHER M AL ($RIU5 )

AR Yo 5 W T PR FEAR SR HIr2 R W T A
Samplel-1 D3-IS 93 240 Sample3-1 D3-IS 259 600
Samplel-1 D3-IS 97270 Sample3-1 D3-IS 272 200
Samplel-1 D3-IS 97910 Sample3-1 D3-IS 270 100
Samplel-2 D3-IS 111 300 Sample3-2 D3-IS 260 900
Samplel-2 D3-IS 111 000 Sample3-2 D3-IS 261900
Samplel-2 D3-IS 112 500 Sample3-2 D3-IS 262 300
Samplel-3 D3-IS 97200 Sample3-3 D3-IS 256 800
Samplel-3 D3-IS 99 710 Sample3-3 D3-IS 273 500
Samplel-3 D3-IS 96 880 Sample3-3 D3-IS 261 100
Samplel-4 D3-IS 105 500 Sample3-4 D3-IS 274 100
Samplel-4 D3-IS 111 500 Sample3-4 D3-IS 272 400
Samplel-4 D3-IS 111 200 Sample3-4 D3-IS 278 100
Samplel-5 D3-IS 106 800 Sample3-5 D3-IS 276 200
Samplel-5 D3-IS 106 700 Sample3-5 D3-IS 278 600
Samplel-5 D3-IS 108 900 Sample3-5 D3-IS 272 000
Samplel-6 D3-IS 114 100 Sample3-6 D3-IS 270 100
Samplel-6 D3-IS 112 900 Sample3-6 D3-IS 263 000
Samplel-6 D3-IS 113 300 Sample3-6 D3-IS 268 800
iaffc 105 995 W 268 428
V(%) 6.61 CV (%) 2.55

e ARV 153.25%, BIEUSON 5 ; D3-1S°H25 (OH) DyANAR; CVRASS REL (coefficient of variation )
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£R2 25 (OH) DM ERUMER

, U T AR LA

Fi BaE | GomE | Bl w0 RO
BT 1.52 1.53 1.49 1.51 1.38 1.96
QIR 2951 0.53 0.52 0.53 0.53 1.10
1: RA 1.01 1.01 0.97 1.00 2.32

23 AT (5RE)

FEVPAG A TS Ye i, Jo i i AR B A
A (felf R FRRAEA ) |, ARG A B AR
W EEREAS IR BEREAS . RAEEE L GHEAE I I
JEREAS A0 45 SR 55 B I A AR B FEAS
Mgh R 2e5, AT e (20%) ", 0
TA R A T R 2% 1 T B B LA e B R AR Bsf R A7 A
B35 gy . LA25 (OH) Do, SofHHE
WG YORIEIT 4, G5 MRS, s ek
H-1.82%, FIIARIZITIEAAFAE W B 5 15
2.4 KPR e i T RR

600 R Ay BT ST AU LC-MS/MS 5 1 BERE A6 1
Y BAR T R ARME, & T RALC-MS/
MS 7 925 1 T e S 560 2 56 o 88 TR 23 i 2SR 1Y)
HIEE A ) B AR T Y AR . RALC-
MS/MS 5 ¥EJEATRE, LISE{ERE L (signal-
to-noise ratio, Rgy) =30 AR FEAE R 7 5 AUk
DR 2 s T FRAT DA 434 Ve 2 0 4G B 1)
FEA, BEANMREREAR D RSO - A AL B, ROy RR
AH M 3R, FESEIE 3R, 430 vEA
BAWREFEARN BAGHEE (CV) B HH B
PIHE SIS N2, T Cr<20%. #Ef
JEE<15% P9 o APV JFEEE AR A 0 s SAI(ELAE S T i )
FER R RR, SRR DAARIEAS B Y EU(E 500 E
TR, LI25 (OH) Dyofil, B34S ke
A, BAWRBEREA T N SOy AT A B, BRREAR
FREMEIR, HEEMEI MR, 5504,
FCVR13.94% ., Wt R12.80% M FEA2 B I &
PHEAE ATk 2 IR
2.5 LMHESWRE

iC, o) L B L P A I B (e S R AR S T
—F0) HTHIEbREMZR . 7T DLk £ B 4 1)
P AR bR E Y I, -t ] LAl 4l A B v )
Fio SMEVEAL R 2 I E 6N IR
FE, BAMRESESNE2 ~ 4k, RHAZWH

K ENHTFE, HEN>0.99, [F TN BE G5 2 F
. 25 (OH) D,k IbRifEMZE L2, P
2.5, 10, 20, 50, 100, 200 ng/mL 674 15,
FEANUR B AT R ME 20K, SR AU /N — 3k
WEATERMERL G, bR v il 26 A0 21 R FIAH ¢
FEIFFEER

R3 25 (OH) D MEHTTLERER

FEAR 25 (OH) D, L-L H-L
L1 1.11

L2 1.13 1.13

L3 1.09 1.09

HI 52.80

H2 53.45

L4 1.16 1.16
H3 53.60

H4 52.56

L5 1.10 1.10
L6 1.14 1.14

L7 1.09 1.09

L8 1.05 1.05

H5 52.28

H6 53.48

L9 1.09 1.09
H7 52.14

HS 53.09

L10 1.15 1.15
H9 52.79

HI0 53.02

L1l 1.12 1.12
¥IE 1.10 1.12
B s e (%) -1.82

T HOMRIREEREA s LR AR

%4 25 (OH) D,EE FIRIEMLER

FEAC BRI AR MEIE v W
&ZF  (ngmL) % (ng/mL) (%) (%)

FEART 0.50 15 0.65 5 17.61 30.00
FEA2 1.25 15 1.41 26 13.94 12.80
FEAR3 2.50 15 2.71 47 933 840
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WP HAE

H: Y=1.163 58X-0.001 80 ( 7=0.999 60 )

E2 25 (OH) D,HytRAE Ik

I 5 L DA S R R TR B T IUE . FR
THAELC-MS/MS/3 B A b B rh, FEASHY 5
GRS O e e ot iy AL LI SN o o € S TR L 17 2
W R R A T, G R B L 2 o
TR A U e PR . R RIS IE S 00 1 A 46 i
WIS . fERIESEg T, ISR E T
B S Y ER RV B R . R T e &=
TRRAYIMEET,  EIEETE100%+15% A5 B 2
A2 . DS XA R, R R
&, SEE RN . TR B U,
BB B E SR . X TR S B REAS R
Ui, BB A 1R, 1T IR A B

BRE £15% . ARG < 15% ML Bl & T 3%
(1o BT R FIANAE 2 B AR ) w] 4232 i e
TGRSR o
2.6 KEE IR

25 B B RN 22 A PEAR 34N 43 AT 78 2 A 1
L L ARE B R, A BR R AL
ARG, WAL S % R . W LR EN
NI R UE LSS . B3N R B A FE ST
DU P A REAS IR B R B A I (ALY
12, IGFHER2MT . LR ERRIER80%, 4
AR B EEREA S 3y BEATAL R, JELEIE6
AR, BFEARBCRSAGY, AL AR R R
AHHE NGB FEALGRTR L s B0 Mt A
WEREAR I SRIEATAL B, 22 2 3 MR, B
FEARECRHASHY , 53 BITAL R EEREAS AL P RS
WEEFERE R, 5o, A CIEEA
B, ARG ) A AEARER, R
K% BEEATIRE . 7625 (OH ) D,fAE % I IE
A TR P E3RIERIREAR, B
JEREA TS ATAC L, S 3R, B
ARECRASHY, ST AIPEAE ARG B R | ARG 2
JEREAE R, 45 WERS,

R5 25 (OH) DEZERIELER

FEA 1RV 4 i (ng/mL)  #ANCY (%) HLECY (%) RCV (%) XA (ng/mL)
e 1 10.04 1.38 4.19 425 10.55
2 10.75 1.88
3 10.85 2.11
FhvR L 1 16.51 2.08 2.23 3.44 16.29
2 15.87 2.40
3 16.49 321
e 1 33.06 2.11 0.92 217 32.89
2 33.07 2.19
3 32.54 1.16

e MTYEESIR2S (OH ) DR i BEAR R HE I 10~30 ng/mL, HCHTET I A I T8 FEAR R 10 FE 2 10~30 ng/mL, JfAH%
WERGSCUTR UG B 172 I SHEI2ME . e Bl BRAELY 80%0 e HACHE I T HEA T4 4 4 B iE

2.7 IEWELIE

Al LGl T A EEE A RS E Y
JoT B8 AT 42 A2 R A R VPA Tk i TR
QrmT DA e B R — R B bR ) it DL e 36
[ FARMEFNE AR BFFEBE ( the National Institute
of Standards and Technology, NIST) . f:5lxE
SR B S ZE 5145 (the Joint Committee for

Traceability in Laboratory Medicine, JCTLM )
(27 W) Jor s 11225 5 1 o R 22 ) Joi
VE/RE I S TR [ 5K TR AR 2R R A 26
U IR BE B UE TR L S [ 7 4 o s
(the Centers for Disease Control and Prevention,
CDC) FZEEHTH %K Pr<s (the College of
American Pathologists, CAP) fEIGIETTR] .
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] o s S 2 RIS 6 P2 2 B 25 5 7% S 3 3 Ah
#F = PEAT IR (the International Federation
of Clinical Chemistry and Laboratory Medicine
External Quality Assessment Scheme for Reference
Laboratories in Laboratory Medicine, RELA )

e MSHEYFALPGHTSHEIE, L
SR AR TS 7 36 R VAR IR A B, an SR b
ISR IFE AT H2Z 6 (£15% ) N, JHIED]
STALC-MS/MS 5 I IERf BE AT A 2ok . Bk SE
W5y P A IR A A SR IR R
A, SRRl EEAR AR (e AHER1/2)

e Cll SHERI2AE )« i (2 el B BR{E A0
80% ) 3R BUARIER I, il w Hh 3B R T
PR, B URIEREA Y N5y, BOHEAR TS
ARy S 1 = e 7 3 S I I AN G R

g A B2 AN [l e -4 A Rl 42 Y LY

I BA 7 3 ) AE A BE AR B oK o Ik, TR
S5OA KM AT e, IR ARG, B
REASDTF4005 .

THLA25 (OH ) Do, F i 5% FAG:
RELARE J7 35 UEAE A FIINBR [R1 0 52 46 27 5 X F
LC-MS/MSJ5 i Y 1E A B HEA TSR IE
2.7.1 RHIFCC-RELAGRE /I S UFAEAR ITAR J5
MIIERRRE SRS EE25 (OH ) D,AYLC-
MS/MSJ5 1 5E2015—20174EIFCC-RELAfE
UUEREA, HE5 R 5EUE WA B TE2% A,
WEBHIZ 7 B IE R E AT AR
2.7.2 RAINAR ESCSE B A T sk i IR 38
SR ANARET S M3%25 (OH ) DR JE ke
M, JELAE S LR IEM I, 45 R0k
6. I IER AR FIER R 99%~101%, 1%
Ty AR EE AT IR 1% AN

*&6 25 (OH) D,NFREIYSRIG LR

FEARSGS  bsal (ng)  fAdE (ng)  PER (ng)  FICR (%) SFHEIICR (%) V(%)
1 4.05 5.01 5.01 100.00 99.40 0.53
4.03 5.03 4.99 99.20
4.06 5.00 4.95 99.00
2 4.09 10.22 10.39 101.66 100.22 1.22
4.09 10.33 10.29 99.61
4.09 10.19 10.14 99.51
3 4.04 20.09 20.12 100.15 99.92 0.25
4.08 20.05 19.98 99.65
4.05 20.11 20.10 99.95

2.8 FawEtk

PEAG F AR B 0 AR E T B ALAE LR 2
ATriEn: (1) ARV REE, T

MRCE 4 ~ 24 hi AR EPE, 7E2~8 €. -20
C. =70 CTHRCEE . 4. 64H . 14F
MR IR DA S Rt As e ks (2) 4b
PG REAR MR E M, WIS B G = IR HCE
EE . ANHE B ShIE RO R E T

Ji g dib T AR 21 T B LC-MS/MS 7 1A 1Y
PERE, R UEAS I 235 S A B o P ] i T I 2
P& o g i 25 SREAC SR R Ab 2, [ B xof
M. K. REGMNRE TSR, W
Al 22 RIS 2 B

T8, WU AR AE B ORI 20 5 R A5 AR )

SRR PR A T I SR A
(IpHIEANIE F, PN A AT RE R il ik
29 ZHX[H]

KT ST L C-MS/MS 5 B A6 T A it
PG R EEAS . T A & B AR T i =% X
6], BEAAJ Al 5% CLSI EP28-A3C 4!,
AT BRI AE 5L IE S0 A, AT SR X258,
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