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 E: BY 4 8RR R BRI 4 A 8 R ik AR &35 $ B3 & (liquid chromatography-tandem mass
spectrometry, LC-MS/MS) #6494k, ik IR 200 4] 16 R A A A AR, KR B S bsisk R R B b i P Bg it
%A% A, D), D;, EffK; FEHEAS LC-MS/MS el figiat e A% A, D,, Dy, Efe K ek, £ ZMR. HEE.
EAE . AT RERERRIERARIERA S, FIERR T E AR ER AN ERG —5B, SR aatbrizkik
RPGRAEMEAF A, D, D;,, EfK&KBRAMXEZHH>099; ZAHReGEERS A5, 025, 025, 125 F20.025
ng/ml; PR E B Fe bt MAE 5 E 53 A 0.66%~4.83%, 0.15%~3.70%; T34 mirel i & 4 87.05%~111.11%; i #5
#795.43%~99.07%; = - IRALAF AR IR AR 2 R ME 54K - IMEAF AR AR L R £, 35/ TAK - ARIEAE R JA 2R
BRI 3s; AT FERET AHNHEREFRELAEFCLRBG R A R ERMAMRIF (r>099) , &
Froy kM AR AR E R Bt AR RBURIA R4 42 £ ik RIAF, A 2R SR E TR LE,
KA HbREEREL WA RIS AR TR R
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Performance Evaluation of Automated Magnetic Beads Extraction Method
for Extraction of Serum Fat-soluble Vitamins by LC-MS/MS Detection
KONG Zhuo, LI Chunyan ( Department of Clinical Laboratory, Beijing Jishuitan Hospital, Beijing 100035, China )

Abstract: Objective To evaluate the performance of the automated magnetic beads extraction method for extraction of
serum fat-soluble vitamins by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods A total of 120
clinical residual serum samples were collected automated magnetic beads extraction method was applied to extract serum fat-
soluble vitamins A, D,, D, E and K. The linearity, limit of quantification, precision, accuracy, carryover and matrix effect of fat-
soluble vitamins A, D,, D;, E and K were detected by LC-MS/MS. The consistency of the method and conventional extraction
method was compared. Results The linear correlation coefficients for extracting fat-soluble vitamins A, D,, D;, E and K by
automated magnetic beads extraction method were all greater than 0.99, and the quantitative limits for these five fat-soluble
vitamins were 5, 0.25, 0.25, 125 and 0.025 ng/ml. The intra-batch precision and inter-batch precision were 0.66%~4.83% and
0.15%~3.70%, respectively, and the average spike recovery rate was 87.05%-~111.11%. The matrix effect was 95.43%~99.07%,
and the difference between the mean value of the cyclic injection results of high-low value samples and the mean value of the
cyclic injection results of low-low value samples was less than 3s of the mean value of the cyclic injection results of low-low
value samples. The statistical analysis showed that the correlation between the results of the automated magnetic beads extraction
method and the conventional extraction method was good (7>0.99), and there was no significant bias in the detection results of
the two methods. Conclusion The automated magnetic beads extraction method for extraction of fat-soluble vitamins had good
detection performance, which may be expected to improve sample flux and analysis efficiency.
Keywords: automated magnetic beads extraction method; liquid chromatography tandem mass spectrometry; fat-soluble
vitamins
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7% A B i 3% (liquid chromatography-tarndem mass
spectromerry, LC-MS/MS ) 7 AR DL H & RAEE . &
TR B SR CPL S, Bz N T PR AR B 458,
HAEAerE 2R SRR it . PR S0 H A
TSR BTG AR FH B it B A D i 25 1 4
AR, REIEET T THAETE ARSI,
DIFEBGE R Z, TWeqn. IEH . ZWE L% DY,
H AL R EEMRAR, XTHE N RERRERER, &5
IR B ZE SR . S AREER IR A i 28 i Ak 3L ]
o HEMERERER R, KRR HIREIR TR,
T AT RLA, I HA SRR A - H
I B34 R e oA iy Ak BRAIAGI — AR i 4 A 343
Ao BOASIF SRR REBR A TR A i A 3, B
B VRO €13 ER IC T T RS A I B A e R A R
i, SRR MOER IS RAE X, PP %k
AR P BT RE, I R ARV P4 A A A
A B AT B Y Ty I R R L F AR
1 #HR5FE
L1 ARt & WSO S R ARSI A il T A
PEARFLEE | BUHRY 200 FIREA SRS TAF T -80°C
o AWFIE 280 IR BEAe B ZE D1 25 oA HEME 5 S0 .
1.2 B LXA WHOEBRKTERS (EE
Waters Xevo TQ-S IVD ) ; ZPTQ 32 H shfb Bk i
B4 H A A B R GE (At B A= YR
AHIRTHEAF ) 5 BY-R20 BIE A ZREOHL (b
HFEERITEMABR AR ) 3 MTV-100 248 R iER 5
{SCF1 MB100-2A AL IE RAR G 7 (o SR %
BT ) 5 ARG A B R M 2 A= 2500 1R
(BUM IS HE I TR B AR IR AR ) 5 A

MG BRIE IR A= R e R & (A i s
YR A RTHT AT ) o iR A FidESh: 90,

432, 864 ng/ml; 25- 4i4= % D, Ji¥E M. 3, 144,

28.8 ng/ml; 25- 44K D, Fitshh: 7.5, 36, 72ng/
ml; 4EA4: ZF E 48 5. 1725, 8280, 16 560 ng/
ml; i K . 0.3, 1.44, 2.88 ng/ml.

13 Fik

1.3.1  ASMbREERIEREAT] & 2 MR S E vl
HIERAE, 8% 100 w1 G FEAS AT T 96 LA
FEARNE, PR AR NPRMA S, 54 96 £L
WM BTN R S ZPTQ 32 1L 8shitkAT H shikhe
ARPER, PR, BT AAEAR DB E AL 3L

132 LG AEBUEFEAS & He IR S R Ui ]
PRE, HUSO wlIiGHEAS, A 250 w1 BE¥sTE4E
A ZRERGR (FHFR) , iR 8 min, 4 000 r/min
B0 10 min, B EIEW 200 w1 FR, bRek. s
AR R LR E A 2

133 @k &k @ik Kinetex 2.6 pm C18
100A 30 x 2.1 mm, Ji3iAH4 0.1% HEZ/K (A )~ 0.1%
HIRHEE (B) , BREEVESL: 0~ 0.5 min, 40% i
A A; 0.5 ~2 min, 40% ~ 0% WA A; 2 ~3.5
min, 0% WshHH A; 3.51 ~5 min, 40% zhH A;

FiL#E 0.5 ml/min; AR 40 °C, JEFEE 10 plo

134 JFuigkscfd: RAIESFrRmSS &2 RO
WA (MRM) , B FIRIRE 150°C, BAIEH
JE 3.5 kV, BEFIAS MBI A S, BEHA (A
) B E 800 L/h, BHIAFIAIRE 600°C, HAh
FESHILE 1.

*x1 FERMAEE ZWEXRIESH
WA BEFFET (k) BLEEN  REERER eV WEAR  HEFFETF(w) HALREN  REEREE eV
QEZ A 269.2 > 81.0 25 20 U E A-IS 2752 > 96 20 20
HHED, 4132 > 3372 20 20 HHZE D-IS 419.4 > 4012 19 9
HHED, 4013 > 383.1 20 8 HHE D-IS 4043 > 368.1 20 10
WAEER 4313 > 83.1 3 20 HAERE-IS 4373 > 1713 20 20
HAEZK 4514 > 187.1 40 ) HER KIS 4554 > 191.1 40 )
1.3.5 MERRRE: MERERIEN FESE QRAHE - i, KRR A G L= 3 iR, PR V(5

SR I AR SRR L) 7R RO C i 5 B TS I R
Ry kB & S E0UE ) ™ PR L R I,

1.3.5.1 £k, 2 mRAG IR IEM 8 bR LAARIE
TR R XA, B S R bR T R LU AN
Yl BEATERPERIE T, 4 VX AR EIZ
PEA 5, H 72 > 0.99, $f 155 B o & W) i
T E AR SIS AR TR AN e =AW R A CI = s
THEFEAR TR 4L % A, D,, Dy, E, KIH

Fo= 10 WP, HIESE 10 Y 5E 19728 S50ir 22 Ly
< 20%.

1352 KEEEVHN 5 IREMIEREAT 450K
245, Loy I AGE SRV BETR S An Al AR AR AR
1Oy A e v BE TR S AR VR s (AR A, IR
ISR BEARAT T -80 CUKAH . FERAHUE 137,
il 8 AT, WMl =AMk, TR, it
PR 285 B RE (RS 2% BE AR I 22 N < = 15%.
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1.3.53 IEBEEPEN S A A el iR W
SEWERGE, 1RGNS . IRA MIEBIMIEHE YA R
A, Dy, Dy, E, KPP IKNBYIR G bR e G 3 A5
10 w1, #% BRI AL B], 4648 3 N TATE
TR DR R e 22, A (RS A A X i
EN< +15%.,
1.3.54  JETRNVITM TS RAFEARLEE A
oo W8 A RIETARAMARIMIEREA, BHHEA
43R 30y, Zead A SRR IR BUS , — I ImA K= H
— A 10w PRI R Rk IR AR,
BE— M MA 10 w1 BRETELEA R AR BEEIR A hnifE
i, 3R 20 wIRE WR. KBRE FIREARR
{5 )5 5 P AR e S g A (s AL L)
PEATHORE, JIT L JBRLN, , 3o ST, A A Xt i 22 7
< +15%,
1355 ARG YT % Pt s E s AIRE
RS FEANE RSB XT G, b AT e - IR A
PEIR S WAL - IR A TR 20 S W, & - A AR
AIGASEFELE RINE S - B FEAEFR AL SS
%2

BB Z 220/ INTAIR - AR(EFEASE PR A 45 S 4 (R
35,

1.4 St oA PIRPET AL vk 4 BOT R
6 I 45 5487 F MedCalc®20.0.27 (Lt F i MedCale
Software bvba 23 Fl ) #AF#H AT G i F2E 0 . R
Bland-Altman 7 Eb 55 9 B i Ak 2 77 325 45 R 19— 2
P4, i1 Passing-Bablok [R] 5 43-#r PR AT Ab B Ty 7k
gE IR 2 B A O E

2 HR

2.1 fiEHEAZ B LR R RIS IEM g F UG
AR R 0 &G IEEXTRR, BRI EAT
s SEGEABUERIUS R ZE R, KA
H B LREER RS () 24 P B3 &

22 BEERERBUS RS G RN AR
221 bk, EmRAGIIR . IRETE4EE R A,
D,, Dy, E, K 7EbrifERT LIS F ARG RAF, %
HERAUAHDE R EIILE 0.99 DA F, 2 Ha BR ARG R it
JEELR, MCEARSEILER 2,

HIRERBUE A AR LC-MS/MS M EIF7E, HXRY. ZEEE. EERRGHR

SHH [l 77 72 MRFH BHETEHE (ng/ml) EREMR (ng/ml) fi (ng/ml)
BAEEA 1=0.053 942 2X-0.416 081 0.999 1 10~2 000 5 25
YR D, Y=0.002 225 13X+0.001 224 1 0.999 4 0.5~100 0.25 0.2
$E# D, ¥=0.075 101X+0.029 263 4 0.998 8 0.5~100 0.25 0.2
HAERE Y=0.977 969X+0.406 469 0.9999 250~100 000 125 50
BAEEK 1=0.089 369 7X+0.001 717 75 0.998 8 0.05~50 0.025 0.01

222 FEEFEMIERIE: WK 3. IRETEGEAER A,
D,, Dy, E, K AYMRAEREAHI S (EAEAS L PR 2
53 SITE 0.66%~4.83%, 0.15%~3.70%; it MK % i

Oy IAE 1.16%~4.33%, 2.44%~6.61%, JlFR B3
TE 87%~112%, AMRZEITE +15% LA, il ek
R

x3 BRI EUE R 4 4 = LC-MS/MS #4522 AN IE R B
Wi KT AR g o ORI PEMERE s vy iz oo
C I A (ng/m) (ng/m)
ArEZ A L 0.66 0.78 2.52 116 40 471 106.77 6.78
H 0.80 221 0.76 327 160 175.15 109.47 947
HAEZD, L 483 2.49 4.66 3.03 25 2.18 87.05 -12.80
H 175 2.26 1.62 3.28 10 9.76 9755 240
HEZD, L 1.53 2.09 1.05 3.84 5 468 93.59 -6.40
H 0.32 0.97 0.65 261 20 21.82 109.08 9.10
HAEET L 142 2.27 126 3.76 1000 1050 104.73 5.00
H 2.39 1.98 0.15 2.44 4000 3590 89.81 -1025
AEZK L 241 1.98 455 433 0.15 0.17 11111 13.33
H 1.64 110 3.70 6.61 0.6 0.57 9533 -5.00
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223 FEFRAON AR ISy, IR 4. JRIEPEYEA:
KA, D,, Dy, E, K7EHB% & AN T IJLF
WA FEINE], 2R R N IE, FEBTRON I 7E

100% Zefvs - RAEHEATEIRBERESS SR I (E S 1K -
TRAERE AP HERE AT SR I Z 22 19/ TR - IRMEAE
AEERFRELS RIIER) 35, R ESK

x4 HERRIRBUE A 4 4 = LC-MS/MS BB Rt R Fng 4 5 4

SN (ngml)  AEXTRBEON (6)  HINCEBAN (0) - (R (hgml) A - (RAFAEAIE (ngml)  220H ngml) 35
HEFA 96.99 98.80 353.46 351.17 2.28 6.91
HEED, 97.02 98.82 2021 205046 -0.30 2.97
A E D, 97.26 99.07 40.19 41.03 -0.84 1.88
AERE 95.43 97.21 8.38 8.18 0.20 035
AEFK 96.53 98.33 128 125 0.03 0.19

224 kX WS, XF A Ak g Rk AL
Gt A& B AP 1 2 B 200 191 1ifs PR 0L 3 FE AR
JIg 5 1 4 A R B I 45 S U 4T Bland-Altman Fl
Passing-Bablok [F] 5 73 #fr. Bland-Altman 73 #f 4% 5
BRI REARIIIE +1.96s, FUH PRI A6
25 B B B 1) — 3501, Passing-Bablok [A] 943
B 445 S S s T o i R 1 1) R 0 245 SR A OGPk R 47
(#1r>0.99, 95% CI ¥J7E 0.986~0.997 Z[h] ) .
RS FAERIIGKIEEAPIESESE

EERMELRILE
IS4 (ng/ml) HIXRS (r) 95%Cl
QEZ A 0.994 0.993~0.996
AEZD, 0.995 0.994~0.997
QLR D, 0.992 0.989~0.994
AERE 0.990 0.986~0.992
AERK 0.992 0.989~0.994

3 itig

A A A R AR PSR ] BB — 2B =)
BT, Sz st o S IRNLREE i, ik ZE
Fhogegig B, ARBk= 4R A, S5lRILERT
AR R TR, WEIES,; h=q4i4E%R
D Al e S SEULEMB . CE TUBAE .
SE . WUTETT, B AE BB i RS gk
FE SN, Mg, BEAX, BANEARE 4
BRI BRI . ANESER; 4i4FR K Xy
BEIMAEA R, ez nTREBEE M A AIE K, S E R G
KA O (AN AR R R A R RS S
HARFMNEL, GER AR RG] R
R AL AR, 2 S gt b
e D AR AT e S BUm SR i R, 5l
EEGERFE L . AR . MR RGEALL NS RS E
PR E AL TURRES AL, 7 AR AN AT i M A
KRR G2 E A e BALIC )y
WA . IR ARG AR REEIR, 4E4 R E abiidn]

Reg A I AR R K S AR LA
FIE R I B MG, ARSI E4EE R K
H T RERE OB A LI . 28 BT, XTFILEDL KL
T SRR TR, MERARSI IRV R A A O B

JLE R T2 RS . AR/ il s e
SRR, EJLRHIGIRISYTY TR, F2 X KUK
— G IREAEXTLE R B EM R AR | AT
FREA 78 DA SRR A 25 el b 25 55 TR AT
TERRR . BRI 2SR 48 FIm R E 44 2R
Bl B R G TSR G . X RSk
PRI, AR R B A o AN P
MRS R, AF9ERM, 44K D S4EZED
TR G S 5 IRE IR . W IRAE G F A 40 i
R0 7 W S R, TR AERR IE B W IR FIG L
FHEEEREREER Y. BTREAR e YA %
PPN R, FORRAiA b E iR D st 1,
ZOTYERA, B, KPEX, FEMERY ., H
R CIDYNE [Ha cO W= ] 5]V o0 N [l 2 S [ - 11
AR (R e AR AP AN A B T 4 A 2 0 T AR
B, s EAL GG, YA R IR
L, R A BT E AR TR,
B AR FEAS 2 1 A 7 40 K AR L R B AN R 45
Jayo BRI, P AN BV PR 4 A 25 % B A 2 Al
HALERY

HAGIG R A ATk B e ek . (a%
G, SAM0E . RrekBEER R, B
EREEIX 43 VD,, VD,, HAEM VD & & &, HA
ARl A G I ZZ AR IA PE A 2R 5 bk DR X
53 VD,, VD,, W] [F Akl 2 Fp ARt &
BHRHE AR, HEERZ U w IR FHSE
BAR R R, (H AL R Ty A 455 [E AR AR B
W AR FIDTESE, WA ES AR, EH
DOVER 2T B . AR, (AL ARRE , XS
RS YR, H ) RS I a5 ORI R A
BER s, — M AGE T A R i 2 e B
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