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[ Abstract)
fat-soluble vitamins in serum using isotope dilution ultra high performance liquid chromatography-tandem
mass spectrometry ( ID-UPLC-MSMS). Methods Fat-soluble vitamins were obtained from serum samples
which collected from Shanghai Tenth People’s Hospital between April 2019 and August 2019 by the extrac-
tion method, and were detected by ID-UPLC-MSMS. The performance of the method was verified by refer-
ring to the relevant documents of the Clinical and Laboratory Standards Institute (CLSI). Results The ID-
UPLC-MSMS method for the rapid detection of various fat-soluble vitamins in serum was proposed and suc-
cessfully verified. The linear range of the method; vitamin A; 25-2 500 wg/L, 25(OH)D,: 2-200 png/L,
25(0OH)D,: 2-200 pg/L, vitamin E; 0.25-50 mg/L, vitamin K1; 0.1-20 pg/L. The intra- and inter-as-
say precision standard deviations of the five analytes were within = 15% , and the accuracy of the test results
of the 25(OH) D, and 25( OH) D, standards was 96.44%—102.37%. Conclusion The performance of ID-

UPLC-MSMS method for the simultaneous determination of five fat-soluble vitamins is satisying, and the re-

Objective To establish an analytical method for the simultaneous determination of five

sult is accurate and reliable, which suggested it can be used for the clinical sample.
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LAGE S0, 2 Waters Acquity UPLC-
TQD RO e Y (SB[, Waters A A)) o 87 4B &
A(vitamin A, VA)IIJ H Sigma Aldrich 2 7] (£ H);
2HS8-VA 25-F5:4E4 2 D,[25(0H) D, ] JK& 2H6-
25(0H) D, 25-¥ 34 = E D,[25(0H) D, ] /K&
2H3-25( OH) D, . 4t 4= % E (vitamin E, VE) 2H6-
VE 4E4: 2 K1 (vitamin K1, VK1) 2H7-VK1 ¥4 A
IsoSciences 2y Al (L H) . ik L0 F 2 5E
H B F (FEE) |, ik g R E I H i 2 7e Ak
AR A BRA R, ARG (/R FEREFT)
IR, AEAR SRR 5 AL HE . BE X 2019 4F 4 A &
2019 4 8 AT g s + N R EE B st i2 B 3 1
FEA , SRAEFKIN 2 ml T & H ICT N A9 2 25 H
ik R4, 23T 3 000 /min (B .02F42 20 ¢m)
B 5 min £

2051, (1) bR UHES WA N RSB, 43l
FH FF 2 T 1) 2 2E 28 bR o O B 25 VRN P9 B A A TR
[ VA-d, 100 mg/L .25( OH)D,-d, 10 mg/L 25( OH)D,-
dy 10 mg/L VE-d, 200 mg/L VK1-d, 2 mg/L],-20 C
P2 H . (2) FEARRIALEE, 1] 100 wl L5 FEAS
JIA 300 wl 755 AR Y H B 0E A T 8 SOOI | i i
P& 3 min JG A 600 pl IFECREAEBUAR , R HETR %
5 min f5,4 CZ&AFT 11 000 v/min ( B.02£4% 10 ¢m)
B0 15 min, BEL 300 pl LR, A 150 pl
Ji i 348 0% H BESHEA TS R ENR 2 min J5 ,4 °C
Z4F 11 000 1/ min(%)ﬁ‘fiéﬁé 10 cm)%ll} 3 min 153
FRREAL . (3) iG55, A5 55 [F Waters 23 ]
Acquity UPLC ® BEH C18 IVD 2.1x50 mm, 1.7 um,
250 C ;i shAH A AR5 0.1% R K 5 i 50
FI B & 0.1% F R Y Y BEEvA 3 B0 B R 254 . 0 ~
1.00 min,75% ~86%B,1.01 ~ 1.40 min,86% ~98%B,
1.41 ~2.60 min,98% ~100%B,2.61 ~3.20 min, 100%
~75%B, i #.0.4 ml/min, .7 pl, (4) B
A, R IE B T H W B 1k 0y 2 s W
( multiple reaction monitoring, MRM ) £ B 445 H
J£ 3.5 KV HEFLH 25 VB FIREE 500 °C 5
FI5. 800 L/Hr ,4EFL K 50 L/hr, 5 RS TELEA: %
) MRM 45 L3 1,

3INEEEAN . (1) WY . 2 BREE IR
NS Z bR ERM 2 (Clinical and Laboratory Standards
Institute, CLSI) 1 5& 3C 1, DL 2015 AR ¢ [E 25
Y PUSHS g S BN 90 12 A= Wy R i 5 1 20 A 7

®1 5 MIRAETELE: R MRM & 1F

BHET  TET O #E)R REERE

BERHR itk (Da) Jiitk (Da) (V) (V)
VA 269.16 93.06 26 20
VA-dy 277.36 98.27 26 20
25(0H)D, 413.29 107.01 20 24
25(OH) D,-d; 41635  398.35 18
25(0H) D, 401.35 383.34 22
25(OH) D;-d, 407.35  389.34 2
VE 431.29 165.08 30 20
VE-d 437.41 171.13 30 18
VK1 451.35 187.07 44 28
VK1-d, 458.41 194.08 48 26

1 :25(0H) D, K 25- 724 4EFR D, ,25( OH) Dy Ky 25-72 4k
2D, ,MRM HZ 0 Wi, VA H4E4 3 A VE 44 % E, VK
HHEER K
AR T JE ) () LA B VBRI A 17 )
WO TR Rl 225 SOk [ 8-9 1 AT IEAN . (2)
e MR, AR B E A A W, BRI
R 6 VX, Ttk 2 A A A 25 < 20% , H %Mt >10 01
MY EARR BEAE e i PR, (3) PR, i
PR, i HROE W RE AR AL B PP A T AL BRIy
GETH AN AR AR 5 S PRk B Z R ARG &R, (4)
KR TEPE . XK v e B % B4 M v A T
TR TG EAE 5 PN HE PIRES EEA 3 d it
[EAGRERE . (5) WERA BE S0 . FHAIK b e Wk B A
a MRS M. BB ER 6 Wik, 115
PEE IR, A IE TR H PR A £15% LA IRk
JERAE£20% LA, (6) IER IR, SR A58
#7117 ID-UPLC-MSMS 5 v Ko I 5 ] [ 5 b M £
ARWFFE T ( National Institute of Standards and Technol-
ogy, NIST) il 22 i) “ b HE Z BEAE i (standard refer-
ence materials, SRM) " H1{) SRM972a [25(OH)D, Fll
25(OH) D, | BIA IR K[ 25 (OH) D, RIHEAE /K
13.62 pe/L,25(0H) D, MR F-435020 30.61 pe/L,
19.80 pe/1..55.40 we/L], BEAS/KFEER 2 1K,
TEBUAE , 50T IR

455020 HE SR T EXCEL 2013 %4 4b ¥ 4k
{EHATEAR AT

# R

1.ER R, VA 25(0H)D, 25(0H) D, VE,
VK1 i€ 5 F FR453 90 4:25.00 peg/L.2.00 pg/L,
2.00 we/L.0.25 mg/L.0.10 pwe/L, 1T VA Fl VE
FEPR PR B Ay, WSS PRAEAS TR B A v, 0 102 < VA
7 86.80 wg/L,VE 4 4.95 mg/L,



HAERL S 2 5 0 TR A8 2 2020 4F 10 H 5 40 255 10 ] Chin J Nucl Med Mol Imaging, Oct. 2020, Vol. 40, No. 10 - 601 -

2.NMEVE R, 5 AR R bR e A L AR 2, 4%
2L R AL N A SE R %47>0.99

R 2 ID-UPLC-MSMS Kl g vt 2 A 2 il Ze v 1l

SE7R éﬁ‘t@aﬁl et LIPS
& (pg/Lsime/L) (r)
VA 25~2 500 y=1.276 x+0.147 0.998
25(0H)D, 2~200 y=1.203 x+0.515 0.992
25(0H) Dy 2~200 y=0.022 x+0.006 0.991
VE 0.25~50° y=0.130 x+0.237 0.997
VK1 0.1~20 ¥=0.039 x+0.008 0.997

1 :25(0H) D, g 25-33 5414 % D, ,25( OH) D, Jy 25- 534k if: %
D, ,ID-UPLC-MSMS >/ [F] v 25 4 B 1 1m0 S50 (1 58 IR BT 3, VA Oy
HerE R A VE NYEAER E, VK H4EE R K A8 meg/L

NGB RESLYS 5 PP AR R AL PR % R
()RS % BRI TE£15% AN

4 MERARESELS 5 FhAEA: R 1 IR 7E 80% ~
120% , R /2 I R EEK

SIEBIEERIE,, SR NIST A iEFr¥Y) SRM972a ik
7 25(0OH)D, #125(OH) D, M IERAERAL, 455 BoR .
25(OH) D, MYIERARE N 96.44% ~99.58% ,25( OH) D, 1
IERREEN 102.37% , R Wiz 7 k2 VD B
MYIERREE (£ 3) .

% 3 ID-UPLC-MSMS il & 25( OH) D, Al
25(OH) D, A9 IEHf 560

, # T o T B
g% D i FHE D ey i
(ng/L) (ne/L) (%) (%)
25(0H) D4 30.61 29.52 3.69% 96.44
19.80 19.41 2.01% 98.01
55.40 55.17 0.42% 99.58
25(0H)D, 13.62 13.30 2.41% 102.37
it

el AR N AR B AR 5 TR, HAS [R] b 4
A2 R Z AR DR R RSOV E T DAL ) it T 22 b 4
HZ AR LB ID-UPLC-MSMS J2 3T 4F 3K
R SRR HT ISR B A [ A 22 2 2 3R
MR, EAAREE SR R IR 0 R BT 2
F 5T, 1 ID-UPLC-MSMS J5 346 1375 H 25( OH) D,
M 25(0H) Dy, E =R 1.25 F1 1 peg/L, BilF
45 PIOR I ID-UPLC-MSMS 52 T 1f i H VA Fil VE
()2, R RR 43 31 02 0.02 A1 0.01 mg/L, RELEHR
o Mohr S5 0KE 50wl LI/ L2305 — 7E it Ay
LSt/ BATR G A VU2 T4 6 Fligiatk
YA R ABIZ D7 A B 52 B0 A 5 A% HLBE PR A
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performance liquid chromatography, UPLC) H3E Hid i)
[A]FEE 2 3.2 min, BCHR[ 15 ] B RIS ] (4.8 min) B
i, HIESEEE 200 A E VS FEAS S |5 a2
A BRI RASZE 0.1 min DAY FE MR, Hk,
AWFFE & B ST VK A 0652 0 45 o S g | o
ML 0% HEEVE R AN VKL [ H 0417 L 2 31
BT R AR B O Z ], R NIST A EAR 4
XF VD AT RE , 45 Wos iz kel 25(OH) D, il
25(OH) D, M IERERE R,

Zi b AW EE ST T ID-UPLC-MSMS 3 [ i il
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