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An ultra — performance liquid chromatography — tandem mass
spectrometry method for simultaneous and rapid detection of

six fat —soluble vitamins in small volumes of serum
LI Xue —mei* , WU Hui — hui, CHEN Jing, ZHAO Pan, TANG Yu - fei
" Occupational Health Laboratory, Anhui NO. 2 Provincial People’ s Hospital( Anhui Prevention and
Treatment Center for Occupational Disease) , Hefei, Anhui 230041, China

Abstract: Objective To establish an ultra — high performance liquid chromatography — tandem mass spectrometry ( UPLC —
MS/MS) method for the rapid and simultaneous detection of six fat — soluble vitamins including vitamin A ( Retinol ) and
vitamin D (25 - OH - VD,, 25 - OH - VD, ), vitamin E (& — tocopherol, B — tocopherol, and y — tocopherol) in small
volumes of serum. Methods The serum samples were precipitated with methanol — acetonitrile (50:50, v/v) , extracted with
n — hexane. The separation of the target analytes was performed on a Phenomenex Kinetex F5 column( 100 mm x2. 1 mm,2. 6
pm) with methanol and 2. 5 mmol/L ammonium formate —0. 1% formic acid aqueous solution as mobile phases under gradient
elution. The detection was in the multiple reaction monitoring (MRM) mode with electrospray ionization (ESI) under positive
conditions. The quantifications were based on the isotope internal standard method. Results The method showed good
linearity within the linear range, with the correlation coefficients (r) >0.995. The detection limits and the quantification limits
of the six fat — soluble vitamins were 0. 20 — 1. 25 ng/ml and 0. 39 - 3. 88 ng/ml, respectively. The recoveries of the method
spiked at the three levels were 86. 6% —107.7% , with the intraday precision less than 9. 6% and inter — day precision less
than 9. 3% , respectively. The accuracy of the method was assessed using the standard reference material ( NIST SRM 968f) ,
with the deviations all less than 5%. Conclusion The method is accurate, reproducible, and sample — saving, and it applies
to the simultaneous and rapid detection of 6 fat — soluble vitamins in the trace serum sample, especially for infants and young
children who have difficulty in blood collection.

Keywords: Fat — soluble vitamins; Serum; Ultra Performance Liquid Chromatography — tandem Mass Spectrometry ( UPLC —
MS/MS)
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P EE 25 -OH - VD, 25 -OH - VD, .a - £ &
BB -4EEW.y - EFHHINWAEEME Sigma -
Aldrich ; 9 8 B — d bl S I 3 RS 25 A 4525 -
OH - VD, —d,#J H 32 [# IsoSciences .25 — OH - VD, —
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445 BAR A G Wbr e i 25 BT S (TR T 3
A B BETR AT, T ) BUTR 5 b 1 VS R (L B 2. 50
pg/ml 25 — OH = VD, 0. 20 pg/ml .25 — OH - VD,0. 40
pg/ml o — AEFEH 50.00 pg/ml B - AEFEH 5. 00 pg/
ml .y — A F B 5.00 wg/ml) 3 BF 45 R A7 Z AR Sh Ak 45 W
FH R AR REIR AT, SR & AR T AR (LB mE -
d,2.00 pg/ml .25 - OH = VD, - d, 0. 10 wg/ml 25 —
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W, BB B VR AR .0 ~2. 0 min,70% B,2.0 ~2. 5 min,
70% ~88% B,2.5 ~3.5 min,88% B,3.5 ~3.51 min,
88% ~81% B,3.51 ~11.0 min,81% B,11.0 ~12.0
min,81% ~70% B,#i# 0. 5 ml/min, #FFEHEE:20 ul,
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Table 1 MS parameters for six fat — soluble vitamins

ey BEF FET HAEE #iEEsE
(m/z) (m/z) (V) (eV)
B 269.2 93.0 25 10
MR — dg 275.2 93.1 25 10
25 - OH - VD, 401. 4 365.4 24 10
25 - OH - VD, - d4 407.2 371.4 24 10
25 - OH - VD, 413.4 355.4 24 8
25 —-OH - VD, - d, 416. 4 358.4 24 8
a-EFH 431. 4 165. 1 25 10
a - EHB - dg 437.4 171.1 25 10
B.y-AFM 417.3 151. 1 25 20

HEE - B (50:50, v/v) , ULTE SR b, (i 1B 22

WA B S /5 T O o8 FH R K AR U 58 4 (5 (A
Wi, FAN, BT RN E AR H B - K (50:
50,v/v) FHEE - 7K (70:30,v/v) I EEHE 2.5 mmol/
L HRE AN 0. 1% F IR X (335 40 85 (9 52 ), 235 SR 4n ] 1
FIE7R AT b 2052 5 W BV 1k 3 290 R B R 5 st e 3 {1
A a QU 1 AELA L, o 4P P0G B AR K G TE R
XFFR, Al b 20 25 - OH - VD, 1 25 — OH — VD, i
NAE S a 201 2 1% ¢ 019 4 50 1, HIEIE B ok
FHH)TF 25 - OH - VD, Hl 25 — OH — VD, B 53 B K6
T2 SR IMERE MK IR A1 5 FH 200 wl TE ) (B
i (50:50 ,v/v) YLIEHE 1,800 wl 1F T B8 IR AR HI,
B 600 wl E WA, WG T Sl AR S i A

R e HEE - /K(50:50,v/v) % 2.5 mmol/L HEREEANO0. 1% FFIZ; b HEE - 7K(70:30,v/v) & 2.5 mmol/L HEREEAN 0. 1% FIZ; c.

FEEE 2.5 mmol/L FEREEAN 0. 1% R

1 RAAREIEERN 25 - OH - VD, 25 — OH — VD, FIHL B Y A B8 T3 (3 4]
Fig. 1 Total ion chromatograms of 25 — OH - VD, , 25 — OH - VD, and Retinol with different reconstitution fluid
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mm, 1.7 pm) 4 3%F #1 Phenomenex Kinetex F5 (100
mm x2. 1 mm,2. 6 pm) (35X Z M AR EE4EA R
B3 BSOS, W — P A X e SC B B 1 25 - OH
—VD, 25 - OH - VD, fil o — 2= & W 0 23 2 HL o S it
[ (B RANRE ST 25 R 43 AR B - AL B A y -
HBE . Kinetex F5 (434 7T LLSC 8L T A 4 7 B 46
B.y - EFEWAE, AN, 25 - OH - VD, [A] 50 5244
& 3 —epi =25 - OH - VD, 7E240 JLIA N & & i, X
e 2 D I R A K % s A T DL ST B
25 — OH — VD, F1 3 — epi —25 — OH — VD, Ay 43 B, /b
3 —epi —25 — OH — VD, XA 25 H 1 52, #k H
Kinetex F5 @f‘%*ﬂfiﬁﬁ?@?ﬁéﬂ%ﬁgﬁ}%( DL 2), Bt
FERIAETLSIAR Hn A R 2 5 HLAR F H ARk &9
BT AR EIN A £ TR B 4, i 1o F 3% i BH ., ik

FEKFFIA WA AN 2. 5 mmol/L HiR%%

2.3 AMEE bHBRATER BHRAERRK
R BB RFGRE 135 — R E TAEW, 45 5L 20
pl, 23 A 10 wl AR TAET AT 80 wl 4% BSA %
T, AR R AL BE i A7 7 P R
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FRIFRE 2R3 TR IR Y BRI F A B 1
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PEYEIRI LR 2, 45,6 F g i M 4k 2E e XTI
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WIS ENE 3 fios, B EE R 6 1k,
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Fig.2 Total ion chromatograms of o — Tocopherol, B — Tocopheroland, y — Tocopherol with different columns

R2 JNRMAMEN LR AR AR O AR A FR A E R

Table 2 Linear range, linear equation, correlation coefficients, limits of detection and limits of quantification of the method

L 0.01 ~2.50° y =71.3317x +0. 3259 0.998 5 0. 62 1.20
a-LEHmH 0. 20 ~50. 00* y =1.2819x —0. 0301 0.999 4 1.25 3.88
B-AEM 0.02 ~5.00° y =8. 1632x 0. 0050 0.998 1 0. 62 1.86
v - B 0.02 ~5. 00* y =11.6072x +0. 0131 0.999 7 0.62 1.86
25 -OH - VD, 1. 56 ~200. 00" y =0. 0352x +0. 0156 0.998 9 0.30 0. 60
25 - OH - VD, 3. 12 ~400. 00" y =0. 0138x +0. 0280 0.998 9 0.20 0.39

Ha; pg/ml; b ng/ml; vy, FEAIETES NARIGE AL ; <. FRUIMRIE, ne/ml B ng/ml,

Hia: BEER A (UHERE) MNARILERE - d GIER; b, 46425 D (25 - OH - VD, .25 - OH - VD, ) & H: %5 25 - OH - VD, —d; .25 - OH -

VD; - dg 5 o0 AR E(a - EHW B - W .y - HETH) MHNIT o - EFWH - d GIEEL,
36 M A M MBI CRIX A Y B 2

Fig.3 Chromatograms of six fat — soluble vitamins standard solutions and their corresponding internal standard
2.4 TrEAREE OCRR R R = RS AR R

A 4% BSA RA MIEHEA AL 15 AT A
BB E R 6 WK, SR =K, THE H WK%

$H0.9% ~9.6% , HIEKEH N 3.0% ~9.3% (WL

3) o ITILFINHE 6 AR VELE A R 00 H RS
JBEFN H [RDKS 25 BE 4 HE 15% LA, J5 WK %5 B2 6 2 ko

MK
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Table 3 Precision of the method(n =6)

_ Elkv\ﬁiﬁmfﬁ — H )4 2% B
PIE bR 2 RSD PIH bR 2 RSD PIE bR 2 RSD PIE bR 2 RSD
(pg/ml X ng/ml) (%) (pg/ml B ng/ml) (%) (pg/ml B ng/ml) (%) (pg/ml B ng/ml) (%)
R e 0.05 +£0.004 7.7 0.05 £0.002 4.5 0.05+0.002 4.7 0.05 +£0.003 6.5
0.37 £0.02 6.1 0.41 £0.01 3.2 0.42 £0.03 6.8 0.40 £0.03 7.5
1.56 +0.11 7.3 1.58 £0.08 5.3 1.52 £0.08 5.2 1.55 £0.09 5.8
25 - OH - VD2" 3.39 £0.24 6.9 3.38 £0.32 9.4 3.70 £0. 18 4.9 3.49 £0.28 8.1
28.85 +0.27 0.9 28.86 =1.75 6.1 28.99 +1.45 5.0 28.90 +1.24 4.3
111.73 +3.87 3.5 105.75 +7.15 6.8 107.37 £5.90 5.5 108.28 +6. 04 5.6
25 — OH - VD3" 6.14 +0.53 8.7 6.00 +0.38 6.4 6.67 +0.35 5.3 6.27 +0.50 8.0
54.41 +3.16 5.8 48.33 +1.16 2.4 47.75 +1.26 2.6 50.16 +3.66 7.3
202.89 +7.38 3.6 195.44 +4.41 2.3 193.11 £4.02 2.1 197.15 +6.70 3.4
o - EE 0.26 £0.01 2.7 0.30 £0.01 2.5 0.24 £0.02 8.8 0.27 £0.02 9.3
3.84 0. 12 3.1 4.02 +0.05 1.2 4.09 +0.37 9.0 3.98 £0.24 6.0
11.56 +0.59 5.1 10.14 +0.59 5.8 11.62 £0.19 1.6 11.10 20. 84 7.6
B - B 0.06 £0.003 5.3 0.06 £0.001 2.0 0.07 £0.001 1.7 0.06 +0.002 3.0
0.37 £0.02 5.4 0.39 £0.01 2.6 0.39 £0.02 5.4 0.38 £0.02 4.7
1.35+0.05 3.4 1.29 +0.05 3.6 1.47 +0.06 3.8 1.37 £0.09 6.5
v - EE 0.06 +0.004 7.0 0.06 +£0.006 9.6 0.06 0. 004 7.0 0.06 +£0.004 7.6
0.35 £0.01 2.2 0.40 £0.01 2.1 0.39£0.02 4.8 0.38 £0.02 6.4
1.32+0.03 2.5 1.23 £0.02 1.6 1.47 +0.01 0.9 1.34 +£0.11 8.0

HE:H: Mg/ml, l’: ng/ml;RSD:}r‘EXﬁ/ﬂ’M)ﬁﬁc
2.5 FrakAEA L B s R R AR AE AL R RO

AR B L REAS A A TR AR B SR
AN T AL 6 U, TR TR 3 A KB IR

[ 86. 6% ~ 107. 7% , FX AR 1EM 2% (RSD) N
1.46% ~9.39% (W3 4) . ZJ7 3 mts BSR4 7
80% ~120% VAN, J5 1= TR B2 v i JE K 5

R4 HEHMEFRE (n=6)
Table 4 Accuracy of the method(n =6)

fba 2&)&@ j]ﬂ’lﬂ?i KR EfE RSD
(pg/ml 5% ng/ml) (pg/ml 5% ng/ml) (pg/ml B¢ ng/ml) (%) (%)

B 0.32 +0.01 0.20 0.51 +0.02 97.0 3.4
0.40 0.67 £0.03 86.6 4.3

0.60 0.87 £0.06 91.0 6.7

25 - OH - VD2" - 14.00 13.91 +0.79 99.4 5.7
28.00 26.95 +2.53 96.3 9.4

42.00 44.03 +1.00 104.8 2.3

25 - OH - VD3" 31.67 +0.84 25.00 57.31 £2.01 102.5 3.5
50.00 82.12 £4.88 100.9 5.9

80.00 113.61 £5.03 102. 4 4.4

a - EHwH 12.75 +0. 60 8.00 19.97 +0.67 90.3 3.4
12.00 24.46 £1.33 97.5 5.4

24.00 35.53 0.84 94.9 2.4

B - EH 0.15 £0.01 0.20 0.35+0.01 98.3 3.9
0.40 0.51 +0.02 90.9 4.3

0.60 0.72+0.01 95.1 1.5

v - EH 1.18 20.11 0.20 1.36 +0.05 88. 1 4.0
0.40 1.61 +0.15 107.7 9.2

0.60 1.80 £0.09 104.1 4.8

Hia: pg/ml, b: ng/ml; RSD . AHXFRUER 22« - " Fam AR H

2.6 FikIyiE SRS UPLC — MS/MS Jy kXt
5[] B ZE bR UEH AR FE BT ( NIST) il 58 F bR i 2 IR
SRM 968f #EA 7Kz , B~ K- 2 IRHCEIIME , 56

WETIEWERG RS, a5 SRR W BR 25 - OH - VD, &
AR BEARS: H Ah | H B 4G 0 248 1 55 50 4 i 22 2978 5% LA
N, 127 BRI 45 R AT HE (K 5)
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Table 5 Results of analysis of NIST standard reference material 968
ot WLEERE (pe/ml) 25— OH-VD, (ng/ml) 25 -OH-VD, (ng/m) o —EE M (pe/ml) B +y - LTI M (pe/ml)
" Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2 Level 1 Level 2
EIUE 0.327 0.658 0. 849 0.167 12.318 15.640 5.15 11.95 1.094 2.63
Kz e 0.330 0.657 - - 12.384 15.576 5.19 12.36 1.141 2.58
2= (%) 0.920 0. 150 - - 0.540 0.410 0.78 3.43 4.200 1.90
T =" FORARK
2.7 FRARME  GHA TR 1T (LT 927 929, 4930
WA A, SO 00 0.22 0,43 (8] IKULWORE Bl 5. At - AL
N AR AT LA PR 4EE 3R DL, BUR TR B2 4%, 2019, 46
ng/ml,25 - OH - VD, & i A A AGH ~5. 19 ng/ml, 25 i) e 110, 0 2 AR pr
PR 22 A PR e
~OH - VD, & &0y 6. 83 ~49. 20 ng/ml, o —ERME (9] o o5, EIRL BRI 61t - TR W5 - 1
BH5.63~12.73 wg/ml, B - EFBEEHN0.03 ~ RP25 R DT, BUR T 2017 44(11) 12050
1.37 pg/ml,y - EFW & HEH0.11 ~ 1.68 pg/ml, -2055.
A3 T T I R LR RE AR 6 ol s v M 4 1 2211 [10] T4 ARG, 93 | 6. 8w RO @3 —— R KRk )
— N . PN SE M e R A 4R R ELT]. PEEY S5 E SR, 2020,
s B ARG
(] B R S AN 26(9) :40 —44.
3 & i (117 WRBR, B IR e, A v AR (335 — = DU AT B 0B o 3 v
DAE Mg h e 3R A FI4EAER B[], DARTSE,2021,50(2) -
AT T i ROBORH €3 HR IR J5T 3 12 [ 301 -307.
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WS | S Al R, JF LUHR 1 A [a] (g A X 22 Fif (10): 1719.
BEVSPEAEAE RICH AR AR E 5220k [13] Shlgalgs, shopka , B I , 26 i {37 2 6 T A 96 2000 A 5 305 3
SRR Phenomenes Kinetex FS (A5 | 2 (8 K ] MR L5 20 M A2 0. b
» g BBRAE :599 - 602.
ISCHE B - LB y - B R, AR FIIPIPRIRE 2020,40010) 399 602
L 20 wl 1S ARSI B 6 R e A 22 [14] SRS, BERIE, AR, 25 LRI P 25 - B4i2E ] D At
i 20l L SLRE DL e A IELAECE 5 T £ — 0O 38 — I R B 1 7 % B R ST
N E==s N Na =t E== & =y vl = N4 N o fozary N
AOINRE o 1205 DA PR AR T R B 35 AR 1] 2 A (1] BARTABIE 2 2019 ,46 (23) 14351 4354, 4367.
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