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Determination of 25-Hydroxyvitamin D in Human Plasma by UPLC-MS/MS and Its Application
ZHANG Ye, GUO Shaochen, ZHU Hui, GUO Chao, LU Yu, CHEN Xiaoyou (Beijing Chest Hospital, Capital
Medical University/Beijing Tuberculosis and Thoracic Tumor Research Institute, Beijing 101149, China)

ABSTRACT OBJECTIVE: To establish the method for the determination of 25-hydroxyvitamin D [25(OH)D] in human plasma,
and apply it in the clinic. METHODS: After liquid-liquid extraction, UPLC-MS/MS method was used to determine plasma sample.
Using deuteron-25(OH)D; as internal standard, the determination was performed on Zorbax Eclipse Plus Cis column with*mobile
phase consisted of water (containing 0.1% formic acid)-methanol (containing 0.1% formic acid) in gradient modefat flow rate of
0.35 ml/min, and the column temperature was 30 “C. By ESI, positive ion scanning was conducted in MRM mode; ‘the’ monitoring
transition ion-pair was m/z 413.2—395.2 for 25(OH)D., m/z 401.2—383.2 for 25(OH)D; and, mfz 104.3—368.2 for internal stan-
dard. RESULTS: The linear range of 25(OH)D, and 25(OH)D; were both 2-80 ng/mi, (7= 0:998 0.and 0.999 9, n=3); the limit
of quantitation was 2 ng/ml. RSDs of inter-day and intra-day were 0.78%-9.42%, and relative deviation were —2.90%-1.95% , re-
spectively. Average plasma concentration of 25(OH)D in 78 health volunteets.and 98 tuberculosis patients were (21.53 £ 6.33) and
(8.84 +4.05)ng/ml, with statistical significance (P<<0.01). CONCLUSIONS: The method is accurate, reliable and sensitive. It is
suitable for quantitative analysis and pharmacokinetic/study-6f 25(OH)D in human plasma.

KEYWORDS UPLC-MS/MS; 25-hydrexyvitamin Dy 25-hydroxyvitamin Ds; 25-hydroxyvitamin D; Plasma concentration
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4000 Q TRAP B! = F PULLFF HR IR 1 85 T Bk & & 2 o i
% . Eksigent ekspert™ Ultra LC 110 &I % A {8335 1 ( 3¢ [& AB
Sciex A ] ) ; Vortex-Genie 2 F e R & 4% (36 [E Mo Bio A 7] )
Micro 21R %I &5 3 ¥ % 25 .0 ML (€ |8 Thermo Scientific 23w ) ;
WD-12 BRI RIRAN (T BB g A FRA ) o
1.2 HR5EH

25(OH) D, % IR i (65 : 21343-40-8, 4l iF =98.0% ) .25
(OH) D; (5 : SLBJ918OV, 4 fif =98.0% ) . 4~ IfL i 1 % A
(BSA, #it % : SLBD3596V) ¥J Il [ £ [ Sigma-Aldrich 2\ 7] ;
6,19, 19-574% 25 3 34k 1k 22 Dy[d3-25 (OH) D% B i (P FF
3% [ IsoSciences /A Al , # 5 : RT3-2011-17, 4fi J& =>98.0% ) ;
B R O sk al, K ok 25 8 T K AR o 4 B4
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2.1 BiESREEY

% 4 . Zorbax Eclipse Plus Cys(50 mmx 2.lymin,3.57im,
5. 959743-902) ; Fii#l: : Zorbax EclipseyPlus Cs(12.5mmx2.1
mm, 5 um, 5 :821125-936) ; s /K (AL 0.19% H R )-H
5 (B, 7 0.1% H o, MMEE B €07~0.1 min, 75% B; >0.1~
2.5 min, 75%%98%B; >2.5~3.5 min, 98% B; >3.5~4.0 min,
989%—75%B; >4.0~6.0 min, 75%B) ; 71 : 30 °C; ik :0.35
ml/min; HEFEE: 15 ulo

S LS 55 25 IR (ESD) , A2 J iy Wa ) (MRM) A5 584
i, 0E BT ORI W 25 H R 0 5 500 V5 B U I
500 °C, A7 (NL) I8 : 10.0 L/min; ZFEHE A D HE
TR A0 513584 90,1010 V5 F 2307 B9 51X 43 1A m/z
413.2—395.2[25 (OH) D, 1 5 f &5 FXF , il BB 5t 2 13 V].m/z
413.2—355.2[25 (OH) D [ %E M 3 75X, Mig# RE =« 14 V].om/z
401.2—383.2[25(OH) D [ 5 f2 &5 7 X, il g it : 13 V] m/z
401.2 — 365.3[25(OH) D [ P 25X, Bl AB et : 17 V]m/z
404.3—368.2 (N FRAYE =& X, REFERE R : 17 V) o SRR
Y L2 2 S e s I I LI L
2.2 BRBEIE

A FREL 25 (OH) D, fl 25 (OH) D: X 18 51 45 1 mg, Jiin F fist
1.0 ml 71, TRAT, TR 25 0 MR B 25 1.0 mg/ml A IE 2%
TR 5 T LR B TEC T R 3 R R B X Sk 20,40, 100, 200,
400,800 ng/ml (1) Vi 1 £k T 46 3 AN 5+t 46 B 1 R 60,400,
640 ng/ml (1 RE T TAER
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Fig 1 Chemical structures and product ion scans of 3 ana-
lytes
A.25(0OH)D.; B.25(OH)D;; C.d3-25(OH)D;

K B PRI BR T B, 1 mg, i NE 1.0 ml i, IR 5T, BT
i UBTHEAE h 1.0 mg/mil P PNARIY 25 Y 5 P AR B, LT A
ST BT v B (A AR VR

R BT —80 C T MOGIRAE, £ .
2.3 IMEEHFREILIE

B (BRI L 5% BSA ) 200 ul 51 A 21 400
wl (5 FR, LR 0. ng/mD), IHETR AT 10 s, I F &
B 10 min J5, MICRGE B 515000 pl2E R, 2590 T Mgl 4 10
min, T 4°CF , 13 800xg 550> 10 min, A5 W H 235 800
W B ELE T IR T LS s T 5, 150 % HBK
W50 pl %, ARSI 1 min; T4 CF, 13 800xg #5.0> 2 min,
T RS TR R
24 FEFER
2.4.1 LJEMAEEE IS 5% BSAEM (L 2A) (7 25(0H)D,
X BRI 5% BSA %W (J5T 15 ¥ B2 24 40 ng/ml, WL I& 2B) (&
25 (OH) Ds X B 11 5% BSA % (J5 32 4 52 40 ng/ml, U &
2C) EINBRIY 5% BSA R (BT vk B2 40 ng/ml, WLIEI 2D) |
1 {3 52 32303 1 IR (DL IR 2B ) 1 1 003 45 4298 5838 19 I
SRR (LR 2F ) 4438 4, 322,37 I B I VA R L BERE 0T
SRR E 2. WU FRA) S AR TE R AT, MR
PEVIBORTHEIE o S (3 (] LI 2,
242 PRUERMZRMIZH] KSR 5 % BSA VM Jirds T i ik
B BRI 4 AR A5 1, 43 SIS Al 25 (OH) D ot 2 k JiE
72.4,10,20,40.80 ng/ml, 25(OH)D:JFT ¥R 4 2,4 ,10,20
40,80 ng/ml FYIEWL, Fi“2.3" T T ik Ab BRI  EREATHIT , 05k
IR L DATRIN 55 AR T e B 1 O (o) SR Al b L
WA TR %) LUARL () AR , T INA R/ N — e e A T4k |l
AE T2 1, 15 BHE 5 R 53 318 p0:=0.010 8xp,+0.006 7
(r=0.998 0, 7=3) . y5;=0.032 9xps+0.027 7 (r=0.999 9, n=
3), MM, 25(0H)D,.25(OH) D Ifi 253 J& 75 2~80 ng/ml
JEEI N Ltk R R AT -
2.4.3 T IR FRELE 250 25(0H)D.. 25
(OH) D, JFi 4 E 244 2 ng/ml 1Y 5% BSA IE 45 5 1y, $¢42.3”
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A. 5% BSA;B. 5% BSA+25(0OH)D,;C. 5% BSA+25(OH)D:;D. 5%
BSA+N PR ; EA#FEZ 0 ML A+ bR s A5 RAE S+ AR
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Fig 2 Representative chromatograms
A.5% BSA; B.5% BSA+25(OH)D,; C.5% BSA+25(OH)D;; D.5%
BSA+internal standard; E.plasma sample from healthy volunteer+inter
nal standard; F.plasma sample from tuberculosis patients+internal stan-
dard; 1. 25(OH)D.; 2. 25(OH)D;; 3.internal standard
WUR oAb s EREIILER S5 R, TR B v T, A
5V 1R S 0 Jo el B P JBR S vk B 1 90 % ~110% 35 [l
N, 25( OH) D, F 25(OH) Ds 1 5 1 T FR ¥4 2 ng/mi[ {5 W L1,
(S/IN) Z901, -2 9 A5 B, 15 W0 46 DU T BR4 0.5 ng/ml
(SIN=3).
244 FEWEZSWEREAL KRG % BSATEWR P i
VR B A0 TP i AR S i, 20 RE A 25 (OH) DL A1 |
Hh R R (6,40 .64 ng/ml, F[A]) A1 25 (OH) D fik . H
Ji v 2 (6,40 .64 ng/ml, F[7]) A BTHEAE A, 442,37 T T Jr i
AEPRSS  ERE AT . B BT VR BRI REA T, S E 3 d,
HRAIE 24 H Ao 2 35 A A it i) S0 o 6 MR B, 25 8 5 1k 1Y
TR 2 FURE 8 5 . RS DA X AR 1fE 22 (RSD) Sk 320K, 1
55 LAAH T i 22 (RE) 2K R o 452 R, 26 (OH)D. M H N
RSD 4y 4.33% ~8.42% , H W RSD A 4.49% ~9.42% ,RE jj —
1.83%~1.95% ;25(0OH)D: /) H N RSD 4 0.78 % ~5.08% , H [t
RSD 4 4.39% ~8.78% ,RE ) —2.90% ~1.83% . Fi% % 5k
RS A R IR 1,
245 FUETERE  4MIECHI 256(OH)D.F1 25 (OH)DAK o |
o O B R E TR i, O VAR BB REAR AT, 43 i) 5 B
FEZ (25 C)LE 0.2.4 h, i T THEFER % E 0.2.4.8
h, 22 J77 3URREER, —80 CLRAF 1.2.4 .6 D 456 T HER
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*1 BEESHERERBRER(X+s,n=5)
Tab 1 Results of precision and accuracy tests(X+s,n=5)
Mgkt Hi Hi

S T
[ ong/ml SRR ng/ml RSD,% RE,% SRR ng/ml RSD,% RE, %
25(0H)D; 6 5.8940.50 842 —183 6.04+0.57 942 047
40 40.78£2.67 654 1.9 39914277 094 —023
04 04.08+2.78 433013 04.774291 449 120
25(OH)D; 6 6.11£0.15 25118 592052 878 —133
40 38841030 078 =290 39.66+1.74 439 =085
04 62324317 508 —2.63 03.574449 706 —0.67

BNk AR TIR A BRSNS R R E
LS ik B2 B PR VR 14 i 22 AN £ 159%
2.4.6 [R50 5% BSA VRN 258 F K Mg,
Jic il 25(OH) D, 1 25 (OH ) DAR  H i o i vk B 45 4 it 45 5
By F 2,37 BT PR BRI SRR S BT AR Y H bR it
SEL ST 3t v e O U Y LU, 5 AR I AR X ]
W, I L 509% FEE K W R R B 25 (OH) D. i 25
(OH) DK Hv | o Jot s vk B8 ST s A 45 5 10, ANHEA T JR T D00E
A AEZW T AR 2/ SR TS, 150 % W /KR 50
SV IAHERS) 1 min, B FIFRBERE ST, LA A Sl A 0 1
TR FIR DL 5% BSA H RN 25 257K R I 5] 1) Jo 428 1 il Fp Ui
TR, BB gt e, RICRIRIR A R LR 2,
F2 EIERAELER(Xts,n=5)
Tab 2 Results of recovery tests(x+s,n=5)

5% BSA FEFK
TN, % SRR, % MRS, % ok, %

B R g

25(OH)D, 6 100.00£8.03 0544 1038721267 71.29
40 101944 6.67 337 98301645 61.52
64 100434 34 50.64 96.13£2.48 59.13
25(OH)D; b 101.87£2.56 4128 104.13£6.76 4523
40 103.80£3.27 31.06 102.67£3.16 3551
64 104.75£9.29 33.63 100.25£ 191 38.03

A, R 25 (OH) D, 25 (OH) Do A% L H e B G i 38 B 45
E A 5 A, $ 4237 IR AL BRE  HEREI E , FE A AN R
JREEFER SR IR . FERHF (% ) = LA 5% BSA IR M7
FA) 0 4 R i 1 068 T AR/ A K Sy 5 3510 1 I 4 e i 14 0 TG
100% , ARG IEFFE T R F (% ) = L) 5% BSA RN
SRR S TR 5 AT Y AR/ LK R 130 B S PR A I g 0 T
TS BRI FEE > 100% o 45 5 B oR , A7 3207 LU %50k g 3
SRR o FE AR N IR 4 R UL 3
x3 ERYMABER

Tab 3 Results of matrix effects tests

247 FEFR L LA 5% BSA N2 B F KR
I

B TRRRIE, ng/ml ZS(OE—UDJ 25(0?)[)3
HREFF, % WERERERET, @ BREETF, % MHERENERET, %
6 §7.82 96.20 9149 98.80
40 §7.60 103.80 87.95 101.00
64 85.72 104.20 88.57 104.60

2.5 KA A

FFAAIRIG HE 7 1Y UPLC-MS/MS B 5E fit e 73 & Ko 485
W0 B 3 v 25 (OH) D, 5 25 (OH) D, (VR , I 5K 45t
25(OH)D I 254k 5 , LA S AR N 4B 2 D K. il
ZARBE A 18~65 %, 43 AT RA AR 4, Ho xR %2
R T8, M TCLE A 1 HICEE ARG ACHE AR A filt 2 1503
HBH A2 908 4, IR B 20154 2  —20154F 4 A AR:  H.
WL N A5 1 R, HERR P i I IR 4E2E 25 D sl dh 4 Ak
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BH . AR T ELRBEEFCIEZ W g, irg %
E R [ I 28 AE W 45 .

i ZRE RS BK 12 hE, TR H RG2S JE §r R 1
3ml, B FHEPEEH, F4 CTF 1000xg .0 15 min, L
WG 2.37 I iR RS BT . SR SPSS 19.0 481 T
Ay AL FRPTAS B0 o T BT DAy £ 5 FoR R oK
B0 s TR RI L % 3R R A K. P<<0.05 foRZRA ST
E -9

K625 R R, R 4H 25 (OH ) D -84 1 25 ¥ 1% %) BE
4, ERAG T FE L (P<0.01), FRIAGAZR B g i
K D KE B AR TR AT, LA 12,20 ng/ml 4 BIVE M4k
EDEZ A BT RE 53 F S W P 22 AN R 4
Z DRI, LWL A 7K 32 I I L o R g 2 S
IR, B YRR DS B0 B T R iR D
FUEH A L) AR T R AL, 2 R St E L (P<
0.01) , #&R4EAER DELZ M ARFA AT RE A 5 B 4%, 24
ZIAE YA R DA ELE R LR 4.

T4 2HZHREBELEZDKFEUELER (x+5)

Tab 4 Vitamin D status of all subjects in 2 groups(Xs)

25(0H)D FEZD FEZDAE  fEEDRR
am o Tz Bz (<2ngm)  (12~<0ngml) (220 ng/m)

e ng/mi R, %) B, %) B, %)
WA 21534633 4(51) 30(385) 44(56.4)
BEE 9% 8.841405" 82(837)" 14(143) 2020)"

XY A, " P<<0.01

Note: vs. control group, *P<<0.01
3 it

A EZE DR R T 2 — AN B s eIk, e Ex
TEE R SRR AR R T BRI i A R, AR
TRIGR T BB R, ARG R U B TR A T AL
FRIFP/INT VT Al H bRIGIETE BEAE , Jy 2k (R e S M RS A
FEWRARRRTE . AN B AR AR TS T 50% P KT
50 Wl &I, 50146 200 wl (RE SR BURREL Ve 46 T4 s Ko $2
e TR Y R

Y 2 D R PIENEDIR, fd SRR 2 P R A A E D
TS BEAE Jy s (U i O\ BUB (W 24 38 DI SE i K208 A4l
IRAE s A EE I 22 S 3K, [l st Z20 6 1 1 5 2 1
DLE XTI E BT 7= A R o I P B 7K 60345 90 9% ~92% , T/
BN AE A WRIEL R 5% A 2Rk 5% BSA
VRS LK AR bR UE IR 2R o = T B B SS4a A 1 BF
FRIETT (1 V27 25 5 BT RO AE S A B 20 T I ol [l
WA 5 ST A, 43 I L 5% BSA VAR 25 B Tk SRR
SRR b A AR X (B3R 2 BN K, EL 4 0o [T R P4 AT, 40
A REEH TRES T A R D S AL G SRR Ab
PRI R — R R TR

TERFIE 2L FE o, 28 B0 2 8 0 L 2R i A B AU I
BRI, 2 LI SO A 5 FL R AR A, A
SIRTHe i 4 BEIF TR O 5, R & B B R A A i s
AR T A B A ) 2 4, DABICHE K T B ARSI e 75 1 ) [
I, ARG e R T - T A U A B 2 o, ol A i
A PRS0 445 e EL SRS A o Ak, AR d3-25(OH) Dy e =
BB TR miz 386.3, (A ZE R I A b R B, IS A1
T, BARigSS 0.5 min 4G 1T 1 2% ST, TR i Sl AH 4%
PR TCIETE R T E T YRR e BT I BZ AR
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FETIREE R m/z 368.2, LIHERRZL i T4k
H i, A5 280 )5 25 (OH) D MR, A0 55 5 e 2R 11

G55 AT T A PR S vk R RO €335 (HPLC) 72

LC-MS/MS 756, i A f5e i i T S e Ak 2 o0 W s HoA i

PR A BAR AR AH i T UM 2 ) 8 58 ORI A i%7 1%

MR SR 22 K I 45 8 B 1 I PR 5 17 HPLC 3263 4 75 22

X E I A HEA T4 A S P S A I s A TAG I, 454 A2 2% HL

RIFUZALT LC-MS/MS LY, MEZF, LC-MSMS LR A R

B R PRI AR AL IS TR N RO BRI . At

B N7 ) UPLC-MS/MS i, LITU A 2 DO IR SR AR

Ve, 5 HPLCAH L , It e it et B /0 (0 5 ek [ SR 5 55945

A (LC-MS) I AH H , R B2 FIORS B B2 B g, o o T BIRTARS

TR FHh, AR TTIEHAT T 8 BRI ke B 5 AR

PE RS E BT BRGNS BR O %25 B2 0 REAf EE | [l i |

LSOO, e PESF IR, PRAIE 1% AR AT EE

L5 LAk AT BT 57 9 35 GE 19 UPLC-MS/MS i, PR

HATRE, RO R 8 T ARAS I M 25 (OH) D ik

B2, P MR LE A 5 D BYAKCFRBE TR , to R AT 4

A2 3R DK S AR ARG SR AL T 22

Sk
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