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HPLC-MS/MS il 7F 25-F4#4£E D
AiENEIIFEARMEREIEN

R OFLA E.KR 20
(AHERXFHELTREEEREFLRA/ REAmEy THH LR TELERE

#H E.BH #i—#rwhiF 25-F%4 4% D2[25(OH)D2]4= 25-% 4 4 % D3[25(OH) D3] 8 & 2L & 48 & 3% & B ik
(HPLC-MS/MS) # ik, A A FHEMWG EFNEALEZ DARF, HiE ABEREEZHFEE 25(0H)D2-d3 # 25(OH)D3-d3 4 &
AR A AR AR AR S R AR G R LR R G, E TR, £ A HPLC-MS/MS # K # 47 4 #7 . Bl & 48 4 Poro-
shell 120 EC-C18 E &4, " 5 & F R (ESD. % & g ¥ m 4 X (MRM) , TR A& 4 275 C, FHRAAA 10 L/ min."fEEEA A
50 psi, & & W EA 5000 V, AT EL(80%) A=A 4K (20%0) H iR ShABBEAT 4 B 2 L, iR 2% % 0.5 mL/min, B8 % 50 C, &k
A#HEESLABEREBMBEXBITEZEIN., R 25(0H)D2 42 25(OHID3 Ak @Ak St B ey R-F L AR £ A HH
K TF 0.995, 4 H R (LOD)3g 4 1.0 ng/mL, £ TR (LOQ) £ A 4 2.0 ng/mL # 1.5 ng/mL,25(OH)D2 #t A F= % T F & 2 5 F)
% 3.01% ~5.23% A= 3.45%~8.72%,25(OH)D3 b A A= & K F 2 45 M A 1. 7826 ~3.43%4n 2. 1900 ~4. 16 % , 4 51 . 5 A H
105. 4% A= 98. 0% ~104. 9% , mAf w M F 2 5] A 99.67% ~103. 92% F= 98. 72% ~104. 04%, #if AR & 54 HPLC-MS/
MS 77 ik A e i 25(OHDD2 F= 25(OHDD3 RALE & e #4F . TH TH MG R FN L ALEEZ DS E,

KEEW:25-A %A H D wAE#EE; FBRAHEK
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Establishment and evaluation of a high performance liquid chromatography-tandem mass
spectrometry method for the determination of 25-hydroxyvitamin D in serum”
ZHAO Ping ,ZHOU Hui ,ZHANG Man*
(Department of Clinical Laboratroy ,Beijing Key Laboratory of Urinary Cellular Diagnostica/Beijing Shijitan
Hospital ,Capital Medical University ,Beijing 100038, China)

Abstract: Objective To establish a high performance liquid chromatography-tandem mass spectrometry method (HPLC-MC/
MC) for the quantitation determination of serum 25-hydroxyvitamin D2 [25(OH)D2] and 25-hydroxyvitamin D3 [25(OH)D3] and
to be used for routine clinical evaluation of Vitamin D levels. Methods Serum samples and standard samples were mixed respective-
ly with 25(OH)D2-d3 and 25(OH)D3-d3 (internal standard) and treated with ZnS04 solution and methanol to precipitate. The re-
siduals were then analyzed by HPLC-MS/MS system carried on a Poroshell 120 EC-C18 column. Electrospray ionization (ESID),
multiple reaction monitor (MRM) ,dry gas temperature 275 ‘C ,dry gas flow 10 L/min,nebulizer 50 psi capillary voltage 5 000 V
were performed. The column temperature was 50 ‘C with linear gradient elution using methanol (80%) and water (20%) ,and the
flow rate was 0.5 mL/min. The quantitative analysis was performed by selective reaction monitoring mode of heater ESI. Results
The correlation coefficients between the peak area ratios and 25(OH) D2 as well as 25(OH) D3 concentrations were higher than
0. 995. The limit of detection (LOD) of 25(OH)D2 and 25(OH)D3 both were 1. 0 ng/mL and limit of quantification (LOQ) were
2.0 ng/mL and 1.5 ng/mL respectively. The within-run and total coefficients of variation of 25(OH)D2 were 3. 01% —5.23% and
3.45% —8. 72 % ; within-run and total coefficients of variation of 25(OH)D3 were 1. 78 % —3.43% and 2. 19% —4. 16 %. The accu-
racy was 105, 4 for 25(OH) D2 and it ranged from 98. 0% to 104. 9% for 25 (OH) D3. The recovery rates of 25(OH) D2 were
99. 67% —103. 92% , which of 25(OH)D3 were 98. 72% —104. 04 %. Conclusion A HPLC-MS/MS method for serum 25(OH)D2
and 25(OH)D3 has been established. It is sensitive and accurate,and can be used in the evaluation of vitamin D in routine clinical la-
boratory.
tandem mass spectrometry

Key words: 25-hydroxy vitamin D;  liquid chromatography;
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M AR B eI PR Bz N T4 A R D s, HR,
H1 T B AR 1 28 S R R R A o 0 2 T IR R BB X 25
(OH)D2 Fi1 25COH) D3, HAS I A4 o B v (B A R AT . B A0
A 6, 3% - 5 B 5 1% 1 (HPLC-MS/MS) RE 5 45 34 X 4% 25 (OHD
D2 #1 25O D3, 3 H R R & #0A S 2 I L g 25
(OH)D 1y & 45 ™ . ABF5T & 76 8 37 — Fh kg Peadt , i fi L R
5 HERA Y I B L T 25(OHD D2 F1 25(OHD D3 1 J5 ¥
6 RS VHE 00 Ay £ A N 2 A 3 D K T SR R AT 5 A AR 4

1 #R5FE

L1 {UBARF 2R 1200 & 000 0 3% 1 22 5
6460 = H 515 PO AR AT BT 3% A8 5 3¢ [E Agilent 24 F] 55418 B0
ML F 7% E Eppendorf 2% &) ; GENIUS 3 Ji i V8 & #4 W [ 7 =]
IKA 22w Ak AL 3 & 48 3 2% [E Millipore A ], 25(0OH)
D3 monohydrate & 25 (OH) D2 #5 i & , 25 (OH) D3-d3 1 25
(OH)D2-d3 8 7& [6) 2 R A7 . /N4 i DL & R i A 2%
Sigma A&, 25(OH)YD2/D3 J5 445 1ML i W B 72 [# Recipe 2> ],
SRM 972a % Y114 A 3 E B 5 b 5 8 A BF 5 BE (NIST),
o, 33 4l FRE L 21 A IE 2 e I H 9% [ Fisher A

L2 Jrik
121 ZE M MH % H2. 14 g Na, HPO, « 7H, O,

0.268 g NaH, PO, « H,0,0.9 g NaCl 1 5 g /N4 I 15 45 K1 V%
F 75 mL gk, 1 mol/L NaOH 875 pH & 7. 4, % %
WHR E 100 mL 58 A, K& & B 205 .4 CukA
RAT .

1.2.2 BRUEFRT AR R G EC R 43 50 e AR 25 COHD D2
1 25(OHOD3 FRAE M & 1 mg A EE 0. 5 mL & ##, 584018
A) WL AR 2 me/ml bR AE G A A . N 2R I A gk
TR WK 25(OH)YD2 F1 25 (OH) D3 f b U 1 #5143 Bl kG 2%
BRI KR 200, 0,100, 0,50, 0.25.0,12.5.5.0 Fl 2.5
ng/mL AYFRAE S AW 58 3¢ 150 pL 43 %, —80 CIRAF. AL
il 25 (OH) D2-d3 Hi1 25 (OH) D3-d3 P 47 B BV T - 1 7K Sy
1000 ng/mL, #AFRERTHET 1.5 mL ZHiH, —20 CR
.

1.2.3  brAdil KRB 150 (oL A7 3 80 A 0LV BR A% L 43
ST 1.5 mL A£G 15 w1 1 000 ng/mL ARG - &
SRIRAT N 150 p L 400 A0 61 R 4 K VA T, 0 300 L Z G 163 JiE 7%
% 30 s, E R E 15 min; JIA 750 pL IECKE, IIER T 30 s;
13 000 r/m in &0 5 min; I 34 0.5 mL A G AE L=
T AR T, 200 pL FHEE = K (75 25) B, R R S 30
S,

1.2.4 @453 5 (35 1 4 Poroshell 120 EC-C18
(2.1 mmX 50. 0 mm, 2. 7 pm); K 50 C; i # K
0.5 mL/min; #FEE N 10 pL; W ENAH: Wl AH A S 4k +
0. 1% H . Vi AH B R EE+0. 1% B R, SR FIBA B vk It
0.0~2.3 min 80%B,2. 3~2. 4 min 80%B,2. 4~3. 9 min 98 %
B.,3.9~4.0 min 98%B.,4.0~5.9 min 80% B, JRiES 4. 5T
Y5 LT 55 B3 1R (ESD ; B 782y IE A% T4 AR 275
Cs THAU N 10 L/min; M55 85 1 J1 R 50 psi; BAE BLEA
5000 V, Jii%Z kO WAL (MRMD 2500l 3% 1,

1.3 kit SEEE SRR E IR (FDA)WAEY
Sy M5 R B TIE T DU A T X B 57 9 HPLC-MS/MS i 17 37
Sr R IRIE .

13,01 Ay il 8 04 2 r BOR I B PEAL o PR /0N 2 I s e o
25(OH)D2 1 25(OH)D3 £ 51 7K - 19 #3 A & % 48 1- A HPLC-

MS/MS £ #E 470 5 5 DAAR HE 3 WK -2 X%l A o AP AR
ETHTFR Y LB Y S, SR AT 2k [ E A3 BT, 21/ X AL R A5 [
ISy 0 VA i [ o N T A s A AANE g =
TR M AR A 25COH)D 7K. DAMEMELE (S/NDRF 3.3 Ik
MEAEF REBCCVI/NF 20% A K H R (LOD) ;s L S/N K F
10.CV/NF 20% A EEBR(LOQ) .

*1 Rig MRM $#

LA MRM MEARE R PR OE B A 9 i
Q% (ms) V)
25(0OH)D3 383.2~401.3 106 100 4
159.1~401.3 106 100 24
25(0H) D2 395.3~413.3 106 100 4
355.2~413.3 106 100 4
25(OH)D3-d3 386.3~404.4 106 100 4
25(0H)D2-d2 398.3~416.4 106 100 4

1.3.2 RN X &AM Rk 250D iR &
BT LT LA B o e K BT IV HEAT 3 W AT 4 AT
B MLYE A AT 3 0. B A AR 3 U A S5k

RS % % .
1.3.3 EBHERIE  25C(OH)D3 [ i i B 36 F F) A BT 7% 2t

ST NIST A iFARY SRM 972a [ 3 7K Level 1,
3 1 4,25(OH) D2 HERf B2 3 ik F) F SRM972a 1) 1 A~7KF Lev-
el 3, H G M 3 K. BTy uEd .

1.3.4 e E ks RS i 4 5% i 25. 0,125, 0,
250. 0 ng/mLAIR A FRAE IR A 25 pL, BEREHFE 3 1R,
FHRUIAE [ i

2 & ES

2.1 Bk drai R AR S0 T b B AR MV L TR A &
L3 - 25COHY D2 K N A B9 44 88 1 ] 2. 0 min, 25(OH) 3 &
AR 4 A BE IS 8] 24 2. 2 min, 43 A7 1] 24 5. 9 min. 4% B0 43 8
RAF. HOR T4, L 100.0 ng/mL F5 & Sk 41, H 88 7 &
MRM [, LA 1.

2.2 25(0H)2 1 25COH) D3 B b5 vfi: il & A I BR A BF
FHEME 2. 5~200. 0 ng/mL 1 F7 4 7 A 7 1 £k . 25
(OH)D2 f# 8] JH 7 # Y =8. 603 485X +0. 010 245, P & &
B(R?)=0.996 2;25(OH)D3 iy [E 4 J5 N Y=9. 082 428
X+0.012 153,R*=0.997,25(OH)D2 HI 25(OH)D3 7£2. 5~
200.0 ng/mL JE BN 2 BIFMLM X R, WE 2, 25(0OH)D2
1 25(0OHYD3 1 LOD ¥k 1. 0 ng/mL,LOQ 4+ |4 2. 0 ng/
mL I 1.5 ng/mL, J5 & B A 5 19 2 G0, BB % 1 2 I IR IR
K4 3 D e E BT R R

2.3 RSB ARG T 3 A K TR I v RE S L3
AIKER A 25 (OH) D3, AL &l 1035 1 Y 25 (OH) D2 5 4%
PRI LN IR 3 AN KPR 4% 3 LR e &4 25 COHD D2 Al 25
(OH)D3],6 F il v 43 FI#E AT 3 T & 4B & K & A il &
ST 3 L EE R R 25(OHD D3, B CV EHE N 3. 07%
(2.19% ~4.16%) . #L N CV Hy 2. 38% (1. 78 ~ 3. 43%); 25
(OH)D2 i CV I B{l ly 6. 32% (3. 45% ~8. 72%) . #t
CV 7y 4.28%(3.01%~5.23%), W3 2, [ 0F i A 1l 1
W78 (B Y 7 H 25 8 0 Y B R AR 7 B R U ARG
2.4 WML ABESCR A NIST A IEAR Y SRM 972a jE
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TTHER B IO . 45 R 5 R 25 (OH) D2 [ M i ik 105. 4% ,25
(OH)D3 BYHERIEEZE 98. 0% ~104. 9%, W3 3, WIRNi%XT 1

HAT 5w v i

x2 HPLC-MS/MS 4 #7 25(OH)D2 #1 25(OH)D3 W Z E
25(OH) D3 25(OH)YD2
i :
i (ng/mL) SEEIHEN CVOD) B eV I (ng/mL) SEHHEN CVD MCVEYD
S1 9. 34 3.09 4.09 - - -
S2 21.21 2.01 3.21 - — -
S3 34.17 1. 65 1.87 4.34 5.23 8.72
Ql 9.32 3.43 4.16 8.43 4.67 7.43
Q2 18.12 2.34 2.89 17.45 4.21 5. 67
Q3 44.32 1.78 2.19 20.12 3.01 3.45
T — R AR TR LR TR
X102 |+ES! TIC MRM Frag=106 OV (= -> =) S1-r001.d Calibeation Curve x
1 25-0H D2- 7 Levels, 7\,&“0‘« 7 Foints, 7 Points Used, 0 QCs
o § e .
08 § 18
: i
04 o8 L
03 gf
% .
21 Go1 § ob1 okz ofs obe 0% ol ob7 obs 0B 01 ol1 0%z 01 o4 0is 0% 017 0l ol 0z of 0k 0B
A 02 04 06 08 1 12 14 16 18 3 22 24_26 28 3 32 34 36 38 A el
Counts (%) vs_Acquisiton Time (min) Calibraon Curve x
x10 " [+ESI MRM Frag=106.0v CID@4.0 (4013 -> 3832) S1+001.4 250HD3- 7 Levels. 7 Levels Used, 7 P, 7 Poets Used.0QCs
1 a 3; y-!CﬁZﬂ_ﬂ'x_—DO‘lNS}
55, § 2 Re-comun
4: & 22
4 $ 2
3s. Ei
3 125
25. 1
2 7S
1% VOTS
D; 2 B G obz obt o ob o1 012 0 016 018 02 02 02 0% 08 03 O0R
= Relste Concertrabon
B 0z 0s 0c o8 1 12 14 16 18 3 22 24 26 28 3 32 3: 36 a8

Counts (%) vs. Acquisition Time (min)

x10 7 |+ESI MRM Frag=106 0V CID@4 0 (401.3 -> 383.2) $1-001.4

of¥ =

22 24 26 28 13 32 34 36 238
Counts (%) vs. Acquisition Time (min)

c 02 04 06 08 1 12 14 16 18 2

x107 |+ES MRM Frag=105.0V CID@4.0 (4133 -> 395.3) S1-r001 &

1 I R S S R — e

02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4
Counts (%

%) vs. Acquisition Time (min)

%10 |+ES1 MRM Frage106 0V CID@4 0 (416 4 -> 298.3) $1.4¢001 4
5

o M / \ |

E 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4
Counts (%) ve. Tirme (min)

X107 |~ESI MRM Frag=106.0v CID@4.0 (404.4 -> 386.3) S1-r001.d

F 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38
Counts.

(%) vs. Acquisison Time (min)

WA R BB FEAIERE B R 25(OH)D3 (i) MRM % & : C 35 25
(OH)D2 fy MRM 3% & ;D Jy 25 (OH) D2-d3 (f§ MRM & % & E
25(OH) D3-d3 i) MRM {434 ,

& 1 25(OH)D2 #1 25(OH)D3 LB MR
HPLC-MS/MS 43 1 &% &

H A H 25(OH)D2 bRkl 28 s B 4 25(OH) D3 b5 i il 28 .

B 2 25(OH)D2 #1 25(OH) D3 B4R # #h 2
x3 HPLC-MS/MS ix# i 25(OH)D2 #a 25(OH) D3
SRM 5 A 1

25(OH)D Mg ) i f75 WA
972a (ng/mL) (ng/mL) (%) %

25(OH) D3 L1 30.61 30.01 1. 96 98.0
L3 19. 80 20. 77 4.90 104.9

L4 55.40 54. 34 1.91 98.1

25(OH) D2 L3 13. 30 14.02 5.41 105. 4

LD A LA & 3-epi-25(OHD D3, Hfr L1 1 25(0OH) D3 2
28.8 ng/ml,3-epi-25(OH) D3 3 1. 81 ng/mL; L4 1 25(OH) D3 H
29. 4 ng/mL, 3-epi-25 COH) D3 % 26. 0 ng/mL, Jif JT] § {8 24 Hy W5 &
Z A,

2.5 mAERICE ABFRINE 4 RORKEE IR A g (25 (OHD
D2 H1 25COH) D3 1y & (5 4> %14 2. 61.23. 6 ng/mL]¥E 0 3
Fh K- (25.0,125. 0,250, 0 ng/mL)25COH) D2 #5 # 5 14 17 i
FAr R 103, 92% .100. 68% Fl 99. 67 % ; 25 (OH) D3 #5 #fE s
1) [ 26435 SF7 102, 22 % .98. 72% 1 104. 04 % . 32 B #5304
25(OH)YD2 #1 25 (OH) D3 78 4 iff 5% 4b B b 78 rp B A 3 F

Py oAl eI ET
3 it it

A 2R D AE AR 9 A A (1R BEAE B i D7 1T, AE i
IR o M L7 R R Lk T S R S TRT 194 A T Al 3
ZPEM. AR DIEAKRA EELIgEAER D2 Mg AR D3
PIFNTE A 7 A EZORIE T /Y. 5 & 2R T LM
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ST B RR P AR L. PIRP4E A 2 D 7R BT E b 2 0 AR 2R R 25
(OH)D2 1 25(OH) D3, W # 76 14 P9 2 = W 8 K, HAKP 8
LR R R DB RN AR RS, BT 25(0H)
D2 A1 25(OH)D3 R IEAS A . 3 H A W) 2% 2800 58 B2 AT B AN [+
B B FT 0N Ry 5 %o 8 3 3R A 4 S 0 L (B A T 25
(OHDD 177 ik F2 22 5 1 ) F S0 B0 1A 527 1) B 928 25 J 8 11
Horil) 77 2 HOR R X 40 s 25(OHD D2 i 25(OH) D3, #8843 75
BALARI E 25 (OH) D3, X o 8 P74k i 9 4k A & D KA 1R
KR BRAEDY

Fifi 2 €8 1% 1 B 3 B R 19 R e, HPLC-MS/MS 43 #7 4 AR Bk
M HFAEAZE D WK, B+ HPLC-MS/MS J ik 5 57
J3E RN B B4 e R A O LR IR BRI il P 25
(OH)D2 A1 25(OH) D3 [ 7K - # A F il 25COHDD 1y 4
PRk, HE 7 T AL #EORT BT % 43 BT & HPLC-MS/MS £ il 25
(OH)D (g 2 ARk B8 . AW 5% v il T 2 8 A0 70 6 R
DUVE MLV & L IF H IE C e $ B 25 COHD D, 2R F 3 20 A1
% , Poroshell 120 EC-C18 (2.1 mmX50. 0 mm, 2. 7 pm) {2 i
FE L IE LR EERK G S gl A8 40 BT B R1 D 4.9 min, ARBIEZE B4R
7S I A 3 7 9% R0 BT RS A3 BT B D 2 A PR b 0 A 3 S 5 O 1k 1
P, I HgEXT 25(OH)D2 1 25(OH)D3 4351 % &, 3& FH T
M6 PR e A A . A B 5 [ B R A 25 ) NIST SRM 972a
TEAR 0% b5 HE VS WA AT SE(E 45 % v R 2 E B ST AL, R
SRM 972a fJ7KF Level 1.3 Fil 4 B iE T J7 ¥k RO ER 1 . 45 R &
7~ 25(0OH)D2 F1 25COH) D3 # i ) 7E98. 0% ~105. 4%,

BTG S 2. 5~ 200. 0 ng/mL, 25(OH) D2 i
25(OH)YD3 ) LOD A1 LOQ 4354 1.0 ng/mL #1 1. 0 ng/mL
& 2.0 ng/mL Al 1.5 ng/mL. %46 I 38 B A0 R 5% AE 0%
WR4EEZ D A F R 2, 5 SCRR R E 0 LR PE P AR
FEMITE RS B R &5 2R WO AR 5 ¥k 25 COHD D2 it py
CV<6.00%, % CV<<9.00%,25(OH)D3 #t Py CV<<4.00%,
M CV<5.00%, ABFFEH 25 COH) D2 [/ im £ [l i 2 1 78
99.67% ~ 103. 92%, 25 COH) D3 fin k& [ i Z 75 98. 72 % ~
104. 04 % , 48 7R ATy 6 7 B A% b B3 72 v B0k 0, B T &
AT 5T 0 2R Pk BT A R B R o A R G R BE TR M AT A R B
FDA 144 53 87 7 2 56 UF 5 00 4 o %of 42 57 1) HPLC-MS/MS
HEAT H A R 40 UE 1Y K

WG IE 3-epi-25 (OH)D3 £ 5% 25 (OH) D3 Ji % 1
B 0 25 L H i T R 3-epi-25(OHD D3 5 25(OH) D3
195 F KN IE G548 L AH — A 52 ) Jr 1) b i 22 5, &
R TN 3-epi-25 (OH) D3 1 25(OH)YD3 B3 X 4+ F. 1
WA BTN R AR 3-epi-25 (OH) D3 7K - AR X 8 AR AS 32 0 %
25(OH)D fg G,

B2 AR EE S R HP LC-MS/MS i 3 1M 25 (OH)D
977 35 REA ab B1 B0, BB % [R) B ok A RS 250 & 25 (OHD D2
M 25(OH)D3, AR IG IE L5 SR R B fr @t vk gL & & & F
I PRIF Al A= % D KF-.
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