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Determination of Vitamin A, Vitamin D and Vitamin E in formulas for special medical purposes
by online purification-two-dimensional liquid chromatography
WEI Juan, ZHANG Hao, WANG Xi, HUO Zongli, JI Wenliang

(Jiangsu Provincial Center for Disease Control and Prevention, Jiangsu Nanjing 210009, China)

Abstract: Objective To determine vitamin A (VA), vitamin D (VD) and vitamin E (VE) in formulas for special
medical purposes, the online purification-two-dimensional liquid chromatography technique with dual-valve triple-pump
center-cutting was established. Methods After the saponification, the samples were introduced into a two-dimensional
liquid chromatography system. A PLRP-S column, which was resistant to strong alkaline solutions, was used as an online
solid phase extraction column for the clean-up of the sample solution. Subsequently, SPE pumps were reversed to elute the
target to the one-dimensional chromatographic system. A perfluorophenyl column was used as the 1D column for the
separation of VA and the four VE species. Meanwhile, a C18 column was used as a capture column for VD and a
polyeyelic aromatic hydrocarbon column was used as a two-dimensional chromatographic column for the separation of VD2
and VD3. Results VA, VD and VE exhibited good linearity within different concentration ranges. The linear ranges were
0.010 0-1. 000, 0.001 00-0. 100, 0.200-20. 0 pg/mL, and the correlation coefficients were all as high as 0. 999 9. The
limits of detection (LODs) were 4. 8, 0.8 and 48 wg/100 g, and the limits of quantification (LOQs) were 12, 2 and 120
rg/100 g. The average recoveries of VA, VD and VE were good with the ranges of 85.9%-114. 0%, and the relative
standard deviations (RSDs) ranged from 0.6% to 9.2% for the different spiked levels of low, medium and high.
Conclusion The method is easy to operate, with high sensitivity and good accuracy, and it is suitable for the routine rapid
determination of VA, VD and VE in formulas for special medical purposes.

Key words: Online purification; two-dimensional liquid chromatography; vitamin A, vitamin D, vitamin E; formulas

for special medical purposes
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G A5 TERE S R T RE SR AL BEAE 1R B 37 BB AN S
2 B 52 i R G ACHE M . B R, S AOR A @
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TR FLA KR S Z R VALVD O VE 19 E
R rh A5 30 7z R N R B AR — Y
A G B VD2 F1 VD3, 3l i U0 ) & A A
SE AR A TR 4, SR e A e B R R G E AL VD
W8 Hr, S8BT VA VD VE [y [R) ik i . 4%
M, BRI — 7 B0 T VD 0 IE A2 45 3R L (E
Ty BEAT AL BREL G B S 2 AR AL TR TR
EZEE Fent EEME, REARELNTE K. B
I C A 7E 2R Ak 4 W AH €0 1% R A6 D E O 0%
¥y AR R RSB VA VD OVE (143 47 A
T st A S0 £ K DG AT 5 3 (R X T R B
YR ) YRR A R I ) F 9 R X A 2

ARMFGE B AE T 4B WO o s B R A R
T 2 [ AH 26 B A% G 1 T 2l - TR AR B R W vk 4
s, @A T — MR R E S 7 R A
(VA .VD2.VD3.a-VE .B-VE .y-VE .3-VE) (46 5 ¥
FE & B AL BRI, — UG RN AT [ 3l 58 1 7 Fil
H bR A P10 53 B 20 AT, B R i s/ 1 B Ak 380
Bt ), HLAg P 2 4 AR A AR A S, LA
FREE B VA VD VE B il a2 $2 I R 0 HF .

1 MHB5FHZE
L1 F2EALE 5
Agilent 1260 Infinity [T — 4 ¥ A (0 33% £ 48 (5%

Agilent 28 & , Bl #5 — A H 2 i FE 25 (IF AR5 Bl <
100 L) = APl S7 5O  — AR AR L — A 54
K I 28 AT — AR >60 mm B A [ 2 A6 0 % 5
fo O AL (5 R X T 10 000 r/min) \MS205DU
AUHL - RO (36 B Mg e 39 - 46 4 2 20 7)) s UV-2550 AU
AN LA e BT CH AR B A |l s /K (
TR LA A RARD

4 [ 3 VA (4l 99.0%) . DL-o -VE ( 4f J&
99.8%) .B-VE (4l J#¥ 99.0%) .y-VE (4 &£ 99. 6% ) .
8 -VE(ZlE 94. 5% ) (|15 22 1% H AR 4 R IR 55 4
FRZS &) s 44 & D2( 4 98. 0%, Dr. Ehrenstorfer
GmbH A H]) s 4E2E R D3(3EE SIGMA 24 +)) s S .
FHPE JEK M SR T it 2, 6- AU T X
SR (3% 2l [ 3 S0 00 B B AT BR A
wl) s BER (a3 Al g BB T A LR R R A RR
YNIEIDID v N I 17 N (1 N e N TR O
Ak 2 3R A BR 2 R ) 5 S 5 FH K (L i i R 2
K)o TERREE S (7 O BARA TR ) .

1.2 SRS
1.2.1  FESEGAb B

W5 g [EAEL 20 g VAR & RSB 22 0. 001 g),
i I8 GB 5009. 82—2016'°4f — 3% 5. 2. 1 #4E 4 B
A RALRGEEA BRI, H 50% ZEEKE
W R I E R T 100 mL A BH P . BA)E,
PL 10 000 r/min &0 5 min, B35 W 8 B 00
1.2.2  FbrifE S A fic B
1.2.2. 1 PeifEfE 7

Ay MFREL 7 Bl Az ZARIE S A5 10. 0 mgORE A &2
0.1 mg), 7 5'E T 10 mL AZ AR, HIL KL
WLV R OT R B A . $iH8 GB 5009. 82—2016"'ff
SEOT IR AT MR AL OE
1.2.2.2 REFRUEM I

AP 50% LBEKE W ZE 50 mL % A5 5l
w0 B R L a5 A v A A VA VRS
FH 50% & BEK VS e 25 B2 A5 3 LU R IR A AR fili
FH W : VA(1. 00 wg/mL), VD2,VD3(0. 100 pg/mL),
a-VE .B-VE .y-VE .8-VE(20. 0 pg/mL) .
1.2.2.3 REIRMETIERR

AL & 50% OBEKIFIW R 10 mL R A5 &
o, 43 BI1E 0. 10,0.20,0.50,1.00.2.00.5. 00 mL
TR A A v W, 50% 20 B% K I E 75 2 )
BEL MR LIRS E TAER W : VA(0.010 0,
0.020 0.0. 050 0.0. 100.0. 200.0. 500.1. 00 pg/mL) ,
VD2.VD3(0.001 00.0.002 00,0.005 00,0.010 0.
0.020 0,0.050 0.0.100 wg/mL) , a-VE., B -VE,
v-VE.3-VE(0.200,0.400.1.00.,2.00.4.00,10.0,
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TE 2% [ A1 % B AE (SPE, Agilent PLRP-S, 4. 6x
12.5 mm, 15~20 },Lm) ;*g&éﬁ%ﬁ?(Agilent Poroshell
120 PFP, 4. 6x100 mm, 4 pwm) ; — 4 {0 3%+ (Agilent
Zorbax Eclipse Plus PAH,2. 1X100 mm,3. 5 pm) TN

H: (Agilent Poroshell 120 EC-C18, 4. 6X5 mm, 4 pm) .
FEIR 235 °C. FEREE 100 wLo AP 4 . — e R
#%:0.0~18.5 min:325 nm, 18. 5~20. 5 min:264 nm,
20.5~30 min:294 nm; 2RI 25 : 264 nm. = HEU
TN R SR R DL 1 I N AR R A 1. 1
7 E U1 ik ) K i LR 2.

R IR KMV AR

Table 1 Flow rates and gradient elution programs of the three pumps
SPE %% — i 3

[ /min i /(mL/min) A/% B/% C/% D/% Bf[E/min $i#/(mL/min) A/% B/% WHE/min $i#/(mL/min) A/% B/%
0.0 1.0 20 0 80 0 0.0 0.5 70 30 0.0 0.4 0 100
4.0 1.0 20 0 80 0 6.5 0.5 70 30 5.0 0.4 0 100
4.1 1.0 10 90 0 0 7.0 1.0 25 75 6.0 0.4 90 10
8.0 1.0 10 90 0 0 16.0 1.0 20 80 26.0 0.4 90 10
8.5 1.0 0 100 0 0 235 1.0 10 90 26.5 0.4 0 100
15.0 1.0 0 100 0 0 24.0 1.0 0 100 30.0 0.4 0 100
16.0 1.0 0 80 0 20 26.5 1.0 0 100

20.0 1.0 0 80 0 20 27.0 1.0 70 30

21.0 1.0 0 0 100 0 30.0 1.0 70 30

22.0 1.0 0 0 100 0

22.1 1.0 20 0 80 0

30.0 1.0 20 0 80 0

TE AR :SPE A : A 7K, B: LN, Co HVEE, D2 HUIERUT SRt 5 — 42 - A 0.1% BRI /KRR, B B ; "4 A O, B T

SPEKE

TELRSPEZR /i3t

2 4
e SPEI&

A
TR

DAD

VWD YR
B 1 LR -— e RO 0k % 1

Figure 1 ~ On-line purification - 2D liquid chromatography connection diagram
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Table 2 Valve position switching time and description

15 8] /min SPE [ 17 & YA 5t B

0.0 1.6 1.6 SPE 2 [ FE, L BRFE S AR b /K 7 M 3 T RSk e, O7 B8 B AR
4.5 1.2 1.6 SPE 2 S [l Y B8 H Ar 9 25 — 4 43 B A

5.9 1_6 1_6 — Y4y B BT VA R4 R0 VE, 3 e ik VD

19.0 1_6 1.2 YIE VD Z i ik

19.7 1.6 1.6 YRSy B3 HT VD2 M VD3, T vk £ SPE FE

2 HFR
2.1 {( ZR G B R AT VD ) ] A 1

3 AR VO (5 R SR FH AR 4 AH A B
I, I T ARk SPE- T 4E R E R S, TE
£ SPE- 4B AH 4385 F R X T H bRk & W
Ak o B o M B BIE 5 2 M 2 3 IR I AR S0 S %
T SCHR [ 16-21 ] T 4 FH A% 5 O € 336 A A o AR B 58
ek B AR E AR B BT g R . 7EIZ
ARG FE SR 2 Ak AL B R RO B E i
PLRP-S /M SEEL T SRR VA VD A1 VE f) I

FLRER TR AT 850 25 B T 2 ARV T 1) JTE BIL s s A 7K
PRI TR T R . 4ad SPE KE A SPE & A
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R FH 5 K AH 70% B /KB (0. 1%) AT AE LA FE
DLW /NS 300 5 0L, il b Ak A 0 A — 4 0 3 A A Sk
WA, W5, SPE B PRk Ul , 15— (5% R SEGE
WS AT R B VA FI 4 B VE, 58 VD k. 64,
C18 i ARAT I o 2 i 45 ], ¥ —4E PFP 354 T
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Figure 2 Chromatogram of the standard solution
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T ARl 2, Hoh B AR Y B R EE (COPE R
BEAR R T A (AR N AL bR 25 R B, 7 FP H
B Ak & W e A o 2 B M O R R A A OG &R
B r>0.999 9, A E HERY A R BE B A AR AL
HER DA — 7 2 1 25 PR EVRS R, #1201 ki AT
FER AL EE . AL S/N=3 Iy IR R, S/N=10
kit E E B, AHE  ERFEE RN Se, ER
RELR 100 mL B9 25144 F , VA BUKE IR 4 4. 8 pg/
100 g, 5 5 PR~ 12 wg/100 g; a-VE B-VE . y-VE,
d-VE kg i FR K 48 pg/100 g, & & R K 120 pg/
100 g; VD2, VD3 (45 HBRA 0.8 wg/100 g, & & FR
H 2 ne/100 g X EELERIGETF GB 5009. 82—2016'
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Figure 3 Standard chromatogram
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Table 3 Linear range, linear equation, correlation coefficient, limit of detections, and limit of quantifications

His¥ AL/ (g/mL) EvE AR B r o PR/ (g/ 100 g) A FR /(g /100 g)
VA 0.010 0~1.000 A=874.429 0C-2.398 2 0.999 9 48 12

VD2 0.001 00~0.100 A=2503.348 1C-0.430 2 0.999 9 0.8 2

VD3 0.001 00~0.100 A=2 541.581 0-0.430 5 0.999 9 0.8 2

a-VE 0.200~20.0 A=35.947 8C-1.571 5 0.999 9 48 120

B-VE 0.200~20.0 A=46.245 3C-1.452 2 0.999 9 48 120

y-VE 0.200~20.0 A=46.503 7C-1.641 0 0.999 9 48 120

3-VE 0.200~20.0 A=40.419 7C-1.105 0 0.999 9 48 120

D7k BREE W AR A S AR I BEOR o BARES W] Mann-Whitney 6 56 05 75 4 I 5 s 2R AT T kL
R 3, B, AL E B T B3 22 e X R T E B

2.4.2 JTEEBYUERREE RS K

G3 IAE AR 25 FLRE i CBORE 3 5 ) RN IR 25 1
FE i CHORE £ 20 ) HoE B I A\ — 22 5t 19 25 0 1
W, AR IR1 201 D7 AT AR P L e R 0 A i
5, AR B KR ATINGE 6 W, 25 R BN, 3 AR
[Fi] ¥ 32 0 s ~F- 347 0 ic 23 R T A o i 22 31 161 3 031 Ry
85.9%~114. 0% .0. 6%~9. 2%, W.5% 4.
2.4.3  FESKI

A% 9 AR 97 ¥ il GB 5009. 82—2016"% 77 ¥ Xif
HE Y 7 B AR 1 AR AR FREE B VA VD
VE & B9 4T T E . 45 B8, VD2 Ry,
M VA.VD3 fil VE B8t 2] . 5 GB 5009. 82—
2016 L AH L, £ 10 B W 45 R i 22 39/ T 15%.

YHE B P A R A5, PR T S PR S R AR SR,
AT A BUA T AR 45 R BT T GB 5009. 82—
201677 L BRI 25 5 . X AT BESE A GB 5009. 82—
2016 7 L MY AT AL BR A N A2 O T B4 T Ak FE
B VRS L B X L R e R M H AR G
P BUR R 2, T sZ i T I R 25 51 . Bk
FERIE 5.

3 itig

AT AE ZHE WA A5 R AT IR R
T8 2 [ AH A B0 5 i, I 5 1 7 IR v — 4B
OIS RG ., ZRGAARMER L PRE L 42D
KB GG S A B TR &t B AL AL B S T
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R4 s I R % (n=6)
Table 4  Spike recovery and precision (n=6)
H b _ [F AR i : . WARKE :
s it /(wg/100 g) SR /% RSD/% Jinbr# /(g/100 g) /% RSD/%
12 93.1 9.2 3 95.5 8.5
VA 200 94.4 4.3 50 109.2 2.7
1 000 102.8 1.1 250 105.9 2.3
2 85.9 8.6 0.5 101.0 2.7
VD2 20 94.9 4.0 5 102.8 1.9
100 95.8 0.8 25 97.9 2.7
2 87.7 3.2 0.5 112.8 5.4
VD3 20 94.9 5.2 5 101.9 1.9
100 95.3 0.8 25 97.5 2.8
120 107.1 4.7 30 94.3 2.0
a-VE 4000 104.0 3.7 1 000 108.9 2.1
20 000 102.0 0.6 5 000 103.3 2.5
120 112.8 2.7 30 110.2 4.7
B-VE 4000 106.5 3.6 1 000 109.6 2.0
20 000 103.1 0.7 5000 104.6 2.6
120 106.1 1.1 30 114.0 1.9
v-VE 4000 103.4 3.4 1 000 109.0 2.1
20 000 101.6 1.8 5 000 102.4 1.5
120 107.0 2.0 30 95.1 2.0
3-VE 4000 105.3 3.6 1 000 109.5 2.3
20 000 103.6 1.2 5 000 104.7 2.2

5 SPMRRBEAE G E 4

Table 5 Results of determination of 8 special medical samples

LVRES GB 5009.82—2016
FE s VA VD VE VA VD VE
45 (LgRE/  (pg/  (mga-TE/  (pgRE/  (pg/ (mga-TE/
100g) 100g) 100 g) 100g) 100g) 100 g)
1 474 8.56 12.4 431 8.27 11.0
2 565 6.94 7.58 518 6.60 6.60
3 358 5.51 4.84 323 5.09 4.24
4 339 6.77 17.1 305 5.88 14.8
5 768 8.43 17.2 663 8.39 14.9
6 774 6.08 16.5 724 6.10 15.1
7 689 8.38 13.9 595 7.54 12.3
8 123 2.94 5.32 119 2.77 4.96
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