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[(WE] B2 HILIC A0 & BORAH %% & B = 5 DY R 573 7 (HILIC-UPLC-MS/MS ) [a] i il 72 R A= o 11 #f
Wt M RS 09 & . ik KR Acquity UPLC BEH Amide @13,}1‘35(2 I mm x 100 mm,1.7 wm) , B4 Amide 1.7 pum
VanGuard {£ 34, Lk 10 mmol-L ™' Z fg #-0. 8% Z,E?UK(AWHO 1% Z, 115 (B) M7 sh A0, A BE VR (0 ~5 min,10% A5 ~
7 min,10% ~40% A) i 0.3 mL-min ", # i 3 HEREARR 1 ML Waters Xevo™ TQ i A% LA £ 2 )i & F Wil (MRM) J7
AOCHETEE TR &R T TE 7 min V\];&fﬂ%r‘% A M BB LS LS A 0. 002 32 ~ 8. 66 mg-L ™" 55 U ] B R AF (19
LMEC R MR B >0.992 25 MM (0 =6) H 92. 1% ~108.2% ,RSD ¥ <7% . £ HEUCA A% B H 28 i o3 B & 4
HA 52 122 5 o 10 HERE BT R0 562 T A BOFE 24,5 ~ 48,48 pgeg ™ A L0 5 BF 5 & B BUAIK, @ SRR M i . 4%
PR 2E UA3 b R & R iy CFI{H 14,84 pgeg ™) HOTF B S0 BUBAR CPXIME 0. 14 pgeg™') o G i% Wk HAT A (E
el A EAT L Jm M  AE A A 1 ] T R AT o BT R S R o B DR E A .
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Determination of Nucleosides and Nucleobases in Ziziphi Spinosae Semen by
HILIC-UPLC-MS/MS
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[ Abstract ] Objective: To establish a HILIC-UPLC-MS/MS for determination of 11 nucleosides and
nucleobases in Ziziphi Spinosae Semen. Method: Acquity UPLC BEH Amide (2.1 mm x 100 mm, 1.7 pm) was
adopted as chromatographic column, with Amide 1.7 pum VanGuard as the guard column; the mobile phase
consisted of acetonitrile (containing 0. 1% acetic acid) and water (containing 0. 8% acetic acid and 10 mmol-L ™'
ammonium acetate) at a flow rate of 0.3 mL-min~'; the temperature was set at 35 °C ; sample size was 1 pL.
Waters Xevo'™ TQ worked in MRM mode. Result: The Tested components were separated in 7 min. All calibration
curves were linear (r>0.992 2) within the tested range between 0. 002 32-8. 66 mg-L ™'
ranged from 92. 15% to 108.23% , with RSD value below 7% . The contents of these batches of nucleosides and

nucleobases were obviously different. The mass fraction of all of the target compounds ranged between 24.5-

. The average recoveries

48.48 g+ g '. Sample No. 10 had the lowest content, while sample No. 2 had the highest content. Uridine was
found to be the highest content in all samples (mean; 14.84 pg + g~'). Furthermore, the content of thymidine

was observed to be lower than others in all markers (mean; 0. 14 pug - ¢ '). Conclusion: The method was simple
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and fast, with a high precision, sensitivity and repeatability, which can be used for qualitative and quantitative

analysis for nucleosides and nucleobases in Semen Ziziphi Spinosae.
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PREEVER T AT 5T O & B B P e
SRR 2 R G ORISR P e 2 A e R
EIBLIRT R

WA 205 W 00 53 B 32 A SR 3 RO €83
¥ (RP-HPLC) /"™ MEKC'™' | & 41 %% L ok 11,
SR, TR A& W M PR 1k AR e B
T2 EE R AR, 76 AR AE AR TE R T e & A IR
oS AR B A it R B 1), 45 43 B 3 Bl ok Pk
%o FFEIK 3% (HILIC ) J& & % 5 i) 1 b A 0 1) 3%
SBR[ 8 AH Ry i AR M A ORL, U Bl AH — i 3 B
IR A HLAR & F ek etk e m e,
WA A fE b 2 oSt A o A DAL 20 AH I A B O AN
Fi A BAF RS TE e 0% 20 TS A I Hh % 1E AR
A R0, R ) 0 ) 75 B 45 A B T 5 B S AR I
SR, A kA B R I 0 AR A A
3% (UPLC) J2 Fl R AR KT 2 wm B SERE
i 8 AR, 7 AR e R RIOCR B s s PR L R
R s = R T R K 1) 2 R S
Ty hg (MRM ) £ I 45 5k FREURR OB 85 1, e % HE B
B BAME S5 S o PR, A S 37 HILIC A5 8 w8 80
A5 BRI = DU AT B vk, e B A 11 Fip
% B B SIS B 43, S JHE o o A AR AR 1 O vk
1 &

ACQUITY #! UPLC % %i, Xevo TQ I k5 | % |
MassLynx "™ JF ¥ T 4 i # 2 ( 35 [/ Waters 24 7] ) ;
KQ-500F #Y 8 75 B vk i ( B Ll AR B8 75 A 4 A FR
N, XS205 BUHL 40 A RAF (MRS -FE R 2 F i
IR A PR 2 F)) , Milli-Q Synthesis # 4 7K 24l fk & 48
(LHEZIEHEAA) .

L1 AN AZ AT B J5 25 % 1Lt 43 1) Ay e g e e (1,
it 140708-200401 ), JR W5 bE (2, it 2 100469-
201302) , 15 (3, #t5 101215201401 ) , R s (4,
LS 110886-201102) , ¥R # I 14 (5, ik 5 140661 -

HILIC-UPLC-MS/MS; Ziziphi Spinosae Semen; nucleosides; nucleobases

200903) , JRE (6, 1L 5 110887-200202) , it # (7, Ht
2110879200202 ), # B 04 (8, 1t 2 140662-
200802) , WL (9, #t 5 140669-201305 ) , 1 12 14
(10, 4it 5 140631-201205 ) ¥ 04 T rf [ & & 25 i K
FERFFEBE , M (11, 41k5 1328014) Il T~ g BT hr T
AR R A R 2 w5 BT A 6 R 28 HPLC A6
4 e > 98% o 10 4t R A= 43 B 3 T 2= M K W
PR (¥ 20140801 (D), 20150915Q)) ;5 2 M 1 24
OB T (HE vk 20140825(3),20151104 @) ) 5 4 M %
1 24 ) i A BR A H] (5 201307065 ,20140917
©); i o Ed ko T (ditik 201303120,
20140511@)) 5 4 &% W 254k A3 BR 2 & (HiE ik
20130410©9,20130911 00 ) 5 & 5 4 K 24 Bt s 5 —
B B Bk Bk 45 i 25 00 45 0 O RO R A B R R
Ziziphus jujube var. spinosa W) 11 iR T .
2 HERE54ER
2.1 XFHESOA RS R AR 1 iR R e
Xof B 3 S, 0K B RE 1 mL 3 i) e R s g
6.50 wg, JRWEE 6.10 pg, I 9.50 ng, M %
6.10 wg, IRTEIE IS 9.15 ug, IR 16.55 pg, 74
11.20 pg, ¥ 5.0 wg, PLIF 11.30 pg, 2 s
5.10 wg FUBEH 11.50 we MRG0 I8 S &0 . B
AR BRI A WO R -K (92 1) R 1 KRR B
AN [R] S5 2t VA 2 118 XoF R A VS T o
2.2 HEECFVA R A RS PR IR AR R R
(40 H)1 g, 100 mL #EJE R 0, 45 % Jn K 20 mL,
U HE I 30 min 5, FE BRI, K AR R K
(I H L 4850, 8500 10 min, BB VE WK 0. 22 um ffL
UEMEUE L 4 CLRAE Bl
2.3 a4k ACQUITY UPLC BEH Amide &%
(2.1 mm x 100 mm, 1.7 um) B2 5 ACQUITY
UPLC BEH Amide 1.7 pum VanGuard {# $"4£; X
10 mmol-L ™' Z, & 4-0.8% Z. R /K (A) ,0. 1% Z, -
NG (B) R sh Al #6 BEVEE (0 ~5 min, 10% A ;5 ~
7 min,10% ~40% A) ;i 0.3 mL - min ", JE B &
1 pL, R 35 C,

ESI™ 2+ , MRM 494 75 =X, BORE #fE L A R %
Bl i B DL R 1, fa g LR 1,
2.4 Jrikeegsg
2.4.1 ZAPECFR E MR (LOQ) FIAL M R (LOD)
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n—p IO A VR T AL, T RSD, 45 L3 3,
92; AP e 2.2 IR 7 o o A R A 0
- BRI 6 Oy, IERE AT LD 11 SRR
i S il RSD SRV B i, I3 3,
A B R P B« 3 T R 9 1 R e
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Fig.1 MRM chromatograms of 11 nucleosides and nucleobases

U ORI O 25 8, 0 B AR 1 A (] T
YR JEE R X Rt YRR, LA KT R A AR T e R X i T
FRBEAT 2 [0l U3 20 #r o s 1 BR (LOQ ) A6 i FR
(LOD) 23 BITEAR 5 X e & L (S/N) g 10 F1 3 1 ]
SELAR IR 2,

2.4.2 FEWE CHEEEMREMEKE k%K
56+ JBOKT IR V8 R, A bR (83 - AR T 20 i A
U d WES PR 6 IHITEESE 3 d WE S BEHE 6 I,
F1 NHEZEHFERINEIERESH

Table 1 MS parameters of 11 nucleosides and nucleobases

PA LT AR A& W o3 e i AR RSD 25 48 AR
TEME ARV 3,

2.4.3  [MIUCARLUE RS A R R AR A
(0.5 g) , A7 6 13, 70 BIKT 5 A5 -S54 i v 2 4R Y
X R, e b A it i O i o A A I R
- AR HEA T AT AR L 3

2.5 FERINE 23O R R AT 17 ik o
Mror ik AT & N E 5 R A rp 1L A Rk
SRS HUR LR 4, AR 4 WL A A
R BB B & B — R 225 10 AR i
AT B B RS 2 T ik 43 A 24.5 ~48.48 g - g M
LS AE i & BB, @ S e B o A TS
G DR B S B (CFI9{H14.84 ng - g7,
B T 53 O AR P 0. 14 pg - g7 ')

% AHXF 4 B i ty/min MRM ¥ i &5+ Tl 4% fig £/ eV HEFLHL R /V
it i 5 p 127.05 1.20 127.05/127. 05 10 20
JR 5 113.04 1.41 113.04/113. 04 8 16
¥ 243.10 1.74 243.10/127. 05 10 10
i 136. 06 1.79 136. 06/136. 06 10 20
Y Iy 137.05 2.18 137.05/137. 05 8 16
R 245.08 3.09 245.08/113. 04 10 10
J 268. 10 3.85 268. 10/136. 06 18 22
F I 153.04 4.13 153. 04/153. 04 8 16
WL 269. 09 4.75 269.09/137. 05 14 10
A LA 152.06 5.05 152.06/152. 06 8 16
283 244. 09 5.48 244.09/112. 00 10 28

R2 NHBEHEUGWEMXREER

Table 2 Linearities of calibratiuon curves of 11 compounds

o e or r

LN/ mg - L' KR/ g - L7 R/ pg - L7

i i e Y =24 619.1X +1425.4 0.995 6
DR 5 E Y=2452.4X +145. 1 0.994 4
g 1 Y =173 528.7X +3 284.5 0.995 5
i N e Y =1738 264.4X +149 037.2 0.997 1
YK i I Y =1421874.7X +34 531. 4 0.996 1
7§53 Y =17 873.5X +8 321.7 0.994 2
[:8:3 Y =1 678 321.3X +24 563.7 0.997 5
5 1 Y =30 432.4X +533. 4 0.998 0
[iI8:3 Y =383 621.7X +1 653.3 0.990 1
12, 12 Y =546 284.1X - 21 039.5 0.992 2
i85 Y =469 032. 1X - 13 245.4 0.995 5

0.065 0 ~ 1. 60 22.70 65. 66
0.144 ~1.50 53.00 155. 00
0.002 32 ~0.893 0. 30 0.94
0.0231~2.12 1.33 4.55
0.007 88 ~0. 802 3.10 9.30
0.042 1 ~8.66 8.01 25.11
0.006 54 ~1.20 0.31 1.02
0.0330~3.10 8.02 25.29
0.006 73 ~1.20 0. 60 1.70
0.014 4 ~2.70 2.50 8.20
0.007 84 ~1.22 0.61 1.73
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RI NHEHEUAYBEEE . EEH . RESRMEYRKLEEE(n=6)
Table 3 Precision, repeatability, stability and recovery of 11compounds analytes (n =6) %
A5 % B RSD
% HAE M RSD Fa 7€ P RSD ] i I i 5 RSD
H ] HM
it Jigt s g 2.6 3.2 1.8 2.7 107. 1 5.1
DR 5 g 1.5 3.0 2.2 2.3 96.9 6.4
g 0.9 1.3 2.9 2.2 104.5 6.4
i N 4 1.3 3.4 3.1 2.8 92.1 5.6
YK I 0.8 2.7 5.3 7.0 108.2 4.9
JRAF 1.0 2.6 5.4 5.0 105. 1 5.3
S0 2.2 3.1 2.5 2.3 94.3 4.5
T L 1.7 1.7 2.5 3.1 101.0 3.1
IR 0.5 1.7 3.4 3.6 92.6 1.8
19, [ 4 1.8 2.7 1.1 1.0 97.4 4.3
RS 2.1 2.3 1.6 5.1 96.6 3.9
x4 FEHRBECH I HZEFLELEDSH
Table 4 Determination results of 11 compounds ng g
R 1 2 3 4 5 7 8 9 10 11 BT
@ 1. 10 2.83 0.20 11.21 0.75 18. 88 0.21 2.31 0.33 6.16 3.60 47.58
@ 1.30 2.91 0.21 11.31 0.70 18.93 0.19 2.43 0.34 6.33 3.83 48.48
©) 0.78 1.85 0.14 9.92 0.58 15. 80 0.15 1. 80 0.29 5.80 2.83 39.94
@ 0.67 1.78 0.13 9.80 0.55 15.13 0.16 1.75 0.26 5.65 2.86 38.74
® 0.45 1.45 0.10 7.98 0.51 14. 54 0.14 1.73 0.21 4.55 2.54 34.2
© 0.32 1.35 0.11 7.91 0. 48 14.90 0.13 1.71 0.20 4.30 2.71 34.12
@ 1.13 2.79 0.21 10.73 0.71 15.45 0.19 2.33 0.30 5.86 3.44 43. 14
1.09 2.96 0.22 11. 44 0.74 15.93 0.25 2.39 0.31 6.50 3.70 45.53
©) 0.13 1.05 0.09 7.41 0.31 9.14 0.09 1. 06 0.14 3.75 1.87 25.04
o) 0.19 1.19 0.08 6.70 0.33 9.70 0.08 1. 00 0.11 3.20 1.92 24.50
3 iFig HRBE BB B2E TR #F Ok AL L A AR L& W44 3

3.1 REUMEMAL a3 O i (R AR
R ) B B (K 25% ,50% ,T5% W BE
W) L 2 IBUR T 4 (60,40,20 mL) AR B [E] (15,
30,60 min) JE4T T L, PR BR, BAERKES R
PRI PO AR AT 5 BT A A% 1 28108 W e 2K
FRVA AR B e 5 SR B 30 min AR BORR Gk B AR
BV EE Sy 120 ISR IBUBCR AT Ik ek o 45 b il
WA, 7K 20 mL B $2 X 30 min,

3.2 @3%a M R FmAAL 1 SEXS Acquity UPLC
BEH C (2.1 mm x 100 mm,1.7 pm) Fll Acquity HSS
T3(2. 1 mm x 100 mm, 1.7 pm) @FEFEFEAT T % %,
ST 4 A [R] I 2l AH R 92 el R I AR 1Y 3 0 1Yy
ASPRAR T i — 25 % %% Acquity UPLC BEH HILIC
(2.1 mm x 100 mm,1.7 pwm) Fl Acquity UPLC BEH
Amide(2.1 mm x 100 mm,1.7 wm) (4%, & P Aj

ARGF (4 43 15, DRI A S 3 Hh 2 % Acquity UPLC BEH
Amide (35, Wi S AR 245 3R WoR &R i 28 vh #h
RGN T WERE . W — %t 28R Bt 5% wp Eh vk BF 1k 47
etk , AN B A A &y 10 mmol - L™ 2, & % -
0.8% LBR/K; WA B N 0. 1% 2 BR-2 i vl 3k 15
BT R AT WY o 38 A R U TR IR Y 5 R
Pk A 0.3 mLemin ' AR K 35 °C b4 B A
3.3 Bk A e A T RS [ B A
R BT E B bR A6 G P me Ry 5 R 25 5 R B, IE B
TR A e 7 o R T R B PR, o] R
FROER ST T8 o #E— 20N ] IntelliStart Jj fi§
BREN T MRM WY 25 0 i Sodme A AL &
HIRIE 4 e i, AH DG TR IS S 8O ER 1,
R A R SR B B — 2
5o 10 HUFE Sh B R Som L 2 T A Sy BUTE 24,5 ~
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