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A HE SRR @ALIZH UPLC fe8UEitdbsse 37 At :gmx, %m)\thﬁrh 33 e, 24 HEFEALARURAE 0.756~0.997.
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X8R &, UPLC; FR4UKI%: UPLC-Q-TOF-MSE; sibiricose As; sibiricose Ag; sibiricaxanthone B; glomeratose A;

polygalaxanthone III; 3,6’-disinapoyl sucrose
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Simultaneous analysis on index compounds and fingerprint analysis on Polygalae
Radix by ultra performance liquid chromatography
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Abstract: Objective A rapid and specific ultra performance liquid chromatography (UPLC) method was established for simultaneous
analysis on six compounds and fingerprint analysis on Polygalae Radix to evaluate the herb quality from different habitats in China. Methods
The UPLC method was carried out by gradient elution with acetonitrile-formic acid water (0.1%). The flow rate was 0.4 mL/min. The
detection wavelength was at 320 nm. The fingerprint chromatograms and the contents of six compounds including sibiricose As sibiricose A,
sibiricaxanthone B, glomeratose A, polygalaxanthone III, and 3,6"-disinapoyl sucrose in 24 batches of Polygalae Radix were analyzed. The
common peaks were identified by ultra performance liquid chromatography tandem with time-of-flight mass spectrometry with MSE
data-acquistion mode (UPLC-Q-TOF-MSF). Results There was a difference in contents of six compounds, especially for the content of
3,6'-disinapoyl sucrose and sibiricose Ag. Thirty-seven peaks were selected as the common peaks, of which 33 peaks were identified, and the
similarities of 24 batches were between 0.756 and 0.997. Based on the results of quantification and fingerprint analysis, a certain difference
between samples from different habitats was further proven. Conclusion The validated UPLC quantitative analysis and fingerprint methods
are successfully used in the quality control of Polygalae Radix.

Key words: Polygalae Radix; UPLC; fingerprint; UPLC-Q-TOF-MSF; sibiricose As;sibiricose Ag; sibiricaxanthone B; glomeratose A;

polygalaxanthone III; 3,6'-disinapoyl sucrose
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SO AR o ARk, BE R R TR VR A A5 5
(FIRFE T AR 22 kAN 0 R oy Sy b R 0 s o i) 2
55 2 PIF e T A AR AR SRS R AT, (H BTN
HPLC $5 80K 4G I I 18] 80 min, FBIFHS, 4
FEIRAZ, AR T mil & s[RI A7 7R3 A
HHEA . sz GRS S . 25 BT,
fE YA S TTINIE VSV (B Tn e T % 5 15 2 o 1 R |
A WE . ARWTFURE T A AR HUAIAR S
PEFRIER 6 Flilis)> (sibiricose As. sibiricose Ags
sibiricaxanthone B. glomeratose A . polygalaxanthone
III. 3,6'-disinapoyl sucrose) HEAT [F] Bl 2, %7
K 2 MRS, R UPLC-Q-TOF-MS® 4k
WA W o MR AT 5T« $7 RS + 2 o) 2 &7
JIEXT SR 3 M LG LV A A ) e AR AT R
A T PR R ST EE 3 AT, A Il DR ASE T i 3t B8 22 ko

S
1 UE5RKH
1.1 {88

AR A (% RS0 (Waters A H] ACQUITY
UPLC, GHFECAMBANL. —IuhhEAE. Azhetre
2% FEEA . TUV K #8), ACQUITY UPLC-Synapt
G2 MS - s (Waters A 7)), HLFRY
(XS205, #i: METTLER TOLEDO A7), il
RELHL (ST16R, ZE[H Thermo A, Milli-Q
4i/K 2480 (EE Millipore A7), #EAHE VLSS
(KQ-500DV, E& i s A R A w]D.

1.2 Za5ikH

T AL sibiricose As (b5 AP0590, Jii& 7>
#98%). sibiricose Ag (L5 AP148S, JiiH /34K
98%). sibiricaxanthone B (It AP046S, )i & 4
4 98%)+ glomeratose A (flt*5 20150701, JiiiE sy
 098%) W H RKRE—FTREERAA,
polygalaxanthone III (#t5 111850-201203, Jite
78 95.7% ) . 3,6'-disinapoyl sucrose ( it 5
111848-201303, Jfiit 4340 96.0%) 0 A v [5 fr
w2 R E B, O (ibal, fEE Merck
AFED, HR (filkhal, FEEEEA D, ik
(Milli-Q il 4%

1.3 ZAMHEARE

24 LR ZM 4 K A 250 % 7 X, &y
PR A IR % 2 i i Polygala tenuifolia
Willd. (4R, H¥ilid DNA & EBEER (T
psbA-trnH J75)) BiiF. 298 RIEILEE 1.

Fz1 24 IMELMERFEIR
Table 1 Sources of 24 batches of Polygalae Radix

i ' i G g1
S1 I e A A S13 L Py~
S2 B Ph 4 22 S14 LG
S3 I Ve Jk S15 th g /A
S4 I6%2 776 95 3k S16 TR 88
S5 I6%2 776 5 3k S17 TR 88
S6 L PG i ¢ S18 e o
S7 L PG i ¢ S19 e o
S8 L 7 ] $20 SE-Fupiibis
S9 L1 VG e S21 SEUpiN
S10 L 7 ] S22 WALE
S11 Ly G e $23 b2z [H
S12 LG e S24 b2z [H
2 AE

2.1 BIERGMRIERHY

2.1.1  BiE4F Waters ACQUITY UPLC T3 (100
mmX2.1 mm, 1.8 um) 3EFE, JENAT 0.1% F /K
W (A -2 (B): BHEEVENA&AT R 0~1 min,
10% B; 1~2.5 min, 10%~14% B; 2.5~4 min, 14%~
16% B; 4~9 min, 16%~25% B; 9~12 min, 25% B;
12~14 min, 25%~27% B; 14~16 min, 27%~30%
B; 16~18 min, 30%~39.8% B; 18~21 min, 39.8%~
40% B; 21~23 min, 40%~60% B; 23~24 min,
60%~100% B; 24~26 min, 100%~10% B. A
i 0.4 mL/min; R 320 nm; A9 30 °C;
B 1 Lo 6 Bl MBS AR B AME T 6 000,
bR I )4, (FE =T, JRHTHRE
PR (1) 3 B, 0Tt B ot PR AL 1

2.1.2 S SRAHEIE SR (ESD, BT
MS" B, BRI AR/ (N, iR
MRS (AD . BTG m/z 100~2 000;
EBAME A 3 KV HEFLHER 40 Vs 375k
120 Cs ZAKIREEH 300 C; AR E N 800
L/h, flEERER (CE) 60~80 Vs K2 MR-Mimkik
TR ERE (IM—H] 4 554.261 5),

22 BREIHIE

220 NFHESEHIEIE 3L sibiricose As.
sibiricose Ag- sibiricaxanthone B. glomeratose A.
polygalaxanthone III. 3,6’-disinapoyl sucrose XJ H i

W, RO, WREER, ORI
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t/min

1-sibiricose As 2-sibiricose Ag 3-sibiricaxanthone B 4-glomeratose A 5-polygalaxanthone III  6-3,6'-disinapoyl sucrose

E1 MRB&E (A ZEES (B) B UPLC BiEE
Fig.1 UPLC of reference substance (A) and Polygalae Radix (B)

39.8. 47.7. 23.9. 28.2. 27.4. 263.0 mg/L [{IIRE
XRS5, AP T 4 CUksah & H

222 HEASEEIIEIS BRI, R
MEmAR GE=%) 05g, &T 25mL &,
BN 70% FEE % 20 mL, #8754 BF 30 min (L)%
500 W, M 40 kHz), JRAEER, 70% T HE i
BAEZIE, Y, HBBEEE0E, 4900 r/min K
B 10 min, WHC RIS, 0.22 pm FALIERLE
JuRiFC

3 #RE5HH

3.1 EE 6 M AME

3001 &MERRFEL WO G B 2%
WG R, DR BER LR, MR BN 1. 2.
4. 8. 16 1 32 1%, &5, #ild% “2.1.17 Wi F
RN A, EREREIY N 1 pl, e W T
Flo LA RUN AR RS (YD, R R AR bR

(XD, i & ArE M2, 43302k [n] 37 R A e 1t
Jul, 48R WA 2, 6 ML WIAE - I EETE Y Y
LR R RAFS

3.1.2 RSP K R I A R
J&, #2117 U (G A RERE 23 BT, (5 EE (S/ND
H 3 N FEREE (mg/L) ARINER (LOD), 1#
WEEE (S/ND 4 10 I BTEIR . (mg/L) by 5E R
(LOQ), #iR WA 2.

3.3 REELRE: 20 mDRE R R IBOR S0 A 1
uL, fE “2.1.17 T FEE R 6 Wk, AL
&) sibiricose As. sibiricose Ag. sibiricaxanthone B+
glomeratose A. polygalaxanthone III. 3,6'-disinapoyl
sucrose WA RSD L, 737124 0.3%- 0.2%. 0.3%-
0.3%- 0.1%- 0.2%, KULHHGH L RLT

304 EEMRIE % “2227 W HETATH %
6 13 19 SHEM PRSI, “2.1.17 TR (i 5

F2 oM NHIRAEMLZL. TR, HWINR
Table 2 Calibration curves, LOQ, and LOD for six constituents

D% etk [m = 2 R’ LEVEE/(mg L")  LOD/(mgL™') LOQ/mgL™)
sibiricose As Y=4.114X10°X—9.505 % 10 0.999 7 1.24~39.80 0.095 5 0.318 4
sibiricose A4 Y=4.505X10°X—2.652X10° 0.999 6 1.49~47.70 0.0859 0.286 2
sibiricaxanthone B Y=3.195X10°X—1.729X10° 0.999 8 0.75~23.90 0.143 4 0.478 0
glomeratose A Y=3.855X10°X—2.801 X 10° 0.999 8 0.88~28.20 0.1354 0.4512
polygalaxanthone IIT Y=4.299%10°X4950.5 0.999 8 0.86~27.40 0.065 8 0.2192
3,6'-disinapoyl sucrose Y=6.983X10°X—5.009 X 10° 0.999 8 8.22~263.0 0.047 3 0.157 8
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PEERE M, TH4L sibiricose As. sibiricose Ag

sibiricaxanthone B. glomeratose A+ polygalaxanthone
1. 3.,6'-disinapoyl sucrose Jii & 7344 RSD &, 437l
A 0.9%. 22% 0.7%. 0.9% 1.9%. 0.5%, K4

EEMERLT.
3.1.5 faEMhRE % 92227 TR EHIS 85

FERO AR SR, SR NBCE, % “2.1.17 TR
A AAT S ILE 04 24 4. 8. 12, 18. 24 h I HEKE
T, 6 AMEAPIETIAY RSD fH, 47514
1.0%-+ 0.6%. 0.7%-+ 0.7%- 1.5%. 0.6%, Ffih7E
24 h WA E M R 4TS

3.6 NFERICRERES  HCIE S19 SAER 6
Uy, B A 025 g, KM E, BT 25 mL filH,

I3 ARG IINAH A T4 B B 100% 0 #5068 JE
W, 3% “2.2.27 T 7l g T, “2.1.17
U S ATFRERE T, VHEE 6 Bl I A [m i
Ko IR 5K 97.74%. 99.31% 97.20%-
99.53%- 96.97%- 100.57%; RSD 4354 1.57%

0.60%+ 0.88%. 0.73%-. 0.97%. 0.19%.

3.7 FEMIE & 42227 TR ikl 24
O IR, 4% “2.1.17 TR (% 4 2E 4 )
JE 24 #HEZERES ) 6 Fhisr &, FEk B AR
a6 Py Ba, A5 R ILER 30 AN [P Hh Y I
FEf A 6 AN B A A R R ) 2 5, o
3,6'-disinapoyl sucrose 5 sibiricose Ag [ 25 75
IR

%3 24 HUEEP 6 M HIE RIBLEIGHEIVE
Table 3 Contents of six constituents and similarity of UPLC fingerprint for 24 batches of Polygalae Radix

R H(mgg ™)

9 LU
sibiricose A5~ sibiricose A sibiricaxanthone B glomeratose A polygalaxanthone III 3,6'-disinapoyl sucrose &
S1 1.110 0.939 0.968 0.537 0.695 4293 8.542  0.971
S2 1.128 0.979 0.970 0.554 0.518 4462 8.611 0.992
S3 1.520 1412 0.678 0.407 0.521 6.830 11.368  0.964
S4 1.567 1.506 0.958 0.422 0.731 5.844 11.028 0.984
S5 1.678 1413 1.197 0.576 0.866 6.163 11.893  0.988
S6 1.130 0.922 0.971 0.546 0.451 4.280 8.300 0.997
S7 0.557 0.584 0.653 0.348 0.486 2453 5.081 0.867
S8 1.092 1.181 0.982 0.651 0.522 5713 10.141  0.994
S9 1.293 0.894 1.010 0.644 0.564 4.198 8.603 0.991
S10 1.394 1.038 1.173 0.745 0.626 4.706 9.682  0.991
S11 0.822 0.771 0.974 0.553 0.491 3.228 6.839 0977
S12 0.458 0.438 1.120 0.704 0.559 1.934 5213 0.839
S13 1.277 1.277 1.031 0.529 0.655 5257 10.026  0.996
S14 1.508 1.301 1.420 0.533 0.903 4613 10278  0.951
S15 0.877 0.688 1.162 0.554 0.671 3.005 6.957 0.920
S16 1.138 0.926 0.991 0.470 0.590 3.983 8.098  0.990
S17 0.518 0.588 0.817 0.479 0.557 2241 5200 0.858
S18 1.038 1.133 0.789 0.415 0.458 5.966 9.799  0.981
S19 1.263 1.315 0.937 0.555 0.528 6.472 11.070  0.984
S20 1.580 1.342 1.307 0.347 0.500 2718 7794 0.756
S21 0.787 0.555 0.833 0.424 0.422 3.086 6.107 0974
S22 1.232 1.375 0.903 0.562 0.522 5.137 9.731 0.989
S23 0.810 0.690 0.570 0.274 0.357 5.068 7.769  0.957
S24 1.170 1.074 0.904 0.464 0.553 4.846 9.011 0.993
PEME 1.123 1.014 0972 0.512 0.573 4437 8.631 0.954
RSD/% 30.40 31.20 2041 22.16 22.60 31.26 23.031 6512
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3.2 EEHREYEERR XF T AL RSD<<3.8%.
3.2 JUHERE LOTESERAE R R i 3.2.2 MBS RO R SC g 1 AR 24 it

WHRSUE AT BUE TN R SE 2004A JiR” BAFXT 24
LI 258 UPLC R4 T Hs b B, o 3
Hg 37 4, H1TF 3,6'-disinapoyl sucrose 7E £t iz
HPA ML, e R HIgmARECR, #uk$e
3,6'-disinapoyl sucrose (10 5U§) A% (S),
DA% 2> B UG T B 48 AT WA O DR B I TR FAH X 0 [f]
N, ATIRGUENE ik 8, e ik “3.17
WA A o 25 R WoR, [\ —FF S O SE R 6 1K,
% HE A WA A X B IS 7] RSD<<0.1%,  +H Aok e T R
RSD<<2.2%, A&# R RUf. BEMHE X IATIE
XS ORI 1] RSD<<0.1%, AHX I IR RSD<<3.6%:
FEE 1 7% 525 AT WA G £/ BE I8 [A] RSD<<0.3%, AH

L

8 SR UPLC $REUMHE WL 2, A2 on] IRFR AL
B LI 3o &7 iz i 25 M R S0 B 1% B 0 iR
LS, 24 HEFE S ATDUE AE 0.756~0.997, 4524
WA 3.

323 JHATIEIIE  ARADOIRS . SCIRE A
AETELR AT A, X 37 DIATIREH ) 33 AdtAT T4
B, HH 1L 20 40 50 64 104 15, 32 SR
i X WAy 32 A sibiricose  As -
sibiricaxanthone B. glomeratose A. polygalaxanthone

sibiricose Ag

III. 3,6'-disinapoyl sucrose- tenuifoliside C. onjisaponin
B. JHJEH 33 NI 18 MEREEY, 1241
RATIE IS, LK 3 DN XORMEEISE KT, SR WK 4.

]

T et

t/min

2 24 #HE3EERY UPLC $5 4 EiE
Fig. 2 UPLC fingerprints of 24 batches of Polygalae Radix

10(S)

12 24
12 11 19 20 23 p R~
3 4~7 89 — 1718 21 22 26~29 31
L | 7 Btens A S J\%S S
0 3.77 7.54 11.31 15.08 18.84 22.61 26.38

t/min

3 BRI RIEQEE
Fig. 3 Reference fingerprint of Polygalae Radix

%4 ETF UPLC-Q-TOF-MS" iZHIg M EiE £ AIER VAR
Table 4 Common peaks inferred in Polygalae Radix by UPLC-Q-TOF-MSF

T e S et # EEHHET ()

1 286 517.1558 5171557 CypHyOys sibiricose As SR 193.049 1, 175.038 8, 160.016 6,
132.0255

2 3.08 5471676 547.1663 Cy3HiOgs  sibiricose Ag LG 341.107 3, 205.049 6, 190.026 3,
175.003 0, 119.012 9

4 508 537.1256 537.1244  CyHy0y4 sibiricaxanthone B AT 387.071 3, 315.050 0, 285.035 1,
255.029 6, 227.033 7

5 554  561.1833 561.1820 CypH30;5 glomeratose A S 341.108 6,237.077 0, 171.945 8,

116.927 3
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gk 4
. M—H] (m/z) . - o
[N — : 5 Lt ! EER ST
$7  fRr/mIn {)”'J'B_E'TE fil@fﬂ ﬁ%fﬁ 1 (&) % %ﬁ: tc(ﬁz)fﬁ J%(m Z)
6 5.72 567.1364  567.1350 CpsHypOq5  polygalaxanthone 111 KRR 345.060 4, 315.052 5, 282.016 2,

272.031 6, 215.033 8
7 582  567.1372  567.1350 C,sHx0y5 polygalaxanthone VIII/ Wt 345.061 6, 315.051 1,272.032 2,
polygalaxanthone XI 243.029 6, 215.0350

=
el

8 6.47 667.1883  667.1874 C;H3¢0;; tenuifoliside B FopEls  461.1298,443.116 2,323.074 1,
205.048 8, 190.026 5
10 8.19 7532255 7532242 C3HgpOy9 3, 6’-disinapoyl FopEfe  547.168 5,529.158 3, 223.061 2,

sucrose 205.051 0, 190.027 4

11 8.43 7232142 7232136 C3;3HyO;s  arillanin A gopERe  547.166 9, 529.154 5, 265.070 6,
223.060 4, 205.049 5, 190.026 1
12 9.37 6812034  681.2031 C;3Hs504; tenuifoliside A FopERe  443.118 3,281.066 5, 239.055 3,
179.033 8, 137.023 4
13 10.59 12533811 12533772 Cs¢H7O3,  tenuifoliose T gopEns 1077.3287,955.294 3, 647.211 2,
631.185 3,451.330 0, 307.082 3
14 11.01 15254724 15254668 CgHgO39 Tenuifoliose F gopERe  1379.4080,1204.370 1,1 161.352 1,
1039.314 6, 673.198 9, 347.096 7
15 1122 7672408  767.2399  CssHysOy9  tenuifoliside C FopERs  529.156 9, 237.076 0,2 205.049 9,
190.026 5
17 1195 12953914 12953878 CssHypOs3 tenuifoliose C/ gopEns 1119.3402,997.305 5, 689.212 8,
tenuifoliose E 631.186 8, 425.306 1, 307.081 9
19 1319 1307.3921 1307.3878 CsyH7,0;;  tenuifoliose J gopEe 11193416, 997.306 8, 689.215 3,
631.188 8,339.085 9, 307.081 5
20 1378 13374036 13373983 CgH740;4 tenuifoliose B FopEme 1161.3542,1119.341 8, 997.305 4,
631.188 2, 339.087 2, 307.081 1
21 15.13 1307.3884 1307.3878 CsoH7,05;  tenuifoliose I gopEns 1119.3499,1039.316 8, 673.196 7,
423.289 4,307.079 7
22 1573 13374022 13373983 CgH74034 tenuifoliose D gopERe  1161.3546,1039.315 8, 731.225 4,
673.200 3, 455.316 9, 425.305 9
23 16.19 13493999 13493983 C4H74034 tenuifoliose H FopERe  1249.5894,1161.3501,1039.313 4,
673.197 4,455.315 5, 425.304 7
24 16.65 13794125 13794089 CgHy6055  tenuifoliose A gopERs 1161.3525,1039.313 8, 731.224 5,
673.198 2, 339.086 3, , 307.081 4
25 17.00 1409.4222 1409.4195 CgH75036  tenuifoliose N gopEe 1191.3589,1069.340 0, 703.203 4,
337.090 5, 193.049 6
26 1951 1877.7875 18777857 CgH30044 onjisaponin Sg B 1733.734 5, 669.220 9, 425.304 3,
207.065 0
27 1957 17917526 1791.7489 Cg3H 2404, onjisaponin T LR 669.223 4, 455.315 2, 425.303 7,
237.075 5
28 20.01 1703.736 7 1703.7329 CgHj2039 senegin [V B 1 601.706 3, 699.233 0, 455.314 9,
425.305 0, 177.054 4
29 2024 1847.7727 18477751 CgHp3043 onjisaponin L B 1703.737 4, 1 587.690 2, 567.192 6,
425.305 5, 405.139 7, 177.054 7
30 2051 1631.7192 1631.7117 CyH;60;57  onjisaponin O LNE 670.226 9, 567.193 7, 425.305 6,
237.076 3
31 2072 1893.7901 1893.7806 Cg7H30045 onjisaponin X B 1749.722 6, 669.223 4, 537.182 9,
onjisaponin Ug 425.305 6, 237.075 6, 113.023 6
32 21.04 1571.6952 1571.6906 C;5H; 1,035 E-senegin 111/ B 613.197 0, 567.192 5, 425.305 5,
onjisaponin B 177.054 8
33 2176 16857310 16857223 CgH;3055 onjisaponin Ng LNE 1541.6627,1317.632 2, 537.181 2,
455.315 5,425.304 7,405.139 3
34 2186 1817.7745 1817.7646 CgsHiO4 onjisaponin J B 1673.694 6, 1 542.684 2,456.317 9,
455.3149,425.304 6,405.138 7
35 2214 17917579 1791.7489 CgH 404, onjisaponin T B 1 485.658 8, 669.223 0, 455.316 4,
425.306 2, 237.076 2
36 2223 1587.6941 1587.6855 Cs5H;1205 onjisaponin F/ LNE 1455.648 4, 669.224 7,455.317 1,

polygalasaponin XXXI 425.306 4, 237.076 6
37 2243 17317366 1731.7278 CgH;3O4 onjisaponin Fg/ L 1 587.692 6, 1425, 6395, 537.182 6,
onjisaponin W 455.317 2,425.306 4, 237.076 7

ol
o




¢ &4 Chinese Traditional and Herbal Drugs 38 47 % 585 12 #] 20164 6 A

*2173 -

4 g

AN T ERE PR I S 250 i T, A
Al — 4N, S8k Tis 5K UPLC (il ][]
I8 A5 2R 1R 6 o I AR S 3 3 b A1
26 min W B A 58 o BRI 5, AR 465 T 44T
IFA), 56 T4 i B el o A AT 3

AIHFAE W AR TR RAT (B
Trale R, IR Kbt (A,
TAIAH BRI A ST T, R B
5 IR T SUEAlRE, S I 2] LIk
R, SEREEAER, R, FEFE
ARAIIAT. AWFFURA UPLC-Q-TOF-MS® 445 4L
KIS AW AT A g, I & A AR
WRE B U B R A R A O A A T O
e, HE T HESY T BT SR P B U I AR S8 B
AR, AN, WFST 8 AN IR A 2
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