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Abstract: Objective To identify the chemical constituents in Xuduan (Dipsaci Radix) by ultra-high performance liquid
chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q-TOF-MS/MS), and find out the differences between raw
and salt-processed Dipsaci Radix. Methods The liquid phase was performed on an Agilent Zorbax SB-Cis column (250 mm %< 4.6
mm, 5.0 um), the mobile phase was 0.1% aqueous formic acid-acetonitrile, gradient elution, the column temperature was 25 °C, the
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flow rate was 0.8 mL/min, and the detection wavelength was 215 nm. The mass spectrometry used electrospray ion source negative
ion mode to collect sample data, and the scanning range was m/z 100—2000. According to mass spectrometry information, combined
with fragmentation rules, the detected chemical components were comprehensively identified by comparing with databases, literature
and reference substances. Then, the quality differences before and after the salting process were compared and analyzed by principal
component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA). Results A total of 54 common
chemical constituents were identified and speculated in raw and salt-processed Dipsaci Radix, mainly including saponins, iridoids
and phenolic acids. Through multivariate statistical analysis, it was shown that the raw and salt-processed Dipsaci Radix could be
clearly divided into two categories in the PCA model. At the same time, there were 12 main differential components, including
loganic acid, chlorogenic acid, caffeic acid, loganin, isochlorogenic acid B, isochlorogenic acid A, cantleyoside, isochlorogenic acid
C, dipsanoside B, dipsanoside A, asperosaponin VI, Akebia saponin St(b), had been screened by OPLS-DA model. Conclusion In
this study, a method for qualitative analysis of the chemical components of was established to screen the main material basis affecting
the quality change raw and salt-processed Dipsaci Radix preliminarily. It provided a basis for subsequent studies on the material basis
of the medicinal effect of the Dipsaci Radix and helped to improve the quality control of the Dipsaci Radix.

Key words: Dipsaci Radix; salt-processing; UPLC-Q-TOF-MS/MS; mass difference; chemometrics; PCA; OPLS-DA,; saponins;
iridoids; phenolic acids; loganic acid; chlorogenic acid; caffeic acid; loganin; isochlorogenic acid B; isochlorogenic acid A;
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F=1 gEHERALXER
Table 1 Batch information of Dipsaci Radix samples

gty Sigms ORIE  SREWtS SRS S
$201908 S1 JE1I Y201908 Y1
$201911-1 S2 W Y201911-1 Y2
$20190157 S3 SRl Y20199157 Y3
$20190417 S4 WYL Y20190417 Y4
$20190416 S5 PiE Y20190416 Y5

RO ZiLH, 160 CHEIKS 10 min, HUH, TG,
Bi73. (4100 Toe B2k, AHEH 2kg). fX(E
LR 1.
2 FHE
2.1 FRHIHE
211 HUAMIAEWR REERIEEWAE R (G
595 059, BT 50 mL EIZEHEMA, RN
25 mL 80% HFE/KIFR, %%, EME, @HiE
B30 min, JA4, FRIRFREE, HI 80% H FE /K%
WANR R T B, $R5), IR RIS, AR
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SEERE C. BT AL ST B OISRk A
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FER AR IERRRE 2%, 13 BVR AT R Sh i 259 10 4>
o} HE i SR IR 43 3l A) 953.54. 477.26. 420.73.
1185.03. 602.70. 830.06. 602.70. 110.85. 40.2.
1952.01 pug/mL.
22 BIEEH

Agilent Zorbax SB-Cis 4 (250 mmXx 4.6
mm, 5.0 um), sIAN 0.1% B /KIEH- 06,
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Image of raw and salt-processed Dipsaci Radix

Fig. 1
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Fig. 2 Total ion chromatograms (mirror image) of UPLC-Q-TOF-MS/MS of raw Dipsaci Radix and salt-processed Dipsaci

Radix in negative ion mode
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Table 2 Analysis and identification of common chemical constituents in raw and salt-processed Dipsaci Radix

S wimin BB WEE () it (mr) R ZHEE (i) Ly UES
1 311 [M—H] 3411096 3411089 CiHxOy 179.0577,101.0257,89.0264,50.019 2 it Hfh
2 462 [M—H] 290.0888  290.0881 CuHyNO 201.059 3, 200.056 0, 128.039 3 o-DHEB-2-[(3 1 K
8 A3 T 1) 2
2-BEHE
3 1833 [M—H] 3751300  375.1297 CiHzOn 213.0762, 1510764, 113.0258 DR IR
4 2181 [M—H] 3530887  353.0878 CuHisOy 191.0549 N i8S
5 2536 [M—H]" 1790367  179.0350 CoHsO:  135.0452, 107.051 1, 89.0415, 79.058 0 g e
6 27.98 [MF+HCOO] 4351520 4351508 CiHasOr 227.0930,127.0402 DB NG
7 2928 [M+HCOO]™ 4031248 4031246 CisHnOs 357.1221,195.062 2, 125.024 1,81.037 1 L S
8 2949 [MH+HCOO] 5351690 5351688 CauHxOis 489.1649, 293.088 3, 149.044 8, 125.025 1, 81,037 6 AR C N
9 3567 [M—HJ 359.1363  350.1348 CyHuOy 197.082 2, 153.092 5, 135.081 7,59.019 2 T R R MRRER
10 3667 [M—H] 5351817  535.1821 CoHzOr 373.1298,344.1228,343.1171 LR IGE-D- i
AR
113680 [M—H] 7332602  733.2561 CyMiOro 571.2119,4711566,375.1328,357.122 2, 195.067 5, 151.077 2 ARAESMTF | f7EH) 2
12 4277 [M=HI 7472164 T47.2717 CaHegOro 629.239 4, 585.229 4, 485.167 2, 399.130 2, 88.996 3 WS | 2N
13 4337 [M—HJ 7612558  761.2510 CasHisOn 581.1956,567.1795,485.1719, 389.112 0, 371,100 5, = N
165.055 6, 121,031 0
14 4417 [M—HJ 5151219 5151195 CasHauOp 353.0893, 191,056 1, 173.045 3, 135.045 4, 137.024 7 FEERM B* s
15 4568 [M—H] 5151207 5151195 CasH2Or 353.088 0, 191,055 0, 179.034 2, 135.044 8 FARER A i8S
16 4693 [M+HCOO]" 7912661 7912615 CasHuOs 745.2671,583.209 4, 513.1655, 459,154 1, 373,116 8, 297.099 3, KA HiH IARERE %
209.082 2, 179.056 1, 89.026 2
17 49.14 [M—H] 5151214 5151195 CasHauO1 353.0896,203.0357,191.055 9, 173.045 1, 179.034 6, FEER C* e
135.0457,137.025 7
18 5654 [M+HCOO]" 837.3070  837.3034 CasHs:0x 791.3069, 629.250 2, 527.1816, 495.154 2, 496,157 0, 459.152 4, KIS A HTRER %
419.1577,335.116 1, 239.093 4, 209.082 0, 179.055 2
19 5747 [M+HCOO] 15195276 15195239 CaHeoOy 12414473 Bt B NG AES
20 5879 [M+HCOO]™ 15195279 15195243 CesHaoOxr 12434439 EEl T AY HTRER %
21 6428 [MHHCOO]™ 9894923  989.4963 CuHrOw 943.4953,619.379 3, 618.3730,617.374 3 FA R RR-12-45-28- TR 3- BH K
(oL 1L RHTE)-16,23-
~F-6-0-p-D-H AT
71 -B-D- ML 47 BTG
22 6454 [M+HCOO] 9874878  987.4806 CyHruOw 944.503 8, 619.387 3, 617.405 4 TiATH B Bk
23 7476 [M+HCOO] 10035182 10035119 CugHigOro 958.528 3, 957.524 8, 633.409 1, 634.414 2, 323.099 9 AR A BHE
24 7680 [M+HCOO] 17207771 17217651 CrsHizsOuo 135267 3,837.889 6, 675.831 5, 676.332 9, 369.104 6, JIIBE B X Bk
323.0985, 179.055 7
25 7699 [M—H]” 12196170 12196117 CssHesOzs 790.360 0, 361.074 2, 360.080 1, 323.100 2 JISE M H B BER
26 7815 [M—H] 12356124 12356066 CsoHeeOxr 9115142, 912,518 3, 750.466 2, 749.460 6, 617.806 9, 1L IR VI LESiES
603.397 7, 471.352 5
21 7891 [M—H] 9275014 927.4959 CuHrO1s 602.388 3, 601.383 7, 323.097 9 mazusaponin | EyiEs
28 7928 [M—H] 10735596 10735538 CsiHesOz 749.4625,323.1007 LB HF 2 YRS
29 7940 [M—HJ 9275011 9274959 CaHzO1 604399 6, 324.102 4, 179.561 0 medicoside F BHR
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K2
5 timin - EERR WEE i) BRE (nr) AR R (ml7) wEn VS
30 8003 [MFHCOO] 9735069 9735014 CuHiOws 927.509 3, 603.394 7, 323.007 8, 221.066 6, 179.055 4, 119.035 3 Il 5Ll 2 4F VI 2%
31 8096 [M—H] 9414811 9414752 CyHruOw 747.4470,617.378 6,423.3320, 323.100 2 chionaeoside B Bk
32 8215 [M—HJ 9695118  969.5076 CaoHO1 645.409 9, 646.414 1, 323.098 6 LR B A VI BHE
33 8237 [M—HJ" 9254846 9254802 CoHuOmw 601.3829, 602.389 4,509.474 6,323,096 2, 179.055 7,89.030 1 L4114 2 VI BHER
34 8295 [M—HJ 9605117  969.5065 CaoHO1 645.406 6, 646.414 2, 603.396 1, 323.099 5, 221.065 6, 179.055 4 4-0-Z B4 VI BHR
35 8358 [M—H] 9695126  969.5065 CusHiOr  645.4100, 646.415 1, 323.099 6 2-0-ZEBE gl R VI BHE
36 8411 [M—HJ" 9695107  969.5065 CuwHO1 645.4104, 646.4136,323.1000 30-LFEEEI B EE VI BEE
37 8471 [MFHCOO] 8414649 8414501 CuHwOu 839.4549,796.476 3, 795.471 5, 794.460 6, 471.353 8, dipsacussaponin A BHA
469.3307,472.353 1, 323.116 4
38 8478 [MH+HCOO]" 8114537 8114485 CuHssO 7654535, 645408 9, 604.402 5, 603.394 3 HN-saponin F B
39 8490 [MHHCOO] 9575124  957.5065 CuHisOp 9115148, 912,520 3,587.4005, 588.408 9, 589.347 4, JlE4 SR EHE
323.098 7, 179.055 7, 119.035 1
40 8523 [M+HCOO]” 10565279 1056.5385 CsiHauNOw 10115360, 1012.538 9, 687.422 1, 688.422 5, I8 B VI BHEE
323.099 7, 179.056 5 45 B2 TIREATED
41 8594 [M+HCOO]” 10575296 10575225 CsiHeOx 10115340,1012.5405,687.4191,688.4259, 323.0998, asperosaponin B FFifk BR
2210673, 179.056 5, 119.036 3
4 8641 [M—H 13516629 13516540 CeHiOn 749.4601,693.3220,603.3926 dipsacussaponin C BHA
43 8671 [M—H]" 12196171 12196117 CssHesOps 10735783 dipsacussaponin B gtk BHXE
44 8699 [M+HCOO]™ 10575283 10575225 CsiHwOx 687.4200,688.428 0,323.100 1, 179.055 9 M2 H B [SSES
45 8759 [M—H]" 10575650 10575589 CsHeeOz 749.467 1,603.402 3, 471.358 0 dipsacussaponin R B
46 8799 [M—HJ 9115070 9115010 CuHyOn  749.459 8, 603.398 2, 471.351 6 KEBBAUH A BHE
47 8844 [M—H] 8814964 8814904 CuHnOws 749.462 7, 6034009, 471.3350 dipsacussaponin N BER
48 8894 [M—H]" 12036252 12036168 CsoHeO2 1203.6389 FHRIR-12-155-28- -3 (0- B
6-fit -o-L-L G 1 35-(1-6)-
O-p-D-ML W i & BE-(1-4)-0-
B-D-IHL B &7 1-(1-3)-0-6-
B oL 5 -(152)-0-
L-FT {1 e RG 65)0]
49 89.37 [M+HCOO]” 663.3775  663.3750 CasHzOs  663.384 4, 617.376 8, 618.381 4 FEURR-1113(18)- 2 15-28-  BHFR
EE-3,16,23-= K -g-L-
AT .
50 89.51 [M—H] 7494515  749.4482 CuHssO1 603304 8,471,350 0, 149.045 1 o FHERH BHE
51 9114 [M+HCOO]" 6493985 6493957 CasMseOs  603.3938,604.428 3, 605578 3 Bl A Hitr
52 9147 [M—H] 6033931  603.3962 CwsHeOs  603.39659 AIBEH St(b) BHE
53 93.38 [M—H] 4713130 4713116 CxHuOs 4713196 BHERLHT BHE
54 97.65 [M—H] 2651492 2651479 CuHxS0s 247.1109, 96963 1,79.967 2 BB+ R Hlth

“#7 FOR GRS R

“#” indicates control analysis with comparators
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Table 3 Differences of ingredients between raw and
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4 19 S B 2.04 071 1.82
5 52 KB Stb) 134 064 134
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8 17 R&FERC 0.56 094 577
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1 6 ik 0.38 093 432
12 15  REER A 0.35 083 1.88
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