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Abstract: Gentiana radix is used in traditional Chinese medicine and has functions of clearing heat
and drying dampness, as well as purging liver and gallbladder fire. A highly sensitive and
effective strategy for rapid screening and identification of target constituents has been developed
by using ultra high-performance liquid chromatography coupled with linear ion trap-Orbitrap
mass spectrometry (UHPLC-LTQ-Orbitrap) in crude and wine-processed Gentiana radix. Based on
the accurate mass measurement (<5 ppm), retention times, and MS fragmentation ions, 52
constituents were unambiguously or tentatively characterized from Gentiana radix, including 21
iridoids, 11 flavonoids, 19 xanthones, and a triterpenoid. This study demonstrated that the
established method could be a rapid, effective analytical tool for screening and characterization of
compounds in the complex systems of Gentiana radix. By comparing the structure and peak areas
of chemical constituents in crude and wine-processed Gentiana radix, we found that some
compounds in crude and wine-processed Gentiana radix were significantly different.

Keywords: UHPLC-LTQ-Orbitrap; iridoids; flavonoids; xanthones; characteristic fragmentation
pathways; wine-processing; Gentiana radix

1. Introduction

Gentiana radix is the dried root and rhizome of Gentiana manshurica Kitag., Gentiana radix Bge.,
Gentiana triflora Pall. and Gentiana rigescens Franch. [1]. Gentiana radix is mainly distributed in
Heilongjiang, Jilin, Liaoning, Nei Monggol, Zhejiang, Jiangsu, Guangdong, Yunnan, Xinjiang, etc.
[2]. Gentiana radix is commonly employed to treat various diseases. For instance, Gentiana radix
could be used for treating heat jaundice, pruritus and swells of vulvaered, morbid leucorrhea,
eczema, tinnitus, epicophosis, hypochondriac pain, invigorating stomach and convulsions. Modern
pharmacological studies have demonstrated that Gentiana radix possesses various biological
activities, including anti-inflammatory, anti-oxidative and antiviral [3,4]. Gentiana radix has
complicated chemical constituents, including iridoid glycoside, flavonoid glycoside, xanthones,
triterpenoids, alkaloids, and so on. Among them, iridoid glycoside, flavonoid glycoside and
xanthones are considered the main constituents [5]. There are many processing methods involving
Gentiana radix recorded in history, such as wine-processing, bile-processing, honey-processing and
ginger-processing [6-8]. And now crude and wine-processed Gentiana radix is widely used in
clinical practice. According to traditional theory, wine-processing could make the function of the
drug move upward, and wine-processing alleviated the bitterness and coldness of crude Gentiana
radix. Physical and chemical changes have taken place in the medicinal materials after being

Molecules 2018, 23, 3222; d0i:10.3390/molecules23123222 www.mdpi.com/journal/molecules



Molecules 2018, 23, 3222 2 of 31

wine-processed so that it would lead to changes in the content and types of chemical constituents
[9].

In recent years, high-resolution mass spectrometry (HRMS) and linear ion trap-Orbitrap mass
spectrometer (LTQ-Orbitrap) have been exhibiting excellent (i.e. fast and sensitive) performance in
traditional Chinese medicines (TCMs) extracts [10,11]. The hybrid linear ion trap-Orbitrap mass
spectrometer (LTQ-Orbitrap) has high quality resolution and mass accuracy (within 5 ppm), it
combines the high trapping capability with MS" and scanning capability of a linear ion trap [12,13].
LTQ-Orbitrap allows the effective detection of a large amount of data about chemical constituents,
and it includes exact mass, elemental compositions, fragmentation pathways, etc. [14]. These
capabilities play a vital role in effectively identifying and analyzing the complicated constituents of
TCMs. In this paper, a method with UHPLC-LTQ-Orbitrap was established to comprehensively
analyze the constituents in Gentiana radix, and this method is applied to the comparative study of
the constituents in crude and wine-processed Gentiana radix. Fifty-two constituents were identified,
the similarities and differences of the constituents in Gentiana before and after wine processing were
determined.

2. Results and Discussion

2.1. Identification of the Constituents by UHPLC-LTQ-Orbitrap MS”

UHPLC-ESI-LTQ-Orbitrap was employed for comprehensive analysis in positive and negative
modes to identify the chemical constituents in Gentiana radix. In order to determine the molecular
formula of compounds, it was necessary to compare it with the HRMS molecular formula database
built in-home, the high-accuracy protonated precursors with errors less than 5 ppm and related
literature. As a result, a total of 52 compounds (Table 1, Figure 1) were screened and identified from
Gentiana radix extract, including 21 iridoids, 11 flavonoids, 19 xanthones and a triterpenoid. By
comparing the constituents in crude and wine-processed Gentiana radix, the results showed that
there were 34 identical chemical constituents in them, 10 constituents characteristic of crude
Gentiana radix, and 8 constituents characteristic of wine-processed Gentiana radix. And the peak area
of some constituents increased or decreased after Gentiana radix was processed with wine. A typical
total ion chromatogram (TIC) of crude and wine-processed Gentiana radix in positive and negative
ion mode is showed in Figure 2.
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Table 1. Identification of chemical constituents of crude and wine-processed Gentiana radix by UHPLC-LTQ-Orbitrap.

N tr/min g Empirical ~ Proposal  Theoretical Experimental Mass Mass Error MS2 Data (Measured) Chromatograpl}lc
o. Identification mlz (ppm) Peak Area Ratio
. Formula Ions Mass m/z . . . .
Crude Wine Crude Wine Crude Wine Crude Wine (Crude: Wine)
211(100), 193(2.73), 211(100), 193(0.42),
1 750 751 Loganetin 20 [15] CuHi1705 [M +HJ* 229.10705  229.10652 229.10654 2.314 2.227 12;832; iigi?;: 1;3(71(12)1';611(10(;?&_;), 1.11
161(0.09), 133(0.31) 161(0.22)
373(0.35), 229(100), 373(0.35), 229(100),
2 770 771 Eustomoside*[16] CiHxOn  [M+HJF  391.12349 391.12317 391.12280 0.813 1.759 211(37.5), 193(0.39), 211(37.5), 193(0.39), 091
125(0.98) 125(0.98)
zlglfcgpilr‘;:’i;ai“:; M_H 359(100), 329(0.13), 359(100), 329(0.22),
3 975 974 droxy-7-methoxyxanth C21H2101 HCOOH]- 449.10784  449.10971 449.40989 4.169 4.569 283(0.47), 327(0.06), 283(0.33), 253(0.04), 0.32
. 241(43.13), 179(17.1) 299(0.15), 179(27.08)
one 2k [17]
1501- (Dgfiﬁz;yranosy 387(1.33), 373(0.06), 387(0.24), 373(0.09),
loxy)-6,7-dihydroxy-7- 345(0.16), 243(100), 345(0.06), 243(100),
4 988 9.90 methyl—,l 6,7, 7a-tetrahyd Ci7H2501 [M +HJ* 405.13914  405.13898 405.13864 0.390 1.229 225(0.26), 211(38.42), 225(0.23), 211(38.3), 0.75
ot 193(0.27), 175(0.35), 193(0.73), 175(0.1),
rocyclopenta[c]pyran-4- 165(0.51) 165(0.25)
carboxylate ab [18]
213(100), 195(0.27), 213(100), 195(0.16),
5 10.17 10.20 Loganic acid b Ci6H23010 [M-H]- 375.12857  375.13019 375.13022 4.310 4.390 169(17.87), 113(1.83), 169(18.11), 113(1.94), 0.91
151(3.61), 125(2.48) 151(3.66), 125(2.69)
1-0-D-glucopyransyla 367(0.46), 355(100), 367(0.41), 355(100),
6 1029 10.31 mpexine *»[19] CisH2609Na  [M + Na]* 385.14690  385.14673 385.14664 0.450 0.684 357(0.02), 223(4.06), 357(0.05), 339(0.13), 1.11
205(0.13), 223(4.06), 205(0.04),
2-O-B-D-glucospranos M- H+ 405(100), 433(0.57),
71038 - yMlGdihydroxyxanth  CaHiOn ooy, 45108710 45114664 - 4.850 415(0.63), 243(29.91), - -
one 2 [17] 269(0.28)
563(1.04), 545(4.78), 563(0.56), 545(3.64),
6'-O-B-D-glucosyl [M-H + 535(100), 517(17.57), 535(100), 517(25.37),
8§ 11.02 11.07 SwertiEmafin b [}2701 C2Ha3017 HCOOH]- 581.17123  581.17352 581.17328 3.948 3.535 499(1.93), 341(36.38), 499(1.23), 341(29.58), 1.11
323(15.84), 193(1.11) 323(14), 193(0.96)
357(2.16), 287(0.87),
Tetramethoxy-1,3,7,8-x [M-H+ 255(0.71), 195(100),
9 11.07 - anthoneya (21] Ci9H190s CHsCOOH]- 375.10744  375.10927 - 4.895 - 179(5.46), 151(84.67), - -
121(22.05)
10 - 11.10 Gentiabavaroside »[21] C2cH29015 [M-H]- 581.15010 - 581.14722 - 4.950 535(100), 521(1.15), -
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517(31.95), 499(4.9),
521(1.15), 249(0.4),
247(1.44)
371(4.98), 345(100), 331711((3 26)3 )é 3;153(312?)
11 1163 1165 Secologano®[22]  CiHzsOw  [M-H]-  389.14422 389.14285 389.14258 3529 4223  209(30.88),191(0.33), < = 0.91
163(0.35), 149(1.17) 191(0.44), 163(0.37),
it 149(1.9)
387(0.07), 369(0.04), 387(0.07), 369(0.04),
o 243(100), 211(34.33), 243(100), 211(37.23),
ab N
12 1165 1168 Kingiside®[23]  CrHxOn  [M+HJ' 40513914 40513895 40513858 0188 0558 o) ot5 o0 o " 207(0.00), 193(0.25), 0.86
183(0.13), 165(0.44) 183(0.13), 165(0.32)
431(0.52), 403(4.87),
Glucosyl-1-gentiacaule 413(0.06), 241(100),
1B - 1L H M-H]- 44910784 - 449.1 ) - -
3 69 inv[21] C21H2101 [ ] 9.1078: 9.10965 035 327(0.06), 283(0.06),
165(1.89)
14 11.80 1182  Swertiamarin*v*  CiHzOn 419.11840 41911990 419.11984 3573 3430 211(3.06), 193(0.1), 179(100), o) 0.87
HCOOHJ- 1610574, 149(1.53) 179(100), 161(6.37),
SR A 149(1.6)
5170178, 3501, 217831 355(0.05),
499(2.88), 341(100),
6'-O-B-D-glucosyl [M-H + 499(1.98), 341(100), 323(16), 305(1.26)
15 11.87 CPTBUCOSYT o HaOn 563.16066 56316193 563.16144 2.168 2.048 323(13.4), 327(0.29), 305(1.5), T 0.91
gentiopicroside b [24] HCOOH]- 309(0.26), 193(1.63) 309(0.1), 193(3.28),
22N 17OLL09) 179(45.22), 175(0.14),
179(46.29), 165(0.
9(46.29), 165(0.03) 165(0.35)
591(0.19), 573(0.21), 591(0.29), 573(0.14),
Isoorientin-4'-O-B-D-gl 519(2.06), 447(100), 489(4.3),  519(1.56), 447(100),
16 1251 12.53 CoH»0 M-H]- 60914501 609.14783 609.14764 4.628 4.316 0.9
ucosyle 2b[25] 7H2Oe | I 327(5.65), 429(1.63), 489(5.61), 327(5.35),
411(0.45) 429(0.66), 411(0.07)
575(3.67), 557(0.81), 575(4.38), 557(1.49),
17 1259 1259  Saponarineb[26]  CxH»Oi  [M-H- 59315010 593.15302 59315277 4929 4507  503(27.18), 473(100), 503(26.83), 473(100), 117
431(0.98), 311(12.43) 431(1.1), 311(9.15)
. 445(0.28), 435(100),
lucosyl-8- M-H
18 1279 - GucosyafziYertla“‘“ CuH2101 H[ICOOH} 481.09767  481.09833 - 1378 - 273(49.56), 241(10.58), - -
403(69.94), 359(17.44)
463(0.13), 445(0.28),
N [M-H + 435(100), 361(0.05),
19 12.86 Mangiferin « CaH2On ' Gopyy. 48109767 48109711 1.158 301034 403(0.59)
273(66.13), 179(3.46)
o [M-H + 355(78.18), 193(9.39),  355(78.98), 193(11.62),
ab*
20 1296 1298 Gentiopicroside CrtliOn ooy 40110784 40110907 40110892 1232 1.082 170(100), 175(0.48), 179(100), 175(0.29), 1.04
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149(14.29), 165(1.54) 149(19.9), 165(0.87)
357(100), 339(1.06), 357(100), 339(1.39),
[M-H + 283(0.21), 267(4.96), 267(5), 195(48.96),
21 1347 1348  Sweroside *b* CrMzOn  proayy. 40312349 40312506 40312488 1572 1392 195(45.04), 177(050), 177(1.76), 180(1.24), 0.99
180(2.67), 151(8.32), 151(6.9), 125(17.08),
125(16.99) 119(0.19)
. [M-H+ 389(12.53), 227(100), 371(0.25), 209(0.27), 127(0.31);
2 1357 Loganin CuHzOn  yeaay 43514970 435.15146 4039 ‘Standard)
L 359(0.11), 347(0.6),
3-Methylcorymbiferin [M-H+ 362(0.1), 347(0.22), 197(100),
23 1387 13.90 2] CuHiOy ooy 7708671 37708704 37708734 0879 175 gl e 197(100), 179(0.41), 1.92
153(23.02)
1-hydroxy-2,3,4,7-tetra M_H s 347(0.48), 331(0.03), 347(1.46), 331(0.06),
241392 1396 methoxy xanthones?  CuHiOv ooy 37708671 37708716 377.08698 1197 0720 197(100), 179(0.03), 197(100), 179(0.45), 2.07
28] 153(20.32), 119(0.06) 153(21.29)
o ~ 765(0.69), 755(0.2), 681(0.85), 765(0.17), 755(0.45),
25 1485 14.85 ISO“;E::S‘ zleab[gg?[) CuHuOxz H[Il\é[OOHH} 80120840 80121179 80121118 3391 2781 639(100), 635(0.13), 621(0.2),  681(1.49), 639(100), 0.82
glucosy 477(42.58) 621(3.91), 477(45)
o 637(0.05), 493(65.72),
Gentiotrifloroside 2 637(0.19), 493(67.72),
26 1511 15.11 H M- HJ- 1 18951 655.18927 4.020 3.654 475(0.22), 315(100), .
6 1511 15 130] CoHsOv | I 65518688  655.18951 655.189 020 3654 00 315100, 195014 Y5022 315(100) 0.85
339(0.23)
431(100), 413(25.4), 431(100), 413(21.6),
27 1538 1538  Isoorientin s CaHzOn  [M+HJ* 44910784  449.10727 44910684 0568 0998  395(19.26), 329(27.53),  395(18.98), 329(26.97), 1.03
299(2.14) 299(3.35)
o ~ 593(0.07), 431(0.03), 593(0.01), 431(0.01),
28 1626 1627 ISO‘I’::;‘;“éa%g]D CasHnOnr }[Il\éloé{H;_ 639.15558  639.15826 639.15808 2.684 2504 477(100), 357(0.2), 311(0.1),  477(100), 357(0.12), 1.05
glucosy 281(0.04) 387(0.04)
487(0.37), 451(1.73), 505(1.55), 371(1.39),
Glucosyl-1-decussatin [M-H+ 371(1.12), 359(4.1), 359(0.89), 361(65.37),
29 17.03 17.01 1] CallrOn  ycnopy. 521462 SBAUR SBI03 4975 4612 4o o0 313(0.96), 299(1.23), 013
299(0.3), 241(100), 165(6.39)  241(100), 165(8.09)
413(6.31 1.19), 311(100), 281(0.06), 283(0.4
30 17.30 Isovitexin * CzHusOw  [M-HJ  431.09727 431.09903 4075 3(6.31), 395(1.19), 311(100), 281(0.06), 283(0.49) -
(Standard)
o ferulon losanin » 549(100), 471(0.03),
31 1806 - [gl]g CyHsOn  [M+HJ* 56720722  567.20477 - 2447 - 453(7.21), 435(44.55), - -
229(0.13), 211(0.04)
553(0.82), 525(0.22),
32 - 1842  Gentioside®[25]  CsHxOuN [M+NH4*  570.18173 - 570.18396 - 3.909 - 507(0.35), 287(0.37), -
283(100), 253(0.2)
1-hydroxy-2-methoxy- 525(2.02), 507(2.16), 569(0.4), 525(3.53),
18.49 18. H: Ha* 57018173  570.1 70.1 1984  3.804 44
33 1849 1830 5 orimeveroylxanth CoHnOuN [M+NHJ»  570.18173 - 570.18060 57018390 1.984 3804 o5 7 283100, 265(8.27)  507(0.47), 283(100), ?




Molecules 2018, 23, 3222

6 of 31

one 2b[32] 281(1.21), 265(9.85)
. 299(0.08), 271(0.18),
Desmethylbellidifol
34 - 1853 —oome by[3; IO - HeOK  [M+KJ* 298.99525 . 29899619 - 0.944 ; 255(0.47), 155(100), .
137(97.69)
299(0.13), 271(0.26),
35 - 1861 Norswertianin®[34] CiHsOK  [M+K]* 29899525 298.99518 - 0.546 255(0.3), 155(100), -
137(90.32)
-C-B-D-gl 475(23.34), 457(8.67),
6 C‘ .D g.ucospra.nosy 475(13.75), 457(3.99), 5(23.34), 457(8.67)
36 1870 18.67 ltricine (isopyrenine) ~CxHasOn  [M+HJ]*  493.13405 49313306 493.13287 2.013 2398 313(5.05), 315(0.61), 0.83
313(2.4), 315(0.49), 195(100)
ab[29] 195(100)
Gentiakochianoside 569(6.04), 551(1.89), 569(4.57), 551(1.81),
37 1870 18.67 1] CsHzOsN  [M+NHi* 58617665 586.17798 586.17841 2.277 3.070 541(19.3), 539(8.52), 541(19.98), 523(1.11), 0.27
299(100), 243(24.99) 299(100), 243(51.24)
. 635(0.02), 491(4.23),
38 1871 1870 ISOpyr:’;;“fbfzg] BlUCO - HmOw  [M-HF 65317123 65317395 65317328 2724 2050 o 1(%932?";?7’ (‘;7583?5)(’1 o0y 4770171,3710.05), 0.85
Y SO o0k 357(4.73), 315(100)
655(0.06), 647(0.04),
Isoscoparine-7-O-B-D- [M-H+ 609(0.04), 521(100),
1874 - s0Ho: 1817 1814 . 484 : .
18 glucosyle * CoHbOn - cppcoopy 68318179 68318146 048 503(0.22), 433(0.82), 311(0.4),
297(0.04)
493(0.3), 475(0.5),
1-O-glucosyl [M-H+ 467(6.46), 465(4.78), 467(4.07), 465(9.51),
40 19.00 19.01 H 1110823 51110571 511.1 4934 47 62
0 1900 1901 oy mbiferinavpp7)  CHFO peoopy M08 STLISZL STLIOSE0 493 > 305(1.05), 297(6.36), 153(100)  349(0.31), 305(0.47), 06
297(5.73), 153(100)
383(4.28), 365(0.24), 383(7.53), 365(0.5),
3"-acetyl swerside o 341(0.44), 197(100), 341(0.87), 197(100),
41 2031 2032 Ho: M+H] 40114422 401.14362 401.14392 1504 0.7 12
031 20.3 [35] CisHzOn - [M+H] 0 01.14362 401.14392 1.504  0.756 179(9.18), 151(2.36), 179(9.83), 151(2.24), 0
127(7.14) 127(8.11)
4—O”—B—D—glucospranos 991(0.26), 973(0.02),
yl-2"-0-[1-O-B-b-gluco [M-H + 949(0.01), 931(0.01)
49 2089 - jycllrzlfazrtntg;t{]ygrolzgo(j CulsO7 ooy 100924557 100924139 - 4144 847(3.35), 846(100) . .
489(0.02),459(0.01), 357(0.12
entin 2 [36] 89(0.02),459(0.01), 357(0.12)
1,3,4-trihydroxy-8-3-D- 427(0.61), 426(0.39),
glucospranosyl-5,6,7,8-
43 - 2109 CsHOuN  [M+NHi]*  444.15004 - 44415210 - 4654 - 399(1.64), 381(0.3), -
tetrahydroxanthone ®
219(100), 237(6.86)
[37]
7-hydroxy-2-methoxy- 553(1.52), 525(100), 553(0.08), 525(100),
44 2199 2200  1-O-primeveroyl ~ CxHzOuN [M+NHi* 570.18173 570.18390 570.18054 3.804 2.089  283(38.75),265(18.89),  283(33.52), 265(21.99), 1.03

xanthone 20 [32]

229(0.71), 243(12.78) 229(0.22), 243(17.04)
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389(100), 371(0.01), 389(100),
45 2253 2255 Morroniside[38] CrHzOn  [M+H]* 40715429 407.15421 407.15466 1.125 0.314 i;?gggg; fggggig; 23:51((83:))322297((%%19)) 3.05
167(0.01) 185(0.32), 167(0.01)
503(0.37), 485(0.77),
M_H+ 477(2.69), 447(0.05),
46 - 2271 Isoscoparine CuHzOn oy coopy. 52112897 . 52112724 - 1.653 ; 341(0.21), 315(100, -
297(4.59), 195(4.36),
163(6.76)
8-0-ghucosy] 425(16.51), 407(0.4),
47 2293 pelliditolin o [27]  CUFXOUNa  [M+Nal' 44309487 44309613 - 2848 - 389(1.14), 281(1.04), ; .
263(0.36), 247(100)
561(17.21), 543(0.09),
48 2321 -  Gentianaside*[15] CxHuOuNa [M+Na]* 57926232 579.26117 . 1997 - 417(4.89), 399(0.31), - -
383(100), 255(0.08), 237(0.44)
841(11.54), 679(0.71),
49 2336 - Scabran G42[19]  CuHsOx  [M-H]- 84126083 841.26135 - 135 - 517(4.48), 489(0.08), - -
477(100), 337(0.13)
779(0.07), 761(0.02), 779(0.27), 761(0.14),
755(93.15), 737(7.59),  755(97.62), 737(7.45),
50 2360 2359  Rindoside*[19]  CsHuOxn  [M-H] 79721348 79721667 797.21637 3.996 3.620 593(?3?5';23’(2.375;150105)@, 0, 5692512"292’, 23;5;(&08;) 0.92
455(0.84), 357(0.16), 515(0.6), 455(0.54),
315(33.53) 357(0.03), 315(34.36)
857(0.06), 815(0.1), 739(100),  815(0.77), 739(100),
51 2372 23.72 Macwph[y;i(]’“demb CoHuOn  [M-H]- 87522405 87522638 87522614 2.663 3413 713(;17)('369?292(1'2?7’(65:;336)’ Zéiigg;; g;?g;g 0.77
441(0.02), 315(2.68) 517(1.78), 315(3.68)
619(100), 601(0.17), 619(100), 601(0.15),
52 2378 2378 Depressoside**[39] CsHuOn  [M-H]- 78121857 78122137 78122119 3578 3365  655(8.23), 493(3.59), 655(7.98), 493(3.13), 0.89
313(0.02) 313(0.1)
455(0.3), 437(13.83), 411(1.7), izggiig;’ ;;g;g;
55 2543 2540 Oleanolicacid»®  CuHyOs  [M-H] 45535197 45535406 45535413 2784 2812  409(0.76), 233(0.85), 2127.31), 189(100) 0.57
221(28.05), 189(100), 75(1.12) va(.57)
577(1.62), 559(0.6),
54 - 2548 g:cr;‘::;ff\sby[lzi] CyHsOis [M-H]  595.16575 - 59516437 - 2313 : 451479(82.4534)?';955((2%2?5, .
279(100)

Note: @ identified as compound in crude Gentiana radix; * identified as compound in wine-processed Gentiana radix; * identified as compound in standards.
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Figure 1. The structures of compounds identified in crude and wine-processed Gentiana radix: (A)
iridoids; (B) flavonoids; (C) xanthones; (D) triterpenoid.
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Figure 2. TIC chromatogram of standards, crude and wine-processed Gentiana radix: (A) positive ion
mode; (B) negative ion mode; (1) standards; (2) crude Gentiana radix; (3) wine-processed Gentiana
radix.

2.1.1. Structural Characterization and Identification of Iridoid

Compound 1 produced the [M + HJ* ion at m/z 229.10652 and 229.10654 (C11H17Os, mass error =
2.314 ppm and 2.227 ppm). In the MS? spectrum, they all produced ions at m/z 211 [M + H - H:OJ,
m/z 193 [M + H - H20 - H:0J*, suggesting the presence of two hydroxyl groups, m/z 211 was
identified as the base peak. In addition, all of them produced [M + H - CH:OHJ* and [M + H -
CH:OH - COJions at m/z 197 and m/z 169, suggested the presence of carbomethoxy [40]. It yielded a
series of ions at m/z 179 [M + H - H2O - CH3OH]*, m/z 151 [M + H - H.O - CH50H - COJ*, m/z 161 [M
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+H - H20 - H20 - CHsOHJ*, m/z 133 [M + H — H20 - H20 - CH3OH — CO]J*. By comparison with the
reference standard, compound 1 was predicatively annotated as loganetin.

Compound 2 showed the [M + HJ* ion at m/z 391.12317 and 391.12280 (Ci16H23011, mass error =
0.813 ppm and 1.759 ppm). In the MS? spectrum, m/z 229 [M + H - Glc]* was identified as the base
peak. Other product ions like m/z 373 [M + H - H20]*, m/z 211 [M + H — H20 - Glc]* and m/z 193 [M +
H - H20 - Glc — H20J*. The ion at m/z 125 [M - 266]* was yielded by RDA cleavage fragmentation at
5-position of the O-ring and 7-position of the C-ring. By comparison with the literature data,
compound 2 was tentatively identified as eustomoside.

Compound 4 showed the [M + HJ* ion at m/z 405.13898 and 405.13864 (C17H25011, mass error =
0.390 ppm and 1.229 ppm). It generated a serial of ions at m/z 387 [M + H - H20]*, m/z 373 [M + H -
CHsOHY, m/z 345 [M + H — CHsOH - COJ*, m/z 243 [M + H - Glc]*, m/z 225 [M + H - Glc - H20J*, m/z
211 [M + H - Glc - CHsOHJ*, m/z 193 [M + H - Glc - CHsOH - H20], m/z 175 [M + H - Glc - CH:OH
- H20 - H20]* and m/z 165 [M + H - Glc - H20 - CHsOH - CO]J*. Thus, compound 4 was tentatively
determined as methyl
(15)-1-(D-glucopyranosyloxy)-6,7-dihydroxy-7-methyl-1,6,7,7a-tetrahydrocyclopenta[ c]pyran-4-carboxyl
ate.

Compound 5 yielded its quasi-molecular ions [M — H]- at m/z 375.13019 and m/z 375.13022
(mass error = 4.310 ppm and mass error = 4.390 ppm) (CisH23010), respectively. Both of them
generated the same ESI-MS? ions at m/z 213 [M — H - GIc]-, m/z 195 [M — H - Glc - H20]-, m/z 169 [M -
H - Glc - COzJ, 151 [M - H - Glc - H20 — COz]- and m/z 125 [M - H - Glc — 2COz]-[41]. The proposed
spectra of chromatograms of fragmentation MS* of compound 5 is shown in Figure 3, and the
proposed fragmentation pathway of compound 5 is shown in Figure 4. So, compound 5 was
tentatively determined as loganic acid [42].
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Figure 3. Spectra of ion fragments in MS" analysis of loganic acid in negative ion mode.
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Figure 4. The proposed fragmentation pathway of loganic acid.

Compound 6 showed the [M + Na]* at m/z 385.14673 and m/z 385.14664 (C1sH2609Na, mass error =
0.450 ppm and mass error = 0.684 ppm). It generated a serial of ions at m/z 367 [M + Na — H2OJ*, m/z
357 [M + Na - COJ*, m/z 339 [M + Na - CO - H20J*, m/z 355 [M + Na - HCOHJ*, m/z 223 [M + Na —
Glc]* and m/z 205 [M + H — Glc — H20]*. By comparison with the reference standard, compound 6 was
predicatively annotated as 1-O-D-Glucopyransylampexine.

Compounds 8, 14, and 21 produced their [M - H + HCOOH]- ions at m/z 581.17352 and
581.17328 (C23H33017, mass error = 3.948 ppm and mass error = 3.535 ppm), 419.11990 and 419.11984
(C17H23012, mass error = 3.573 ppm and mass error = 3.430 ppm), and 403.12506 and 403.12488
(C17H23011, mass error = 1.5723 ppm and mass error=1.392 ppm), respectively. All of them generated
[M - H]  and [M - H - H20]" ion at m/z 535, m/z 373, m/z 357, m/z 517, m/z 355, m/z 339, respectively.
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Compounds 8 and 14 also generated the [M — H — Glc - H2O - CH:] ion at m/z 341, m/z 179.
Compounds 14 and 21 also generated the [M - H - Glc]-, [M - H - Glc - H20]- and [M - H - neutral
molecule]” (RDA) ion at m/z 211, m/z 195, m/z 193, m/z 177, m/z 151, m/z 141, m/z 125. The MS? ions at
m/z 193 (C1oH11Os) were generated by cleavage fragmentation from 1-position of quasi-molecular
ions in compounds 8 and 14. Compound 8 generated [M - H+ HCOOH - H:0]-, [M - H+ HCOOH -
H20 - H20]- and [M - H - H20 - H2OJ- ions at m/z 563, m/z 545 and m/z 499. The fragmentation
pathways were consistent with deduced of compounds 8, 14 and 21, which further proved the validity of
the results (Figures 5 and 6). Therefore, compound 8 was tentatively deduced as 6'-O-3-D-glucosyl
swertiamarin, compared with the tr values and mass spectra with the reference standard, 14 and 21
were tentatively annotated as swertiamarin and sweroside [43].
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Figure 5. Spectra of ion fragments in MS" analysis of 6'-O-f-D-glucosyl swertiamarin (8),
swertiamarin (14), sweroside (21) in negative ion mode.
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Compound 11 generated [M — H]- ion at m/z 389.14285 and 389.14258 (Ci7H25010, mass error =
3.529 ppm and mass error = 4.223 ppm).The [M — H]- ion produced the ions at m/z 371, m/z 345 and
m/z 209 in the MS? spectrum, which originated from the neutral loss of H20, CO: and a glucose. In
addition, the molecular ion also produced the minor ion at m/z 191 [M - H - Glc - H20 - H20]- and
m/z 163 [M - H - Glc - H20 - H20 - CO]J-. Thus, compound 11 was tentatively determined as
secologanol.

Compounds 12 and 45 produced the [M + H]J* ions at m/z 405.13895 and m/z 405.13858
(C17H2s0m, mass error = 0.188 ppm and mass error = 0.558 ppm), m/z 407.15421 and m/z 407.15466
(C17H27011, mass error = 1.125 ppm and mass error = 0.314 ppm). Its MS? spectrum produced ions at
m/z 387, m/z 369, m/z 389 and m/z 371, which involved the loss of one and two molecules of H20,
respectively. In addition, compounds 12 and 45 also produced a serial of ions at m1/z 243 and 245 [M +
H - Glc]*, m/z 225 and 227 [M + H - Glc - H20]*, m/z 193 and 195 [M + H - Glc - H20 — CH50H]*, m/z
183 and 185 [M + H - Glc - CHsOH - COJ*, m/z 165 and 167 [M + H — Glc — H2O - CHs0OH - COJ* [44].
Compound 50 produced the [M + H — Glc - CHsOH]* ions at m/z 211. So, compounds 12 and 45 were
tentatively determined as kingiside and morroniside.

Compounds 15 and 20 generated their [M — H + HCOOH]- ions at m/z 563.16193 and m/z
563.16144 (C23H31016, mass error = 2.168 ppm and mass error = 2.048 ppm), m/z 401.10907and m/z
401.10892 (Ci7H21011, mass error=1.232 ppm and mass error = 1.082), respectively. Both of their
deprotonated molecular ions produced [M - H],, [M-H-Glc], [M-H-Glc-CO], [M-H-Glc-
CO - H20]J-and [Glu - H]- ions at m/z 517, m/z 355, m/z 355, m/z 193, m/z 327, m/z 165, m/z 309, m/z 149,
m/z 341, and m/z 179, respectively [45]. In addition, compound 20 could generate the ion at m/z 175 by
losing of H20 and a glucose. However, compound 15 produced ions at m/z 193 [M — H - Glc - Glc],
mfz 165 [M - H - Glc - Glc - COJ, m/z 323 [M - H — Glc - H20 — CH?]- and m/z 305 [M - H — Glc - H20
— CHz— H20J~. So, compound 15 was tentatively ascertained as 6'-O-f3-D-glucosyl gentiopicroside,
compared with the tr values and mass spectra with the reference standard, compound 20 was
tentatively ascertained as gentiopicroside.

Compound 22 generated their [M - H + HCOOH]- ion at m/z 435.15146 (CisH2/O12, mass error =
4.039 ppm), respectively. Compound 22 could generate ions at m/z 389 [M - H]-, m/z 371 [M - H -
H:0J, m/z 227 [M - H - Glc]-, m/z 209 [M - H - Glc - H20]- and m/z 127 (C-HuO2, RDA ). So,
compound 22 was tentatively ascertained as loganin.

Compounds 26, 50, and 51 generated their [M - HJ ions at m/z 655.18951 and 655.18927
(C29H35017, mass error = 4.020 ppm and mass error = 3.654 ppm), m/z 797.21667 and 797.21637
(CssHa1021, mass error = 3.996 ppm and mass error = 3.620 ), m/z 875.22638 and 875.22614 (CsoHuOz,
mass error = 2.663 ppm and mass error = 3.413ppm), respectively. The ions at m/z 315 (CisH19O10)
were generated by a-cleavage fragmentation of [M — H]-ion and loss a neutral molecule (C:H:0, m/z
42). Both of their deprotonated molecular ions produced [M - H - H20]- and [M - H - GlIc] ions at
m/z 637, m/z 779, m/z 857, m/z 493, m/z 635, m/z 713. Compounds 26 and 51 also generated the [M - H -
R1'T, ions at m/z 577, m/z 357. And compounds 50 and 51 generated the [M — H - CH3OH - COJ- and
[M - H - CHsOH - CO - Glc]- ions at m/z 815, m/z 737, m/z 653, m/z 575. Compounds 26 and 50
generated the [M — H- Glc — H20]- ions at m/z 475, m/z 617 [46]. In addition, compound 26 also
produced the minor ion at m/z 195 [M — H - Rt' - Glc]~. Compound 50 produced [M - H - 2H:0]-, [M
-H-CHsOHJ, [M - H-2CHs:OH - 2COJ-, [M - H-3CH:OH - 3COJ-, [M - H- CHsOH - GIc], [M -
H - 2CH30H - 2CO - Glc]- and [M - H - 3CHsOH - 3CO - Glc]- ions at m/z 761, m/z 755, m/z 677, m/z
617, m/z 593, m/z 617, m/z 475, m/z 515, m/z 455. Compound 51 produced [M - H - R2'], [M-H - Rz~
CH30H - COJ]- [M -H-R2'- CHs0H - CO - Glc]-and [M - H - R’ = Ri']-ions at m/z 739, m/z 679, m/z
517, m/z 441. Compounds 26, 50 and 51 were predicatively annotated as gentiotrifloroside, rindoside,
macrophylloside A.

Compound 31 produced its [M + H]* ion at m/z 567.20477 (C27H35013, mass error = 2.447 ppm). It
generated a series of ions at m/z 549 [M + H - H20]*, m/z 471 [M + H - H20 - CHsOH - COJ*, m/z 453
M + H - 2H20 - CHsOH-COY", m/z 453 [M + H - 3H.0 - CHsOH - COYJ, m/z 229 [M + H - Glc -
C10HsOs]* and m/z 211 [M + H — Glc — C10HsOs — H20J*. Therefore, it was tentatively identified as
2'-feruloy loganin.
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Compound 41 generated its [M + H]* ion at m/z 401.14362 and m/z 401.14392(CisH2s011, mass
error = 1.504 ppm and mass error = 1.504 ppm). It generated a serial of ions at m/z 383 [M + H—- H20],
m/z 365 [M + H — 2H20J, m/z 341 [M + H - CHsOH - COJ*, m/z 197 [M + H — CsH1206]*, m/z 179 [M + H
- CsH1206— H20]*, m/z 151 [M + H - CsH1206— H20 — CO]J*and m/z 127 (CsHeOs, RDA). Therefore,
compound 41 was tentatively annotated as 3'-acetyl swerside.

Compound 48 generated [M + Na]* ion at m/z 579.26117 (C24sHO141Na, mass error = 1.997 ppm).
The [M + Na]* ion produced the ions at m/z 561 and m/z 543 in the MS? spectrum, which involved the
loss of one and two molecules of H20. In addition, it produced m/z 417 [M + Na — Glc]*, m/z 399 [M +
Na - Glc - H20]*, m/z 255 [M + Na - 2GlIc]*, m/z 237 [M + Na - 2Glc - H20]* and m/z 383 [M + Na - Glc
— CO - CH4J*. Thus, compound 48 was tentatively determined as gentianaside.

Compound 49 produced the [M — H]- ion at m/z 841.26135(mass error = 1.356 ppm) (CzsHa9O24).
The molecular ions yield [M - H]5, [M - H - GIc], [M - H - 2Glc];, [M-H-2Glc - C2H4], [M-H -
2Glc - C2Hs— 4H20]- and [M - H - 3Glc — C2H4], m/z 841, m/z 679, m/z 517, m/z 489, m/z 477 and m/z
337. According to the literature data, compound 49 was tentatively annotated as scabran G4.

Compound 52 generated [M - HJ- ion at m/z 781.22137 and m/z 781.22119 (CssHa10z20, mass error
= 3.578 ppm and 3.365 ppm). The ions at m/z 619 and m/z 601 were yielded by neutral loss one
molecule of glucosyl and glucose, respectively. Moreover, the molecular ion generated ions at m/z
655 [M - H — CsHeOs], m/z 493 [M — H - CsHsOs— Glc]- and m/z 339 [M — H - CeéHeOs - 2Glc - H20]~.
According to the literature data, compound 52 was ascertained as depressoside

2.1.2. Structural Characterization and Identification of Flavonoid

Compounds 16, 17, 30 and 38 generated their [M - H] ions at m/z 609.14783 and 609.14764
(C7H29016, mass error = 4.628 ppm and mass error = 4.316 ppm), m/z 593.15302 and 593.15277
(C27H29015, mass error = 4.929 ppm and mass error = 4.507 ppm), m/z 431.09903 (C21H19O10, mass error
=4.075 ppm), m/z 653.17395 and m/z 653.17328 (CHs33017, mass error = 2.724 ppm and mass error =
2.050 ppm), respectively. All of them produced [M - H — H20]- ions at m/z 591, m/z 575, m/z 413 and
mfz 635, respectively. Compounds 16, 17 and 30 also generated the [M — H — 2H:0], [M - H -
CsHeOs]- and [M - H — CsHsOu]- [47], ions at m/z 573, m/z 557, m/z 395, m/z 519, m/z 503, m/z 341, m/z
489, m/z 473, m/z 311. Compounds 16, 17 and 38 generated the [M - H - Glc]- ions at m/z 447, m/z 431,
m/z 491. Compounds 16 and 17 generated the [M - H - Glc — CsHsOs]" ions at m/z 327, m/z 311.
Moreover, compounds 16 generated ions at m/z 429 [M — H — Glc - H20]- and m/z 411 [M - H - Glc -
2H>0]~.Compound 30 ion generated ions at m/z 281 [M - H - CsH100s]~ and m/z 283 [M - H — Glc -
CiHgO4— COJ. In addition, compound 38 ion generated ions at m/z 477 [M — H — Glc - CHz]-, m/z 357
[M - H - Glc - GiHsOs - COJ- and m/z 315 [M - H - Glc - GiHsOs -~ CO - 2CH2]- [48]. The
fragmentation pathways were consistent with deduced of compounds 16, 17, 30 and 38, which further
proved the validity of the results (Figures 7 and 8). Therefore, combined with bibliography data and
fragmentation = pathways, these four compounds were tentatively identified as
isovitexin-2"-O-B-D-glucosyle, saponarin, isovitexin, isopyrenine-7-O-glucosyle.
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Figure 7. Spectra of ion fragments in MSn analysis of isovitexin-2"-O-B-D-glucosyle (16), saponarin

(17), isovitexin, isopyrenine-7-O-glucosyle (38) in negative ion mode.
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Figure 8. The proposed fragmentation pathway of saponarin, isovitexin-2"-O-B-D-glucosyle,
isovitexin, isopyrenine-7-O-glucosyle,
4'-O-B-D-glucospranosyl-2"-O-[1-O-B-D-glucosyl-2,4,4-trihy droxy-(E)-cinnamoyl]-2"-isoorientin.

Compounds 25 and 28 produced their [M - H + HCOOHY]- ions at m/z 801.21179 and 801.21118
(C34Hu1022, mass error = 3.391 ppm and mass error = 2.781 ppm), m/z 639.15826 and
639.15808401.10892 (C2sH31017, mass error = 2.684 ppm and mass error = 2.504), respectively. Both of
them produced [M - H]- and [M - H + HCOOH - Glc]- ions at m/z 755, m/z 593, m/z 639 and m/z 477.
Compound 25 generated a serial of ions at m/z 621 [M -~ H+ HCOOH - Glc - H20]-, m/z 477 [M - H +
HCOOH - 2GlIc]-, m/z 681 [M - H + HCOOH - C:HsO4]- and m/z 635 [M - H - CaHsO4]- [49].
Compound 28 could produce [M - H - Glc], [M - H + HCOOH - Glc - CsHsO4], [M — H — C4HsOx4]
and [M — H — CsH1Os]- at m/z 431, m/z 357, m/z 311 and m/z 281, respectively. Therefore, according to
the fragmentation pathways and literature data, compounds 25 and 28 were
isovitexin-2"-4'-O-B-D-glucosyle, isovitexin-2"-O-B-D-glucosyle.

Compounds 27 and 36 yielded their [M + HJ* ions at m/z 449.10727 and 449.10684 (C21H2101,
mass error = 0.568 ppm and 0.998 ppm), m/z 493.13306 and 493.13287 (C2sH25012, mass error = 2.013
ppm and 2.398 ppm), respectively. Both of them generated [M + H - H20]* and ions [M + H — 2H20J*
at m/z 431, m/z 475, m/z 413 and m/z 457, respectively. Compound 27 could generate a series of ions
at m/z 395 [M + H - 3H0J", m/z 329 [M + H — CiHsOu4]* and m/z 299 [M + H - CsHOs]* [50,51].
Compound 36 displayed fragment ions at m/z 315, m/z 313 and m/z 195 corresponding to [M + H -
C10H100s]*, [M + H - CsH1Os - HCHOJ* and [M + H - GCsHi0Os — CioH100s]* respectively. By
comparing with the literature data, compounds 27 and 36 were tentatively annotated as isoorientin
and 6-C-B-D-glucospranosyltricine (isopyrenine).

Compounds 39 and 46 produced their [M - H + CHsCOOH]- ions at m/z 683.18146 (CsoHssO1s,
mass error = 0484 ppm) and m/z 521.12724 (C2sH25013, mass error = 1.653 ppm). Both of the
deprotonated molecular ions yield [M - H + CHsCOOH - H20]- at m/z 503 and m/z 665. Compound
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39 produced their [M - H + CHsCOOH - 2H:0], [M - H - CHz], [M-H - Glc - COJ;, [M - H - Glc
- CsH100s5]- and [M - H - Glc — CsH100s— CH:]- ions at m/z 647, m/z 609, m/z 433, m/z 311 and m/z 297
[52]. Compound 46 produced their [M — H + CHsCOOH - CO2];, [M - H - GiHsO4], [M - H -
CsH1005— CHzJ- and [M — H - CsH100s — CoHsOz]- ions at m/z 477, m/z 341, m/z 297 and m/z 163.
According to the literature data, compounds 39 and 46 were tentatively annotated as
ioscoparine-7-O-B-D-glucosyle and isoscoparine.

Compound 42 produced the [M - H + CHsCOOH]- ion at m/z 1009.24139 (Cu4H49O27, mass error
= 4.144 ppm). It generated a serial of ions at m/z 991 [M - H + CHsCOOH - H:0]-, m/z 973 [M - H +
CHsCOOH - 2H:0], m/z 949 [M - H]-, m/z 931 [M - H - H20]-, m/z 847 [M - H + CHsCOOH - GlIcJ,
m/z 846 [M — H + CHsCOOH - Glc - H]-, m/z 489 [M — H - C1sH1609— CsHsOs]- and m/z 489 [M - H +
CH3COOH - Ci1sH1609— CsH100s]~. According to the literature data, compound 42 was ascertained as
4’-O-B-D-glucospranosyl-2"-O-[1-O-B-D-glucosyl-2,4,4-trihydroxy-(E)-cinnamoyl]-2"-isoorientin.

2.1.3. Structural Characterization and Identification of Xanthones

Compound 3 showed [M - H + HCOOH]- ion at m/z 449.10971 and 449.40989 (C2:H21011, mass
error = 4.169 ppm and 4.569 ppm). Its ESI-MS? base peak ion at m/z 359 was generated by losing
CsHsOs. In addition, the major ions at m/z 329 and m/z 299 were produced by neutral loss of CsH1004
and CsHi100s, respectively. Moreover, the molecular ion also yielded ions at m/z 283 [M - H -
CsH1004], m/z 253[M — H — CsH10s]- and m/z 179 [Glu — H]- [53]. By comparing with the literature
data, compound 3 was tentatively identified as
2-C-B-D-glucospranosyl-glucopyranosyl-1-hydroxy-7-methoxyxanthone.

Compounds 7 and 24 produced its [M - H + HCOOH]- ion at m/z 451.14664 (C20H19012, mass
error = 4.850 ppm), m/z 377.08716 and 377.08698 (CisHi7Oy, mass error = 1.197 ppm and 0.720 ppm).
Both of the deprotonated molecular ions at m/z 405 and 331 [M — H]~. Compound 7 generated a
series of ions m/z 433 [M - H + HCOOH - H:20]-, m/z 415 [M - H+ HCOOH - 2H:0]-, m/z 243 [M - H
- Glc]- and m/z 269 [M — H - C7H4Os]~. Compound 24 generated ions m/z 347 [M - H + HCOOH -
HCHOYJ, m/z 197 [M - H - CsHeOz], m/z 119 [M - H - CoH1004]-, m/z 153 [M - H + HCOOH - HCHO
= GsHeOz]- and m/z 179 [M - H - CzHeO2 — HCHOJ- [54]. Therefore, compounds 7 and 24 were
tentatively identified as 2-O-B-D-glucospranosyl-1,6-dihydroxyxanthone and
1-hydroxy-2,3,4,7-tetramethoxy xanthone.

Compounds 9 and 29 produced [M - H + CHsCOOH]- ions at m/z 375.10927 (C19H190s, mass
error = 4.895 ppm), m/z 523.14722 and 523.14703 (C2¢H2/O13, mass error = 4.975 ppm and 4.612 ppm).
Both of the deprotonated molecular ion yield [M - H + CHsCOOH - CsHsOx]~ at m/z 195 and at m/z
343. Compound 9 produced a serial of ions at m/z 357 [M — H + CHsCOOH - H20]-, m/z 287 [M - H -
COJ, m/z 255 [M - H - 2HCHOYJ-, m/z 179 [M - H - CsHsOx2], m/z 151 [M - H — CoHsOs]- and m/z 121
M - H - CHsOs — HCHOJ~. Compound 29 generated [M - H + CHsCOOH - 2H:0];, [M - H +
CHsCOOH - 4H:0OJ, [M - H + CHsCOOH - GlIc], [M - H + CHsCOOH - CsHsOs];, [M - H +
CHsCOOH - CoHsOs], [M - H - CoHsOs], [M - H — Glc - 2HCOH]- and [M - H - Glc — CsHsOz]- at
m/z 487, m/z 451, m/z 361, m/z 371, m/z 359, m/z 299, m/z 241 and m/z 165, respectively. According to the
literature data, compounds 9 and 29 were tentatively determined as tetramethoxy-1,3,7,8-xanthone
and glucosyl-1-decussatin.

Compounds 10, 13 and 54 generated their [M - H]- ions at m/z 581.14722 (C2s6H20O15, mass error =
4.950 ppm), m/z 449.10965 (C21H21011, mass error = 4.035 ppm), m/z 595.16437 (C2xH31015, mass error =
2.313 ppm), respectively. Compounds 10 and 54 produced [M — H — CO - H20 ] ion at m/z 534 and
m/z 549. Compounds 13 and 54 also generated the [M — H - H20]- and [M - H - 2H20]- ions at m/z
431, m/z 577, m/z 413 and m/z 559. Compound 10 generated [M - H - 2HCHOJ-, [M - H - CO -
2H20], [M - H - CO - 3H20J, [M - H - CO - Primeverosyl]- and [M - H - HCHO - Primeverosyl]-,
ions at m/z 521, m/z 517, m/z 499, m/z 249 and m/z 247. Compound 13 generated the [M - H - CO -
H:0T, [M - H - GHeO2], [M - H - CsHeO4]- and [M - H - Glc - CO - H20], ions at m/z 403, m/z 327,
m/z 283 and m/z 241. Moreover, compound 54 generated ions at m/z 495 [M - H - CO - 4H:0]-, m/z
477 [M - H - CO - 5H:0], m/z 417 [M — H - CO - CsHsOs], m/z 415 [M — H - CoHsOu]- and m/z 279 [M
— H - CsHsO4— CsHsO2]~. Therefore, combined with bibliography data and fragmentation pathways,
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these three compounds were tentatively identified as gentiabavaroside, glucosyl-1-gentiacaulein,
primeverosyl-1-decussatin.

Compound 18 produced its [M — H + HCOOH]- ion at m/z 481.09833 (C21H21013, mass error =
1.378 ppm). The [M - H + HCOOH]- ion of compound 18 produced the aglycone ion at m/z 273 in the
MS$S? spectrum, which originated from the neutral loss of an glucose moiety (162 Da). It also
generated a series of ions at m/z 435 [M - HJ-, m/z 445 [M - H + HCOOH - 2H:OJ-, m/z 403 [M - H -
CHz - H20], m/z 359 [M - H - C7HeO2 |- and m/z 241 [M - H - Glc - 2H20]-. Therefore, it was
tentatively identified as glucosyl-8-swertianin.

Compound 19 produced the [M - H + CHsCOOH]- ion at m/z 481.09711 (C21H21013, mass error =
1.158 ppm). It generated a serial of ions at m/z 463 [M - H + CHsCOOH - H20]-, m/z 445 [M - H +
CHsCOOH - 2H:0], m/z 435 [M — H + CHsCOOH - H20 - COJ-, m/z 403 [M - H - H20J-, m/z 361 M —
H + CHsCOOH - CsHsOu]-, m/z 301 [M — H — C4sHsOu], m/z 273 [M - H — C4HsOs~ COJ- and m/z 179
[M - H - CsHsO4— C7H4Os4]". The fragmentation pathway was consistent with deduced of compound 19,
which further proved the validity of the results (Figures 9 and 10). Compared with the tr values and
mass spectra with the reference standard, compound 19 was ascertained as mangiferin [55-57].
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Figure 9. Spectra of ion fragments in MS" analysis of mangiferin in negative ion modea.
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Figure 10. The proposed fragmentation pathway of mangiferin.

Compound 23 produced the [M - H+ CHsCOOH]- ion at m/z 377.08704and 377.08734 (Ci1sH17Os,
mass error = 0.879 ppm and 1.657 ppm). It generated [M - H + CHsCOOH - CHsJ, [M - H +
CHsCOOH - H0J, [M - H + CHsCOOH - HCHOJ-, [M - H + CHsCOOH - CoHsOu4]-, [M - H -
C7HeOs]- and [M - H - C-H6Os3— H20 — COz]- ions at m/z 362, m/z 359, m/z 347, m/z 197, m/z 179 and
m/z 153. Compound 23 was ascertained as 2-methylcorymbiferin.

Compounds 32, 33 and 44 gave their [M + NHa]* ions at m/z 570.18396 (C2sH2s01:N, mass error =
3.909 ppm), m/z 570.18060 and 570.18390 (C2sH30uN, mass error = 1.984 ppm and 3.804 ppm), m/z
570.18390 and 570.18054 (C2sH32014, mass error = 3.804 ppm and 2.089 ppm), so they were isomers.
They all produced the [M + H — CO]J* and ions at m/z 525. Besides, compounds 32 and 33 gave [M + H
- CO - H20]* ion at m/z 507. Compounds 32 and 44 could generate [M + H]J* ion at m/z 553. In
addition, compound 32 could generate [M — CzHsO2— CsHsOs— CHs]", [M + H — C7HeO — CsHsO4]* and
[M + H - CsHsOs— CsHeOs]* at m/z 283, m/z 287 and m/z 253. Compound 33 generated [M + H - CO -
2H20J, [M + H = CsHsOs— C7HeOs]* and [M + H = CzHeOs3— CsHsOu]* at m/z 489, m/z 283 and m/z 265.
Compound 44 generated [M + H — CsHsOs— C/HsOz]*, [M + H — CsHsOs— CsH4O2—- COJ, [M + H -
CiiH1909]*, [M + H = C1iH1909— COJ* and [M + H — CsHsOs— C7H4O2~ CO]* at m/z 283, m/z 265, m/z
259, mfz 229 and m/z 219. Therefore, compounds 32, 33 and 44 were tentatively ascertained as
gentioside, 1-hydroxy-2-methoxy-7-O-primeveroylxanthone and
7-hydroxy-2-methoxy-1-O-primeveroyl xanthone.

Compounds 34 and 35 produced [M + KJ* ions at m/z 298.99619 (C1sHsOsK, mass error = 0.944
ppm) and m/z 298.99518 (CsHsOeK, mass error = 0.565 ppm). Compounds 34 and 35 produced a
serial of ions at m/z 299 [M + K]+, m/z 271 [M + K - COJ*, m/z 255 [M + K = CO - H20]* and m/z 155 [M +
K - CsHsO2 - 2H20]* and m/z 136 [M - CeH4Os+ H]* [58]. According to the literature data, compound
34 and 35 were tentatively determined as desmethylbellidifolin and norswertianin.

Compounds 37 and 43 gave their [M + NHs]* ions at m/z 586.17798 and 586.17841 (C2sH3201sN,
mass error = 2.277 and 3.070 ppm), m/z 444.15210 (C19H26011N, mass error = 4.654 ppm). Both of them
produced [M + HJ* and [M + H - CO]J* ions at m/z 569, m/z 427, m/z 541 and m/z 399. Compound 37
showed [M + H - H:0J%, [M + H - HCHOJ*, [M + H - CHsOs~ C7HeOs]* and [M + H - CsHsO4—
CsHeOs~ CO]J* ions at m/z 551, m/z 539, m/z 299 and m/z 243. Compound 43 generated [M + NHs~
H:0J*, [M + H-CO - H20]*. [M + H - Glc - COJ* and [M + H - Glc - CO - H20]* at m/z 426, m/z 381,
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m/z 237 and m/z 219. Compounds 37 and 43 were tentatively determined as gentiakochianoside and
1,3,4-trihydroxy-8-f3-D-glucospranosyl-5,6,7,8-tetrahydroxanthone

Compound 40 showed [M - H + HCOOH]- ion at m/z 511.10571 and 511.10580 (C2:H21011, mass
error = 4.934 and 4.758 ppm). In ESI-MS?, its ions at m/z 493 [M - H + HCOOH - H20]-, m/z 475 [M -
H + HCOOH - 2H:OJ, m/z 467 [M — H + HCOOH - COz], m/z 465 [M — H]-, m/z 349 [M - H +
HCOOH - GlcJ-, m/z 305 [M - H + HCOOH - Glc — CO2]-, m/z 297 [M - H - H20 — CsH¢Os]~ and m/z
153 [M - H - Glc - CsHeOs]. By comparing with the literature data, compound 40 was tentatively
identified as 1-O-glucosyl corymbiferi.

Compound 47 generated its [M + Na]* ion at m/z 443.09613 (C20H20010Na, mass error = 2.848
ppm). It produced the [M + Na — H20J, [M + Na — 2H20]*and [M + Na - 3H20]* ions at m/z 425, m/z
407 and m/z 389. The [M + Na]* ion produced the ions at m/z 281, m/z 263 and m/z 247 in the MS?
spectrum, which originated from the neutral loss of glucose, H2O and CHa. Therefore, compound 47
was tentatively deduced as 8-O-glucosyl bellidifolin.

2.1.4. Structural Characterization and Identification of Other

Compound 53 produced the [M — H]-ion at m/z 455.35406 and 455.35413 (mass error =2.784 and
2.812 ppm) (Cz0H47Os). The molecular ions yield [M - H-H:0]-, [M - H - CO-];, [M - H- HCOOH],
[M - H - CisH260]-, [M — H = C15H2:02], [M — H = Ci5sH260 - CO2]- and [M - H - CisH260 — CO2~ CH2]-
at m/z 437, m/z 411, m/z 409, m/z 233, m/z 221, m/z 189 and m/z 175. According to the literature data,
compound 53 was tentatively deduced as oleanolic acid.

3. Materials and Methods

3.1. Materials and Chemicals

Gentiana radix was purchased from Anguo herbs market (Anguo, Hebei, China) and was
identified as the dry root and rhizome of Gentiana scabra Bge. by professor Li Feng of Liaoning
University of Traditional Chinese Medicine. Wine-processed Gentiana radix is made by reference to
the Chinese pharmacopoeia (2015). Gentiopicroside, swertiamarin, sweroside, loganin, isovitexin,
and mangiferin were purchased from Jiangsu Yongjian Pharmaceutical Technology CO., Ltd.
(Taizhou, Jiangsu, China). Formic acid, methanol and acetonitrile (HPLC grade) were purchased
from Fisher Scientific (Fair Lawn, NJ, USA). Ultrapure water was purchased from Hangzhou
Wahaha Group Co., Ltd. (Hangzhou, Zhejiang, China). Yellow rice wine was purchased from
Zhejiang Tapai Shaoxing Liquor Co., Ltd. (Shaoxing, Zhejiang, China). Preparation of
wine-processed Gentiana radix: After diluting the yellow rice wine with water, mix it with raw
Gentiana radix. (raw Gentiana radix: yellow rice wine: water = 10:1:1.5). After moistening for 30 min,
stir it in a stir-frying container and keep it stir-frying for 4 min at 100 °C, stirring 100 times per
minute. When the raw Gentiana radix is dark yellow on the surface and slightly fragrant with wine,
take it out and cool it, resulting in wine-processed Gentiana radix.

3.2. Sample and Standards Preparation

The standard solutions of gentiopicroside, swertiamarin, sweroside, loganin, isovitexin, and
mangiferinwere prepared in methanol at appropriate concentrations. The powders of crude and
wine-processed Gentiana radix were weighed precisely (0.50 g); the powders were placed into 20 mL
of methanol and the quality was recorded, and then ultrasonically extracted at room temperature
for 0.5 h. The extracts were cooled to room temperature and filtered to a 25-mL volumetric flask,
then methanol supplemented to 25 mL. Methanol extracts were filtered through a 0.22-um
membrane for analysis. All of the solutions were stored at 4 °C and brought to room temperature
before analysis.

3.3. Instrumentation and Condition
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UHPLC analysis was performed on DIONEX Ultimate 3000 UHPLC system (Thermo Fisher
Scientific, Waltham, MA, USA) with a binary pump and an autosampler. Samples were separated
on a BEH C18 (2.1 x 100 mm, 1.7 pum, Acquity Corporation, Ireland, MA, USA) at room
temperature. The mobile phase consisted of 0.1% (v/v) formic acid and acetonitrile (B). A gradient
program was adopted as follows: 0-2 min, 2% B; 2-20 min, 2-22% B; 20-24 min, 22-80%; 24-26min,
80% B; 26-27 min, 80-2% B; 27-30 min, 2% B. The flow rate was set as 0.3 mL/min.

A LTQ-Orbitrap XL mass spectrometer (Thermo Scientific, Bremen, Germany) was connected
to the UHPLC system via an electrospray ionization (ESI) interface. The effluent was introduced
into the ESI source in a post-column splitting ratio of 1:4. The analysis was performed in both
negative and positive ion mode with a mass range of m/z 100-200.

The analysis was performed in both negative and positive ion mode with a mass range of m/z
100-1500. The optimized ESI parameters in negative ion mode were set as follows: capillary
temperature of 350 °C; sheath gas (nitrogen) flow of 30 arb.; auxiliary gas (nitrogen) flow of 10 arb.;
source voltage of 3.0 kV; capillary voltage of -35 V; tube lens voltage of —110 V. The capillary
voltage was 25 V, source voltage of 4.0 kV and tube lens voltage was 110 V in positive ion mode;
and other parameters were same as those of negative ion mode. The resolution of the orbitrap mass
analyzer was set at 30,000. The isolation width was 2 amu, and the normalized collision energy (CE)
was set to 35%. Collision-induced dissociation (CID) was conducted in LTQ with an activation q of
0.25 and activation time of 30 ms. All instruments were controlled by the Xcalibur data system, and
the data acquisition was carried out by analyst software Xcalibur (version 2.1) from Thermo
Electron Corp (Waltham, MA, USA).

4. Conclusion

In this study, an effective and sensitive analytical method by UHPLC-LTQ-Orbitrap-MS" was
established for systematically characterizing constituents in crude and wine-processed Gentiana
radix. By this method, the structure of constituents could be identified and the peak area of
constituents could be determined. The wine-processing would change the structure of chemical
constituents of Gentiana scabra, which resulted in partial loss and abscission of unstable chemical
groups (hydroxyl, glucosyle, carboxyl, etc.), and carbon-carbon double bond would be displaced or
broken in the structure of some constituents.

The results showed that there were 10 characteristic components in the crude Gentiana radix,
which were 2-O-f-D-glucospranosyl-1,6-dihydroxyxanthone, tetramethoxy-1,3,7,8-xanthone,
glucosyl-8-swertianin, = mangiferin,  2-feruloy = loganin, isoscoparine-7-O-B-D-glucosyle,
4'-O-B-D-glucospranosyl-2"-O-[1-O-B-D-glucosyl-2,4,4-trihydroxy-(E)-cinnamoyl]-2'-isoorientin,
8-O-glucosyl bellidifolin, gentianaside, scabran G4. And 8 characteristic constituents in
wine-processed Gentiana radix, which are gentiabavaroside, glucosyl-1-gentiacaulein, gentioside,
desmethylfoidilin, norswertianin,
1,3,4-trihydroxy-8-p-D-glucospranosyl-5,6,7,8-tetrahydroxanthone, isoscoparine,
primeverosyl-1-decussatin.

Since the sampling amounts of crude and wine-processed Gentiana radix are the same, by
comparing the peak area of their chemical constituents, it can be seen that the contents of some
chemical constituents change in Gentiana radix after being wine-processed. Among the constituents,
2-C-B-D-glucospranosyl-glucopyranosyl-1-hydroxy-7-methoxyxanthone, methyl
(15)-1-(D-glucopyranosyloxy)-6,7-dihydroxy-7-methyl-1,6,7,7a-tetrahydrocyclopenta[ c|pyran-4-carb
oxylate, glucosyl-1-decussatin, gentiakochianoside, 1-O-glucosyl corymbiferin, macrophylloside A
and oleanolic acid increased significantly after being wine-processed. While 2-methylcorymbiferin,
1-hydroxy-2,3,4,7-tetramethoxy xanthone, 1-hydroxy-2-methoxy-7-O-primeveroylxanthone and
morroniside decreased significantly after being wine-processed.

By comparing the structure and peak area of the constituents, we could see that there are
differences between crude and wine-processed Gentiana radix, which showed wine-processing can
change the structure and contents of some constituents in Gentiana radix. The result of this paper can
be used to explain the processing principles of Gentiana radix to some extent.



Molecules 2018, 23, 3222 29 of 31

Author Contributions: Q.C. designed the experiments; X.L., ].-Z.S. and Y.-Q.L. contribute to the data collection
and analysis; Q.C. and Y.-Q.L. contributed reagents/materials/analysis tools; X.L., ].-Z.S., S.-Z.X. and Q.C. wrote
the paper.

Funding: This work was financially supported by the National Standardization Project of Traditional Chinese
Medicine —“Standardization Construction of Six Kinds of Chinese Herbal Medicines, such as Scutellaria”
(ZYBZH-Y-TJ-43), and Liaoning Province’s Innovative Talents Support Scheme (LR2016037).

Acknowledgement: This work was financially supported by the National Standardization Project of
Traditional Chinese Medicine—"Standardization Construction of Six Kinds of Chinese Herbal Medicines, such
as Scutellaria” (ZYBZH-Y-TJ-43), and Liaoning Province’s Innovative Talents Support Scheme (LR2016037). We
also thank Prof. Jiayu Zhang for her technical assistance.

Conflicts of interest: The authors declare no conflicts of interest.

References

1.  Chinese Pharmacopeia Commission. Pharmacopeia of the People’s Republic of China, 10th ed.; China Medical
Science Press: Beijing, China, 2015; p. 96.

2. Cao, EH,; Li, C. New advances in research of chemical constituents and pharmacological activities of
genus Gentiana. Chin. |. New Drugs 2008, 17, 27-29.

3. Cheng, Z.Y,; Yu, LY, Ji, H].; Han, D.D.; Shen, Q.H.; Lv, Y,; Yang, Y.J. Study on different extraction
technology of polysaccharides form Gentiana scabra and its antioxidation. J. Henan Univ. Technol. 2016, 37,
81-86, doi:10.16433/j.cnki.issn1673-2383.2016.05.014.

4. Ning, Y,; Cheng, Y.P; Ma, A.P; Li, T.C.; Wang, H.Y. Latest progress on the pharmacological activity of
Gentiana scabra Bunge. Chem. Eng. 2017, 31, 47-49, d0i:10.16247/j.cnki.23-1171/tq.20170647.

5. Shen, T, Jin, H,; Wang, Y.Z.; Yuan, TJ; Yang, W.Z.; Zhao, Z.L.; Yang, T. Research progress in the chemical
constituents of  Radix Gentianae. J. Anhui Agri. Sci. 2010, 38, 16868-16874,
doi:10.13989/j.cnki.0517-6611.2010.30.185.

6.  Lei, X. Lei Gong’s Firing Theory; Shanghai College of traditional Chinese Medicine Press: Shanghai, China,
1955; p. 19.

7. Yang, S.T. Materia medica structural element; Science and Technology Publishing House: Shanghai, China,
1958; pp. 145-146.

8.  Chinese Materia Medica Editorial Committee. Chinese Materia Medica; Shanghai Science and Technology
Publishing House: Shanghai, China, 1999; p. 6.

9. Shen, T; Yang, M.Q.; Zhao, Z.L.; Zhang, Z.H.; Wang, Y.Z.; Jin, H,; Zhang, J.Y.; Wang, Y.H. Dynamic
changes in terpenoid contents in Gentiana rigescens. Chin. Bull. Bot. 2011, 46, 652—657.

10. Zhang, J.; Xu, X.J.; Xu, W.; Huang, J.; Zhu, D.Y.; Qiu, X.H. Rapid characterization and identification of
flavonoids in Radix astragali by ultra-high-pressure liquid chromatography coupled with linear ion
trap-Orbitrap mass spectrometry. J. Chromatogr. Sci. 2015, 53, 945-952, doi:10.1093/chromsci/bmu155.

11. Yu, XJ.; Zhang, J.Y;; Liu, Q.Q.; Wu, Z.S; Liu, S.S.; Shi, H.; Ma, Q. Chemical profiling of fifty constituentsin
Qi-gui-yin granule (QGY) by on-line high-performance liquid chromatography coupled with
ESI-LTQ-Orbitrap mass spectrometer. Res. J. Chem. Environ. 2013, 17, 16-27.

12. Li, Y; Liu, Y,; Liu, RR.; Liu, S.Y.; Zhang, X.P; Wang, ZJ.; Lu, J].Q. HPLC-LTQ-orbitrap MS" profiling
method to comprehensively characterize multiple chemical constituents in xiao-er-qing-jie granules. Anal.
Methods 2015, 7, 7511-7526, doi:10.1039/C5AY00420A.

13.  Zhang, Q.Q.; Dong, X.; Liu, X.G.; Gao, W,; Li, P; Yang, H. Rapid separation and identification of multiple
constituents in Danhong injection by ultra-high performance liquid chromatography coupled to
electrospray ionization quadrupole time-of-flight tandem mass spectrometry. Chin. ]. Nat. Med. 2016, 14,
147-160, d0i:10.1016/51875-5364(16)60008-0.

14. Dunn, W.B.; Broadhurst, D.; Brown, M.; Baker, PN.; Redman, C.W.G.; Kenny, L.C.; Kell, D.B. Metabolic
profiling of serum using ultra performance liquid chromatography and the LTQ-Orbitrap mass
spectrometry system. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2008, 871, 288-298,
doi:10.1016/j.jchromb.2008.03.021.

15. Mpondo, M.E.; Chulia, A.J. Iridoids from Gentiana verna. Phytochemistry 1981, 28, 2502-2504.

16. Mpondo, M.E.; Garcia, J.; Chulia, A.J. Secoiridoid glucosyles from Gentiana Campestris. Phytochemistry
1992, 29, 1687-1688.

17. Tian, X.; Xu, X.Z.; Zhan, H.Y. Two new O-and C-glycosylxanthones from Gentiana tizuensis Franch. Indian
J. Chem. 2003, 42, 950-952.



Molecules 2018, 23, 3222 30 of 31

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Do, T.; Popov, S.; Marekov, N.A. Iridoids from gentianaceae plants growing in bullgaria. Planta Med. 1987,
53, 580, doi:10.1055/s-2007-969048.

Kikuchi, M.; Kakuda, R.; Kikuchi, M. Secoiridoid glycosides from Gentiana scabra. |. Nat. Prod. 2005, 68,
751-753, d0i:10.1021/np0580170.

Mpondo, M.E,; Garcia, ].; Cartier, G. 6"-O-B-D-glucosylswertiamarine: A new secoiridoid from Gentiana
alpna. Planta Med. 1990, 56, 334; doi:10.1055/s-2006-960975.

Goetz, M.; Maniliho, F,; Jacot, G.A. Etude des composes flavoniques et xanthoniques dans les feuilles de
Gentiana ciliata L. Helv. Chim. Acta 1977, 61, 1549-1550.

Mpondo, M.E.; Garcia, J. New secoiridoid glycosides from Gentiana verna. J. Nat. Prod. 1989, 52, 1146-1149.
Garcia, J.; Mpondo, M.E.; Kaouadji, M. Kingside and derivative from Gentiana pyrenaica. Phytochemistry
1990, 29, 3852-3355.

Mpondo, M.E.; Chulia, A.J. 6'-O-B-D-glucosyl gentiopicroside: A new secoiridoid from Gentiana asclepiadea.
Planta Med. 1988, 54, 184-186, doi:10.1055/5-2006-962394.

Luong, M.D.; Fombasso, P,; Jacot, G.A. Contribution a la phytochinie du genre Gentiana XXV ') Etude des
composes flavoniques et xanthoniques dans les feuilles de Gentiana X marcailhouana RY. Nouveaux
cinnamoyl-C-glucosylesss flavoniques. Helv. Chim. Acta 1980, 63, 243-249.

Goetz, M.; Jacot, G.A. Contribution a la phytochimie du genre Gentiana. XXII '). Identification de
nouveaux O-glucosyles de la mangiferine dans Gentiana asclepiadea L. Helv. Chim. Acta 1977, 60,
2103-2106.

Massias, M.; Carbonnier, J.; Molho, D. Xanthones and C-glucosylflavones from Gentiana corymbifera.
Phytochemistry 1981, 20, 1577-1578.

Yang, H.P; Liu, X.; Shi, Y.P. Xanthone constituents in Gentiana panthaica. Chin. Traditional Herb. Drugs 2007,
38, 343-346.

Goetz, M,; Jacot, G.A. Contribution a la phytochimie du genre Gentiana XX '). Identification de nouveaux
O-glucosyles de la mangiferine dans Gentiana asclepiadea L. Helv. Chim. Acta 1977, 60, 1321-1324,
doi:10.1002/hlca.19770600421.

Jian, RW.; Wong, K.L.; Chan, Y.M. Isolation of iridoid and secoiridoid glycosides and comparative study
on radix gentianae and related adulterants by HPLC analysis. Phytochemistry 2005, 66, 2873-28680,
doi:10.1016/j.phytochem.2005.09.028.

Garcia, J.; Chulia, A.J. Loganin and new iridoid glucosyles in Gentiana pedicellata. Planta Med. 1986, 56,
327-329, d0i:10.1055/5-2007-969168.

Hayashi, T.; Yamagishi, T. Two xanthone glycosides from Gentiana lutea. Phytochemistry 1988, 27,
3696-3699, doi:10.1016/j.jpba.2007.07.001.

Maryse, HK.; Kurt, H.; Otto, S. Xanthones, flavones and secoiridoids of american Gentiana species.
Phytochemistry 1981, 20, 442—-446.

Hostettmann, K.; Jacot, G.A. Xanthones et C-glucosylflavones du genre gentiana (section Cyclostigmal).
Phytochemistry 1977, 16, 481-482.

Chung, M.I; Lin, C.N. A new acylated secoiridoid from Gentiana Formosana. ]. Nat. Prod. 1993, 56, 981-983.
Luong, M.D.; Saeby, J.; Fombasso, P. Contribution a la phytochimie du genre Gentiana *. V. Identification
d'un nouveau O-glucoside de C-glucoside flavonique dans les feuilles de Gentiana nivalis L. Helv. Chim.
Acta 1981, 64, 2741-2745.

Kaldas, M.; Miura, I; Hostettmann, K. Campestroside, a new tetrahydroxanthone glucosyle from
Gentiana Campestris. Phytochemistry 1978, 17, 294-297.

Garcia, J.; Mpondo,M.E.; Cartier, G. Secoiridoids and a phenolic glucosyle from Gentiana pyrenaica. . Nat.
Prod. 1989, 52, 996-1002.

Chulia, AJ.; Kaouadji, M. Depressoside, nouvel iridoude isole de Gentiana depressa. |. Nat. Prod. 1985, 48,
53-58.

Li, CM.; Liang, X.M.; Xue, X.Y. Electrospray ionization quadrupole time-of-flight Tandem Mass
Spectrometry of iridoid glucosyles in positive ion mode. Chem. J. Chin. Univ. 2013, 34, 567-572,
doi:10.7503/cjcu20120570.

Zhao, X.S; Yang, M.H.; Wu, HF; Shu, XY. Fragmentation behavior for iridoid glucosyles and
anthraquinonesn morinda of ficinalis by ESF-Q-TOF MS/MS in negative ion mode. ]. Chin. Mass Spectrom.
Soc. 2018, 39, 342-350, doi:10.7538/zpxb.2017.0100.

He, D.D.; Fan, ]J.T.;, You, RR.; Chen, X.Q,; Li, Z.L.; Ju, MJ,; Zeng, B.L. Identification of chemical
constituents in swertia chiravita by UPLC-ESFQ-TOF MS. J. Chin. Mass Spectrom. Soc. 2017, 38, 138-145.
Luo, J.; Zhao, L], Bao, ]J.P; Zhu, D.; Tian, J.H.; Yu, J.; Yin, SSW. Analysis of chemical compositions in
Gentiana rhodantha by UPLC-Q-TOF-MS. Chin. ]. Exp. Traditional Med. Formul. 2018, 24, 89-94,
doi:10.13422/j.cnki.syfjx.20182412.



Molecules 2018, 23, 3222 31 of 31

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Li, CM.; Luo, Y.W,; Tian, B.Y. Research progress on mass spectral fragmentation of iridoids. J. Hebei
Normal Univ. 2015, 39, 522-526, d0i:10.13763/j.cnki.jhebnu.nse.2015.06.012.

Gao, Z.P; Ali, Z.; Khan, I. Glycerogalactolipids from the fruit of Lycium barbarum. Phytochemistry 2008, 69,
2856-2861.

Ni, YJ.; Liu, Y.X,; Ruan, ]J.Y.; Han, L.F; Wang, T.; Zhang, Y. Isolation and identification of iridoidal
glycosides from the whole plant of Gentianella acuta (II). Chin. ]. Med. Chem. 2017, 27, 133-137,
doi:10.14142/j.cnki.cn21-1313/r.2017.02.008.

Ren, X.L.; Huo, ].H.; Sun, G.D.; Wei, W.F.; Wang, W.M. Analysis on chemical constituents from flowers of
Trollius  ledebouri by UPLC-Q-TOF-MS. Chin. Traditional Herbal Drugs 2015, 23, 3475-3481,
doi:10.7501/j.issn.0253-2670.2015.23.006.

Jin, HH.; Xiao, W.D.; Guo, D.S;; Wen, T.D.; Wei, M.W. Identification and characterization of major
constituents in Juglans mandshurica using ultra performance liquid chromatography coupled with
time-of-flight mass spectrometry (UPLC-ESI-Q-TOF/MS). Chin. ]. Nat. Med. 2018, 16, 525-0545,
doi:10.1016/51875-5364(18)30089-X.

Li, S.Z; Liu, S,; Liu, Z.Q.; Pi, ZF; Song, ER; Jin, Y.R. A target-group-change strategy based on the
UPLC-Q-TOF-MSF method for the metabolites identification of Fufang-Xialian-Capsule in rat’s plasma. J.
Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2018, 1085, 24-53, doi:10.1016/j.jchromb.2018.03.046.

Zhong, YM.; Feng, Y.F; Tan, L.Z. Rapid analysis and identification for the alkaloids from Ranunculus
japonicus by UPLC/Q-TOF-MS. ]. Meas. Sci. Instrum. 2014, 5, 87-93.

Huang, J.; Liao, J.Z.; Liu, W.P; Liao, S.Y.; Feng, Y.F.; Chen, H.Y.; Rui, W. Establishment of determination
method for three main active ingredients of honey-processed Astragalus in rat urine based on
UPLC/Q-TOF-MS. Lishizhen Med. Mater. Med. Res. 2017, 28, 2564-2567,
doi:10.3969/j.issn.1008-0805.2017.11.002.

Wang, X,; Qin, Y.; Li, G.Q.; Cheng, S.; Ma, ].Q.; Guo, Y.L.; Luo, W.Z. Study on Chemical Constituents in
Polygoni Cuspidati Folium and its preparation by UPLC-ESI-Q-TOF-MS/MS. |. Chromatogr. Sci. 2018, 56,
425-435, doi:10.1093/chromsci/bmy017.

Zeng, M.L.; Shen, N.T.; Wu, S.W.; Li, Q. Analysis on chemical constituents in Tetrastigma hemsleyanum by
UPLC-Triple-TOF/MS. Chin. Traditional Herb. Drugs 2017, 48, 874-883,
doi:10.7501/j.issn.0253-2670.2017.05.006.

Zhang, D.Y.; Chen, L], Li, J. Simultaneous determination of five xanthones in Swertia chirayita by
HPLC-ESI-MS. Chin. Pharm. 2016, 27, 2579-2582.

Beelders, T.; Beer, D.D.; Stander, M.A.; Joubert, E. Comprehensive phenolic profiling of Cyclopia genistoides
(L.) Vent. by LC-DAD-MS and -MS/MS reveals novel xanthone and benzophenone constituents. Molecules
2014, 19, 11760-11790, doi:10.3390/molecules190811760.

Nie, Y.; Yuan, Hou, Y.Y,; Li, Y.J.; Hou, X.T,; Bai, G.; Deng, J.G. Screening of anti-inflammatory components
in Mangiferae Indicae Semen based on bioactivity-integrated UPLC-Q/TOF analysis. Chin. Traditional
Herb. Drugs 2015, 48, 2743-2749.

Suryawanshi, S.; Asthana, R.K.; Gupta, R.C. Simultaneous estimation of mangiferin and four secoiridoid
glycosides in rat plasma using liquid chromatography tandem mass spectrometry and its application to
pharmacokinetic study of herbal preparation. . Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2007, 858,
211-219, d0i:10.1016/j.jchromb.2007.08.034.

Wang, Z.B.; Wu, Q.; Yu, Ying.; Yang, C.J; Jiang, H.; Wu, Q.H.; Yang, B.Y.; Kuang, H.X. Determination and
pharmacokinetic study of four xanthones in rat plasma after oral administration of Gentianella acuta
extract by UHPLC-ESI-MS/MS. |. Ethnopharmacol. 2015, 1-27, doi:10.1016/j.jep.2015.08.023.

Sample Availability: Samples of the compounds are not available from the authors.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



