2328 ¢ ¢ %% Chinese Traditional and Herbal Drugs 25 49 % 25 10 #§ 2018 £ 5 H

EF UPLC-ESI-HRMS" BRI B FH AR HHEZ AN R B FER AR

9 *

HART, & %t
VU R 225588, DU AR 610041

W OE: B SVHZEZRI Gentiana crasicaulis NERBMALZE RN ZER . B3k BHVUEFF-5 B IH0E B 2 HHR 5
A (UPLC-ESI-HRMS™) £ AN K 222 JUAN R AL G4k 22 ROy HEAT SR AR, PR ERIE A £ it (PCA) 5 IEX ik
AINZFRFH ST (OPLS-DAD Ab3E, HZEZ8 JUAN[RIER AL (1 22 S 48 b J 7 388 o R 14 P — U5 3 o A LU RN — 50 15 A8 25 1 [
Yo PR ity ST AR 2 A 90 2 A 2 DA A O SRR T e o HEAT R o0 b SE5R LS 5E 36 sy, BLIEFRAIETE S 12 />
FKLA ZiEF 4 B2 A RERI LA 2 6 A, Hb 4 AR B IRTEZEY e, @i OPLS-DA, fiik
HAR S EEBr A 16 D ZERMEE R ERS Y . 8510 HIZERIUINAIENE 28 22 7 jl o> R B0 A0 TARES, 1 B IR 28 AN =ik 28
ZE SRy M R BT B E sy (REAZEmD), S ZRITTIR LA R IR TR .

XHE1R: HZXZI0; UPLC-ESI-HRMS"; HEAMCHIA % EM 98T BN IR FIBI 94T 2R Ihn s
FESAES: R284.1 XEkFRERE: A XERES: 0253 -2670(2018)10 - 2328 - 08

DOI: 10.7501/j.iss1.0253-2670.2018.10.013

Application of metabolomics approach to study on chemical constituents in
different parts of Gentiana crasicaulis based on UPLC-ESI-HRMS"

CHEN Jun-ke, ZENG Rui
College of Pharmacy, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective To analyze the difference of chemical constituents in different parts of Gentiana crasicaulis. Methods An
ultra-high performance liquid chromatography coupled with hybrid quadrupole-orbitrap mass spectrometry (UPLC-ESI-HRMS") was
developed to characterize the chemical constituents of different partsin G. crasicaulis. The data were analyzed by principal
component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). The structures of chemical
markers in different parts of the plants were identified based on accurate primary mass spectrometry and secondary mass
spectrometry fragment ion, combined with the reference map, software database searching and related literature. Results A total of
36 compounds were identified, including 12 iridoids, 11 fiavonoids, 4 triterpenes, 2 esters, 1 lignans, and 6 others. Four of them were
reported for the first time in G. crasicaulis. There were 16 chemical ingredients with significant differences distinguished by the
method of OPLS-DA. Conclusion The chemical markers of iridoids were mainly distributed in roots, the chemical markers of
flavonoids and triterpenes were mainly concentrated in aerial part of the plant. It is suggested that the potential multiple utilization of
different parts from G. crasicaulis.
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FH (S 111974-201401) (i 25/ (LS 120718).
TS 153-18-4) W pHR I AR A R
FRAFD: MIGSEIERKR Gt 4547-24-4) TgH

PR IS FS AR MR A FR ], 12 oty I 5t ot &4
35 =98%. FHZEZRILHAH K H VU )12 BT Ha 7K
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Table 1 Sampling site information of G. crasicaulis

Pi's KA WHm RN AL
1 WHEEZSHEF 2710 20164E7H W, ZH. &
2 WHEEZSHEF 2710 201648 H W, ZEH.
3 PALZLWEN 2710 201659 H . XM,
4 PERESITHR 2950 20164E7TH M. ZEW. 4
S OPEEHEZTEA 2950 20164E8 H AR, ZEM
6 REEA TGN 2880 201647 H MR, EM, T
7T REEA G 2880 2016 411 H . ZEM-. 1E
8 FEkZMayb M 3100 2016 4E7 H M. EH.
9 [EkZMIHEH 3100 2016 4E8 M. EH.
10 FbkZiybi B4 3100 2016 4F 11 H #8. M. %
11 Rk Zimybidl 2900 201647 H . XM, %
12 TEkZpbiml 2900 20164E8 A . ZM. ¢

2
2.1 MEFAFERIAERSIE

P RAEBIM 12 HEZ TR EERE & AR . 22,
16 (REFLD 3 #ior, AMETION 50 CHEFEH
T, K ZM T o e E i = 50, FREU AR 0.5 g,
FEERRE, BHEMEEHY, HEIMAFE 20 mL,
FRE R, A (D)% 500 W, HiZE 40 kHz) 30
min, BG4, FREERNERCERI R, R, I,
BB, HERERTIT 0.22 pm PFLUERS g, B4,
22 @Y

it F: )y ACQUITYUPLCBEHC g (100 mm X
2.1 mm, 1.7 ym), FiBIH A N, BN 0.1%H
FR 7K o o6 P e i 26 : 0~2 min, 5% A; 2~20 min,
5%~12% A; 20~35 min, 12%~40% A; 35~38
min, 40% A ; 38~48 min, 40%~80% A ; 48~ 50 min,
80% A; 50~51 min, 80%~5% A; 51~55 min, 5%
Ao, HFREN 0.3 mL/min, #HFEEEE 15 C, #
35 °C, #FfE2uL.
2.3 FRiEEH

BTN ESLIE, MBS rRillg=, Sk
206.84 kPa; fi B A AR R 8 L/min; B %5 B K 2.00
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KV: BT RE 320 °C; HHBISIEE 150 C;
FHIE R : Full MS/dd-MS?, Full MS 43 ¥ 70 000,
dd-MS* 23 #8% 17 500, FHHETEFE m/z 100~1 200,
MS/MS # 3, iR A 30 eV
24 HIEAIE
W R A B JE 46 BE BTV R A 1 R
Progenesis QI V 2.0 FAFHEATIEHZIL, WEXT T U5 7))
FIA— SRR, HEESHOE N (RETHE
JEHEA 1~50 min; m/z 100~1 200; {R-BEEF IR miz
RYFRZ 94 0.1 min, 5X10°. FrEEEHESA
Simca-p 13.0 AT IC I E Y PCA, WP MEEAN A
PR REERSI, F4E4 OPLS-DA BiRUfK) S-plot 454
VIP A FHREE RS, MEEAREE 5 5 AT 434 25
ZRIUANFEBAT I 75 5% - OPLS-DA #5E : CV-ANOVA
BAIF, P<<0.05 ViHHIZAA TR e, 25 B gt
2 VEEEHA Graphpad prism 5 #(fF.
3 Z#R
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Fig. 1 Base peak intensity of different parts of G. crasicaulis
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%2 HEFATRBUAUEYMLEELER
Table 2 Identification of compounds in different parts of G. crasicaulis
S My L K tp/min ﬁii FERET (miz) EY
(miz) (m/z) (X107

1 CpHpOp 3421157 3411078 341.1087 082 —0.57 221.0663,179.0552,161.044 5,  Repsl'?
143.033 8, 131.033 8, 119.033 7,
113.0232,71.012 5

2 CgHgO;  192.0265 1910186 191.0188 1.14 -2.83 173.0080, 154.9975,129.0182,  Fyigml
87.007 4, 67.017 5

3 CHuO; 1700937  169.0859  169.0859  2.50 —3.43 1510752, 169.086 0, 123.080 3,  isoboonein!'?
95.048 9, 57.033 3

4 CiHuOy 376.1364 7512655 7512664 693  0.80 213.0762,169.0860,151.0754, Dk
125.059 5, 113.023 1, 95.048 8,
69.0331,59.012 4

57 CiHyOy 4061470 405.1391 4051401  7.53  —0.24 243.0877,155.0340,141.054 5,  Zrififl?
119.033 7, 113.023 1, 101.023 0,
89.023 0, 71.012 4

6  CpHyOps 5381892  537.1814 537.1826 773 113 357.1201,213.076 3,169.0862,  loganic acid 11-O-B-
113.023 3, 101.022 8, 59.012 5 glucopyranosy! estert'”

7 CisHpOy 34612583 3451180 3451189 974 093 165.0547,121.0647,113.023 1,  swertiajaposide B[
89.0231,59.012 5

8  CiHpOy 3901157  389.1078  389.1089 977 127 345.1188,209.045 5, 183.0649,  secologanoside!"!
165.054 6, 121.064 6,59.012 5

9" CiHnOy 3741207 3731129  373.1138 10.07 —0.71 179.0547,149.0598,141.018 1,  MaF3gstl?
119.033 8,101.023 1, 89.023 1,
71.012'5,59.012 5

10 CpHyOp 518.1630 10353187 10353205 1053 045 221.066 1,179.0552,193.0499,  6'-O-B-D-i & Bk i
161.044 6,131.033 7,119.033 7, 1
89.023 0

11 CiHpOg 3421309 3411231 3411242 1147 0.3 179.0551,161.0446,131.0334,  coniferin!"”
89.0229, 59.012 4

12 CpHypOp 5201787 5191708 519.1719 1150 090 221.0664, 179.0555,151.0752, 424012
113.023 1, 89.023 0, 59.012 4

137 CigHyOy 356.1102 7112131 7112141 1220 —034 191.0705,173.0597, 163.0754,  Jzfi 02
149.059 7, 119.033 8, 101.023 1,
89.0231,71.012 5

14" CiHpOy 358.1258  357.1180  358.1264 1350  1.67 195.0651,177.0550,151.0752,  JaF st
125.023 2, 119.033 8, 113.023 1,
101.023 0, 59.012 5

15 CyHyOps 5941579 5931501 593.1514 1353 126  473.1093,431.0973,341.066 8,  ‘Erig {2
311.056 0, 282.052 7

16 CiHyOpo 390.1520  389.1442  389.1453 1587  0.06 181.0862,179.0550, 161.044 1,  loganin¥
119.033 8, 101.0229

177 CiH;0s 1940574  193.0495 193.0498 1654  —144 178.026 1,149.059 8, 137.022 8,  fizkfzl"?
134.035 9, 93.030 3

18" CyHyOp 448.1000  447.0922  447.0930 1922  —0.53  429.0824,357.0615,327.0510,  S2feiff(2




© 2332 ¢ ¢ %% Chinese Traditional and Herbal Drugs 25 49 % 25 10 #§ 2018 £ 5 H
gk
W5 TR R RABT (k) ey
(miz) (m/z) (X107°)

19" CyHyOp 4321051  431.0973  431.0980 2333 —0.93 341.0678,311.056 6, 283.0612,  S4ifz !
269.045 6

20" CyHy0y6 610.1528  609.1450  609.146 1 2343 —0.05 301.03503,300.027 1,178.9976 5T U3

21" CpHpOy 4621157 4611078  461.1089  24.57 111 383.0776,371.077 4,353.0653,  swertiajaponin''
341.066 3,298.047 6, 161.023 1

22 CyHyOps 7422679 7412600 7412616 2500 055 417.1542,179.054 8,161.0450, liriodendrin!'”
101.022 9, 89.023 0

23 CyHypOy 5201939 5191861  519.1871 2574  —0.19  357.1345,342.1103, 151.038 8,  6'-O-B-D- % & ¥ 5 J& F
113.023 2, 71.012 4 Hl2

248 CiHi Oy 3160789 3150711 3150721 2737 139 315.0721,153.0182,109.0279  5-(B-D-glucopyranosyl)-2-

hydroxybenzoic acid"*!

25 CypHyOy4 5581943 557.1865  557.1875 2747 092 233.0815,161.096 1,189.0914,  Ki DI
119.033 7, 101.023 0, 89.023 0,
59.012 5

260 CisHiO; 3020421 3010343 3010352 2928  —0.68 273.0409,178.9973,151.0024, i g &
121.028 3,107.012 4

27 CisHiOs 286.0472 2850394  285.0403 2935  —039 257.0450,243.0293,241.0136, AEE X!
199.039 44

28 CisHpOs 2700523 269.0444  269.0454 3142 —0.50 269.0451,117.0329,151.0025  jrg&

29" CisHiOs 286.0472 2850394  285.0403 3193  —047 257.0455,241.0483,192.0055, iz
177.018 4,151.002 4, 131.012 7,
107.012 4

30" CigH;0g 3000628  299.0550 299.0559  31.99  —0.76 299.056 3,284.0325,151.0022  diosmetin"

31 CyHpOp 5321575 5311497 5311507  33.80 0.77 531.150 6,315.0723,297.061 1,  gentimacroside!'”
189.092 0, 153.018 2, 109.028 2

32 CisHpOs 2720679 2710601  271.0611 3853  —045 271.0610,256.0374,228.0429  Hii i &

33 CyHuOs 4723547 4713469 4713477 4177 —0.55 4713115,441.3358,409.3473,  maslinic acid?”
407.3332,55.107 2

34" CyHuOs 4723547 4713469 4713477 4578  0.63  471.3475,4233276,223.2365, RIBRBR!
147.289 8

35  CyHyO; 4563598 4553520 4553530 49.09  —0.12 4553539,413.3069,272.216 1, &R
92.046 0

36 CyHu0; 4563598 4553520 4553529  49.63 093 4553526,2722161,99.1047,  fEHm!

92.0520

"3 T B P R LR A T R R ZE SR ST

“identified by comparing with reference standards; #compositions reported for the first time from roots of G. crasicaulis
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R ZE Tt o

ME 2 ATLVE HZIUH EESy (8. ZEm) M
WA Y RO # t[1] BhIX 2 W1, b EARIM T
A i L0 <1 VA TS . P ok s el T B

ST HRMZESR, FIKHZERITHR S5 E5
3538 2 HIHAT L. 1 OPLS-DA #E8L 0 #T 2
L AERE I AR/E PCA ARAY LR 3 (VAR 15 1 1350
AR5y BE L, 19 OPLS-DA MR Ak b 4 ]
122 S 4R B M S AR B T L SE R T /). RA
OPLS-DA 47 Eb%:, OPLS-DA BEAULGIE 45 26 ]
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t¥%

Chinese Traditional and Herbal Drugs

493 F 108 20184E5 7 +2333 -

+if
ot
v D‘I’

30 0004
20 0004
10 0004

0
10 0001
—20 0004
=30 000

—40 0001
—80 000

++
+
ot

L t2]

‘g

—40 000 0

t[1]

40 000

2 HERATRRMSTERE

Fig.2 Score scatter of different parts from G. crasicaulis
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HEAT HOBCR I 22 5 i, B T N 5000
ik e e MR, 1E S-plot EFRALT “S”
i A B R TR &, MRAE S-plot (B 3-B) 456
A EREEEEAEF (VIP) AT, B
JEECR (VIP{E>2.5) B TimiE s, 4560
USTE BT A 16 N ZE RIEFRRT: BERE (r=0.82
min, m/z 342.116 0). &R ((r=1.14 min, m/z
192.025 9) AL FF L (1, =6.93 min, m/z 376.136 7)-

loganic acid 11-O-B-glucopyranosyl ester (g =7.73 min,
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Fig.3 OPLS-DA score plot (A) and S-pilt (B) of aboveground and roots from G. crasicaulis

miz 537.182 6). secologanoside (g=9.77 min, m/z
389.108 9) 6'-O-B-D-Hi & fli W HTEFF (1, =10.53
min, m/z 518.163 2). JJHEH (r=12.20 min,
m/z 356.110 6). EEIEH (rR=13.53 min, m/z
593.151 4). FZHH (,=19.22 min, m/z 448.100
3). FHIE R (g=23.33 min, m/z 431.098 0D
P ((g=23.43 min, m/z609.146 1). swertiajaponin
(tg=24.57 min, m/z 462.006 2). K D(1g=27.47
min, m/z 557.187 5). FIF R (r=45.78 min,
miz 471.347 7). FHRE (£=49.09 min, m/z
455.353 0). AE REZ (1,=49.63 min, m/z 455.3529).
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o MRAEXS ZE R ARAR B B TR, B A 2
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22—, WHARAZE I T BB IRIREEHE A B2
KIERE, =R LB HEREZ MU SRsy, AF
IS B ThRc B 22 ek o an e U R ) Tk
KRS BA TR AT FomEgoht, #%
FiZE R BB PratbETha. DMERHZE S
FEA R 2 S P RIE FUAN 34 FH /D B s Toknts 7, gl
Z 4T . ARSI K A UPLC-ESI-HRMS” 45 4164
RGP HEHAR, MHZERAR. 8. Erpbpdtie
36 MR, BREIREEEGESS 12 A, B
KA, =4 B2 A REIERE 14
HAbZE 6 Ao AR — DRI T RS EH5 R
16 N2 SRR A B Sy e HR AR kil 25 22
AN EAR R B, RN = 22 S o 7R
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RENE IR TR HR loganic acid 11-0-p-
glucopyranosyl ester
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Fig. 4 Contents of chemical constituents in different parts of G. crasicaulis

EE SRR, ASLIUESE VR EE M SR g, ReknT kDA T Hofth 2= S 4R bR e 1
MR IR S A I Z AR br sy, H ABEIRARI AT . RN, I R 18 3
PR EM A B, SR CINA: BN ER R SEIR. SRR R 5
R, RY (REZ ) PRECREEEMS  SEAR, HEEE DT

BHRE NI & B E b AR b BEE I R ILBIR TR, SRR =R
IEAER AR Az U B AAE ZT IR At ROURIEC Wi, MRET. HERITIES



¢ £ % Chinese Traditional and Herbal Drugs 38 49 % %8 10 #§ 2018 £ 5 A 2335 -

AEFR =G E SR Y. A R Ak
P, BRI TR R IAE S AN 2 Ab, 1
gl R Z LR 2. B AR — A
4 FULE, DCRIZIRZETR L BB Phd, R g
ERMIBHRIR S . ST AW TAR, A isRIi
L FB gy T B A SN = 58 R 73 1 B BB AT A
70, MM S FRRIT A ZRIUTR.

SE

[1] HEZd [S]. —&F. 2015.

21 * B, 5k v R, S ERZGHZEZRIL. BEERE
WHR R 2 % ()] W EEEZ, 2006, 17(9):
1631-1633.

[3] Liang J, Ito Y, Zhang X, et al. Rapid preparative
separation of six bioactive compounds from Gentiana
crassicaulis Duthie ex Burk. using microwave-assisted
extraction coupled with high-speed counter-current
chromatography [J]. J Sep Sci, 2013, 36(24): 3934-3940.

[4] Zeng R, Hu H, Ren G, et al. Chemical profiling assisted
quality assessment of Gentianae macrophyllae by
high-performance liquid chromatography using a fused-core
column [J]. J Chromatogr Sci, 2015, 53(8): 1274-1279.

[5]1 ZREM B PERKRGEE o) M]. dbx: P
[ 25 B HE A, 2005.

[6] WA, FIE, iz 4MBENBHYAFRE T4
TR I s 1 B & BT EL i (0], B S 3A
Bi2E4R, 2012, 21(1): 58-63.

(71 ZFHER, FHE2, FRMH, 5 HERITARBAE
HIEEM N D] RAIETIEIT K, 2004,
16(3): 225-227.

(8] W =&, mdow, WERE, S5 REAAE AT
o R (3] b B R g g A, 2007, 32(22):
2337-2341.

[9] ‘WAAME, 2EM, £ ¥, % ZT UHPLC-QTOF/MS
AR BARE RN T IS AR EAL (1], 245
22224R 2016, 51(10): 1609-1615.

[10]

[11]

[12]

[15]

JHKVE, Zhmke, skER, & BT UPLC-Q-TOF/MS
LR T AN R AL AL 2 O IE S (0], P2, 2017,
48(6): 1087-1092.

£ O, EAW, EKAE, F OANRPHBRER LT 5
oA IS Tt 7 B2 (4 2 B LU A [, vl S Jy 772 A
&£, 2015, 21(8): 77-80.

FAKAE, EAY, BHELS, 55, UPLC-Q-Exactive PUZLFT-
i ERL 7 LI 9 5 20 P D I P DR 2 R 2R R A
By (1. FELZ, 2016, 47(18): 3175-3180.

R, MEMR, £, & BV R AEAE
HIRTFLHERE [J]. 52, 2017, 48(3): 597-608.

Xu M, Zhang M, Zhang Y. J, et al. New acylated
secoiridoid  glucosides from Gentiana  straminea
(Gentianaceae) [J]. Helv Chim Acta, 2009 92(2): 321-327.
Pan Y, Zhao Y. L, Zhang J, et al. Phytochemistry and
pharmacological activities of the genus Gentiana
(Gentianaceae) [J]. Chem Inform, 2016, 13(2): 107-150.
VHLHg, KA, ¥ I, & EAIRERIEE N
JEAMRITFE [9]. PUALHEA A4, 2008, 28(12): 2543-2546
Wang Y M, Xu M, Wang D, et al. Anti-inflammatory
compounds of “Qin-Jiao”, the roots of Gentiana dahurica
(Gentianaceae) [J]. J Ethnopharmacol, 2013, 147(2):
341-348.

Li S, Wan C X, He L L, et al. Rapid identification and
quantitative analysis of chemical constituents of Gentiana
veitchiorum by UHPLC-PDA-QTOF-MS [J]. Revista
Brasileira Farmacognosia, 2016, 27(2): 188-194.
SR, ERRE, REF. ANRIVE T [T
HHEZY, 2017, 48(2): 241-246.

Fan H, Zang Y, Zhang Y, et al. Triterpenoids and iridoid
glycosides from Gentiana dahurica [J]. Helv Chim Acta,
2010, 93(12): 2439-2447.

HENME, URL, BEAL, &5 IR EmEGE 1L o
WA FERER [T, HHHEZY, 2017, 48(10): 2116-2128
w3, JTTHN, RIS e R R OUBR R A
[7]. WIEIF R 511, 2014, 30(4): 448-450.



