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Chemical constituents of underground part of Gentiana crassicaulis with
different processing methods based on UPLC-LTQ-Orbitrap MS/MS
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Abstract: Objective To study the differences of secondary metabolites in underground part of Gentiana crassicaulis processed in different
ways based on metabolomics, so as to provide scientific basis for optimizing its processing and drying methods. Methods G crassicaulis,
collected from Lijiang of Yunnan Province, was processed in the locality and pharmaceutical factory, respectively. The processing methods
included slicing and whole roots (not slicing), and the drying methods included stoving, air drying and sweating. UPLC-LTQ-Orbitrap-MS
technology and multivariate statistical analysis were used to analyze the secondary metabolites of each sample to screen the characteristic
compounds with differences. Results A total of 44 chemical components were identified by analysis of all samples. The results of principal
component analysis (PCA) showed that there were significant differences in the chemical composition between rhizomes and roots, and there
were obvious differences between sliced roots and whole roots. The results of orthogonal partial least squares discriminant analysis (OPLS-DA)
showed the quality of triennial materials was superior to that of biennial materials, the quality of roots was better than that of thizomes, the quality
of sliced roots was better than that of whole roots. The quality of materials by air drying was the best, and the quality of materials processed in
pharmaceutical factory was better than that processed in the locality. The main differential compounds among different groups were also

analyzed. Conclusion It is suggested to select triennial materials, remove the thizomes and slice the roots when G crassicaulis is processed.

YRS EHEA: 2023-01-03

HESWB: HXRAAREIEET ETH (82073959): EXBMRFIFIEST EHIH (81173654); _Fiffli AR 51 2 h R 25 R AR A1)
HIE (2022QN030)

TEEEN: T, &, Wy, M5 S S E . E-mail: 1147221058@qq.com

*REEE: R4, ¥, Rl#d%. E-mail: nlhtem@126.com
BEAL, B, #Hd%. E-mail: zhilzhao@sohu.com



. 4642 -

FEB 2023F7H $54% H 148 Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 14

The results could provide the basis for the primary processing technology, quality control and rational application of G crassicaulis.

Key words: Gentiana crassicaulis Duthie ex Burk.; UPLC-LTQ-Orbitrap-MS; metabonomics; processing method; drying method;

gentiopicroside; loganic acid; sweroside; swertiamarin; 6’-O-p-D-glucosyl-gentiopicroside
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Table 1 Information of sample processing
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2 ik
2.1 HiXmiARRHIE

Mt =50, SRR R 0.5 g, K
ERE, BT S0mL #EEHEH, FEE I kg
B 20 mL. 75 35 CZ&AF T, @A $HEH 30 min
(400 W, 40 kHz), HUHi, “WHIE=E, fMERK
() J5i & . 5000 r/min 250> 10 min, BL_EIE A 0.22 pm
JENEE, HPfS.
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FE e REE L P S RN F SR 5 Flon) B8 i
&, B 10 mL &, MAWEES, 5006
JREIRE N 1.142.1.606.0.618.0.456.0.200 4 mg/mL
PRA RS A ol Bl 25 . Mt . Bl
BRI G R, B 10 mL £, IMAFEEE,
43 ) AR R 0.097 60, 0.236 00, 0.010 63
mg/mL [FREXTHSER B A BUK R R R
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25, 43 9 ) R FE R FE A 0.010 68.0.003 60 mg/mL
TR A X BV Co BT 4 CUKEE b B e iR A7
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2.3 Stk
231 @ik KA ACQUITY UPLC BEH
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1 #AZZ%H 7 UPLC-LTQ-Orbitrap-MS HfiET (A) MIEET (B) RETRE
Fig.1 Total ion chromatogram of G crassicaulis at negative ion mode (A) and positive ion mode (B) of UPLC-LTQ-Orbitrap-MS
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Table 2 Retention time and mass parameters of compounds of G crassicaulis

5 wmin HFR S (i) BRET (m)2) i RE/(X1076)
I 080 CiHxOn 1.107 57 [M—H]~ 179.056 2, 161.045 8, 119.035 2. 89.024 6 i —2.657
2082 CiHaAOnR 387 1264 M—H]” 3411075, 179.055 8, 119.036 0, 89.024 5 Fn -3.166
3086 CisHuOis  503.160 03 [M—H]~ 503.160 0, 341.108 6, 179.036 0 ke -5510
4 LIl CeHsOr 91.019 24 [M—H] 191.0194. 129.0194, 111.008 8, 87.008 8 g i 0.275
5 159 CieHuOn 39112259 M—H] 3911228, 229.0712. 185.0815 i -2.854
6 226 CoHuOs  169.086 70 [M—H]~ 125.0974. 123.0613. 121.031 4 isoboonein -2.854
7296 CisHigOs  315.070 62 [M—H]~ 216928 4, 153.0193, 109.0293 5+(p-D-glucopyranosyl)-2-hydroxybenzoicaci -2.180
§ 404 CrHxOn 405138 34 [M—H]” 179.056 0, 161.0453, 119.035 1, 89.0245 Iipies:il - =330
9 441 CpHxOn 40513843 [M—H]- 179.056 2, 119.035 3, 89.0256 G 3175
10 541 CigHuOn 375128 02 [M—H]” 213.076 4, 169.0870. 113.024 6, 89.0245 DBHR -2.697
I 560 CxHuOis  537.179 69 [M—H]™ 375.128 7, 357.1172. 213.076 4. 169.086 8 loganicacid11-O-B-glucopyranosylester -3.974
12 642 CiHpOn  389.107 15 [M—H] 389.1075, 345.118 2, 183.066 1. 121.0660 W2 B BB A S -3.254
13 644 CisHnOy 34511771 [M—H]- 213.076 4. 183.066 1, 165.055 6. 89.0246 swertiajaposide B 2280
14 651 CryHuOn0  387.12805 [M—H]- 2250764, 179.056 0, 89.0245 DA -1.584
15 658 CoHxOu  SI7.15417[M—H]- 179.056 0, 149.060 9. 119.035 1. 89.024 5 6-0-B-DE BT KRR s =349
16° 6.60 CigHnOw  419.11703 [M—H] 373.110 7, 179.055 9, 141.0194. 89.024 5 B -2.148
17 6.6 CoHsO4 179.034 62 [M—H]~ 179.034 6, 135.0452 5-LEAE KR 0420
18 687 CoHnOu  519.16925 [M—H]” 519.169 8, 195.065 9, 125.024 5 FYiRE 3757
19° 688 CyHxOw  609.142 40 [M—H]- 609.143 6, 447.091 8. 357.060 8, 327.0502 BT -5.920

20 699 CuHsOs  209.044 65 M+H]* 191.034 1, 163.0393, 135.0442 BHE 2,090

21 701 CoHxOis 593148 32 [M—H]” 5751384, 503.118 0, 473.107 6. 311.0526 BRI -5.560

22" 730 CiHoOy  355.102 26 [M—H] 355.1129, 149.056 6, 119.035 2. 89.024 6 TelREH -1906

23735 CHsOn 53114716 [M—H] 235.060 6, 193.0503, 149.060 8 gentimacroside =3410

4763 CiHnOy  403.122 50 [M+HCOOH-H]™ 357.118 3. 195.066 1, 179.056 0, 125.024 6 RSH 2288

25 843 CoHnOn  447.09 82 [M—H]” 429.0809. 357.060 5, 327.050 1 RUAER 4650

26 890 CuHxOn  431.096 31 [M—H]- 413.086 7, 3410656, 311.055 0, ikl 4624

27" 891 CuHiOs  193.048 69 [M—H] 178.026 8, 149.060 8, 134.0375 PIgkm -1426
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®5 wmin R S (mlz BREF (m) A WE%
2% 931 CpHuOn 431.096 19 M—H]~ 413.086 7, 341.065 6. 3110556 S & -4.850
29 1026 CyHuOu 579.167 72 [M—H]~ 450,128, 313.070 6. 271.060 2. 151.003 6 Tk A -5470
30 1038 CisHuOs 519.184 69 [M—H]~ 357.133 1. 342.1075, 151.0400 6-0--DHI BT RE R S -2.096
31 1051 CysHuOis 609.179 14 [M—H]~ 609.179 4, 325.070 7. 301.070 6 i8] -5.400
32 1146 CosHuOu 557.184 63 [M—H]~ 323.0079, 233.081 5, 189.0920. 119.0352 KW D -2767
33 1281 CuHasOu 491.154 21 [M—H] 191.055 7, 149.045 5. 89.024 4 K A -L177
34 1291 CisHioOs 285.038 76 [M—H]~ 257.044 5, 241.0497, 177.0190, KEEZ 3970
3551293 CisHuOs 301.033 87 M—H]~ 301.034 3+ 193.013 8, 151.003 7, & -1.957
36 1394 CisHiOs 269.044 46 [M—H]~ 269.044 7, 2474370, 1170290 53 -3.650
37 1424 CisHigOs 285.039 22 [M—H]~ 285.003 4, 257.044 5, 151.003 6 ITE3 0.335
38 1450  CuHuOs 273.039 28 [M—H]~ 273.039 4, 229.049 8, 137.024 4 EFs 4,140
39 2049 CyHasOs 503.335 50 [M—H] 503.335 6+ 326.540 1, 125.9547 arjungenin 5,040
40 2386 CyHuOs 471345 67 [M—H[” 471.346 1, 430.897 6, 314.0592 LEA -2581
41 2571 CxHeOs 455,350 80 [M+H] 4553513, 1423067, 136.725 8 AR 4680
£ 28  CiHuO 255232 18 [M—H]~ 2552323, 114.9342 el -3470
$ 2136 CuHuOs 423324 83 [M—H]” 4233247, 394.900 1, 205.159 4 vaticinone -4720
4 2916  CxHss0; 455351 07 [M+H]" 4553508, 397.300 5, 95.8344 FHRE -4.260
45 3097 CyHsi0 457366 97 [M+HCOOH—H]™ 457.366 7. 4413305 p-A e -22718

"I T EE A A

“identified by comparing with reference standards
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Fig.2 PCA score plot of G crassicaulis

Mr, 22 XEE S R¥XR2Y Q% 43 124 0.901. 1.000-
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FEMA A Compound Discovery #{FILHLTS 211
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T T VE R BAR A — 28 (Y = AR
1T EID « 3R 3 AN AT J7 5 R A ) OPLS-DA
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Fig. 3 OPLS-DA S-plot of biennial and triennial samples

pl1]
4 FLFNRAY OPLS-DA S-plot
Fig.4 OPLS-DA S-plot of rhizomes and roots

*®3 AETFURFEHE OPLS-DA 4R
Table 3 OPLS-DA results of different drying groups

Ryl R RYy ¢

ERNEY

BT v BT GEHmT) 0798 0.999 0.586

M v BT (57T 0739 0997 0.686

2RER R HREE, DEER. BB, EEER. T R3S RERE
BEE3-ANIR OB IR RS BRRR e SR e
4 — IR BEARBER . 6-O-p-D-R M AR AT, ER. )\ E3{0.6- =5

PR RAERE]3- AN O TG TRRR R  JF S T

T vs JF (B LD 0706 0.997 0.888
WET vs RIT (257 ML) 0.837  1.000 0.870

6-0-p-D-AI IR ST, IR, DERHR. R, BT, Bt
4t —FHIR, 6-O-p-DRAE ARSI BT, AR, AR, )\,

6-— AR G- 3- AR OB, T IUbe AR AR . S A W

AP HAE B S TR R Oy %% 4L 1) 3%
AREREEY . REERLEY SRR, AL
N 258, WAL T4 260 T
T2pfeh, WAL E R, HUO8 “RIT 4l
e 4L

PRI AN, WA . AR
B FTERIRAE AR S BT e T T 4. 24
THAMT, WFHT 6'-0-B-D-Hil % i e I 1 |
FIEIR . 4-t e SRR . AR IR AN 1 U e ik
FRER IS BE “ 2T Hm, A SGET . 7
B2 4t — Be R IR IR DA DU B S B R 15 Tt
T RITT A, IR SR FEAK
AR S S BT A WA
3.5 AEMIFEHEERANERNEYRHE

T WL R AR AS TR R T 22 5, R

OPLS-DA 437X =N Z) LA i 2 Fhoin 7
AT ELBA AT (I = AR AR AR PAT LRI, 40 #r 4
RN 4.

AR T iR S e 10 FhESeE,
FOPHF . DARERR | 6/-O-p-D-F A FEIE o IHE 4 |
T\ e dk-3-[ (2,6- A 2R) Sk RE ] -3-4A RN IR
Zlig IR R EE AR TR VL 2 R &
Y. REZERUEMEERI TUSEH, Tk~
HERZG] L, VI HAM P R EE R LAY S R
T RATH P 2, SRR
6"-O-B-D-71 % HE 3 AH . PR + )\ b2 -
3-[(2,6- S IR Z AR R -3 - R R IR AT HPU e
BRI S & B TIEAN T4 245 VIR dn ke
MREE . Dy R o Sty S AR RS R 54
e TR,

#+ 4 AREMIAELHE OPLS-DA 4R
Table 4 OPLS-DA results of sliced roots and whole roots

HEA ) R Ry 0 EREN
PH vs BANF GEHUNTD  0.847  1.000 0984  6-O-B-D-E AR FIET . 5-Z IO H-13-2 IS, DHER. ITER. T\

BeAE-3-[(2,6- WA AR E]-3- AN OB +IUSERERTIRES . 3T 3EH

YA vs AT (ML) 0518 0.989 0.583

4t BRI, 6-0-p-D- R RIS, RIEEH, DERHER. IER. +)\hk3-

[(2,6-—F# AER) AT BR)-3- AN AR A B T IUGe RS T




FEB 2023F7H $54% H 148 Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 14

. 4647 +

36 A MIS5EMMINEZEAUXERTH
FERA S

AT W B = AR AT TR S, o X 2
J7o N T2 M 1Ak E 4y 34T PCA
OPLS-DA 73 #r (K&l 5). {f /] PCA X & 24T &b
o, Hh 8 ANERMSMRFEE >, ST ZER
77%, W5 E LR W, P TR 25

A TR F(A)
20 e o= -4 (B)
15 - # &= 1T (C)
10 / &7 - A T(D)
s/ . 2 N wB BT TE)
_ / oy Vo w TR (G)
S0 . | *AEF-EATO)
- [ e TR K
5 \ & “ oo / ] T (K)
SN o/
-15 - -
-20 T

5
=30 20 -10 0 10 20
{[1]

TR & B RAE &R, BB HEKXS;
OPLS-DA B4 X5 iE 24 RPXR*Y~ 0% 4 0.693
0.992. 0.770, e H SN ERHENLED,
YRR . R ER . DU e A R T
At SR EERRRR A 5,7- —REANEETER.
iR Z e e ' aik, 245 LM RER
Fr=Hoin T2 44 .

5,7- ¥ -4-TH

08 B il iR
0.6 e
gi W WL
' - D 3 5 e

0
Lon  EEH @ T

p(corn)[1]

—0.4 n
0.6 .
0.8 -

-1.0 |

-03 02 -01 0 01 02 03
pll]

5 PEH5H MMIMmE PCA 5575E (A) & OPLS-DA Y S-plot B (B)
Fig.5 PCA score plot (A) and OPLS-DA S-plot (B) of samples processed in locality and pharmaceutical factory

4 g

ARSI R ZE 28 JU 2 AN R IN A S AT 4
RGN B B, o Sk SR T84
R ZE R VI 55T LA R EI7 1 8
BHRX 5y, R IHAL N 7 6462
sy B — R, SR HPLC /M 7 500 FE A
GER U0, [EIE, 2] ORI T N
Feat, el ReA LA NI HARAM AL, 5~
I TRIRE A ABR 7 S, TG L IRE 2B
Fisks FHNTIETT, PEHUBE T AR Gt Kt
K%, 5 s AR AT, Tk, BT
A6 E T4, e g% —.

UPLC-LTQ-Orbitrap 73 ##/5 il K FH 4= F 315
X, A AE . B PR AR TR, R
fie 7 KM T CID 53X, 4K A YILE Ty
X F¥ReAEZ A ER, ERIETNLEY
P ABERR AT S T, A S e R R I
M2 . A FiiE | UPLC-LTQ-Orbitrap MS
FAR, XAFEI LI N HZEZR LM A 1052
SYIATRAE T, BTG SR IE . X R
TN Z BT iEiE r 28 T45E R, IFEs G AR
i, LU 44 MEEY), ARG ERRS R,
TR, . B AALERZE. RINERE. F
TRFMHEAENEY), Hoo DI EmEm 28, 5

BRI EYIE 2 o FRIRTERE S o 75 078 TR X
N T E ARG RERS BE% . HO FUKZETS RDA
SRSAER TR B 52 s SRS Lo A S TR
1] @k RDA NAE C 38 P24 m/z 151 HIRFAE
BT MR, MZERILAMFERD P AR Z IR
AR, WL EMARRE R, EH SR AR
RV, [E 5 AR A TR RO .

XA TI7 ARTFE PRI
Wb 22 SRR E TR A, 35 2 R 32
BURME R R HLIRS, $27m i 105 O 25
FILAMHIX 2 KB 1 E K. AR
I TR 25 28 0200 e A 2 1 A3 1 2R B AT B R AR
1, HEEEMERS I EGRRAE TS, RIEE
SPERT TR, M ZERARED) A FE R R
m T EATRES, VDR it p i m o Se
T BT S S BN o 1) o A v TR A
o [FINF, Z9MREEED] Rt ] B R 4 st el
KPMZERILAGMUI 7. EESE, FEd—
IRV ORI A RIRR I T AT, Al
DI V25 % N R IR S A S < e I e B N M
SRR, ARTETT A, WA
ZRERASMEEL “CRT” dm, SRREILH
MHIRE LG 1 — 08, AR, “RIT” Hikd e
AREF . B ERETR bR & B A . HHEE



- 4648 +

FEB 2023F7H $54% H 148 Chinese Traditional and Herbal Drugs 2023 July Vol. 54 No. 14

CRITT TEREFER, BAEEAR, HERIAM S

M R, AIARYE LRSS LA
gx b, MZEZRICAMPIIN TR, EUUEH =4

A2, FEERBRFREAL, DARFZIM . FE

TR, 253080y B 52 B 22 J7 T R &R (R

BFRRVI . TEES. fESEPRM A, R4

FZEZRICAMAEFIE . e, BEUCGEE ), 1l

i s SR R 5 =X

FBAR TAVEHEHFRAREEFZFR

F 30wk

11 HEZ 8 [S]. —&. 2020: 282.

Tow, ER, TW, % SIS KA EEH

WFRHERE [1]. H 52, 2017, 48(3): 597-608.

[3] FREME, TRAESE, EWH, & AR TR L
ZiIREIET (0] PEEZR, 2017, 32(9): 1694-1696.

[4] ®/NEh, WEREE, P, 5 AFREALAASF DT
TrER AR BRI AT T [J]. P EZ, 2021, 52(22):
6990-6997.

[5] IR, &%, £%, % P TSR 4 R Eis
LM AR [J]. B, 2020, 51(10): 2593-2602.

[6] XI5, FRIZE, #REF, <. ev)mn T =M+
FRIESFN R E MW [J]. FEFZRE, 2019, 44(7):
1381-1391.

[7] P, R, BhRRH, 25 Frbon b fE o EsiR
FEXT W S 2 MR RRAE B WE R BRI RZ ) (7). R 2
#4, 2017, 40(10): 2325-2330.

[8] kiM, BRT R, SV, U7 iER 2R S A Rk
SEEMEZm [J. B2 EEKEEZ, 2019, 30(6):
1348-1351.

[9] 1&#E, ZEWE, TIH, %. £T UPLC-ESI-HRMS" ¥
KIﬁlﬂ:ﬁmﬁﬁﬁ*ﬂééﬁ%?ﬁEP%J@?%?%&’E@H%EE%

O

—
[\S)
—

[13]

[14]

[15]

[17]

(18]

GRS [J]. L2, 2018, 49(4): 819-825.
K, REE, BEAL, & SFINLTHZEREILW
U8 R TE M 2GRN L5 (9], 2R, 2022,
57(2): 507-513.
FEFAN. LTQ-Orbitrap Velos XU 43 [ £& 14 B &R HL 17 1
i e R W il S A S I R A&
2010, 16(5): 15-19.
Eliuk S, Makarov A. Evolution of orbitrap mass
spectrometry instrumentation [J]. Annu Rev Anal Chem
(Palo Alto Calif), 2015, 8: 61-80.
iR, Mk, M, %. # T UPLC-LTQ-
Orbitrap-MS 73 7 ill 5 % 7% A AL 22 oy 7], BRER
HEE 2, 2020, 13(4): 583-591.
TuJ J, Li Q L, Zhou B H. The tannins from Sanguisorba
officinalis L. (Rosaceae): A systematic study on the
metabolites of rats based on HPLC-LTQ-orbitrap MS?
analysis [J]. Molecules, 2021, 26(13): 4053.
Li D X, Liu D H, Shao D Y, ef al. Wide identification of
the compounds in licorice and exploration of the
mechanism for prostatitis treatment by combining
UHPLC-LTQ-orbitrap MS with network pharmacology
[1]. ChemistrySelect, 2019, 4(11): 3011-3017.
DI Fe, MIESE, X, & AREHRES LR E
FH BRI AR 2 U HEFE T (0], 295,
2021, 56(5): 1444-1452.
B&m, ma, T, & AMYIinT CRFT R
LR S N A HACHURI AR ST [J]. FE2h, 2013,
44(10): 1219-1225.
Chen Q, Shi Z, Wang Y, et al. Study on effects of
sweating treatment and different drying methods on the
quality of Gentianae Macrophyllae Radix [J]. Sci Reports,
2021(11): 9717.

[FTiEsmit i E9]



