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Effects of different drying methods on iridoids and flavonoids in Gentiana
crassicaulis based on UPLC-ESI-HRMS"

XU Yan, LI Ai-nuan, WANG Yue, LI Yan-fang, ZENG Rui
School of Pharmacy, Southwest Minzu University, Chengdu 610041, China

Abstract: Objective The effects of far infrared, vacuum, freezing, hot air, dry in the shade and “sweating” drying methods on the
quality of Gentiana crassicaulis were evaluated through chemical component content determination. Methods A UPLC-ESI-HRMS"
method was used to determine quality score of four iridoids (swertiamarin, gentiopicroside, loganic acid, and sweroside) and four
flavonoids (luteolin, isovitexin, apigenin, and kaempferol) of G. crassicaulis. In order to determine the best drying method, the results
were combined with analysis of variance, cluster analysis and TOPSIS analysis, which could comprehensively evaluate the G.
crassicaulis obtained with different drying methods. Results The contents of swertiamarin in samples dried in different methods were
similar. The contents of gentiopicroside, loganic acid, sweroside, luteolin, isovitexin, apigenin, and kaempferol in samples dried in
different methods were obviously different. Among them, the four iridoids were best preserved in the freezing drying samples, and the
four flavonoids were best preserved in the “sweating” drying samples. All compounds significantly degraded in the sample dried in the
shade. Cluster analysis and TOPSIS analysis showed that the samples of “sweating” and freezing drying methods had a similar and high
quality, follow by the samples of hot air and far infrared ray. The samples dried in the shade had the worst quality. Conclusion It was
noteworthy that the effects of different drying methods on the quality of G. crassicaulis. This study showed that the “sweating” drying
method as official method listed in Chinese Pharmacopoeia was verified to be scientific. However, the traditional “sweating” method
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needed a long time for drying. In order to enhance the drying efficiency, further research should focus on the combination of “sweating”
method and modern drying techniques, such as hot air, freeze, vacuum drying methods, which could shorten the drying time on the

basis of the stable quality of G. crasicaulis herbs.
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gentiopicroside; loganic acid; sweroside; luteolin; isovitexin; apigenin; kaempferol
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Table 1 Conditions of different drying methods
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Fig. 1 TIC of mixed standard solution (A), samples (B), and
extracted ion chromatograms of mixed standards of eight
bioactive compounds (C) at negative ion mode
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Table 2 Retention times and mass parameters of eight compounds
. X oFiiE [M—H  (RZE/ B
5% 7T te/min - — R TR (m/z)
AR E SHIME (X107)
BT CieHuOypo 3.73 3751285733 37512979 1.217 375.130 04, 213.076 35, 169.086 07, 113.023 15, 89.023 05,

PEF LT CigHpOqe 4.51 373.112 9232 373.11429 1.367

JIHTETFF  CigHpoOs  4.94 355.102 358 6 355.103 64 1.281
WiFEFF  CgHpOy 5.04 357.118008 6 357.11935 1.341
SR CyuHuOy 5.80 431.097 2732 431.09854 1.207
KRIBHZE  CuHyOs 7.75 285.0393645 285.040 68 1.346
FroRR CisHi100s  8.52 269.044 4499 269.04587 1.270
1 251 CisH100s 8.68 285.039 3645 285.04062 1.256

69.033 20, 59.012 50

362.357 85, 179.055 02, 141.018 05, 119.033 61, 101.022 99,
89.022 96, 71.012 40, 59.012 44

179.055 15, 149.059 57, 119.033 67, 89.023 00, 71.012 44,
59.012 48

283.478 55, 262.143 22, 195.067 09, 151.074 80, 125.023 16,
119.033 89, 89.023 01, 71.012 56, 59.012 51

413.086 88, 383.077 18, 341.066 71, 323.056 12, 311.056 37,
283.061 07, 231.130 77, 161.022 90, 101.022 79, 65.569 60

285.040 56, 284.033 26, 267.030 27, 257.045 29, 241.050 74,
151.002 50, 83.012 31, 65.001 86

269.045 62, 225.055 42, 201.054 73, 159.044 45, 151.002 55,
149.023 28, 117.032 82, 83.012 41, 65.001 38

285.040 56, 279.195 01, 268.038 79, 257.045 29, 241.050 29,
151.002 62, 93.033 23, 83.012 37, 65.001 73

RBEZR. IR 7R LEmT I 2,78,
1.69. 1.68. 1.77. 19.40 mg #| 100 mL EJF+.
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[F]— 10 mL S=IEH, ISR EZE, 75,
BP1S& IR 1. SRR WA RS, BT K
H. ARER. FHIE. KR LERS N
188. 80.2. 15.6. 2.78. 1.69. 1.68. 1.77. 1.94 pg/mL
(PITR A XS R S VAT o T UL i 88 R S TR 5 o) R 7
WS-8 CHAF P&
242 BEASIEB PR & BORERRBR (TR, I
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Table 3 Liner regressions, correlation coefficients, liner ranges, LODs, and LOQs of eight compounds

D% =Y Epp r LPEJEE/(ngml ™ LOD/(ngmL™Y)  LOQ/(ng'mL™)
DAL IR Y=54 918 30019 093 800 X 0.999 1 2 506~40 100 0.055 0.183
BT Y=1 446 720+29 541 300 X 0.999 7 975~15 600 0.131 0.437
e HEE Y=356 856 000+20 763 700 X ~ 0.999 1 11 750~188 000 0.093 0.311
P H Y =247 730+49 665 700 X 0.999 2 87~1390 0.086 0.297
SRR Y=-13206.3+49 598.6 X 0.999 4 0.95~15.16 0.192 0.641
REBEE Y=-58 324.2+98 490.5 X 0.999 5 0.83~13.20 0.064 0.213
FrER Y=-36 405.3+175 939 X 0.999 7 0.86~13.83 0.024 0.080
Ll 25T Y=-58 618.3+133 359 X 0.999 7 0.82~13.13 0.060 0.201
) RSD 43l 4 1.80%-2.96%-1.93%.2.30%-2.47%. 3L 6 fy, MEFRE, DRI DEIIR. B

2.43%. 3.62%- 2.07%. &R TR % R
27 EEEMRAE

B 6 Bt 254 T B, 4 Sl gl
PSR, WS SERER. RS E.
PHFE . R SEH . AR, ARER, FRER.
L 220 1A~ 22 5 70 #0739 9 20 503.18. 3 682.33.
67 894.32. 292.44. 2.16. 0.40. 0.72. 10.72 png/g.
RSD 7354 1.97%. 1.46%. 1.63%. 3.21%. 3.69%.
2.73%. 2.57%. 3.40%, KUZIEELMRIT.
2.8 TREMIRAIE

U264 T s, 22T 0. 2. 6.
10, 12, 24 h #EFeorar, S DERTEIR . A28
. RPHFEEF. RS, RHAIR. KAREER.
FroR I 2y AL RSD 43931 2.02%+ 1.33%.
1.56%. 3.95%. 3.78%. 2.54%. 3.56%. 2.79%, %%
BRI, HEHXSIEWTE 24 h WEGE .
2.9  INEEEULERIRIE

PRI T 2641~ SIS HIRE ok K 20 0.15 g,

T R, B, F4RE. KBEEER.
FroR R WA R S R, NG B s
B AR AR 100%, 1% “2.4.27
TR J7 AT i 2 sl s, D8 5 R AT
I3 LS B BN [N e DL K RSD 1B . 45 2R 2
NIRRT, WHTE . B SRE.
FHIFER. RBREZR, TR ILEMTFHENT
K435 102.67%- 101.86%- 100.533%. 99.34%.
98.52%. 98.24%. 100.34%. 99.60%, RSD %%A
2.02%- 2.96%- 1.80%. 3.59%- 3.89%- 3.20%. 3.47%-
351%. KIFIEEMERLF, &6 8 Fipli/rE =
ME .
210 HEEENE

WA T4 TRHZERIR KR, &K
“2.4.27 TUR N iES A AL il “2.27
Tt BT S AR AT . RS Xcalibur
3.0 A EN T ASThAEACEE, THE 8 FhAFIN K 7 1)
JRESEL SRIE 4.

R4 BTN AHINESERRFEDN T (n=3)
Table 4 Determination of eight components (n = 3)

JUE 5 B (pgg )

TRRIT I A . P ” " . ”

- TR B A T JHE BAFL  RHBER O AREER  E¥RER LER
mAAMFHE 16 883.608% 3531.619° 82229372  286.135" 1.884° 0.186° 0.793°  11.593°
BT 14 395.385° 3192.563% 74 977.092®  290.572° 5.653 0.197° 0.925°  10.747°
AU T 21 188.205° 3740.106° 84 651.237%°  334.543%® 4.382° 0.261° 0.976°  15.315°
A5 17 944.286% 2 779.999° 60892.181°  357.473%® 1.029¢ 0.155° 0.521¢ 7.864¢
JEFT 4 20 003.158° 3 794.505° 68528.716°  257.687° 2.603° 0.192° 0.846°  12.096°
CRYE” TR 12136.824° 4160.723° 78591.956°  396.317° 3.965¢ 0.498° 2993  61.679°
P 0.030 0.215 0.020 0.035 0.000 0.000 0.000  0.038

[ FUA ) T RER R AL Bl ] 2 5 2% (P<<0.05), [AJ31] P BRI 2 )2 5
Values in the same column followed by different letters show significant different at P < 0.05, P values in the same column show the inter-group

differences
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Fig. 2 Cluster analysis of G. crassicaulis by different drying
methods
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Table 5 Results of TOPSIS evaluation

BN YikeS D* D f Her 45 31
mALAMF 4 1175 0.218 0.156 5.000
BT 1.087 0552 0.337 3.000
AR T 0.980 0.530 0.351 2.000
T J5 1247 0172 0.121 6.000
T 1133 0311 0.215 4.000
CRITT TR 0.286 1.254 0.814 1.000

3 it
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% (4 MRS UL ERBIAIERED, KRR & K (ng
R HIRIPR D MO, AR Seibsy T AT
Pk . RENRAZ R B E R
Jiiks

EVE TR, IS AR N AR e E Ry
T FRE . [M—Glu+-2H]" 195.065 06, i i £ iR
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