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UV-Vis and UPLC fingerprint analysis on various medicinal parts of Gentiana
rhodantha and resource evaluation
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Abstract: Objective To develope a method for UV-Vis and UPLC fingerprint on various medicinal parts of Gentiana rhodantha. The
chemical compounds variation in roots, steams, leaves, and flowers were studied by using fingerprint data combined with multivariate
analysis. Methods Using Shim-pack XR-ODS III liquid chromatographic column (150 mm x 2.0 mm, 2.2 um) for gradient elution,
mobile phase was water with 0.1% formic acid and acetonitrile, temperature was 40 ‘C, detection wavelength was 242 nm, injection
value was 0.3 pL, and flow rate was 1.00 mL/min. Electrospray ionization (ESI) source and MRM model, the interface voltage was set
to 3.5 kV. Desolation line (DL) temperature was 250 ‘C. Nebulizing gas and drying gas were nitrogen at a flow rate of 3.0 and 15.0
L/min, respectively. Collision gas was 0.15 mL/min. UV-Vis detection wavelength range at 200 — 500 nm, slit was 1.0 nm, step was 0.5
nm. Multivariate analysis methods including partial least squares discriminant analysis (PLS-DA), variable importance (VIP), and
hierarchical cluster were used for this projection. Results The investigation of UPLC and UV-Vis showed RSD was lower than

2.00% for precision, repeatability, and stability. The recoveries of loganin acid, mangiferin, and sweroside were 97.89% — 102.71%
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and RSD was 1.09% — 2.88%. Pretreatment by 11 smooth + first order was the best data processing method for PLS-DA model (R%y =
0.9315, RMSEE = 0.302, szal =0.901, and RMSEP = 0.341). UV-Vis spectra of roots, steams, leaves, and flowers had the significant

fingerprint characteristic. Similarity analysis showed the chemical compounds in the leaves and flowers were similar and those in the

stems and roots were similar too. Similarity index of root medicinal material has a widely range. The quality of the roots was not stable.
The contents of loganic acid and mangiferin were the highest in the leaves and flowers [(1.46 + 0.42) and (51.59 + 15.45) mg/g]. The

content of sweroside was the hightest in the roots [(4.41 + 3.24) mg/g]. The total content of compounds of the leaves was higher than

other medicinal part, the three compounds, loganic acid, mangiferin, and sweroside were very used for the discrimination of different

parts of G. rhodantha. Cluster anslysis showed there were geography characteristics of the constituents. Sample collected from high

altitude was higher than samples collected from lower altitude. And they were classified in different groups. Conclusion UPLC and

UV-Vis fingerprint could describe the variation of chemical compounds in the roots, steams, leaves, and flowers. All the results could

provide the evaluation method and basic theory of G. rhodantha resource.

Key words: Gentiana rhodantha Franch. ex Hemsl.; UPLC fingerprint; UV-Vis fingerprint; multivariate analysis; resource evaluation
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Table 1 Source information of G. rhodantha samples
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Table 2 MS parameters for analysis of compounds to be measured

G5 % 5 [H] /min BB (m/z) FEF (m/z) filf 12 fe/eV
LERTIR 2.541 421.15 [M+HCOO] 375.25, 213.20 10, 25
AT 5.736 421.10 [M—H] 301.00, 331.05 20, 25
EEEIRER 6.632 359.15 [M+H]" 197.20, 127.15 -10, —30

2.1.3  UV-Vis JGIBME 44 RAS IR A 41
TS NRAER SRR TR AT W e e T, 43
LA 70% H EE A o 2 Lt AT UV-Vis FRaA
B E, KK 200~500 nm, 4% 1.0 nm, %
FEMIRE 0.5 nm.
22 MERSEARIHE

KPR 5.0 mg HEHTR . 30.0 mg AT 1.0
mg MR, AT 10 mL AR A
G AT RE R, A, YRR, TR
AT A, DG 4 CIRAER

23 HiARBERTIE

FREUFE AR R 0.250 0 g N HLIEIRE H, BN
10.00 mL 70% F B3 068 75 B2 X 30 min, RREMA
HWARER, FoEhisE, HEEANESUR TR, 75
ik 0.22 pm FEAFLIENEEE, BB Y UPLC A5
W B UPLC il il 1 mL #ikE 14 £ R4S
UV-Vis 5 4ME IO 38 I i FH SR A
24 ZMEXFR. RUREEZMR

DAVETTR USSR (V), ST AR I FE At
AR (XD ZefilbE TAERNER, #31RI) R S5 WK 3.
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Table 3 Regression equation and linear ranges
5 %x EIVEp R? Ve Fl/(ugrmL ™) o B /(ug-mL ™) ERFR/(ngmL™)
LETR  Y=7159.00 X—10 444.31 0.999 6 5~500 1.950 3.02
TR Y=21938.20 X—334 055.00 0.999 9 20~3 000 0.470 1.57
=EORES Y=7317.47 X—2 830.44 0.999 8 5~100 0.844 1.91
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Fig.1 UV-Vis spectra fingerprint (A, C, and E) and PLS-DA model score chart (B, D, and F) of roots, stems, leaves, and flowers of G.

rhodantha
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B2 OFERBR. =, I UPLC BIEELEIE
Fig. 2 UPLC fingerprints of roots, stems, leaves, and

flowers of G. rhodantha

WS BRI E T N I, S5 A IS B 1. 5. 6
SO R ERATER . TEIRAT RIS 251 . fRaUEE
AL VEAR 5 SR 2o (38 4), 11 {ibar e Jefn Zibt it
HRITES UPLC 4840 TS AHAME R 2 KT 0.980,
FHEUHE S AR 7, AR . 2536 UPLC $/4L
BT AR R R RAE A 0.993, f/IMEh 0.845,

KB FE AU REAN T 0.950~0.990, AN[FEHL
YRR A AT — 8 2 5. LA JEIRMR R UPLC $54L
BIEATUME R BT 0.788~0.962, AFJHLIKAIF B
FHCCAIEHEIR, iR s AEE . B 2.97~20.80 min,
213 ANMRGUE S kI R U AZ HE3H T PLS-DA
WA (R =0.949, RMSEE=0.197,

R*,u=0.987, RMSEP=0.292), WKl 3, 44 #fitiz

F4 1 MOEEEHMIR. F. M UPLC B8 EEHEIAE T

Table4 Similarity evaluation for UPLC fingerprint of roots, stems, leaves, and flowers of 11 batches of G. rhodantha medicinal materials

FEn AHABLEE FE i AHABLEE P AHABLEE FE i AHABLEE

GO1 0.911 JO1 0.969 Y01 0.985 HO1 0.982
G02 0.788 JO2 0.950 Y02 0.985 HO02 0.987
G03 0.946 JO3 0.982 Y03 0.987 HO03 0.986
G04 0.790 Jo4 0.964 Y04 0.994 HO04 0.989
GO05 0.892 JOS5 0.979 Y05 0.985 HO05 0.989
GO06 0.961 JO6 0.993 Y06 0.989 HO06 0.989
G07 0.962 JO7 0.845 Y07 0.993 HO7 0.985
G08 0.874 JO8 0.991 Y08 0.989 HO8 0.983
G09 0.952 JO9 0.977 Y09 0.992 HO09 0.987
Gl10 0.907 J10 0.989 Y10 0.994 H10 0.991
Gl11 0.953 J11 0.979 Y11 0.991 H11 0.978

. B PR EALE 3.00~5.00 min [0k

K74 G5 10%), 7E 5.10~10.00 min [ %04

5 174 (7 24.29%), 7E 10.01~15.00 min A ]

= i 18 A (i 25.71%), £ 15.01~20.44 min

AR SL 28 A (i 40%). 3 il CLANAL A% B

= [T 4% VIP KB TS AT (1.856) > DEETFR

Oy VAR RS (1.502) >Y4254F (1.341), TRBFX AR 2

0
t[1]
3 ETFAEEMIBILENEILEIER PLS-DA RESHE
Fig. 3 PLS-DA model score chart based on fingerprint data

of different medicinal parts

FERHIAR . 25 L JEROEmIX 7y, HEiAE
AR 2 B A AR, AR M 25 A A 27 B 23
Ji S AR AL ZE A . M PLS-DA £ 5, X
HARE VIP fEA/DEATHER, 4R B dh 12
NS IELE N [ 70 A i g L VIP > 1,
PLEAR R MR 22, M B IX 7 A %

FAT IR DT R A K

2.83  ZyMMIMISE 5 A IR RS R R B LA 11
HEZ5HE 3 Bl 22 il oy e 25 R o (R 5D, Bkt
R B KAE N (2.2740.09) mg/g (Y09), fx/ME
H(0.254+0.01) mg/g (JO7), HEBLERTTFER T &
e (1.46+0.42) mg/g, 2558 5 ERTT IR B A
(0.75£0.26) mg/g, fEMMR DERFR BB ZL
(0.8740.48) mg/g Al (0.85+0.44) mg/g. T-HRFF
B (66.05£2.31) mg/g (Y11), /MK
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RS LAREREHMIR, ZE. HFAEPIMUZHSHERNE (X £5,n=6)

Table 5 Determination of three constituents in roots, stems, leaves, and flowers of G. rhodantha medicinal materials (X s, n = 6)

R IR TR 5 3 (merg )

i i ES ) 1t
1 0.69+0.03 0.85+0.03 0.87£0.03 0.84+0.03
2 0.51£0.02 1.1940.04 1.29+0.05 0.65+0.02
3 0.77+0.03 0.71£0.02 1.79+0.07 0.83+0.03
4 1.72+0.06 0.63+0.02 1.61£0.06 0.47+0.02
5 0.60+0.02 0.61+0.02 1.75+0.06 2.14+0.08
6 0.80+0.03 0.67+0.02 1.7240.06 2.13+0.05
7 0.7340.03 0.25+0.01 1.2540.05 0.57+0.02
8 0.57£0.02 1.1240.04 1.36£0.05 1.0240.04
9 1.72£0.06 0.65+0.02 2.27£0.09 0.58+0.02
10 0.71£0.03 0.86+0.03 0.86+0.03 0.73£0.03
11 0.52+0.02 0.66+0.02 1.27+0.05 0.88+0.03
THME 0.85+0.44 0.75+0.26 1.46+0.42 0.871+0.48
Hk P TR B/ (mgg Y
Uics ES I i
1 15.1440.82 14.27 £0.59 29.4841.03 39.854+1.31
2 9.68+0.52 19.2540.79 49.5142.08 37.984+1.25
3 14.4240.78 37.314+1.23 58.424+1.73 49.801+2.04
4 21214+1.14 23.58+0.97 59.3442.04 28.63+0.94
5 19.5041.05 19.7140.81 64.031+2.24 55.2941.82
6 21.69+1.17 40.75+1.67 57.0612.00 51.76+1.33
7 31.454+1.69 5.93+0.24 54.164+1.90 37.10+1.22
8 15.8840.86 19.12+0.78 51.214+1.79 37.164+1.23
9 21214+1.14 17.5840.72 62.314+2.18 40.83+1.35
10 43.85+2.36 27474113 15.95+0.56 36.76+1.21
11 18.141+0.98 25.75+1.06 66.05+2.31 51.79+1.71
SEME 21.11£9.35 22.784+9.92 51.594+15.45 41.5248.21
ok 251 2 B (mgrg )
i E3 i i
1 3.12+0.17 1.3740.06 2.09£0.07 1.4640.05
2 3.33£0.18 1.40£0.06 2.8240.10 1.7940.06
3 2.26%+0.12 4.1940.17 2.18£0.08 1.2940.04
4 3.72+0.20 1.87+0.08 3.17+0.11 2.01£0.07
5 4.8840.26 1.93+0.08 3.59+0.13 2.04+0.07
6 3.07£0.17 4.04+0.17 5.5540.19 2.01£0.06
7 13.5940.73 0.61+0.03 2.40+0.08 3.76+0.13
8 3.96+0.21 4.0140.16 3.0240.11 2.01£0.07
9 3.7240.20 0.99+0.04 3.2240.11 1.8440.06
10 1.43£0.08 3.58+0.15 1.21£0.04 2.2240.07
11 5.40+0.29 1.98+0.08 4.5240.16 2.68+0.09
FME 441+3.24 2.36+1.33 3.07+1.20 2.1140.70

(5.934+0.24) mg/g (J07), HAFHEAEM F AL T
i, 204 (51.59+15.45) mg/g Al (41.52+
8.21) mg/g, MRAMZEP AL, 7m0k (21.11£9.35)
mg/g Al (22.78+9.92) mg/g. M2yl Hus K
RN B /ME S HH IRAE [R]—HE 256 BSR4, GO7

e (13.5940.73) ) mg/g, J07 &A% (0.6140.03)
mg/g, I NAEME/MEFZ 22.28 fif: 11 #L2H 2

2T

KBV [ (4.41£3.24) mg/g].

M (3.07+1.20) mg/g]l. 25 [ (2.36+1.33) mg/g].

1e[ (2.1140.70) mg/g].
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Fig. 4 Cluster analysis of G. rhodantha medicinal materials

from different geographical origins
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UPLC 43 #1 2 78 20 4k e AR I 4 03 i A
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