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 E HW AL AMGREIERRELATRE, FiE AL AM AR R, R AR ZIRAD &%
(UPLC) ik, AP 25 &35 45 S0 B 3548000 5 3R % %5 (2004A B8 )3T 52 Bk 25 44 4 Su kAT 4B L3R4, SEM 2 S M P £ R 4%, F
AT FH T F MR EIH R0 24 (PCA) A iE s = ik-F) 51 5 A7 (OPLS-DA) ], 4R 2 5 T752sscit ey
MAf b9 UPLC #3472 T 1T AN A 3T P 64, 93 A BB (1 59%) #TERFQ5%) BT XEH0GF
M) BBF(654%) ERF(THE)EFHEEF(954%), 2B HERGMMEN KT 0.9 B EIHLEREF,SI~S46,
S48~S52 e — %, SAT # kA — K ;PCA LR B, 9T 6 N L 409 Rt 77 £ Tk % 4 82.928%;OPLS-DA 4 R 27, | T £ ¥
F O ERFAAA 14,1516 TP R EZ G T Mo 2 o RN MR F £ 5709 £ RAFEMR RS D2 MM P ERF0
4EE18.2~101.0 mg/g Z 1], K % #46-2020 F i B2 —)ME . 45 AT L0 UPLC A BB F oM ikd4
ERFAFNE T ik, LB A At RIS e R,

KB AN IS LA R B AUR AN E3E R RE ST £SO B AR D I E-F) A 5T R

Study on UPLC fingerprint and content determination of mangiferin of Gentiana rhodantha
YANG Chaokun, XU Shijuan, XU Wenfen, SUN Qingwen, WANG Bo, GUO Jiangtao, ZHANG Yongping (School
of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China)

ABSTRACT OBJECTIVE To provide reference for quality control of Gentiana rhodantha. METHODS Taking 52 batches of G.
rhodantha as subject, ultra-high performance liquid chromatography (UPLC) fingerprint was adopted. The similarity of 52 batches
of medicinal materials samples was evaluated by the Similarity Evaluation System for Chromatographic Fingerprints of Traditional
Chinese Medicine (2004A edition) ; the content of mangiferin was determined; chemometric analyses [cluster analysis, principal
component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA)] were performed. RESULTS
UPLC fingerprints of 52 batches of G. rhodantha were established, 17 common peaks were identified, and 6 of them were
identified, which were loganic acid (peak 1), neomangiferin (peak 3), swertiamarin (peak 5), dangyin (peak 6), mangiferin
(peak 7) and isoorientin (peak 9). The similarities of 52 batches of medicinal materials samples were all greater than 0.9; cluster
analysis showed that S1-S46, S48-S52 clustered into one class, and S47 alone; PCA results showed that the cumulative variance
contribution rate of the first six principal components was 82.928%; OPLS-DA results showed that the corresponding components of
swertiamarin, mangiferin and chemical composition represented by peak 4, 14, 15, 16 were the main iconic components affecting
the quality differences of G. rhodantha medicinal materials. The contents of mangiferin in 52 batches of medicinal material samples
ranged from 18.2 to 101.0 mg/g, mostly in accordance with 2020 edition of Chinese Pharmacopoeia. CONCLUSIONS The
established UPLC fingerprint and chemometric analysis methods combined with content determination method of mangiferin can
comprehensively evaluate the quality of G. rhodantha.

KEYWORDS Gentiana rhodantha; fingerprint; ultra-high performance liquid chromatography; cluster analysis; principal

component analysis; orthogonal partial least square-discriminant analysis; mangiferin

AR RN SN 25 2 — MR IR 2148
W NH Gentiana rhodantha Franch. i T Hp4 3L | ELA 5 4

AEETEB FRARPIFEEEZ 0 400N NIREBUTI A 24
T H (No. U1812403-2-4) 5 SHINAE BHEIT I H (No. BB H AA
(2019)5658)
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TIZRZIRITF R R . L, P —2 58 B LT e R ALY i
IR R T 0,

rh e SRS A TR BRI AR 5 BB EDR
b Sz e b 24 (A2 E ) B S, AT s b 25 42 2
SAMEY, HREHRSUERSEARC 2 Ty (R
Keas e 2l g B R SR UL
ANFEBRE A 0 BT AR TR L, 8 S B BT A5
BRI A A7 G b 25 2 iU 28 R
RF A 35 T 2 R A S AR PR, R R U S B2 )
P —SBE AR E . PRI, AR BRI SR R v RO A £
(UPLC) %, il it AL EEDEAN , I 45 G At a2 iaxd
LIAC MR ZG M (A8 SC TS A T 40T, IRl B 1% 2544
TR IR Y, U S8 26 BORH OG0 ) o
FEHAR RIS
1wy
1.1 FE(UE

Thermo UltiMate 3000 %! UPLC 1 & DAD &l #% .
U JT A6 & %L | Chromeleon™ {2 3% T /F 3l ¥ W [ & [
Thermo Fisher Scientific 2 &) ; AG135 B+ /iy —HL 1
KF- E B -+ Mettler-Toledo 2 7 ; KQ-500DE AU 7 il
TR [ B LT A S A BRA AL
1.2 FEHHSIEF

Yo HE i B R R 1R (AL 111865-201704) J8% A S
(b4 110785-201404) 4254 (5 111742-200501) |
PR (LS 111607-201704) Y0 F v [ £ 8 25 i K o
WF 5T B¢, 4l BE 241K T 98%; XF HR & 8 2 SR 4 (it 5
PS011463) \ 52F %1 (L5 PS001039) 414 T Al AR S
AR R A IR F) L SEEE YR T 98% . LG M il
afi, R A pr el B AL FE S B 4l R ik At F R
PR R ARt s K N EE 78I K o B2 HLLTAE R AN 2R i =
BORAEATUNG D EREAT TRILR IR X X a M A
(FEAE B ULER 1), 28 5 N v s 24 K27 2 2 B 1 PR SC
P e B W) 21 48 8 I G. rhodantha
Franch. [ T4 50, B LUV, W8T 55 50 °CAIRHE T8,
Ky ad =50, BT TR A A
2 AEEHER
2.1 BEMTEE
2.1.1 B IREE R KR 05 g,
KPR , BT 50 mL HIEHEIE IR, W% A 70% H
B 15 mL, % FE IR o &, A (I3 40 kHz, §) % 500
W)FEE 15 min, B EI =, H 70% F BN 2 9802k 1) o
LA, U SRR 0.22 nm A L ZR LB S g
T
2.1.2 IRAX ST o BoE e R kR
TR YT R S 1T R 2E BT e R IR IS
iR ERE A T0% HF s ik il B b i B 43 o o v
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Fx1 RO EBEHEHMERER

e A FEME || 55 A T
sl ML ARAT X 7 SMERIALAES 2019-09-13
s SMERIT RS 20181024 | S8 BMAKIEAZIE 2019-10-21
83 SMHRIRCAE 20091109 | S29  EMAHELES 2018-11-18
$4 SNARIAIIEE 20190117 | S0 SMARREALEH 2019-1101
85 SNSRI 2000120 | 31 A RTE R 2019-1101
$6 SMERAHRUIE  2019-1:03 | S EMARMEIGE 2019-11-02
§7 SMERMHTASR 20190821 || 33 SMA MBS 2019-11-02
s SNERIIRESR  2019-0:03 | S RMARREREH 2019-11-03
89 SMERIHEEK 20181028 | 835 SMERELEE 2019-11-02
SI0 RMASHMEEX 20100112 | 836 SMNEEBTRMIH 2018-07-03
sl FMARIMERR 20090021 | $37  SNEBEL 2019-08-09
SI2 RMAREIEER 20191026 || 38 MABFLSEE 2019-10-06
SI3 HMERMEERK 20091100 | S39 HMBETRAME 2019-11-28
SI4 RMASHNRESR 2010-1030 | S40  SMBETREGH 2019-11-29
SIS EMEEATEELE 20090116 | S41 HMBETELLH 2019-11-29
16 SMAOREEIE 2018119 | &2 RMARTEERY 2019-11-30
SIT  WMEAORME R 20190803 | S43  MNEEHELE zE 2019-11-03
SIS SMEAORRES 20191125 | M SMAHEmAEIFRK 2019-01-03
19 SMEKMEKINEE 20091107 | 845 SNEHLEARRLE 2019-11-03
S0 AL 2019012 | S46 SEMAMEHELL 2019-1103
S EMEENEEEL 20091116 | S47  HMBEHELL 2020-08-15
$2 RMEEIHARILE 2000-11-17 | S48 SNERERER LR 2019-10-07
$3 HMEETEIE 20091117 | S49 HMBNULAH 2019-11-25
S FMEENEEE 20091017 | S50 TRABERAKEREERS  2019-12-15
8§35 HMEENEIRER 20000814 | S5 TEABEARKERLELSS  209-15
$6 EMERIREMME 20190727 || SR ZEAMEALAILEE  2019-1:01

FEHK IR A 0.050,0.048.,0.009,0.200,0.009 ,0.525 mg/mL
FITR A X IR R, 48 o
22 BifEH

{6 3% #5 > ZORBAX Eclipse Plus Cis (3.0 mm X 100
mm, 1.8 um) ; i SR 215 (A)-0.1% H R (B) , B 25 1k
5 (0~3 min, 8%A—9%A; 3~7 min, 9%A—10.3%A ;
7~10 min, 10.3%A ; 10~19 min, 10.3%A—13%A ; 19~
22 min, 13%A—18%A ; 22~34 min, 18%A—30%A ; 34~
44 min, 30%A—34%A ; 44~50 min, 34%A—63%A) ; i
oM 0.28 mL/min; A3 K 28 °C 5 K 1 A 242 nm; E
FE 3 ul.
2.3 IELEILRIEL
231 BIRMHEFELE RS2 N R A X R
h IR R S A R B T0% HYBE (AR BUR ) ) 1 -, &
“2.27 TR B A5 R UERE AR, R AR IR I SR A 1R (&
D)o 588w, RBUA R KX s ez ik &0 T, %t
LIAE T MR FE SC SN T T s (il S s i s Il vh
WEZS IR, 25 BB A5 0 o By Bty H 2l vy, = W]
ZOTiE R IR R .
232 MEREOAR  BCEYMAEN (S36)id i, #42.1.17
TR kil A R A, $ 2.2 T (0 3 Sk i st
FEIAE 6 YK, LA 7508 (P 06 ) S 2 IR 3133 Hh A% 3
A W ) FF G 4 B3 IS [B) B2 AH X 0ég 1T B RSD 43 51 A
0.04%~0.17%.0.11%~1.80% (n=6) , ¥ /N T 2.0%, 3
W2 ok B AT
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t/min
C. AT
L SRR 5 3 Bt R s B A A 3201 5 6 205 7. P15 9:

(S
JTELHL

=

B1 ZEMHEZAEH UPLCE

2.3.3  EAEMIRALE B (S36)BK 2 0.5 g, K
BERRE 6 007, 43 B 2. 1.1 il g R A AT,
“2.27 T A SRR A, LA TS0 (PRI ) S
FEEE T30 H 45 A WA P A X B sF ) B AR o i T L )
RSD 43514 0.04%~0.13%.0.69%~2.80% (n=6) , ¥} /]\
T3.0%, KWLz ik HEEER LT

234 FUETEIRER  HUEZAMAE M (S36)BK 2 0.5 g, 4
BEPRAE  F 2.1 17 IR 5 ) o i, 2.2 10
TR A TS ECE 0.2.4.8.,16,24 36,48 hi}
HEREIAE , DL 7508 (P g ) S 2 R THA A 2L
U %y A T A5 B IS R K A 6T U T AR Y RSD 43 B N
0.04%~0.17% .0.11%~1.80% (n=8) , % B izt i v Uik
TEZE RS 48 h NFA Bk BT

2.3.5  FARIEEPHAN R R AR e Bs2 #HLr e e it
ZHRARE S, A3 A 2.1 1 T vk A A T 4
“2.27 TN G SRR E SR TTC SR AIB ] F R
TG B AP 24 (88 S0 B ARLRE PE A R 45 (2004A
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Fi) ), 5 S S BRI i [R] % 55 A 0.5 min, LA
D80 A T BRI, 28 22 RS IE | A DR HC 5 A2 Bl 52
fLLTAE Je IE 25 MR R SR AR (B 2) o AR
FRar R g DG A bR e 17 NI, 2 5IR AN
PR R R (T 1B) T, (i s i i K1 1.3
5.6.7.9 5 AU SRS X IR A5 E H1 1.3.5.6.
7.9 -5 ke ) O B B[] — S50 L 58 SR st A ] i
e ik 6 DA 0 DR R (15 08) B 2R
(3508 Jo A3 1 (5 5) Y251 (6 i) 15
(7508 5 R 200 (955 o dF—L 15 524t 2y
AR R 17 A S W P R XS A B IS ) A AT 06 g L)
RSD 43424 0.17%~1.30% .20.18%~95.36% , 7 52 #it
£ A e B2 MR i S0 IR Hh A 0 AR RT3 B 5[]
22BN AR BT O AR 2E 5 o ALBE TPAN 45 1
R, 52 L LT A8 e IR 25 B4 i B AR ABLEE 7E 0.950~0.996
Z 8], IR T 0.9, Wl AN [6] 7 M 21 46 T B 245 14 114 2 A4 AL
2ERT AL AN [FIE VR )RS e A d s o

1029.02

766.18 4

5 S
< 503.35 4=
2 )2

240.51 4

—22.33

T T T T
0 7.25 14.49 21.74 28.99 36.24 43.48
t/min

2 B2HLAI R AEZGH M UPLC I8 EE HFHERX

24 EREMEENE

B SR X6 B 0 709 HE P o] AN [ e R A6 B )
Xof PRV R, $22.27 0 R S S R PRI A, 10 S U TR
BB R R B 7R R Y=183.9X+17.352 (r=
0.999 9) , FEAE LR M IRl 525~4 200 pg; 4% B 1050
ZER R PRI T LA RSD A 1.82% (n=6) ; i K
PRI S5 0 w2 R AT 19 V-4 520 75.6 mg/g, RSD
H1.70%(n=6) ;48 h 2 PEit B0 45 S R , 1o SR 1 e i
TR RSD K 1.60% (n=8) ; I [N 283 5 45 R 3R W
TR A I RE TSGR A 98.48% , RSD A 1.75% (n=
6), BIFFA 2020 4E R I 25 O OCHILE o A B it
FELEF R, 52 HLLTAE IR AL 2GR AR St P 2o SR i iy
18.2~101.0 mg/g, % SA#E . (18.2 mg/g) Fh, HAHE R 24
MARE i b2 B Y B AT G 2020 4R R [ 24 )
e,
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25 BESW

DA 52 HLLTAE TR R 25 4 R i 48 S B35 17 A de A i
%) W6 THI R Ry 725 - 5 A OrriginPro 2021 %k 4 , <% FH Y1 58
83k, LABR EC I 25 R ) i X [] , DABE 5 R Fn e 4k SR s ep
O TR (B 3) o S5 /R, MRRGHE % KT
125 B, 52 St £LAE IR IR 25 4 4 i o] B Sk 43R 2 28, JHerp
S1~S46.S48~852 Ty —A (1 28), S47 Huph oy —K
(I128) ;78 1 25 S1~S46,S48~S49 7= [ 5 , S50~
S51 77 H 74,8527 H =/, 1L 2519 S47 77 A SEINE
BT AT B B AN ] 7 i 21 A6 e A AT — 2 i A
el A )™ LR 2148 Je IR B — 5 9 22 Sk, o s47
A UFE S A L 22 5 0

K FR

0 50 100 150 200 250 300 350 400
I I

LNNNNY NNNNNNNY
EOEC R d b d s
i i i i e ni i i dh il i aihiie e A ool iy

B3 b2t LR ERIIBESTE

2.6 EWHSH

K FH SPSS 26.0 345t 52 it £ 46 e 024 b1 Ff 5 8
I3 b ) 17 A A e T AR A TARE AL AR BT, IR 21T 3
Ji% 4343 M7 (principal component analysis, PCA) , BURF1IE
B> 11 F B304 7 750 A, TR OC R BUERE L R
THI7 22 BT XA R LA MR 24 A A o A I i i1 7
W SRR, 2 0 722 i E EEPE B (variable
importance in project, VIP) B K T~ 1 i, A 15 {ij 6 > 3=
JGT 1 BT 22 BT R 82.928% (% 2) , HAT AR K
BB LA B R 17 AR B A 6
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XL AT N2 1 11 et 2 AR o B 52 ka4 e n
2 BERE A Y 1T A S 04 0 T AR BCEE AR O AR B T A
SIMCA14.1 5k, 7 37 TG W (1) PCA B AU | ] AR AU 12
AT 6 A4~ R BRIT 7 22 TR R°X R 0.829 (K F
0.5) , FE W IZA AL A 4DL A5 80CR B AR e AT, RBRAE AN ]
HERLTAE Je A2 0 R a8 SO 1) 32445 B . B PCA
4 L 4) m] L, 52 HELT A8 Je AR 25 R i BT 43
22%:S1~S46,S48~S52 H—J( 1 28), S47 Hgh y—2%
(M28), SR RIEA B B SATHREMIN, %
FHE YA it T %) 25 TP B AR, AN [] 7 H ) 21 A6 R I 24 44
R T 22 RN

F2 BR2WMAEEAMFERPCANBEERAER

s HHIER TEGE Rt B
1 5232 30.778 30778
2 2.507 14.745 45523
3 2215 13.028 58551
4 1.668 9.810 68.361
5 1360 7.998 76359
6 1117 6.570 82928
17 0.048 0.285 100
W
4 s13 LR
S45 | BN
3 DO ..S4 %0 :
2 5 .525'8 sS4 510
1 8227. g%@ iy’ ;520 s11
¢
= 0 49 @, E“S 3
Tl SI616Q @6 o551, ® SO
—2 @547 S37@ .. 3¢ @s26 L& B
3 @517 @519
4 @525

=5 :
—-12 —10 =8 —6 —4 —2 0 2 4 6
1]

B4 H2HtLIERBAFFEMIIPCAESE

2.7 EXRE/NZIE-FIA D

R TR M 21 A8 Je AR 245 44 5 AR A ML), AR R
FRLAE RS BT R PCA (3600 I B S 43 225 DU
A e v AR A f I SIMCA LA 1 31, S A W
B 1Y 1F 22 It f5 /1> —3f€ % - #1051 53 #1 (orthogonal partial
least squares-discriminant analysis, OPLS-DA ) #5115 5]
52 L ZG M FE A B9 OPLA-DA 5 0 E (J&€]5) . H: BB i
fE I ZB(RX R'Y) 435} 0.691,0.894, # K F 0.5, i
MHE 1 Z50(0°) /INT 0.5, U6 T &7 (A R 45 Ry e
AIE OGRS R A, AT T X AR Rl R B 2148 e i
2yt IS AT, 52 LT 4 e A 25 b4 R i 4 S i
5B AT PCA 1943245 B — 3 ; X} OPLS-DA A5 7Y
AT B AT 25 R o , R O° Y BREEAE 43914 0.291
F1—0.582, %I OPLS-DA B TS I , i — A UESL
T LR SR GBI AT . L VIPE KT 1R
VEHIBRIE G 56 52 A 2T AL IR 25 04 [ ik 119 22 S Pk il o, 465
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RN SR W) A TR (16,1415 FIg R
VIP STBRE 4> 314 1.751 51.1.460 31.1.305 48.1.254 06,
1.227 37.1.161 37, R WIX 6 DA B 1 g 252 %2
A I 22 S ) B A Ao

1.230 46 % 1[2]

1.006 76 % 4[1]

5 B2HtATE R BEZHHEMEI OPLS-DA B E

AALFE T3 BILL 7506 (PR ) 2 R 148
6 T HiE 25 SR A M B I AR R I TR, S5 2R 52 HE 2 4
B i 6 A B 2 A2 1 R G 0 TR Rl 1,140~
1371, HHE BRI I an 18] 6 T , Horp 20,841,847 41t
RINLLAE SR IR 2534 it 13, S1.S14.,821,826.,834,839
HER I T s AR A2, AR AR 20 o it v 45
3 iTig
3.1 @iEEEMNRET

TiSL g6, AS PR 25 58 T AN [ A 0 38 K (242,
245,252,270 nm) sl R4 (HEE-0.1% HR . LNiE-0.1%
2 ) | f5,1% 4 (ZORBAX Eclipse Plus Cis, ACQUITY
BEH CisColumn 130A | Syncronls Cs) A7 (25.28.30,
40 °C) i3 (0.25.0.28,0.30,0.35 mL/min) X {43 4] ()
SO, LR 45 S N 18 SRS I 5 0 5 B Rk 0
AN A G € I e ST W ek ch L I (O

1.4 <

1.0 o

HA R
=
1

=
o
L

0.4

0.2 H I

Rl
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32 HiXRARRNEGHNERE
AR L 43 590 % A3kt 3 R B 9 G s [l
W) HREE R (K, 30% . 50% . T0% . 90% (1) F &Y, 2,
) CRRH[1:10.1:20,1:30,1:40.1:50,1:60,1:70
(g/mL)FIE B[] (15, 25,35, 45,55 min) #4T T %
2L AE R R TERRR R 1:30(g/mL) \70% H st i i 4
B 15 min B ZRAE T A S A TR S SRS A 1 25 i
H AT g0 1Y) S8 AR RN 0 5 B I AR WO B B
FR A A8 A VA
3.3 RO

AWFFE T T 52 HL LT A8 e I 24584 # 5 1 UPLC 45
SRS b 17 A AT IFE N T I 6 A I
IR T 2UAE TR IR 2508 Ak 22 B o3 P RE AR R AIE . 17
AN A WA AR X 08 1T FR ) RSD 7E 20.18%~95.36% 22 ] ,
Ui AR [R]HE VR 25 61 K i b 22 o i B i 25 ok
TR R 45 R TR, 52 2 M RE S L S4 (R A
BN 5 BT L LS X)) BT S B i (18.2 mg/g) NPT
A 2020 ARG R 2y B R (PR SR RS
2.0%) , WA 5 BT R A A 2146 Je IE 245 44 0 H2 5
5E N B B AR AL AE R IR 2544 JL-F- 345 & 2R 31X T
AR A M R W 21 7% e I T A 24 8 LA B 21 46 R B 4 A
FFAIEGE I 5 B 9 A0 AT R APk 7 R A Ak 4 .
AL PEMY R0 H . PCA F OPLS-DA X 52 HlL£1 46 T
NEZAAFE S 48 SCEIE A TR 5 08T, ATAS AN [R] 7= H i)
A RE BT — 2 B, ] — ™ i 2R S TR
A — R B 22 T 2D 6 S I L1 A8 e I 2 44
JoT 25 S bR AR M AT, A3 0 R R A ST e R
4,14 15 .16 5 A S Ir SR A A 2E mli oy, o o 3
8 T Ik ns 1 2 A9, 2R R TR A A

gt
Tl 'I'F l|l|| TE'P
Il i
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[ Ei
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[ 7 5
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Y, 25T 45 R T Crh E 25 s SRR A e
T2 44 Bt VAN FR AR AT A TR . A0 AR URREZDKG 1
— AR Y 44 T i 22 A B A T A A
FFEF X H 2GR A A TIRAWFSE  [RI, BE L DL 2485
VLG e AR 2 1 o i B ] pL5e 7% 1 3k 6 Bl

FE 52 L LI AR T ARG AR S b, 77 B TG L = P
i) S50~S52 A it 0T 5t 5 FL A 7™ 1 53 M A FE T A A
T, X AT A T HOR AR S B S N, AR A S
SN AT E . T M R X A 21 A6 e JIH 24 44
RS B SA7 (= A sy B Ab , s s AR 3
KT s 2 X R B, SAT [ 4 5 (R A 3 ) (T(HE 5
1) 1415 16 5 (8 s Ay g 1 AR URFE A BE R
FH] SATHRESL T LR 6 DR B i, B R
EIESRUESE T X —458 . XAl fe- 5y B REny
SIS b BER AS RE E JRRE ODBRRAE IR
TFAEK, BRFEIA TP B 25 BARIE T, 52 M il
TEYT B AT REMLLAC TR RR 250 1) w8 i B X, (HARBIF 5
HRZ 2R A D LS REE— 2 RS BRIIE

ZE TR A5 B i S I Z1 A e AR 25 4 UPLC 45
SRS AT T B2 o BT i 45 2020 4 iR E 25
B) (—35B) Iz 25 AR T R A e Ik RE
AT IR ZS B B BT i, W] R 2 iF B AR Gl 71
W PR S AR .
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