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Abstract: Objective To establish HPLC fingerprint for the acrial part of Cichorium glandulosum at different growth stages (pre-
flowering, flowering and maturity stages), and to evaluate the quality combined with chemical pattern recognition and TLC-
bioautographic technology, so as to provide a basis for further research and development. Methods PolyPack Cis-AQ column was
used for gradient elution with methanol(A)-acetonitrile(B)-0.3% phosphoric acid solution(C) as the mobile phase at a flow rate of 1.0
mL/min, a detection wavelength of 254 nm. The Chinese Medicine Chromatographic Fingerprint Similarity Evaluation System (2012)
was used to establish the HPLC fingerprints of medicinal materials from the acrial part of C. glandulosum at different growth stages
and analyze the similarity. Cluster analysis (CA), principal component analysis (PCA), and partial least squares-discriminant analysis

(PLS-DA) were performed to screen the different chemical components of the aerial part of C. glandulosum at different growth stages.
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The antioxidant activities of medicinal materials of C. glandulosum at different growth stages were studied in vitro by TLC-
bioautography technology. Results The HPLC fingerprints of 20 batches of different growth stages matched 12 common fingerprint
peaks, and peak 3 was identified as aesculetin, peak 6 as isoquercitrin, peak 7 as 3,5-O-dicaffeoylquinic acid. The 20 batches of
medicinal materials were divided into four categories by CA. Three principal component factors were determined by PCA, and the
cumulative variance contribution rate was 78.143%. The results of PCA were basically consistent with those of CA. PLS-DA results
showed that peaks 11, 2, 6 (isoquercitrin), 3 (aesculetin)and 5 could be used as markers of quality difference of C. glandulosum at
different growth stages. TLC speckle and TLC-bioautography showed that pre-flowering and flowering herbs had better antioxidant
activity than the mature herbs. Conclusion The established fingerprint can provide experimental basis for the standardized planting
and quality evaluation of medicinal materials from the aerial part of C. glandulosum.

Key words: Cichorium glandulosum Boiss. et Huet.; fingerprint; aesculetin; isoquercitrin; 3,5-O-dicaffeoylquinic acid; chemical

pattern recognition; bioautography
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F1 20 XGHHERER
Table 1 Sample information of 20 batches of aerial part of
C. glandulosum
gy R 5 RENE
Sl FARBER - THIFH 20150601001 2015-06-01
S2 HARBER Z THEPH 20150708001 2015-07-08
3 HARER =T 20150708002 2015-07-08
S4  HAFERETFHE-TZLTHETM 20150708003 2015-07-08
S5 HARFERZTH 20150708004 2015-07-08
86 HAER 20150708005 2015-07-08
87T EHAER 20150708006 2015-07-08
S8 MHBEEHE 20150720001 2015-07-20
S9  MHBEEHE 20150720002 2015-07-20
S10 HAFER 20150720 2015-07-20
SIL FHAPER 20150725001 2015-07-25
812 FHAPER 20150725002 2015-07-25
813 HAPER 20150726001 2015-07-26

S14 K& 20190802 2019-08-02
SI5  MHAZEH 20180810 2018-08-10
Sl6  EREEX (AR 20170624 2017-06-24
S17  EEEK GARH) 20180712 2018-07-12
S18  EEEX CKHD 20180712 2018-07-12
S19  EEEKX GARH) 20180817 2018-08-17
S0  BEEKX (KH) 20180817 2018-08-17

0.3% R /KIFI (C), RPN (0~10 min, 6%
A, 2%~6%B; 10~20 min, 6%~7%A, 6%~12%
B; 20~30min, 7%~10%A, 12%B; 30~40 min,
10%~13%A, 12%~15%B; 40~80min, 13%A,
15%~21%B; 80~100 min, 13% A, 21%~40% B);
AR 1.0 mL/min; £ 30 C; i#iFEE 10 uL;
6 09 K 254 nme.

212 XTHRSLVEBIEIS kSRR R 3R
MR 3,5-0- MIMESEZE TR 15 E AL S E
RN SIER, B 10mL BT, PRSI E
BRI, B RO S 704 96+ 80+ 117, 227,
54 ug/mL BN, $85, 8 (045 um), %M.
2.1.3 ARSI BRI E 484 1.0 g,
FHEMGE, BEREH T, 73RN 70%
¥ 25 mL, %2, POERE, HEARI (40 kHz.
550 W) 30 min, JHG%, HAGERE, H 70% H EEER
WO E, 25, 38T (045 um), HUSHER,
HIFS

2.1.4 FRGUEVE M ST AL b A i
WA “2.1.17 TUF ISR T, 103%
Rk RS 2 20 LR AM TR SUEIE S (R

OIS AR SUEIE A UZ VRN R 48 2012 W) B, &
B TEEN 0.50, KA 2 s IEEXT i g
BHAT AR UL, ST B4 B A M I fR g g,
3 B A A B0 AR O BRFE AU (RD, THEAEA
FE. kSRR R fae e R LY
FFEEER,
22 BZR&EITSH

BHEE S H'5N SPSS 25.0 F Simea 14.1 %
HHT CA. PCA M1 PLS-DA £ t4iit b, #IE7
e R R AR KA B4 B e hr 26 vh B I £ R
PEALZE R 7 o
23 HEEGIEERES REIMIETE R
231 HEMIEERMES A S SEE O E )
RFERG R AH A AR R B iR (s 7R
“2.1.37 D) 435 AT 20 cmX 10 cm FUEERR GFase X
&, DABEER ZB8-HR-UK 4 FR-/K (16 11.5:05: 1D
FREFE, I, BT, BT EEAMT 366 nm AR
%2, JHEL R R OO T
232 RAMUAMAMERMTIAR  TLC-AMH B
FAR TR AR I B A P A g i & it
1T . I R A A R IR E R b,
LfgEtEE % DPPH SHiE gtk &Mmss &
i), S AE PR TS A S I A B A,
BRI RO 2R 5 KIS
H H % ABTS 45 &0, 2 fdra s tEinar 2300 H
HEBE S, HRARR A 2 a1 5.
3 ZR59H
3.1 IELUENEAYIE S AR LE TN
311 fRorEE R R ILE AR KR
WS HsS B AT HPLC Fi S0 % o R AIE s 23 (R AR UL , s
20 IR ZIM K 53 et B (B4E ST, S6. S7. S11.
S13. S16). FFAEH (HFE S2. S3. S4. S5. S17.
S18) IR (45 S8. S9. S10. S12. S14.
S15. S19. S20) 3 MEKH, AFRIAEKE T HPLC
TR o EE S M R H o AR g, LR 1. 20
LR ZiM E) HPLC 2 nfe s LA 188 50 J Hoxt
i, WHE 2. @55, B8
WEILFRINH 3 AR, 0 3 SR K LK.
6 UM E . 7 S 3,5-0- MmFEEZE TR,
TG XTI S HPLC itk i, WL 3. FEmT .
FEAC AT R AR 2544 53 7 DT RC HY 22 24 1013
MG FRSUE; 20 2 B INJGILEH 12 MEH
g, LA U R B B[R] RN U T AR LR 2.
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Fig. 1 Fingerprints of different growth stages of medicinal materials (A) and their control spectra (B)
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B2 20 3tEREZAM HPLC Y EIEHFER
Fig. 2 The mutual mode of HPLC fingerprint of 20

batches sample

80 100
t/min

3BHCE: 6-FMELA: 7-3,5-0- ZIinFREEE TR .
3-aesculetin; 6-isoquercitrin; 7.3,5-O-dicaffeoylquinic acid.
B3 SRAXRMEIR HPLC
Fig. 3 HPLC chromatogram of mixedreference substance

solution

P 1 ATLUE, feRT AR E 256 B 1
FME = R B %, T I 244 1027 B 23 PRI AR AL
PEZEAER. K 2 B, 20 LR ZMH 12 AL
ARSI IR RSD A 33.04%~87.95%, # M
TR 25 AT — B 20 .

R2 20 HEMILFIRGENRBHERERR (n=20)
Table 2 Retention time and peak area of common peaks of

20 batches of medicinal materials (n=20)

W5 r/min UEETAT AR RSD/%
1 3.229 362.178 33.04
2 21780 87.336 40.83
3 22485 512.649 57.25
4 41887 486.897 4553
5 43.667 2900.954 87.95
6 44.646 2796.178 72.70
7 46923 320.661 57.09
8  48.633 366.894 38.17
9 52107 143.858 39.29

10 52726 1 484.032 54.91
11 53.696 375.844 4932
12 55.681 152.992 4739

312 FHMLEEAHT @I AHACL B B A AR 2
HPLC fRa AR AT R % 3. K 3 &
H, S1~89. S11~S13. S15~S20 Flx} [ $i5 4 it
FIFEBLRE Y5 Bl 0.918~0.987, MILE ¢ ; S10 5
X AR SUETE AL UK, T 0.889; S14 5%
TREUEITE (AR B A, M 0.7376
32 CA

LA 20 LK Z54F HPLC FREUERER) 12 AN 1E
IEmEAE N R, S Origin (2021) i, KH
2H [A] P38 BB 451 (between groups linkage ), LA
fH4x5% (cosine) VENFE AL FIBE R A, 12
FRANZ A X R R AT CA, WK 4. &R
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3 20 #Ht#ES HPLC e EIEMRIE NG
Table 3 HPLC fingerprint similarity evaluation resulst of
20 batches of samples
TS HAMARE TS HAAAE

S1 0.966 S11 0.993
S2 0.987 S12 0.949
S3 0.987 S13 0.989
S4 0.975 S14 0.737
S5 0.975 S15 0.982
S6 0.976 S16 0.966
S7 0.987 S17 0.979
S8 0.919 S18 0.963
S9 0.962 S19 0.918
S10 0.889 S20 0.935

S1
S7
S2
S3
S17

S12
S5

S6

S16
S11
S13
S15
S8

S20
S9

S10
S19
S18
S14

LY f%ﬁ_#

i

T T T T T T T

0.1 0.2 0.4 0.5

(=}

0.3
B

IR

B4 BEHSHE

Fig. 4 Hierarchical cluster analysis graph
LK, REM 20 HEXZM A1) BB E A BOR 2%
B, REHTRIRE 73 3R %

MBEIRTE 2 B 45 SR 7T DU 3, 42K E RS 8 0.1
I, ARAEK TR 20 HLk 25T RN 4 25, S14
BN 135, NIVEE; S1~S7.S11~S13.S15~
S17 NI, S8, S9. S20 A, S10. S18
A S19 TN . FERTIAZH (S1. S6. S7. S11,
S13. S16) FIFF{EIHZEAF (S2~S5. S17) BITEEI
I, RLCHTHAZG M A AR I 260 o 2 AR AL
FCASAZG R (S8~S10. S19. S20) FHAEIAIIZE,
KRB M AT & FH —EMER. CA o
BRI 7 AFEAEKIA N e gU&E 5 R 5
FRACABE B LW 22 57, IERAAREI e 8 SIS 2 [R] i AH

IFERE
33 PCA

12 FH SPSS 25.0 B A A R A KA R 1 20 ki
M traul 12 ANIF R VR R, X H T
PCA, VPAERIMFFIEE >1 AHURTE, [FIRE 20
HERZIA I 12 AN LA WEEHR 3 Simea 14.1 84,
PCA 4R R KMO £ % 23008 0.574, Bartlett £k
TEEE RS 35 1 P<<0.000 1, #midE & T 19
M, 15380 3 ANERS, FAEE R T Z DTk LK 4.
4 WAL, FFEES A8 49130 2,724, 1.740,
T ZETTHRER Y N 40.943%. 22.702%. 14.498%,
SRR Z TR R IA S 78.143%, FHIX 3 DEES
AJ DL L A T ) ZRAEAS [F) AR K BB 48 15 2 0 1R K30
GG R BT PCA S TG B A SR BB A,
RIASH R N 0.997, T4 0° N 0.679, LA
FSHEHKT 0.5, RIPIZBERLBA B S AR T
M, PCA B KK 5. MEIHRHH, 20 #tikzs
MEAERTI TFAEIR I A, ELATA FE A S
BIVETE 5% M B X R 2 1, BAME KRR
SEMIELUT , R Ae BT 1 5 LN 200 o A B R 4
PSR A i S PR N i==v/i B N NP :: BU B 1E =3
FE il 2 N SREEFN AL 73 B #a %y, KB PCA 458 5

F4 EWROTFEERRRAEREE
Table 4 Eigenvalues of principal components and

cumulative variance contribution rates

F R RHIE(E TR % BRI Z TR %
1 4913 40.943 40.943
2 2.724 22.702 63.645
3 1.740 14.498 78.143
A m AEHTHA
44 W e
| |_Biaz]
3 st
2: .5 S.334
5 Sl4e ‘;S 13> 052
_ 149S17
= 07 3120150 e @511 o257
-1 S2089S19 @516
:j S® @510
-4 ®s3
-5 -

-8 -6 -4 -2 0 2 4 6
t[1]
R2{1]1=0.409 R%*{2]=0.227 Ellipse: Hotelling’s 72 (95%)

5 20 HHERELME PCA S5
Fig. 5 PCA scatter plot of 20 batches of C. glandulosum
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CA S RFEA—H

FIFH SPSS 25.0 i A45%F PCA 43 M &5 Bt 47 K 7
PEEL, RAYUIES R R T 235 1E A ess, 1548
5 a3 F ey Bk, 4R WK 5. &S]
B, 1 B RERELT GREE 5. 6 (AL
). 8. 10. 12 fEE, 282 i RE R T
Wk 2, 3 (BKLE). 4. 7 (3,5-0- WMk ZE
B2 MEE, 33 Elo FE R 7 1, 9,
11 PR,

*®5 EFEIRPETFHEEMR

Table 5 Principal component factor load matrix of C.

glandulosum
e : L :
TG 1 TR 2 TR 3
1 0.115 -0.670 0.216
2 0.089 0.743 0.221
3 0.535 0.769 —0.020
4 -0.572 0.643 0.272
5 0.933 0.120 0.085
6 0.960 0.123 0.143
7 0.270 0.854 —0.146
8 0.628 0.212 0.571
9 0.174 0.020 0.939
10 0.658 —0.088 0.642
11 0.080 —0.097 0.814
12 0.745 0.072 0.352
3.4 PLS-DA

NT I AE A Sy R HERA I, B A AR B4 R]
# 5, AWFFIT CA F1 PCA 455, %M PLS-DA #i
RUHEATA W B )04 1M Simea 14.1 B4, %
20 LB EZAMIRSUIRE R 12 N EH Iy &
HE{T PLS-DA #5047, H PLS-DA 455K, 7Ei%
TR R2 N 0.827, R%y2N 0.825, Q° 40.647, K
P R TIOMIAERY B A A B AR AN TR 4 §EDS). PLS-
DA 5B B ke 36 45 2 LK 6

NEE—S TSI 20 LR EHELM R EE
SRR, B 4RE PLS-DA iRl 12 NFEE
BV R (variable importance in projection, VIP),
B3 SRR EDR VIP 50 E, WE 7, 2590
#* 6. LLVIP>1 Affiktsitt, 53] VIP>1 13LF
e, 311, 20 6 (RME D). 3 (BELER)
5 50, BLHIX S AR R A KB E 2
MA B, ATERNARFRA KB B2 M R &
7 e I E B bR BV

i ok

08 o
20

0.4

0.2

0
-0.2
-0.4

—-0.6
—0.2

p(corn)[1]

-

0.6 -

[ 1| Jessissseles]

.
EEEE B DEG PO ©

h¥ )

\ \

L J
i
0.2 0.4 0.6 0.8 1
200 permutations 4 components

6 20 #REFE PLS-DA {RE BRI E
Fig. 6 Permutation test of 20 batches of C. glandulosum
PLS-DA model

VIP[4]

e
-

5 s
VarID (Primary)

Var 7
Var 4
Var 8

) o
=1 —-
8 g
> >

Var 11
Var 2
Var 6
Var 3

Var 12

E 7 20 #tERE PLS-DA iRE! VIP &
Fig. 7 VIP map of 20 batches of C. glandulosum PLS-DA

model

*6 EFE 12 MEEKEN VIPE
Table 6 VIP score for12 chromatographic peaks of C.

glandulosum

g = VIP 18 = VIP &
11 1.239 59 10 0.988 13
2 1.077 96 9 0.980 03

6 1.072 14 7 0.932 43

3 1.010 78 12 0.923 46

5 1.002 34 4 0.915 46

1 0.989 20 2 0.806 19

3.5 ERAIEERESRIRIMIELEERSR
ACRTIAZIM . TFIEZGM . A 2 0 7 2
P E LA ST ABTS VAT AT DPPH ISR IBT 7T, WA
8~10.
T R el AT WA S A K T 254
PEA R ESYE, Rl AR A SR,
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S1 S6 S7 S11 S13 S16

S1 S6 S7 S11 S13 S16 S1 S6 S7 S11 S13 S16

8 ATHAZGMER GIEEIUKE ST ABTS A/ (A) #1 DPPH (B) AR R
Fig. 8 TLC of pre-flowering herbs and reaction in ABTS solution (A) and DPPH solution (B)

S2 S3 S4 S5 S17 S18

S2 S3 S4 S5 S17 S18 S2 S3 S4 S5 S17  S18

B9 FLHAZEMER &iLEIU KX ABTS A& (A) 1 DPPH (B) /ARHIR R
Fig. 9 TLC of flowering herbs and reaction in ABTS solution (A) and DPPH solution (B)

S8 S9 S10 S12 S14  S15  S19 S20

A ' B
S8 S9 SI0 SI2 Sl4 SI5 S19 S20 S8 89 S10 SI12S14 SI15 S19820
E10 BB EREIEEURS ABTS A% (A) #1 DPPH (B) i&&HI R

Fig. 10 TLC of mature herbs and reaction in ABTS solution (A) and DPPH solution (B)

TR ZE SR, MEMFEAK Rz, g 4 79

JE T B i — 5. 3@ 5 DPPH Al ABTS /% FEHE AT AL BT iR 22T, EOA T AN R EX
MR LAE H, AERT AN AR M A L BGAIR 2GR V5] (LB 70%CBF S 50% G EE . HEE. 70% FHIE
BA R EE e . 50% HEE) X2 p fa g0 i 2, R DAD il
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PN AR A HEAT 190~400 nm £ K4, 45
RAEPAKN 254 nm. $EHUAEFA 70% LR, $84C
B R E R 2 . B8 T OIE-BIRKIER.
- R KIS - LI -TE B K I RAE i sl A
X HE SRS (T AN B BE IR, S5 RRE, H
M- 2 JiE5-0.3% s B /K I VR FE e 0, (Al v I VR R
ST 0 1 e 1) 7 B R Bt

KAZ OGS R AR R 20 #EkZ
MESL T HPLC fe8U i, 45 R IMACHT A 18
HHZG M ULHC H (LA FR S8 53 5l 22 1 24 A, I
L% T RCASAZGHE 13 A, i 5 X IS Eent, TERT
HRIFAE R ZG M 3L 5 SRR, ol 2
47 (22.87Tmin). IS EZFR (27.67min). S5
1F (44.74 min) . 3,5-0- - WMHEMEZE TR (47.08 min)
5% BT 2R (83.51 minD, 117 AR EH 2544 % A LL XS
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