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Study on establishment of HPLC fingerprints and chemical pattern recognition
of Chrysanthemum indicum from different regions
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Abstract: Objective To establish an HPLC fingerprint of Chrysanthemum indicum medicinal materials and perform chemical pattern
recognition. Methods Hypersil ODS Cis (250 mm X 4.6 mm, 5 pm) chromatographic column was used; Mobile phase was acetonitrile-
0.1% phosphoric acid, gradient elution; Detection wavelength was 334 nm; Flow rate was 1 mL/min; Column temperature was 30 °C;
Injection volume was 10 pL.. HPLC fingerprints of C. indicum medicinal materials was established, combined with similarity evaluation,
cluster analysis, principal component analysis and orthogonal partial least squares-discriminant analysis and other pattern recognition
methods, quality evaluation of C. indicum medicinal materials from different places. Results The established fingerprint method met the
method requirements. The 29 batches of C. indicum medicinal materials had 10 common peaks in the HPLC fingerprint, and the similarity
was all above 0.91; The samples were divided into two categories according to different origins through cluster analysis; The results of
principal component analysis and cluster analysis were consistent; Finally, the orthogonal partial least squares-discriminant analysis was
used to screen out six different markers of different batches of wild chrysanthemum medicinal materials. Through the identification of the
reference substance, it was determined that peak 10 was montmorrin and peak 5 was 3,4-dicaffeoylquinic acid, peak 3 was luteolin, peak
1 was chlorogenic acid. Conclusion The established fingerprint method is stable, reliable, and reproducible; Combined with chemical

pattern recognition, it can be used for the quality evaluation of C. indicum medicinal materials.
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B2 N R BHEYET 28 Chrysanthemum indicum
L AHEIRIE P, PECE, Wy, 1HO, /&, T
AT REZRL. b, e, R P HX,
IR H FHITERE K2, BTGB W
(K0, B 3G 4 32 BT I A3 9 BRI I B 2R,
CHp 24 3 2020 AERRISITRAR L A — B SEAE T,
M (CEHHZMRE) 2 8 FARITE R 2 2R SR IR
3,5- WMHEREZE TR 4,5- MRS TR KR LT .
SCRRARGEISIAN[R] 7= B S 16 24504 Th s B | I RISk
SRR, HEOE 518 s h T F 2L
HRTEFRFR R B I E R FRSU g e, HE
B T AR PSP 52 0 25, AR RE S EL VLA s ik
AN [ BT 35 46 244 1) 22 e b 50
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B B 2 P 2548 S0 RO AR B T VR IEAT IR B
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HUCEC AR A, AFAZ A AN e 22 77 T S i H 24544
BRI, ToE BRI AN [RIHE R 25 6 1 22
PR B A AR R 7 V2 i b S 58 3R A
FIRKEHHE, SRR HMRIA L EE R, X
PEHEATIRN T o A2 2548 SCEIRE B 23 B
52 M B R A T VRS M. By
SIATIER R 5/ — 2k, SR 45 S B T AL 2
NUUNMS G, T E A, B, B
HPE M B,  H ARk 2 N A TR 2564
JoR 4 R PP A0 130 TR b, AR 5K HPLC
RS EHIE MRS, o5 b 2 R
RS RE HAT 5 G i, N A AR T =

IRt 2% .
1 EEHH
1.1 ¢E5

SHIMADZU LC-20AT &R0 AH 114 AB-
104N Ji4r 2 — TRV R -HER 228 A TR
AT AUW-220D /5502 — 7 kP (HA
SHIMADZU A#]); KQ-250DB %42 i i
& (RS MEARAR]D; Milli-Q #aiKds
(3£ [E Millipore A #] )
1.2 #H

SRR (L5 110753-201314), WiHERR (b5
111720-201703) KRB EL (H#5 111720-201307)-
3,5-mnEmBEZE TR (S 111782-201807). 4,5-—
INEREZE TR (LS 111894-201102). ZAEH (it
5 111528-201710), LA I S350 B b B 2 0 24
AR E W TR 3,4- INMERE 2 T ER IR (LS
15101132) W H el FRFBEDRI AR AR e
X S R B BU KT 98%. LM ANtk Al (£
Anaqua RIS AKONSEES E A HIEAIK; HAR
AR M el ARSLISARAE T WAIbRRI . 2R
PH; A I M. B3k 7 77 hh 29 it
WINET S Z0ht, BV R 25 K2 g 5% %
ENFEEMEYIE % Chrysanthemum indicum LT3
SLIRTEFT, FEmERIE 1.
2 FESH#R
2.1 BEIEEH

¥ H Hypersil ODS Cis (250 mmX4.6 mm, 5
um) EEH; WA RN (A) -0.1%R (B),
BEEEWEML (0~5 min, 85% B; 5~25 min, 85%~
80% B; 25~40 min, 80%~70% B; 40~50 min,

x1 TREHMERER
Table 1 Sample information of Chrysanthemi Indici Flos

9= e i i 9= 7o
S1 WAL IR IR S11 AL BH S21 WAL® |
S2 AL BRI S12 il S22 WAL
S3 AL BRI S13 i S23 WAL M
S4 WL IR IR S14 AL BH S24 G YK
S5 WL IR IR S15 AL BH S25 G YK
S6 GG TR S16 ZRUFAT S26 LRI,
S7 YGRS FE S17 RS S27 ZRUE L
S8 YGRS FE S18 RS S28 ZRUE L
S9 GG TR S19 ZRUFAT S29 ZRUE L
S10 GG TR S20 ZRUFAT
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70%~35% B; 50~60 min, 35% B); Kl K: 334
nm; AFIAE 1 mL/min; A2 30 C; #EEEARL 10
pL.
22 Hi@mAREHE

BB 36 RE o K (=501 24 0.5g. H
e, HEEHIEMT, MEMA 50%H EE 50
mL, FREFRE, #7530 min, A, BRERE,
H 50% AN SRR E, RS, JEE, HUEk
JEW, BIf5.
2.3 JTERSIARRSIE

I3 ARG BRI SRR TNHERR . AR AT, 3,4-
UL ZE TR 3,5- INMEREZE TR 4,5- i
Mg SFAeTRSER, T 10mL B,
T 50% B A A S AR R R 20 5, 1114 5 ) Bt B
TR SR 7 Fofroted HE BEROE 52, 0 50% FH AR R
HIFS LR JEER A 25.89 ng/mL- WIMERR A 20.14 ug/mL.
KRBEF AN 3.828 pg/mL. 3,4- ~MIHEREZE 52 F2 A
21.32 pg/mL. 3,5-ZMMEREZE /84 19.73 pg/mL.
4,5- —WNHEmE LS TR M 3.682 pg/mL. LT N 24.66
ug/mL P VR A 55 HE A VA
24 FEFER
240 RS #2227 TUR kSl 1ot
BRI, 1% “2.17 BUN SRR SR 6 IR,
DL 3.5- WnHEEEZE TR (6 S8 NBIEIE (S), it
10 AL RN OR B B (R AR XS VT AR . %
S W PR RE T B I 1) R 6 I T AR A RSD 2497
T 3.0%04,
242 EEMHRE % 227 TN HETPATH % 6
IR ST, €217 TR (il SR, L 3,5-
ZINHEREZE TR (6 S NSHIE (S, T 10
AN LA UG (R ARG (R B B TR R AR XU TR A . 45 S 0
F1%) A X DR B4 B[] R0 AE S U6 T AR () RSD 33/ T
3.0%4, KX EE M RLT.
2.4.3 FaEMEREG % “2.27 WU iEH A AR S
W, & 217 WU R 7E 04 24 4. 8.
12, 24 h IFEERE, DL 3,5-Z0nmEREZE 78R (6 518)
NSRRI (), T 10 ANFLAT U4 PRI AR £ 57 B 1] F
AEGT UG THT AN o 3% S 0 PO R K% 0 AR Xof U T
FH) RSD /M T 3.0%!14,
2.5 IR ENERE N RAEEIEN

¥ 29 HLEFAGTEZ0 % “2.27 TR J5 ikl %% it
WA, 1% “2.17 TURN g A& RERE, ¥ 29 ik
IS 2Bk TR s EE AL I R R

(2012.1 FAD” BAFBEAT VA, B8 ST A Sl A
N RREE, BN 0.1, RAFELY &
%2 R IEA O BRI, FEEATARUBE VR, 29 it
5516250 HPLC $5 40 Bk Kot BR g g0 B AL 1
2. bR T 10 NI, 8IS0 RS RS LT
fRIN 7 H A 7 Ak, LK 3, BRI 1 ORSRIERE
U 2 JMHERR . U 3 R RELE . U 5 O 3,4-0hN
HEREZS TR 1§ 6 O 3,5- MNnERE 2 IR, 1§ 8 N
4,5- T UNHERE S TR . 0K 10 AZFAET . 1§ 6 HYlE)
(] J rp s WA K HLAr B R R, WOk 3.5-—
INHEREZE TR (6 S NSHIE (S), THHEMR
T S B LA WA IR B I H]) RSD 37T 0.50%,
FHIX 29 HEFE S H 10 AN LA W CR B B AV e AR 5
{EIEA I AR XA T Y RSD A 24.50%~89.08%, #H
ZERK, RZHOIKIELIX 10 MNMEFIEFRELE
WIS BAEER R ZER . DO BR8Ny,
TS HERRE BARUEE, 25 ILZR 2, 29 HLFESAR
AR T 091

1 29 tEFRIEZHH A HPLC fa S B
Fig. 1 HPLC fingerprint of 29 batches of Chrysanthemi
Indici Flos
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%
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Fig.2 Comparative fingerprint of Chrysanthemi Indici Flos
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1R 2-HERR 3-RBEF 5-34-UNHEEEE TR 6
3,5-UMERE A TR 8-4,5-UMMEBESE TR 10-SEEF

2-caffeic acid 3-luteolin 5-3,4-
6-3,5-dicaffeoylquinic  acid 8-4,5-

dicaffeoylquinic acid 10-moncoside

1-chlorogenic  acid

dicaffeoylquinic  acid

3 REWEBSE A) MHEFEHS (B) HPLC &
i &
Fig. 3 HPLC of mixed reference substance (A) and

Chrysanthemi Indici Flos sample (B)

F2 29 HERELMBMEITNER

Table 2 Similarity evaluation results of 29 batches of

Chrysanthemi Indici Flos
Gis MU | eSO MRUE | S ARAUE
S1 0.967 S11 0.944 S21 0.977
S2 0.962 S12 0.962 S22 0.973
S3 0.959 S13 0.914 S23 0.973
S4 0.973 S14 0.962 S24 0.989
S5 0.969 S15 0.935 S25 0.992
S6 0.980 S16 0.991 S26 0.990
S7 0.973 S17 0.987 S27 0.968
S8 0.973 S18 0.991 S28 0.969
S9 0.987 S19 0.998 S29 0.966
S10 0.988 S20 0.988

2.6 WERNIRANTH

2.6.1 KM (clustering analysis, CA)  Fl|H
SPSS 22.0 #f4, LAEF% 1€ HPLC fr otk 1) 10 4>
AU TR AR A, SR FH AH TR B I SRR 7k,
DA 5 R EE B R R BE B AT SR, &5
W 4, SHERIPHACRE S EE SN 2 KK 6 /)
J5: S1~S5. S21-823. S11~S15. EA—K%E (
4, Febs N, HA S1~85 BAN—/E (a
D) FEHCAC IR . S21~23 TN— /N (Ib 41)

-

4 29 HEFHEAMBLDITRNRE

Fig. 4 Dendrogram of cluster analysis of 29 batches of

i

Chrysanthemi Indici Flos

FEHIONIAL B H . S11~8S15 B R—/~K (e 4 77
Hi AT AL & BH ; $24~826.S16-S20. S6~S10. S27~
S29 AN— KK AL 4D, F=Hid N, Hrp S24~
S26 FA—/NK (a4 F=HUOAZEARI . S16-20
BRN—/NE b4 PR S TL. S6~S10.

S27~829 THN—/N (Ilc 4D F=ith N4 2L A
GEEW, HREIX 2 NPEH N N, B
FACZIM ZE BN, WM —I.

2.6.2 E M1 (principal component analysis,

PCA)  H SPSS 22.0 #Axf & A Wi AR gk 47
FRUELALER G, X 29 HLEF2 1L 250 Ha SUE B i 15
(1) 10 N ILFWEHAT ES D b, SRR 3, DFF
TEME > 1 N3REbRHE, 182]2 DMERSY (Zis 2,

H B 7 ZTTHRE N 85.769%, AIREEF 5 IR
P G W R 25 e HERE S ) 32 B4y 3 fmr A
B S B T A8 B RS R BT HR O/ NFI T ), e
A RHERR R, XT3 B 1 Tk K0S, 3 2K
Fr R R WL S, 8 EOWL S Wt H 5 A0 56 3 i 43 1R BT

R3 BHEERERSEREE

Table 3 Eigenvalue and cumulative variance contribution

rate
o WIMEFHIEE
FHIEE 5 ZE0TRE % R ETURE /%
1 4932 49.322 49.322
2 3.645 36.447 85.769
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E5 10 MEHE 2 MERSTHIHEF L ARE
Fig. 5 Sorted coordinate chart of 10 principal peaks and

two principal components

BRE: 10 NLHEST S | Elr 2 RIEFYE, 3H
4. 10, 9 5. 3XF5E 1 ko vamkie ks oA Ig
6+ 8. 1. 9XIEE 2 EMATTERECK, LA 2. 3.
7 XFE 2 TR IR AR O o FERRE 32 RS E T R
HHEERDSET, 2 NMERPErEREA: 2=
0.302X; + 0.267X> + 0.352X; + 0.422X; + 0.364.X5 —
0.012Xs+0.289.X7+ 0.232X3— 0.350X9— 0.379X10;
Z» = 0.379X1 — 0.151X> — 0.122X; + 0.138Xs +
0.305X5 + 0.518Xs — 0.349X7 4 0.419X5 + 0.292.Xy +
0.233 X100 I SRHIE M BRI JS, RN F R
B RB 5 29 HEFESR I E K155 AR
S RIS, R HLGEES, HAKXHK
Z 5=0.4937,+0.364 Z,, EMD1F5 L1504
R 4, W] S1~S5. S21~S823. S11~S15 #it
RFEM SR B3 LT3N IR, KiZ 13 REMIIERE
iR N2, $24~826. S16~S20. S6~S10. S27~
S29 fLIXFE M LR EAF BN R, IR % 16 k%
BFER RN, XEREMERTE—H W
PHLRE15 55 = MR EE 7157 X AH B 32 B 43 (AR AR
ERP TR, SRE1 ks, 3RBTGO,
2 S AR R 0, BT S1~S5. S21~823,
S11~S15 #LIkFE S LG43 0 HE A 5ERT, S24~S26.
S16~S20. S6~S10. S27~S829 #LIXFEHEA F )5
MERGT 38 R Er G MERE, AL
P BT S E 25 A AR LT 2 ™ Hh
ARG Hris (SIMAC14.1) Xt 29 #tEF
AR IEAT E R b, AR BN TR SRS TR
B ILA WER AT TR, DA 29X 10 )5
RERFRE, Par fE bR EEATT I, 2l 3 sy

R4 EHSBEINEERS
Table 4 Principal component score and comprehensive

score table

iy ERO 1 ERIY 2 Gafn  HAH
S1 2218 3.188 2.630 1
S5 2.169 3.245 2.627 2
2 2383 2951 2625 3
4 1.962 3.058 2427 4
S3 2256 2521 2.368 5
S22 2.590 0.622 1.754 6
s21 2.556 0.051 1.491 7
$23 2.620 -0.277 1.389 8
S14 2.411 -2.507 0.321 9
S12 1.998 ~2.346 0.152 10
S15 2326 -3.018 0.055 11
S13 1.883 ~2.984 ~0.185 12
S11 1.770 ~2.865 ~0.200 13
S25 -1.211 1.126 -0.218 14
24 ~1.337 1219 ~0.251 15
S19 ~0.008 ~0.924 ~0.397 16
$26 ~1.394 0.862 ~0.436 17
S17 -0.619 ~0.669 ~0.640 18
S16 0.078 -2.120 ~0.856 19
$20 -1.309 -0.282 ~0.873 20
S18 -0.915 ~1.140 -1.011 21
S10 ~2.690 0.648 ~1.271 22
S6 -2.881 0.843 ~1.299 23
S8 -3.516 1.382 ~1.435 24
$29 -2.971 0.444 ~1.520 25
27 -2.831 0.041 ~1.611 26
9 ~2.384 ~0.747 ~1.689 27
S28 ~2.686 ~0.354 -1.695 28
s7 ~2.467 ~1.967 ~2.254 29

SHTEL WE 6-A, JFE M N ErEH, A
WAL, AN R B S TR i S LR L 43
%, 5RESMER .

2.6.3  1E 5T B /> - H ) 4 #r (partial least
squares discrimination analysis, OPLS-DA) & [ i
— B FEAFMKET M ERFEY, XH
SIMAC 14.1 FAF R i 45 1247 OPLS-DA 737,
¥ 29 RS ) 10 NMEFIEFA SIMAC 14.1 B+
o, %57 OPLS-DA #i%, #iRI45 4 LI 6-B, ]
65 2 H= B 45 10 i AT R 2R, R 29 ik
HP S AERE S T Hh Ay 2 2K, PR AL AT IAIE S
TR, RS RN 1, K53 S5 R* N 0.96,
T Z% 0275 0.903, KT 0.5 Higa T 1, Wi
PRV R HAEA AR TRINAER T . A 1 iz
LA G AR PR SE T, B 328 Y SRR AR SR AL
HEHI 200 A E AL, R EHRAIRE 7-A, R?[H
HLRAE Y ShakEE Ny 0.27. Q* MIVALRAE ¥ hakiE ly
—0.943, U@L A LA IS,
Al T A 534 29 HEFESL A4 R % . OPLS-DA
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B 6 PCA (A)F1 OPLS-DA (B) 55 #=E
Fig. 6 PCA diagram (A) and scattered point diagram of OPLS-DA (B)

E7 OPLS-DA E#iQIE (A) #129 AR EELS VIP E (B)
Fig. 7 OPLS-DA replacement test chart (A) and VIP chart of each component of 29 batches of samples (B)

T A & FE EME RS H (variable Importance for
the projection, VIP {H) o] ELWL WL BAA St =
X ZEFIRED, SR IE 7-B, 1E 95%E(F X [H]
W, ikt VIP>1.0 i@ E Ry 2 mbr ), Jhd
xR A RN, RE SR X 6 DMERBEY
VSRR AR I 4 SIE>10 50§ (REH) >
550 (34-TNHEREE TIR) >3 TiE CRERE
) >9 Fig>1 T (GER). HRERGEY
WEETRTAR (7 S I I THIAR (H EE, WA 29 AR LI 22
FAREM P RICE P S R s, N 32.37%, 4RJE
2 HEER, h 13.03%, HIXE6Rg4r RSD ¥IAF
21.27%, RYIXLE R LSRR &8 2 R UK.

AR LA SR AT A, DA S il g TR R 2 B 4
TERITEVE ST o TR ANEENTIER P i M BT K
P 5516 5 SR S SEAEH A4 4l o (R 2 I B )
RANURITEVE AT o VFER i S ISR I ST T i
] NF-xB A HARAF 53 i 13 R i 2 1
RPN G AR 7708, T 22 88 1 22 B 5 kS 0 1
AR SRES T, R R 2 PR . SOMELOIR
F HSC 4t A& P dEAT DY FF S 2 i b (s
RIS PRI, KIL 3,4-INMEREZE T RIS TN

T o A i PO FH DY R AR 50 2 LU A N A B
ARVE 2 Ph IR R B S5 B R AL A kAT A
T, RIARRET BA RSN E i Ms 3R ER
Shan &5 U P 4% J5 1 38 3 ek 55 7% K 7 «B M
INK/AP-1 {5 5B S AR G 2 5 S AL
fitg-2 Feik, IHIRTHIIR R B2 B SRR AE .

2 FATA, 454 OPLS-DA ' VIP {E7#i%. Xf
MR A SRR R0 SR, BT 3, 4-2
NHEREZE TR . K BELE . SRR ENET T2y
M2 R bR ED
3 it
3.1 IR E AR MeE TS EHRL

AR AT ARFEEA T (30% H EE . 50% H
. 70% HEE. A 28D AFRFEECT A (R,
B ASFESRELSE] (204 304 40 min) XEFAGTE
ZiMFR S B g E R, SRR 50% H
PR kI, R R PEEOE I B
ANFEFEHC A B B 2 5, WOE SR 50% H B
FZHL 30 min MR EUTT .

TS EL-0.1%B R . LE-0.1%B5 1 iR
BIABR R AT IR LI, K IH ZE-0.1% B R 1F
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B, &l SRR, MR, AR
PREs JEIETE 190~400 nm 2P KA, ERE R
Kk, KILE 334 nm b€ g i B et
IEHE 334 nm VE BT 55 102504 48 S S AT K
3.2 HBIEHE

AHIE G SN B A AR 28 HPLC $a 8CEE 7%
B T 10 N, AR ST 85%LL |,
Re B AR B g R A i i o R S A
WiE T 7 MeEY, RS ERE . MR . KR AL
1. 3.4- WNEEEZE TR . 3,5- INEELRZE TG | 4,5-
TNEREZE TR FALEE, R T S22 gk
AR—F. A FCRT 8 ST 1 Fa S0 BSR4 T
BLEF LTS kBB R, AHIEE R HZE
B e A B Sk, AR RS,
3.3 BRSNS LREFFEDFIE

R 45 S 1 Hiie A B SR P 2 i
TREUERE AR VPN B, T R A e AR R 2
A PR SUEITE (1 7715 IR BR Rk 22 b 2 T A 24 I 4%
il S PP 43123231, W] H T BT S fE FR S IR 4
A b A SR BRI FCAR 2L, A Sl i R
Fa GBI 4 A b A AR 7, B R AT
TR AT B M - H 5 43 BT X = F A EL AL
SRR i, AN )= 1 B 4 A6 4 S v Ao
HATACEE, BEARRR, BEM RS54
—5, HWAFHEE SR, HARELAS
SHEFF R, A T AL T S 1R AR A ST
LS8 —2 &5 H SIMAC 347 PCA
532%, KH OPLS-DA A4 VIP L 6 A
Aot m SR EY, sk Sl H
SRR A 22 57 AR o Jon € i 06w e i Y A
- RS S T Bl — P e . i LU ZE bR A
WA TR 7 FEAT I THI AN (5 L, AT AR AN S AT
3,4-IERE LS TR . AR R | SR RS U 7R
ek EE R, H (FET M) 2 8
W BT G AE TR bR B NS R R« 3,5- I e
% 4,5- DNHEREZE TR . AR T, RN 45
1 1 5 B 4% 1) BT 90 T AN REAN GV SR AE T (1 R 248
o, ERLEE fOCTE IR AR RS T AR

g5 b, ARSEEGRFHR SIS 45 A A xR S
(1) 7120 AN [ P2t B S AR 2 M AT 256 40 Hr s REAS
] 7= M BT S AR A AT SRRy R B e 4%
A5y, KA OPLS-DA R Gk T A 7= H B
A ZE AR EN, VPN B S 16 294 1 5T B B
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