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Quality study of Inulae Flos based on HPLC and chemometrics
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Abstract: Objective To establish HPLC fingerprints and simultaneous determination of chlorogenic acid, caffeic acid, rutin,
taxifolin, 1,5-O-dicaffeoylqunic acid, 1-O-acetyl britannilactone, quercetin, ivangustin of Inulae Flos, the chemometrics method was
used to carry out the quality evaluation of Inulae Flos from different producing areas. Methods Separation was performed on
Hanbon Dubhe Cis column (250 mm < 4.6 mm, 5 um) and mobile phase was acetonitrile-0.05% phosphoric acid with gradient
elution, the flow rate was 1.0 mL/min. The detection wavelength was 205 nm, the injection volume was 10 pL and the column
temperature was 30 ‘C. Similarity evaluation system for chromatographic fingerprint of traditional Chinese medicine (TCM) was
adopted; Principal component analysis (PCA) and discriminant analysis by partial least square method (PLS-DA) were used to
identify and analyze the differential components in 35 batches of Inulae Flos from seven habitats. Results The fingerprints of
Inulae Flos were established, the similarity was 0.88—0.98. There were 20 common peaks in the fingerprints and 8 common peaks
of chlorogenic acid, caffeic acid, rutin, taxifolin, 1,5-O-dicaffeoylqunic acid, 1-O-acetyl britannilactone, quercetin, ivangustin were
identified by reference substances, indicating good consistency of the samples. The samples were clustered into four categories by
PCA. Combined with PLS-DA, seven components, such as caffeic acid, chlorogenic acid, and 1-O-acetyl britannilactone, were found
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to be the main markers for sample variability. Content determination results showed that eight components of each producing area is
Jiangsu > Gansu > Henan > Zhejiang > Hebei > Anhui > Shandong. Conclusion The establishment of HPLC fingerprint quality
evaluation method and multi-component determination method of sesquiterpenes, flavonoids and phenolic acids of Inulae Flos was

easy to operate and reliable, clarified the difference of composition between different producing areas, which provided the basis for

the exploitation and utilization of medicinal materials.

Key words: Inulae Flos; fingerprint; chemometrics; assay of multi-component; chlorogenic acid; caffeic acid; rutin; taxifolin; 1,5-O-
dicaffeoylqunic acid; 1-O-acetyl britannilactone; quercetin; ivangustin
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*F1 EBEHHLHKIER
Table 1 Information of Inulae Flos samples
Eikel i) el BE R i) P
S1  TA180111001 W& | S19 201902014  jAdk
S2  TA180112001 W% | S20 201902015  jAdk
S3  TA180113001 W% | S21 17063011 G
S4  TA180114001 75| S22 17063012 2
S5  TA180115001 W% | S23 17063013 G
S6 2019032501 YL7R| S24 17063014 G
S7 2019032502 JLF| S25 17063015 G
S8 2019032503 TL75| S26 19101606 R
S9 2019032504 L7 S27 19101706 Hk
S10 2019032505 L7 S28 19101806 Hk

S11 19101401 WL | S29 19101906 R
S12 19101402 WL | S30 19102006 R
S13 19101501 WLl S31 161023 bINE)
S14 19101502 WL | S32 161024 T
S15 19101503 WL | S33 161025 T
S16 201902011 k| S34 161027 bINE)
S17 201902012 k| S35 161028 bINE)

S18 201902013 {HE
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H 50 mL B ZEHETI A, R NN 70% 9 % 30 mL,
MROEE, @R ()% 500 W, #iZ 40 kHz)
60 min, A, FFCETE, H 70%9HEANE K
i, fA), i, SRUEWA 045 pm fALIERLE

o, Bpf5.

24 FEFER

241 RMERRELE NGEWREERERE . R |
1-0-Z. B e e s, 1, 5-O- —WmHEBEZ /8. 16
TERA R P T MR ER S SRR LA R RS
T 70% FH i 1) B SR B 43 i 1.67. 0.117
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Table 2 Linear equation, linear ranges and correlation coefficient of eight effective components

tEw 5] )= 5 LB PETE R/ (mg mL) R2
SRR Y=6 166.8 X+305.3 0.555~1.665 0.999 5
W HERR Y=17 915 X+19.847 0.039~0.117 0.999 7
BT Y=11361.8 X+78.01 2.097~6.291 0.999 7
TEERA F Y=14 439 X+248.1 0.177~0.531 0.999 2
1,5-O- - WnHEe 2 T 1% Y=443.45 X+747.07 49.63~148.9 0.999 8
1-O- L B e 46 N g Y=10 001 X+199.49 0.788~2.364 0.999 7
AN Y=7782 X+1337.7 0.388~1.164 0.999 8
AR TR Y=5472 X+83.149 0.715~2.145 0.999 7
242 KRR HUREAERE M (S6) 1.049, 245 NIRRT RS FRECINE 1) 8 Flai sy

FEEME, & “2.37 TR 77 i) & 40 s i
“2.17 TR AR E, ESERE 6 X, iR
fRarEnE, LI 1,5-O- —WmHEREZE TR NS R,

THE & LA AR X I T AR ) RSD N 0.54% ~
3.08%, AH X £ B4 i 8] 1Y) RSD 4 0.04%~0.67%,
KA ARG T R

243 HEEMWAE FEEFBEELR N (S6)1.049,
AT 6 f3, 4% “2.37 TR 7 ik AR A
“2.17 TN B RE A 2, TR GEE, LL 1, 5-0-
TR 2 T ER NS HR G, TS A AR X U TR
FRE) RSD N 0.54%~3.37%, AHXH4 B IS A] ) RSD
N 0.02%~1.57%, FKHIVEELM R

244 FroEtEiie  HUEEAEFEM (S6) 1.0g,
WRRE, 1% “2.37 WU M7 IER & R,
SITE 0. 2. 4. 8. 12, 24h, % “2.17 Wi F ik
R, dsFRatEig, DL 1,5-0- 2 R
NZ U, THE &AM T RSD A
0.47%~3.33%, FHXTEREAS A RSD A 0.02%~
0.43%, FHILEZAE N RIERAE 24 h WERE .

ERIEEICAMIA (S6) 9143, 059, 43k
3H, [ 31, SRR E MG RR 1.11 mg/mL.
miHERR 0.078 mg/mL. 1-O- Z. Wt ie 78 1€ N fig 1.58
mg/mL. 1,5-O-WNHEm®EZE T2 99.3 mg/mL. {EHERA
% 0.354 mg/mL. ] 4.19 mg/mL. &% 0.776
mg/mL. BRHKELA 2 1.43 mg/mL [RIVE &6 I8 S A
05, 1.0, 1.5mL, % “2.3” T 7k it
M, % “2.17 DB SRR EREIE , THESEEIN
FERISCR, 5K, SRR MIMHR. 1-O-ZBhE
BACHIE 1,5-0- WML TR . TEREAAZR. TS
MR ER . PR BL AR 2R BT [l 430 4 99.97%.
08.87%. 101.84%. 100.94%. 100.13%. 101.04%.

99.05%- 101.45%, RSD 434114 0.74%-. 1.44%. 2.75%-
1.66%. 1.33%. 1.60%. 1.49%. 2.77%.
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Table 3 Information of Inulae Flos samples
eIk HAARE CIked HAAARE
S1 0.959 S19 0.977
S2 0.954 S20 0.973
S3 0.957 S21 0.979
S4 0.949 S22 0.978
S5 0.946 S23 0.980
S6 0.967 S24 0.980
S7 0.953 S25 0.976
S8 0.966 S26 0.889
S9 0.953 S27 0.892
S10 0.967 S28 0.880
S11 0.979 S29 0.888
S12 0.978 S30 0.892
S13 0.980 S31 0.948
S14 0.980 S32 0.950
S15 0.976 S33 0.950
S16 0.975 S34 0.955
S17 0.978 S35 0.948

S18 0.975

1 35 #HtneBIELMIBLEE
Fig. 1 Fingerprints of 35 batches of Tnulae Flos
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6-ZK AR 8-WMMERR  9-7 T 10-fEHERAE  12-15-O-MMMEREZE TER  16-1-O-ZBEHEEAEAlE  17-Mi 3R 20-BRnHk TLag &=
6-chlorogenic acid  8-caffeicacid 9-rutin  10-taxifolin  12-1,5-O-dicaffeoylqunic acid  16-1-O-acetyl britannilactone  17-quercetin  20-ivangustin
El2 mEEREMNREIEE (A) RELEELFRAE (B)
Fig. 2 Chromatogram of chromatogram of reference substances (A) and reference fingerprint of Inulae Flos (B)
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FEAE 0.9 PL_ERZ581 5 85.71%; 35 fLiiefE 1254411
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26 FEmaaH (PCA)

PCA HA I A K7 22 R S WEAT 234, %
AW 2 oA E i AU A 8 Ry, AL E R
YT ERR AR RN S, AR RAE 2= 2
AR AR B0, Ry T 35 HERE

P ZES, AR R EE AN SRR DTHR R A ik
PeE R MR, SR SPSS 22.0 B4 35 fitjie
T2 BE AT PCA 04T, FH5C R B4 EEL AN 7
ZETTHRR LR 4. DIFRIE(E >1 $eluhenE, nrfg
B4 ARy, H R Z DTk R IA 95.56%, mIfX
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A PRI SN SIMCA-P+13.0 %, KA AE
B RN T AT 3 A3 A W 5 e 7R AR 2 A 1
AR, 35 LALLM (1) PCA 15734 K 8 A,
B3, 7ANHRIIRE LM v LLSE A X 40N 4 2K,
A E SRR 2R . BRI, B4
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Table 4 Characteristic value and variance contribution rate

— B 1 (e R RLE N
&t PETREY® DB ETREI% A TETIRE% R % FREI%
1 10.660 53.298 53.298 6.815 34.076 34.076
2 4.120 20.599 73.897 6.507 32.533 66.609
3 2.832 14.160 88.057 3.357 16.783 83.392
4 1.501 7.505 95.563 2.434 12.170 95.563
g 4 3 210 1 2 R2X=0.876, R?Y=0.976, HAFMIZ4 Q*=0.971,
m: PIRT 05, RO HEERIARE H IR 4L
N = . PLS-DA {H/MERFEILE 4, AT A Huk
-2 4

t[2] .
6543 2-101 23 4
R?[1]=0.583 R?[2]=0.192 R?[3]=0.103
- 2495 3-thZR. Wb 4R, WL, Z#, TRE
1-Gansu  2-Jiangsu  3-Shandong, Hebei 4-Henan, Zhejiang,
Anhui, same as below

3 3 HEERELLMAE PCABTE
Fig. 3 PCA score plot for 35 batces of Inulae Flos samples

2.7 {wE/DIZIRE-FIR 24 (PLS-DA)

N G R LS 2H ) 22 57, 7E PCA [ 2EAih ik %
A W B PLS-DA BEAT T #5208 13050 43
55 VPN PLS-DA AL 3 AMads: FREIE S5

FEAEPEANF XK, 5 PCA Z5R—%.

SiA R EEMERFE (variable importance in
the projection, VIP) §ifiik tH 5 EC4H 18] 22 53 (1) = 25
WYY, VIP 1370 LKL 5, #IAHCR VIP B
AR (VIP>1), X7r2RmsTibek R0, ik H o1
BRI 7 AR, $4% VIP K/NHEF Ui

L L L}
ENAINT

N O N B
N
F

1.000 67 * 1[2]

N

-6
10 8 6 -4 2 0 2 4 6 8
1.003 66 * t[1]

R?[1]=0.581 R?[2]=0.193 Ellipse: Hotelling’s T2(95%)

B4 35 #tie@E LA PLS-DA 5 E
Fig.4 PLS-DAof score plot for 35 batches of Inulae Flos samples
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25 JEBAENEE (16 '5I8) K 3. 15, 2 Ti%, XKLL
o SPTE X RN AL A R B AR,
10 HETIREMEIY

05 28 MEUMERSEMNERLGRSH

0 35 #LIRAE AL 2R RENL, AT 3 4y, 1% “2.37

-0.5

8 5616 3152 4191420131811 910 7 171
VarlD (primary)

5 FEBILAM 20 MEIEIER VIP &
Fig.5 VIP value of 20 chromatographic peak of Inulae Flos

TR IR A, 1 “2.17 BN Gl ket
ATINE, eI, T 8 AL A SR LK 5.

I AT X 2, AN P R TN 8
PR 7> & B U . 45 R RW], 1,5-0- ik

samples TR S AL i Th S R AT
x5 BHEBEERT SHMANSENELER (n=3)
Table 5 Content of eight compounds in 35 batches of Inulae Flos samples (n=3)
. ‘ Py #(mg g) ‘
SRR R T JEREAAE 1.5-O-UnmkBEAE TR 1-O-Z e EAE A liE Wi B BRI BLA R
S1 1477 0.083 4.619 0.899 119.094 2.616 2.055 0.576
S2 1396 0.079 4.051 0.790 110.397 2461 1.896 0.561
S3 1419 0.076 3.691 0.666 109.583 2.157 1.294 0.894
S4 1369 0.076 3.728 0.696 107.501 2.233 1.496 0.732
S5 1351 0.071 4.011 0.741 108.408 2.181 1.299 0.931
S6 2219 0.155 8.390 0.707 198.516 3.152 1.553 2.862
S7 2306 0.159 9.206 0.785 212.425 3.493 1.749 3.150
S8 2132 0102 8.408 0.713 196.747 3.145 1.508 2.828
S9 2116 0.151 8.084 0.634 198.603 3.158 1.549 2.859
S10 2145 0.155 8.112 0.625 198.429 3.122 1.557 2.831
S11 1973 0.143 4.783 0.649 175.023 0.871 2.012 1.816
S12 1979 0.184 43811 0.659 176.171 0.941 2.038 1.802
S13 1991 0.183 4.656 0.676 176.625 0.913 2.039 1.809
S14 1888 0.143 4.654 0.684 172.133 0.937 2.120 1.863
S15 1987 0.189 4.885 0.695 177.780 0.959 2.119 1.835
S16 2249 0.125 5.933 0.989 169.844 3.895 1.481 0.946
S17 2113 0.142 5.663 0.919 160.520 3.741 1.664 0.900
S18 2154 0.116 5.776 0.984 163.657 3.715 1.577 0.910
S19 2141 0.151 5.550 0.901 160.173 3.771 1.600 0.914
S20 2155 0.116 5.693 0.929 163.103 3.935 1.697 0.890
S21 1432 0.129 3.567 0.865 134.591 1.447 2.123 1.817
S22 1433 0.130 3.576 0.886 134.745 1.439 2.129 1.801
S23 1430 0.132 3310 0.887 134.044 1.302 1.946 1.764
S24 1413 0130 3.279 0.895 132.756 1.287 1.876 1.762
S25 1450 0.131 3.604 0.895 136.139 1.333 2.143 1.763
S26 2137 0.225 10.491 0.657 204.309 0.137 0.757 0.247
S27  2.049 0.229 10.517 0.639 200.198 0.133 0.757 0.216
S28 2.088 0.224 10.953 0.692 205.911 0.134 0.780 0.243
S29 2136 0.239 11.389 0.665 210.643 0.139 0.822 0.210
S30 1.980 0.222 10.933 0.635 199.017 0.120 0.774 0.183
S31 2.052 0.208 5.160 0.583 181.724 0.943 2.050 2.049
S32 2031 0161 4.700 0.567 177.299 0.931 2.029 1.983
S33 2.006 0.161 4.728 0.567 178.220 0.946 1.994 2.001
S34 2023 0.164 4.709 0.566 178.954 0.943 1.994 2.025
S35 2000 0.196 4.693 1.060 179.254 1.006 2.130 1.955
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PCA 255 —5. %77 Hh 8 Fl sl or S BV 75 > Hl >
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