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Quality Control of Organic and Inorganic Compounds of Flavonoids from

Inulae Herba Based on Grey Relational Analysis

WANG Yan, LI Tian-jiao, MENG Xian-sheng* , BAO Yong-rui, WANG Shuai
(School of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China)

[ Abstract | Objective; To investigate the correlation between organic components and inorganic
components by establishing fingerprints of organic components and profiles of inorganic components of flavonoids
from Inulae Herba of different origins, and provide a preliminary basis for comprehensive quality control of Inulae
Herba. Method: High performance liquid chromatography ( HPLC) was used to set up fingerprints of organic
compounds, and inductively coupled plasma mass spectrometry ( [CP-MS) was employed to set up profiles of
inorganic elements. Then grey relational analysis was applied to discuss their relationship. Result; We obtained 18
common fingerprint peaks from the fingerprints of organic compounds and 13 common characteristic elements from
the profiles of inorganic components. The results of grey relational analysis showed that No. 1 peak had the
strongest correlation with K and Ca; No. 2 and No. 17 peaks had the strongest correlation with Na, Mg and Mn;
No. 4 and No. 13 peaks had the strongest correlation with Zn; No. 5 had the strongest correlation with Fe; and
No. 9 and No. 11 peaks had the strongest correlation with Al; with correlation coefficients all greater than
0. 969 0. Conclusion: The correlation analysis was carried out on the basis of controlling the content of organic and

inorganic elements, and there was a strong correlation between these two, indicating that the control of organic
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components can also partially react the contents of inorganic elements. All of these could provide a reference for the

establishment of a comprehensive quality control method and systemic evaluation of Inulae Herba.
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B2 FAEFHEBLEEMEFIAS HPLC R 3 Rk
Fig. 2
with different origin

2.2 JEE AT ICHLAL S B i

2.2.1 VB TIESE RF I 1.38 kW, &5
FARFE# A 15.0 Lomin ', 4 3E 1. 16 L-min ',
KEERFE 8.5 mm, KAEHEFLFAE Nickel 1. 0 mm , A H

HPLC standard fingerprint of flavonoids from Inulae Flos

1 AEFHEBEREMER S HPLC X5 B IEH R B E
Table 1 Relative retention time of HPLC common peaks of flavonoids from Inulae Flos with different origin

No. 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17
S1 0.156 0.242 0.284 0.353 0.364 0.455 0.780 0.861 0.912 0.931 1.039 1.160 1.195 1.459 1.573 1.589
S2 0.155 0.241 0.283 0.351 0.363 0.454 0.780 0.861 0.912 0.931 1.038 1.158 1.195 1.460 1.574 1.589
S3 0.155 0.240 0.281 0.349 0.361 0.452 0.778 0.861 0.913 0.931 1.039 1.159 1.197 1.465 1.579 1.59%
S4 0.156 0.241 0.282 0.351 0.362 0.454 0.779 0.861 0.913 0.931 1.039 1.159 1.196 1.463 1.576 1.593
S5 0.156 0.241 0.283 0.351 0.363 0.454 0.779 0.865 0.913 0.931 1.039 1.159 1.196 1.463 1.578 1.590
S6 0.155 0.239 0.279 0.348 0.360 0.451 0.778 0.861 0.915 0.932 1.038 1.158 1.198 1.470 1.583 1.599
S7 0.156 0.242 0.284 0.353 0.364 0.455 0.780 0.862 0.912 0.932 1.039 1.159 1.195 1.458 1.573 1.589
S8 0.156 0.241 0.283 0.352 0.363 0.454 0.780 0.862 0.912 0.931 1.039 1.159 1.195 1.459 1.573 1.589
S9 0.155 0.238 0.278 0.359 0.374 0.450 0.778 0.861 0.915 0.931 1.039 1.158 1.198 1.473 1.586 1.601
S1I0  0.156 0.241 0.283 0.352 0.363 0.454 0.780 0.862 0.913 0.932 1.039 1.159 1.195 1.461 1.575 1.591

TE:11 S 1.000, %2 [,

x2 AEFHEBREMEMS HPLC 7 B IEHEMIETR
Table 2 Relative peak areas of HPLC common peaks of flavonoids from Inulae Flos with different origin

No. 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17
S1 0.137 0.244 0.072 0.050 0.104 0.261 0.108 0.141 0.134 0.114 0.195 0.091 0.362 0.201 0.840 0.186
S2 0.342 0.270 0.104 0.095 0.127 0.512 0.203 0.206 0.149 0.127 0.200 0.154 0.478 0.166 0.941 0.302
S3 0.171 0.357 0.102 0.063 0.087 0.319 0.243 0.244 0.154 0.104 0.127 0.084 0.248 0.070 0.927 0.398
S4 0.116 0.218 0.066 0.052 0.117 0.206 0.112 0.134 0.112 0.114 0.215 0.112 0.434 0.211 0.979 0.225
S5 0.280 0.282 0.084 0.060 0.111 0.456 0.434 0.109 0.158 0.070 0.171 0.087 0.177 0.004 0.681 0.088
S6 0.103 0.266 0.066 0.060 0.100 0.257 0.107 0.117 0.154 0.127 0.184 0.066 0.355 0.198 0.638 0.173
S7 0.126 0.258 0.082 0.038 0.130 0.223 0.102 0.116 0.150 0.142 0.186 0.089 0.373 0.238 0.592 0.176
S8 0.213 0.316 0.082 0.073 0.113 0.316 0.225 0.234 0.122 0.114 0.184 0.137 0.332 0.064 1.109 0.380
39 0.105 0.300 0.071 0.103 0.016 0.292 0.110 0.139 0.164 0.119 0.184 0.092 0.371 0.194 0.635 0.161
S10  0.121 0.285 0.077 0.064 0.124 0.247 0.106 0.145 0.099 0.090 0.230 0.121 0.393 0.218 0.877 0.179
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Table 3 Evaluation of fingerprints similarity of flavonoids from Inulae Flos with different origin

No. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 R

S1 1. 000 0.985 0.980 0.998 0.955 0.993 0.992 0.993 0.992 0.999 0.998
S2 0.985 1. 000 0.983 0.976 0.970 0.982 0.981 0.985 0.982 0.982 0.989
S3 0.980 0.983 1. 000 0. 968 0.982 0.988 0.987 0.980 0.987 0.977 0. 990
S4 0.998 0.976 0. 968 1. 000 0. 940 0.985 0.985 0.991 0.983 0.998 0.992
S5 0.955 0.970 0.982 0. 940 1. 000 0.968 0.965 0. 955 0.968 0.952 0.970
S6 0.993 0.982 0.988 0.985 0. 968 1. 000 0.999 0.980 1. 000 0.992 0.997
S7 0.992 0.981 0.987 0.985 0. 965 0.999 1. 000 0.978 0.998 0.992 0.997
S8 0.993 0.985 0.980 0.991 0.955 0.980 0.978 1. 000 0.978 0.991 0.991
S9 0.992 0.982 0.987 0.983 0. 968 1. 000 0.998 0.978 1. 000 0.991 0.997
S10 0.999 0.982 0.977 0.998 0.952 0.992 0.992 0.991 0.991 1. 000 0.997
R 0.998 0.989 0.990 0.992 0.970 0.997 0.997 0.991 0.997 0.997 1. 000

HEFLAR 0.4 mm SEALEE 2 °C, 0 AT i E] 3 s,
3. Wk A4,
£ REEHORAREG

Table 4 Conditions of microwave digestion

B2 1B/ °C Tt b5 ]/ min LR FFI] ]/ min
1 130 5 10
2 180 5 30
3 80 10 5
2.2.2 MRS MR A B 2. 102 TR A Y e

AL BT 20 53 ¥y R 29 25 mg, K% FR 8, B T 3R DU R
Cg T R RS I AR RS R 5 mL, B I A
AP Fe e 4 SR b AT I Mo TH M o0 BB R U T %
HIEHIR K R R & 100 mL B, O 4l

RS NELEMASTHFUTELDRSFERBXRHRNREEZR

TK 22 YR 4 TH A e RN 55 VR VRCA OT TR, oK
SEAS RS, RIS . a8 R BE TR 2k A B R S OT
FAb 3R 3 45

2.2.3 JIEcEHEER ZIURIRA M B L AR
AR MR E s kg % I E 0, 100, 200, 300, 500,
1 000 pLZ o0 2 R A X BRI, 8 2l K 2 8 & 100
mL ()5 B A 2 2 00 RIR A BRI W R %
W HL S mL AR, BB 4l K 2 & 2 50 mL &=, i
il A5 B0 bR TAE W . A o il 22 0 8 ST« 7E p Ak i 52
B 5T AR SR AR AR ME T WS, LA R JO o 9k
SRR ARBR (X)), XF BRSO AR BR (Y) A 3h4
il B o i 2R, A5 45 o0 R LA Oy B, M OC R BTE
0.999 3 ~0.999 8, £ 4 2015 4F i ( b [& 25 8 ) #i
AR S,

Table 5 Regression equation, correlation coefficient, limit of detection and limit of quantitation of determined elements

JLHE EVEVR AR O 2 HL LPETE /g L o B/ g L SRR/ pg L'
Na Y =8.200 x 10°X + 1. 731 x 10° 0.999 5 0~1x10* 0.003 0.010
Mg Y =5.256 x 10°X +2. 491 x 10° 0.999 8 0~1x10* 0. 004 0.013
Al Y =7.113 x 10X +6. 447 x 10° 0.999 3 0~1x10° 0. 004 0.013
K Y =7.377 x 10X + 1. 655 x 10° 0.999 3 0~1x10* 0.001 0. 003
Ca Y =1.405 x 10" X + 1. 965 x 10° 0.999 3 0~1x10* 0. 002 0. 007
v Y =9.620 x 102X +3.350 x 10° 0.999 7 0~1x10? 0.001 0. 003
Cr Y=9.549 x10' X +5. 708 x 10> 0.999 7 0~1x10? 0. 002 0. 007
Mn Y=1.019 x 10°X +5. 694 x 10° 0.999 5 0~1x10° 0. 005 0.017
Fe Y =8.559 x 10°X +1.999 x 10° 0.999 3 0~1x10* 0.003 0.010
Cu Y =4.960 x 10X +3.263 x 10° 0.999 6 0~1x10? 0. 002 0. 007
Zn Y=1.211 x 10X + 1. 209 x 10° 0.999 4 0~1x10? 0. 005 0.017
Ba Y =1.567 x 10>°X +7. 578 x 10? 0.999 5 0~1x10? 0.003 0.010
Pb Y =6.865 x 10X +4. 628 x 10° 0.999 8 0~1x10? 0.001 0. 003

A I PR 5 BR - 2 T 1 =S R TR T
TR B R A I R 5 IR, S5 R S
.72 .

K s B HL PR RN R [ e R A < ARl U
ROTABBNK TR EEZ RSD 4+ T 1.0% ~
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3.7% ;FE 1 RSD 4 F 0.9% ~3.8% ;- 45 i #%: 1]
W% K 94.0% ~102.3% ,RSD T 1.2% ~4.1%

2.2.4  fEERE R SR B2.2.2 T
i B P A LI RE 0 R O3 T O 0 75
FHICHLICER |, # 57 e A2 A6 95 i 28 08 7 ToHL T 2K 48 I
o X Na, Mg, Ca, Cu, Fe 55 13 FiRFAE 22 57 00

R AT ST E AL 4G 4 Fh TR L8 il
HIOURM 1 FAFHIUR, MESRIWE 6, 4iR]E
PUIE 7 A8 2 B 2K 20 5 vh & A W Y Na, Mg, K, Ca,
Fe SEHLICE o 45 I 1y OW T 22 1 35 S8 0 A it
2% (FHop K,Na & 845/ 100 £%5;Ca, Mg, Al, Cr 45 /)
10 % ;Zn,Pb,V F K 10 £5%5) , WK 3,

x6 RELIHEIEZERTESE
Table 6 Content of characteristic difference elements of Inulae Flos flavaonoids pgeg !
No. Na Mg Al K Ca A% Cr Mn Fe Cu Zn Ba Pb
S1 1 849.70 4 351.97 460. 60 64 334.13  2273.24 0.77 61.81 32.65 557.14 11.00 16.05 4.20 0.23
S2 1514.80 3 380. 08 135.96 63 120. 13 1 390. 88 0.41 2.26 20.36 119.08 14.66 16.07 6.31 0.51
S3 1 071.00 3 762.08 154. 36 57 700. 13 2 066. 88 0.27 22.42 14.88 127.28 12.84 12.73 4.32 0.22
S4 1 856. 80 4 066. 08 556. 56 60 120. 13 2 988.88 0.46 89.98 36.06 477.68 17.40 15.83 14.31 0.44
S5 1 768. 80 3 578.08 762. 16 65 480.13 2 252.88 0.73 121.18 74.66 758.88 12.68 19.49 7.68 0.39
S6 1 460. 20 3 420.08 473.96 59 520.13 1972.88 0.80 58.74 28.40 414.88 16.04 15.69 21.17 0.43
S7 2 254.80 5 450. 08 637. 36 58 380. 13 2 962.88 0.86 94.24 53.32 792.88 25.92 26.65 6.47 0.32
S8 2 614. 80 4 454.08 286. 76 63 060. 13 2 334.88 0.55 30.44 19.60 225.48 11.21 16.77 13.95 0.54
S9 1 576.20 3 574.08 458. 16 60 060. 13 2 228.88 0.97 66.08 32.36 473.28 15.46 16.47 11.08 0.41
S10 1 804. 80 4 694. 08 660. 16 68 880. 13 2 848.88 0.61 103.98 41.18 682.08 15.35 15.45 5.81 0.38
o 2.3 JRESCHRBE T R K@ QIR I3 A A
e ((Grey Modeling_V3.0) . 13k 13 i e He i b e %
2 o SR LU D 18 AR SOWEEAT IR GO BT . B
| 200 THICER & B S H 8 (RIEEF5)) A B

0

‘Na Mg Al K Ca V Cr
B3 KBEHEMEEASFEINTESESD

Mn Fe Cu Zn Ba Pb

R BN OB (R 1 51 ), ) O J05 i %
Bt EAT T i G AL AL B, A B 4% 2 OCHR AR 8, I

i:i;ii Distribution of inorganic elements of flavonoids of Inulae %E%%i&j(:,': 0. 80 E"J fD?‘E i %}Eéﬁ%ﬂ%‘% 7.
RT RELCEMEANRS SNBSS KE XK
Table 7 Correlation analysis of organic components and inorganic components of flavonoids of Inulae Flos
[E$3 Na Mg Al K Ca Mn Fe Zn
1 0.963 7 0.955 4 0.860 1 0.993 3 0.969 1 0.9459 - 0.902 9
2 0.9955 0.986 7 0.884 8 0.961 6 0.938 9 0.976 6 - 0.930 6
3 0.951 2 0.959 3 0.930 3 0.912 8 0.892 5 0.969 1 - 0.9815
4 0.9355 0.943 4 0.945 8 0.898 5 0.878 9 0.9529 0.807 0 0.998 8
5 - - 0.8322 - - - 0.982 4 -
6 0.976 4 0.967 9 0.869 9 0.980 2 0.956 6 0.958 1 - 0.914 0
8 0.926 8 0.934 5 0.954 9 0.890 5 0.871 3 0.943 8 0.813 3 0.991 2
9 0.891 3 0.898 5 0.996 1 0.858 1 0.840 5 0.906 9 0.841 6 0.950 4
11 0.897 3 0.904 6 0.988 6 0.863 6 0.845 7 0.913 2 0.836 5 0.957 3
13 0.930 4 0.938 2 0.9511 0.893 8 0.874 4 0.947 5 0.810 7 0.995 3
16 0.861 6 0.868 2 0.965 7 0.8309 0.814 6 0.876 0 0.869 7 0.916 2
17 0.9857 0.994 5 0.899 7 0.944 4 0.922 5 0.995 0 - 0.947 3
18 - - 0.856 6 - - - 0.982 8 0.818 7
T =7 R RBUNT 0. 80, BRI,
mi ERATE, 1 S ke K, Ca AHOCHERSR ,2 PEROR,9 5,11 S @ 3%IE S AL R OCHERGR . NES
17 Sk Na, Mg, Mn AHCERR 38,4 5,13 MM BE AT IR BEAE B A ML S 1 & A 48 —
SOGEIELS Zn HOCHERGR S T OIEIES Fe MG MR AR R IR BB S 2R B TR AL M AL &),

- 73 .



5524 5T FELEATFZERE Vol.24,No.7
2018 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2018

Hh g sl ik A 1A S S e, A5k
2 SELAf I e 7 A B TR A WL R T RETE AR — %
RS L Y A 5 4 )8 L E Mg, Ca, Cu, Zn %
T & A AE T 25 61 oh, OF DL 2 % 4% 25 304
JH s S R M D ] — 2 SR R A A LA & W TE 4%
At A 4R B Tk R
3 itig

i 78 A6 5 TR 2 A WL 2 L2 R T i 3 )
LA > —  ASHE S H S %2 A R i, Rk T 4
Er AT 25 B 2 R A R R B . B RLT
Z R IR B A T AR AN T A B R4, W K
Na REZEFF AR 9K - 45 | 35 1 )5 A0 R B8 F- 4, Ca 2
N S Vi B 2 A0 O B S B YR 4
Y5, Fe fig 2 15 0k 4 48009 12 i , Mg Rl 0TS 1k 79 2 b
i, 5 T 4% M T 4 . T o M T WL R 4
W R AT B TC 2 A B E IS5 A A LR TR
T A Bl T T M A o B AR 25 B B 25 R R
DA T 4 TR 4 5 25 6 T

ARSI e B E T A S 4 R B 2
2 F) 1) S TR R B TR 2R R 4%, SRR AL P S R 2
—RTHER Y o LB 1E 454 T LA AR G )
WUE AR m AL SER R, 5 Cu,Zn,Fe, Al % 4 )8 7T
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