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Abstract ; In order to explore the antioxidant chemical constituents of total flavonoids from stems and leaves of Chrysanthemum
morifolium (TFCSL) ,and to reveal its pharmacodynamic material basis and mechanism of action. In this study, HPLC was
used to establish the fingerprints of different batches of TFCSL ;high glucose concentration induced oxidative damage model in
human umbilical vein endothelial cells,and malondialdehyde,lactate dehydrogenase and superoxide dismutase activities were
used as indicators of drug efficacy;gray correlation and partial least squares were used to analyze the spectral-efficacy rela-
tionship to determine the antioxidant efficacy substances of TFCSL;based on network pharmacology combined with molecular
docking to explore the core targets and pathways of action. Twelve common peaks were identified from the fingerprints of 12
batches of TFCSL,and 9 chemical components were designated ;all batches of total flavonoid samples reduced apoptosis, low-
ered malondialdehyde and lactate dehydrogenase content,and increased superoxide dismutase activity ;peak 5 (apigenin-7-0-
B-D-glucoside) ,peak 6 (isochlorogenic acid C) and peak 7 ( diosmetin-7-0-8-D-glucoside) were selected as the basis for
TFCSL antioxidant substances by integrating two mathematical models ;the three screened active ingredients acted on 33 tar-
gets of anti-oxidative stress;the key targets were TNF, CASP3, EDNRA, XDH, PTGS2, MMP2, etc. , which were mainly in-
volved in signaling pathways such as lipid and atherosclerosis signaling pathways,I1.-17 signaling pathway , diabetic complica-
tions AGE-RAGE signaling pathway, TNF pathway, MPKA pathway, and other signaling pathways ; the molecular docking re-
sults showed that there was good binding between the active ingredients and the key targets. It indicates that the material basis
of TFCSL anti-oxidative stress may be apigenin-7-0-8-D-glucoside ,isochlorogenic acid C,diosmetin-7-0-B-D-glucoside, and it
is speculated that it plays a role in the role of atherosclerosis signaling pathway and 1117 signaling pathway through the targets
of TNF and CASP3,reflecting the role of multi-components and multi-targets of stems and leaves of Chrysanthemum morifoli-
um in the function of anti-oxidation.

Key words :stems and leaves of Chrysanthemum morifolium ;total flavonoids ;oxidative stress ; spectrum-effect relationship
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Fig. 1 Fingerprint of 12 batches of TFCSL
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2 BAMBMEE HPLC B
Fig.2  HPLC chromatogram of mixed reference substance
TE 1 2R 2  WIMERR 53 < BRER SRR 4 29T 55 . RBRIEZR 7-0-B-D-FI AT Y 16 . RRERETR B37 73R 7-0-8-D-F 4TI Y 18 . F AR C;9:
F AR E-T-0-B-D-FE R 10 FERE 11 FMHAREK ;12 F B 2K . Note: 1 Chlorogenic acid;2 ; Caffeic acid;3 ; Cryptochlorogenic acid ;4 : Ru-
tin;5 ; Luteolin-7-0-B-D-glucoside ;6 : Isochlorogenic acid B;7 : Apigenin-7-0-8-D-glucoside ;8 ; Isochlorogenic acid C;9 : Diosmetin-7-0-8-D-glucoside ;

10: Apigenin; 11 ; Diosmetin; 12 ; Isorhamnetin.
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3 TFCSL HPLC fE5 & L HIE
Fig.3 Common peaks in HPLC fingerprint of TFCSL

FTAIARLEE 20 A, S 2R DL 3R 10 12 SR i AR DL A
0.951 ~0.998 WAL R4, A HEUCHE bl Al 27 i
M B Hirh 8 SIS B WY R,
RAAE , BOK HAE RS I (S) TR B A ks

AEAE S8 U R i AT 0 B R X B s TR) B9 RSD (H
#50.052% ~0.72% , 15 I 25 HE VR FE 5 A 27 B 4 20
2B,

%1 TFCSL #dm HPLC 54l ElIEE UMM &R
Table 1~ Similarity evaluation results of HPLC fingerprints of TFCSL
. FRLEE Similarity
No. S1 S2 S3 4 S5 S6 S7 S8 S9 S10 S11 S12 XA
Reference
S1 1.000
S2 0.991 1.000
S3 0.985 0.958 1.000
S4 0.979 0.946 0.989  1.000
S5 0.989 0.997 0.960 0.944 1.000
S6 0.988 0.968 0.993 0.984 0.974 1.000
S7 0.991 0.970 0.990 0.990 0.972  0.995 1.000
S8 0.997 0.988 0.987 0.976  0.990 0.993 0.994 1.000
S9 0.993 0.970 0.991 0.993 0.969 0.993 0.998  0.992 1.000
S10 0.993  0.996 0.967 0.951 0.994 0.975 0.972 0.990 0.975 1.000
S11 0.998 0.986 0.986 0.979 0.985 0.990 0.989 0.996 0.993  0.993 1.000
S12 0.998 0.991 0.978 0.973 0.985 0.980 0.985 0.993 0.990 0.993 0.996 1.000
X} #8 Reference 0.999  0.989  0.988 0.981 0.988 0.993 0.994 0.999 0.995 0.991 0.998 0.996 1.000

2.3 HEMBEWSHEIFS HUVEC AIlEEL

R AR ) BN

2.3.1 RALEHAER M E S
ANIFHe B i A MR T HUVEC J5, 55 14

FELE, 2% BE R 10 mmol/L B, 4 B 4 3035 77 BH 5

TR&(P<0.01), 0 4 frn. R GraphPad prism
BTS2 8T, 31 1C5, {E 0 50. 4 mmol/L, 3X
$e7r 50. 4 mmol/L P AE 5| 2 HUVEC & & 1
P, J5 LS BRSO mmol/L AR Ky & 475 5 HU-
VEC #5453 19 TAEMREE



470 FR WIS 5T & Vol. 36
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SOD /K- ESEANISY A
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i 6 frs , HG ZH40 s MDA (LDH 5 &4

)
2
1

M A7 #R Cell survival rate ( %

ES TFCSL xR HUVEC i& A1 320
Fig. 5 Effect of TFCSL on the activity of
oxidative damaged HUVEC

)
T

25 O HRZH 29591 B8 2% TR 2 5. 636 nmol/mL (85. 61
U/ gprot, SOD 7% 1143 5l B |8 F [ % 6. 659 U/gprot,
FEUTERES R 40 i S A 10140 1 B ) LDH B i

FrE N, MDA 7K Fad &, SOD & HEs 55 . 4 TFC-
Con 10 20 30 40 50 100 150 200 P SPNN =
1% ¥R FE Glucose concentration (mmol/L) SL b=, Hhﬁ%ﬁl‘%1&ﬁﬁlﬁ§]ﬁﬁg MDA .LDH 7J(:F
S A A 52808 SOD AT WA, SUA 4622
25 (P<0.01),

A 3E Z Cell survival rate( %

4 FEEWEXT HUVEC i& S189 %500
Fig. 4 Effect of glucose on the activity of HUVEC

8_
1004 **
*
5 67 80 #
= # =
3 & 60- : "
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g 4] % i w D é i
< 7 it T 407 % H
% £ 8 7 i
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Table 2 The correlation between MDA ,LDH,SOD and the area of each characteristic peak

W5 2 5y LDH JCHE S MDA SCHEEE SOD SCHKHE
Peak Compound LDH correlation ~ MDA correlation  SOD correlation

1 7T Rutin 0.833 0.88 0. 852

2 KRB E T-0-B-D-F%IHEEF Luteolin-7-0-8-D-glucoside 0.905 0.889 0.875

3 S48 B Isochlorogenic acid B 0.867 0.855 0. 836

4 I 4 Peak 4 0.88 0. 861 0.899

5 FIEE T-0-B-D-H BT Apigenin-7-0-8-D-glucoside 0.917 0.908 0.903

6 S4¢: 5 R C Isochlorogenic acid C 0.919 0.901 0.919

7 T AR Z-7-0-8-D-H%BE1F Diosmetin-7-0-8-D-glucoside 0.906 0.903 0.922

8 % 8 Peak 8 0.889 0.862 0.861

9 149 Peak 9 0.882 0.854 0.880

10 F3E#E Apigenin 0.854 0.838 0.871

11 A # Diosmetin 0.645 0.658 0.648

12 S 2 & Tsorhamnetin 0.888 0.853 0.888
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e /N3 [n] )9 %5 ( partial least squares regres-
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AT IS (9 4k A W 0T 25 3 ) S T o — A
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1) 45 3 A ILA WX N SOD 1E LAY STRkEE R .
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Fig. 9 PPI network analysis of antioxidant stress of TFCSL
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