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Antiplatelet aggregation activities of phenolic compounds in
Echinacea purpurea and its extract in vitro
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Abstract : Born turbidimetry was used to evaluatesthe aggregation inhibition rate and the half-inhibition concentration. The
phenolic acid compounds in Echinacea and its extracts were resistant to platelet aggre-gation induced by 4, 5-adenosine
diphosphate ( ADP). Using molecular docking method, coagulation factor V. (F5) ,factor VIII (¥8) and factor XI (F11)
were selected for virtual docking with phenoliec compounds to study their molecular targets for anti-platelet aggregation. The re-
sults showed that the 60% ethanol ext-ract of Echinacea had inhibitory effect on ADP-induced platelet aggregation in vitro,
and the inhibition rate was concentration-dependent. The chemically synthesized phenolic compounds all have anti-ADP-in
duced platelet aggregation”activity,and the anti-platelet aggregation effects of three compounds were similar to those off ASA
against platelet aggregation. Molecular docking studies showed that all compounds can be hydrogen bonded to the target com-
pound , wherein the binding energy of the target to some of the co-mpounds can be higher than 50% of the positive control. It
was suggested that these may participate in the process of platelet aggregation and exert an inhibitory effect. Compound S-6
had more binding site with:the target, more tight binding, stronger binding ability and better selectivity,and was expected to be
a lead against platelet aggregation. The phenolic acids and their extracts in Echinacea showed anti-ADP-induced platelet ag-
gregation activity in witro ,which provided a basis for the in vivo study of Echinacea.

Key words.:£chinacea purpurea ; phenolic compounds ; coagulation factor ; virtual molecular docking; antiplatelet aggregation
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Table 1  The chemical names and structures of 10 phenolic compounds
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Number Name Structure
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HO
[0}
& BTERR HiCO Ny
Ferulic acid
HO
£ HO. X -COOH
. ) il ™
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2:5% 1( Continued Tab. 1)
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Number Name Structure
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58 uimel R Y Howo/cm
Methyl caffeate
HO
WL 2, i
NMERR 185 HO x e
59 Ethyl caffeate j@/\)J\O g
HO
O. OH
S-10 %EM HO& (@)
Chlorogenic acid HO O)v\©iOH
OH OH
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Y HAT BT ADP G5 SR M/ MRS M, b 3 4> PEHIAHIE  SER R L6 3,
eE Pt/ MR RIVE RS ASA BTl /MR 4R
x2 EEFIREWMAIML ADP FSHI/IMEEEF (0 =3)
Table 2 Effects of E. purpurea on the platelet aggregations induced by adenosine diphosphate ( ADP)in vitro(n =3)

2 51| Groups HeJE Dose REEHNI 2 Inhibition
(mg/mlL) % (x = SD)
r] ] DT ARk ASA 1.44 57.4 .+ 7.5
T B HEZG $E ) Crebanine-L Echinacea purpurea 10 10:3 +3.7
FRF T SEHE 35 3 U Crebanine-M Echinacea purpurea 50 30.3 + 4.2
5 L2 4 3 $L U Crebanine-H Echinacea purpurea 100 50:8 + 5.6

TE: SR A L, P <0.05,
Note ; Ratio of positive control, P <0.05.

*3 BBELSYEIML ADP FSHI/MEEEFE M (1=3)
Table 3  Effects of phenolic compounds on the platelet aggregations induced by adenosine diphosphate ( ADP)in vitro(n =3)

L&Y R i e B2 aEw R e B
Compound ICso (pmol/L) (v = SD) Compound ICso (pmol/L) (x + SD)

ASA 8.2 0.1 S6 15.6 + 1.3

s1 9.2 1.2 s 14.4 +2.1

S2 10.3 + 0.8 S8 25.2 + 2.2

S3 11.1 = 1.5 S9 19.8 + 1.9

S4 16.2 + 0.9 S-10 13.7 0.6

S5 22.7 + 0.4

0 FRPEXT R AE L, P <0.05,
Note ; Ratio of positive control, P <0.05.

2.2 EYBELEYWERMNETFSFIE [R 0 2544 N b4 T 00 70, A B 4 s R (LI 1)
2.2.1 BB EiS S FS &Gt DI K PG B e (DL 4) o

B AL S W) LA S B2, 7 3 5 BS R e A

Positive

E1 BBRELEWS IS SFHNEER
Fig. 1  Molecular docking results of phenolic compounds and F5
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MR Asp562 (1 ), Gly566 (1 4~) | Ser568 ( 1
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2 F5 5 Positive 9 FIHELE RS
Fig.2  Evaluation of docking results of Positive and F5

T ra ZEMD LS SIEHERL A M EE 5 7725 b. A M mEE & i 3R - sp R SRR B, i (R 4L it

Note:a. The combination of the Positive and the active site ;b. Factors for binding: green represents hydrogen bond, orange is covalent bond.
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Fig.3 “Eyaluation.of docking results of S-6 and F5

R4 AEWS-6 FMEMNRASHE FS EHESRNEERESELNE
Table 4 The number of amino acids and hydrogen bonds formed by hydrogen bonding between S-6/Positive and F5

#FR

Name Asp562 Ser589 Gly591 Gly566 Trpd55
S-6 + + + + + - +
PR 24 Positive + + + + + -

- T + 1 ANERE; + 2 A EE
Note ; 4no hydrogen bond; +:1 hydrogen bond; + + :two hydrogen bonds

xR5 BBELEWS FS IFHELERITM

Table 5 Evaluation of docking results of phenolic compounds and F5

R -CDOCKER A H.{F Hfig R -CDOCKER AHE1F: i
Name -CDOCKER interaction energy Name -CDOCKER interaction energy

F5 581 23.2117 F5 587 29.6853

F5 582 32.5877 F5 588 32.038

F5 583 27.4082 F5 589 24.9291

F5 554 38.6729 F5 5510 42.5493

F5 585 64.6671 FS 5 [i1E2Y Positive 62.5284

F5 556 40.6891
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59 52,54 .8-7.88.5-10 5 IS5 45 5 HyfiE
T E T H RS E5 G e 1) 50% , 1M S-1.S-3 .59

MZEERENBUNILE S)  Aia i a L L 6.,

x6 BBEALAMS S ERSENSERESEHA
Table 6 The number of amino acids and hydrogen bonds formed by hydrogen bonding between phenolic compounds and F5

£ FK Name His406 Asp562 Ala563

CysS64 Glus65 Gly566 Gly591

S-1

S-2

S3

S4 - +

S-7 - + +
S-8

S9
S-10

+ + + +

+

2.2.2 BrBREASYE F8,F11 xti:

e Wy 5 BE AL 7 VIIT(F8 ) FIEE M I 5 XT
(F11) By2r 7307k ) o 18 BYBHMEZ h (2R) -
1-(2 4R A AL ) 3-[ (2F) 2- W28 HE-3- ( 2-WRIE -

S-§ ~

1-2.38) 2, 35 A - LH-AE g k-1 -0 ] P -2-
F11 0 B A 25 476~ 2 VL - N k4 - (5 1 -2
L) ZE2- W IE 155 F8 (181 4) F1 FI1(KS)
X2 R 5

B4 BEBEUEGYS 8 SFHXHRER

Fig/4  Molecular docking results of phenolic acid compounds and F8

H R A Rl 5] PHE 25 40 e, L&
S-5 11 S-6 5 K8 a3 F11 g4 HIAR L BHM: 25, H:
REYIE X BHPEZ 1 50% |, JEHOZ S-6 fig
Tl B 5 F5 S fe

3 it

TEEE AT R, B 1l K5 1l /R OCER %, B
[F] 58 BE L AR . R 1T A R B IR IS AL B 1)
U AVER AR SEEG AT T ARSI/ 55 8 1t F

R7T HEWE Coagulation factorVIII( F8) 3F#E 45 BiEH
Table 7 Evaluation of docking results of compound and Coagulation factor VIIT( F8)

E4 -CDOCKER #H.{EHfE EA -CDOCKER #HAF g
Name -CDOCKER interaction energy Name -CDOCKER interaction energy
F8 581 18.721 F8 5 S7 24.342 9
F8 5 S-2 21.960 7 F8 5 S8 23.310 5
F8 583 19.795 4 F8 5 S-9 20.585 1
F8 5 S4 23.446 7 F8 5 S-10 23.632 8
F8 5 S5 41.393 9 F8 5 Positive 35.6886

F8 5 S-6 38.054 8
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*x8 EME Coagulation factorXI( F11) Xt§E 45 BRiEH
Table 8 Evaluation of docking results of compound and Coagulation factor XI (F11)

E4 -CDOCKER #HEAEHIBE E4S -CDOCKER #H.AE i
Name -CDOCKER interaction energy Name -CDOCKER interaction energy

F11 5 S1 29.849 2 Fl1 587 36.810 8

Fll 5 S22 32.8372 Fl1 5 S8 28.218 2

FIl 553 29.493 3 FIl 559 29373 4

F11 5 S4 36.411 8 F11 5 810 36.751'8

F11 5 S5 64.153 6 F11 5 Positive 51.621 6

FIl 5 S-6 59.155 1

S-10 Positive

5 BEBENEYS F SFHTEER
Fig. 5 Molecular docking results of phenolic compounds and F11
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