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Abstract: Platelet adhesion is a key process in thrombosis. Anti-platelet adhesion effect of some Chinese
medicines for promoting blood circulation and removing blood stasis (PBCRBS) has been reported, but their
relative efficacies as a whole and specific targets remained unclear. This paper combined activity screening, drug
compatibility analysis, pathway clustering, target prediction, and molecular docking to explore the mechanism of
anti-platelet adhesion by PBCRBS Chinese medicine. Screening the activity of anti-platelet adhesion of 58
commercially available PBCRBS Chinese patent medicines showed that about 50.0% significantly inhibit ADP-
induced platelet adhesion in vitro, and about 96.6% significantly inhibit thrombin-induced platelet adhesion
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in vitro. The animal experiment involved was approved by the Animal Ethics Committee of Tianjin International
Biomedical Research Institute. Combined with the auxiliary platform for TCM (V2.0) inheritance showed that the
compatibility of Danshen-Chuanxiong was used most frequently among the top 20 active proprietary Chinese
patent medicines. IPA network analysis revealed that IL-1, APP and CCL2 might be the key targets for anti-platelet
adhesion function of Danshen-Chuanxiong against atherosclerosis, neuroinflammation and chemokine signaling
pathways as the main mechanisms. Molecular docking analysis confirmed the interaction between one of the active
compounds shared by Danshen and Chuanxiong, i.e. chlorogenic acid, with its target CCL2. This study provides
TCM theory guidance and experimental support for targeting platelet adhesion in anti-thrombosis therapy by
Chinese medicine for promoting blood circulation and removing blood stasis.

Key words: platelet adhesion; Chinese medicine for promoting blood circulation and removing blood stasis;
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Fiire BARGIT: C-1 A 700 IR HE (b5 LA 250k, ik
5 1108021); C-2 FE /K 0 IR (KA e 250k, ik 5
20110311); C-3 Hu e )X %& (MG 7K V5 KV il 2, 110901);
C-4 I fiwg o0 Jisg FE (5 PRBRCAR 22 34 251, #ik 5 1110002);
C-5 i £ 8 iR 2 (DU )1 Z= 48 5 1 24, #it5 120101); C-6
B O I FE (1 X LAE 24501, #iE5 111202); C-7 K
PRz R (1L R KURSIZ, #t5 1109224); C-8if 0044
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(HFHREFEH, fitS 110601); C-10 0 1 &7 R ¥ (1L 4%
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Va2, it 20120104); C-12 Il i 32 55 IR 3 (R it
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PUJRBH A5 K1) 24, ib5 111186); C-144T S A Mk % (=
MDA IT A6 25k, #it5 20120905); C-15 3% J7% i ik
e 3 (e 25 SR T = T 51 24, L5 20121002); C-16
I 2 e (A 958 B I 7R 240, fit 5 120101); C-17 Ifi
P o Jik 7 g B (5 MRAE 240, it 5 120910); C-18 1E
O R IRHE (DM E A2, k5 20120701); C-19 2 77
MmARIE R EE (7 R AE 25, fit'S 120821); T-1/FL
(KR4, b5 B89001); T-2 B 7 P& 1 (dbxt) (db
SR, 5 12126606); T-3EH )7 113 1 (1) (&
M A%, #iL5 20110477); T-4 & bk 7 F (K3 3 #5124,
L5 20120202); T-5 3% MK A (27 & IR 1 4E R
2, k5 120367); T-6 A il e O Fr (1 Fg AR 3 20, ik
5 211002); T-7 Jixi 43 4= B (e /R TR AR R I 2, ik S
20120302); T-8fii ke fr (7 MRe il 24, 4ik'5 20111101);
T-9VH M IE % - (b at A4 4, fib'S 1124634); T-10 0> 1]
O (L R IREEEZ, 1S 110606); T-11 750 K A (75
5 E R, #E5 110616); T-12 fg BT A GEAL 418 8
2k, #it°5 120103); T-13 7 kil f (R EEFA A, fik 'S
82001); T-14 fif £+ v (F4 & ¥F il 25, 4k 5 20121006);
T-15 3@ ik B I8 v (7 bR 2k s 2450k, 41k 5 20120401);
T-16 IfiLfiF &5 7 (B Pt K i 24, 45 120801); D-1 &
TFHS M CREER L il 24, ik 111123); D-2 (€ &
AU AL REER T 71 24, b5 120509); P-1 4418 F
M (A B2, #ih5 1426); P-23E 0 M () AR H
Z 1125, 15 1120001); P-3 A\ 2 Fi i AL (75 #ROK 5
il 24, k5 111201); P-4 JH #% P AL (b st A5, #Es
1013528); P-5 I AF &8 A (25 AR 2, fit5 120413); P-6
KR AL CREEH B 20k AR i 2, iS5 B107253);
P-7. 0 FE A ()7 A0 E M 2, #it5 20120501); P-8 & O
KO EBEFH 2, L5 110905); G-1 5 bk ik (V4
JUNRAETEZ5Y, fiE5 120114); G-2 i@ [k Bk (151524
i, 45 111110); G-3 ML FFZ s kL (V175 /= i 24k, it
5 110926); G-4 a0k (11 425 Kl 24, L5 120821);

G-5 P15 38 ik kL (BB B 20k, it 5 1111002); 1-1
FHAESHR (T3P0 K 24, it 5 13081025); 1-2 7 FF
VSR (I A6 R 25 R i 24, it 5 20120404); 1-3 Ei IfiL
TS (B PH A 25000, k5 11111122); 1-4 i il
BB OKBEZG L, b5 1112091); 1-5 Jhk 2% 7 7 5
(P B 25), #it'5 20111006); 1-6 [ % 145 73 5 7
(Kidar H gk, #it5 1207161); 1-7 2 M VE S (M %
=gk, it 5 110804); 1-8 TSR (IE KFH %
Zpll, k5 1107201).
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VBT KRR B SR AR = N D IR T B H 6.3
(NAAREE: 60 kg) ¥ B A X HE 2 BEBIREE . 259
PP RT RFEK R, PR35 ¥ A Ja A 75 30 min, PR iE
PR B 2 Jo KMk sl A1 H . = 3550 (10 000 r-min't,
10 min), M H3E 5 G R G (10000 r-min, 10 min),
WY b3 N BEAE A8, AR OR BE D A R
% 1) 1/40.

m/h 4Rl & SD K R B vE 4 10% K & &
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% BE) WY 10 mL G B A A8 BUIE E B ik g X
Ak e 350 i 1~3 mm &b 2 I B . 4 I = i 200%g
2502 10 min, B B3 2 5 45 & /MR 2% (PRP), I
1 umol- Lt §f %1 B & EL (41 ifL /N AR 76 # 4E o B F
WEA RGERF G RN E GG, EEME
10 min, 800xg &5t 10 min J& ¥ 1M /M & & T Buffer A
Zz M (130.0 mmol-L* S AL 54, 10 mmol- L 47 K5 2
9 mmol- L1 % iR .44, 6 mmol-L2 % % k¥, 0.9 mmol-L*
FALEE, 0.8 mmol- L1 i R & — 8, 10 mmol-L* = ¥2 H
FEEFEH L, A pH~7.4) w5 I N %5 B N =
1x1084, #E 5 A a1 o

MMNREFHESEEEMERE 4450 E
(0.1 mg-mL) F 0.9% 2 2 £h /K F 37 C/KIB R )=,
15 sl 31 96 FLAR 1 (55 7L 50 pb), & R, K
# 30 min, 4 CUKFE MR . B P S 56 T 46 5T
2T 4R 1 5P W R 2h 22 P (PBS) ¥k 238, FH 1%
BSA (£ 4150 pL) =58 M1 1 h BEWT Ry S e 2 b, 1
FH PBS Wit 2 i . #t 58 F i L Ak i 7k 24 B 4 245
EGTA 43 5 /M 37 “C AL & 20 min J&, 4% HE 5256
S BEE A E AL B B BE M 25 41 (EGTA)
FURE S A A 96 FLA AL (RAH R E 3N E
FL), B 25 B3 40 B 1 2H A A 4 43 ) N B 7
ADP (10 pmol-L?) B #&E il (0.1 U-mL?) 75 5 ifiL /M i
5 eF o B 1 R 37 °C W AR HE4T 2 B 30 min, Wik 1.
T B s B 45 B S5 FH PBS e 2% AR 26 Bt ) il /AR, 5B AL
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Table 1  Experimental grouping. "—" means no addition. EGTA:
Ethylene glycol-bis (2-amino-ethylether)-N,N,N,N-tetraacetic acid

Group/uL  Blank Resting  Exciting  Positive drug  Sample
Platelet - 50 50 50 50
Drug - - - - 10
EGTA - - - 10 -
Agonist - - 10 10 10
Ca? - - 0.5 0.5 0.5
Buffer A - 50 39.5 29.5 29.5
Total 0 100 100 100 100

N S €53 7 pNPP (0.1 mol- L™ #5852 2 44, 5 mmol L
XA 2 AR R, 0.1% %R £ S JE DR FL ik, 1 pH~5.4)
150 pL, =i 5 & 1 h. H 4 mol-L* A AN (B L
50 uL) Wl Z b WU L, [N ) FlexStation® 3 7E
Py 405 nm ALl OD AEIT 81, Fi s 8 2 /MR ES
BT 2 = (OD 451~ OD 4:10)/(OD s ~OD s 5) X100%; 417
fil] % =100~ (OD gy OD 1)/ (OD g OD i) X 100%,
Fe IR L €72k Bk £ S BT P A5 R B30 3R AT e B AL B

HARLIEBEMGHZ 0 TEE B Origin
8.5 W, AHEHE AT M. Gt MM SPSS 17.0
A, X H s 3 AT 5K R 7 22 40 H (one-way ANOVA),
1z A1 LSD K56 77 vk 0t i kAT 2 35 Mo, B AN A
{1 85 2 1 7K P "P<0.05.""P<0.01 B ™*P<0.001, Ji 37 52
365 B 41K, LA Mean + SEM IR .

WIBOM B EAA AT & (V2.0) U7
FIRAL 53 W17 Dy e, R LA 558 Hh ke 24 30 AT 24 07 F A
IIAT, MR R G AR A T T, PRI R
M AR 2 AR G v 25X, I AT S I 2% R AL
J&7x. IPALLGPCRSs /i3 (i ML /N R B D A B 3k AT Ao
R, ARIGE 7 B b 2 Bk A R oy FRE R, R
4T “Path Explorer” £ H1 ¢ & 43 #1, i it “Canonical
Pathways” T it 73 BT 5 11 /)N A 6 B A 5% 10 38 % % B (1
ARG 5

S FXTIEWIE 15 5@ Chembiodraw 1 Open-
Babel 1 2 il B A& AL & W0 1) = 4E 4514, HIXfE RCSB
(http://www.rcsb.org/pdb/home/home.do) 25 1 ¥4z 2
R T RE SRR E O SR, e XHE
FIR2s 4 148, 78 Pymol 2 fF E IR /N ok 7 I AE 5 1R
B RBEAT (0 T8 RO ABh 4 1) 485 # DT T & T AR (U2
A AR DL R KA s 2 S E— ), e R A B
LA 2> F% A\ Autodock4.2 (http://autodock.scripps.
edu/) A, R BRINSHOIAT 2 TR, 19 BI04 &
YIRAFE R Sl . R4S B e, Biik S
ZARGE A AR i JE B B2 RS B R A %, I
5 RA BT B2 AT Heoet, BLAES 75 MR 0w 2% (root-
mean-square deviation, RMSD) 28 {1k /L AT GE /N .

FER
1 SEMACHE AL ZA ] ADP i SR S I /)N8R Fh Rt
FEMEEEEL

DA 2 [ AN [ %o 58 i 17 85 v 1M A4 9% Hh il 24 i3k AT
oy, LLEAE ADP 5 5 44 A /NG B R AR A, 7R
BRSO ATR, WK 1 FR, 58 Rl & o ki 24
Hi A 50.0% (1) H B 24 BE % $1 il) ADP 5 5 (1 44 4 IfiL /)y
R 20 BT, 6.9% I R 2542 33E ADP 55 S f 44 1 I /MR B
Bt o e ] 2k SR e ) v 2 A G-5 (P ki
K, $H] 2 96.5%); P-5 (UL /i & 8 A, $11 ] 2 89.7%);
G-1 (5K BkAURL, 1] % 79.4%) .
2 GRIMALH P AL 240 H 8k MBS IS S A0 R S /N AR B
BT S 1 EE R

AR 284 P AN [ %o 58 i 5 v I A 958 o ik 24 i3k AT
gy ¢, PR B T R A /MR B B R PR, TR
B EE SUTTRE, Wik 2 frR, 58 Bl 45 o il 24
H 96.6% (1 B 24 R 0% 400 1 46 1 i 5 PR AR 410 of /)
R0 PR, JFL Hp A ) 2 R B I R 2 15 (ks T
SR, 0 2 99.3%); T-10 (\Lr AT &F F, #1 il K 98.9%));
G-1 (SR BkFURL, #0111 2% 98.2%)
3 HIHI GPCRs 7v & A9 4 4 I /)y ¥ F B & M AT 20 B9
PR E A B ASUR Gt

Wi S 0 1) GPCRs 1 5 14 44 1 I /I A 86 B 3 14
R 20 [ Fp pi 25, o 35 93 RO [R] (1 B R 24, I 2.
HE 44 BT 10 [0 BRLBR 258000k G v 5 SR R oR, T8 7R 0
ADP i& 52 it I B 75 5 (AR A I /MR B B 45 SR FE S
RN P 24 BT AT A e e 1, WK 3
4 Hi%| GPCRs 7t S B A 71 I /s 4R FhH B 7E 14 HERT 20
B AR AR STUR et

T AR 58 45 7 TC AR R A 45 2R R R, # i) GPCRs
(ADP F1EE ML EE) A5 0044 A1 I /)N BN B s 4 HE AT 20
(LA 28 T AL 2l SL 6 B 93 FhA [R] Y ik
7y, R &2 2S5, k4. [F
T IX 2 W 2 AR R A P e R RORE L SR ik
F L TH RIS RS I A
5 JEMARATIZLOAYEERESH

B W E A F SRR, BERR AR ILAS R 25 4H &
B IARFAE, SCRE SRR 294 A B k% O 2 G o 4 )% 41 i)
ADP ([& 3A) . Bt 1ML (151 3B).ADP Fl#t I & (/& 3C) i
5 AR A1 it /I A 8 B P 2 1 T 20 Fl i I A g
FRPIAZ O PN AT IR FE 3 i, 25 R R, B G SRR
FE )38 m, T LLBR 2 HE T3 ) ADP R (LG i 5
()44 A1 I /N A 8 BRE 1 3 I A 9% 4 T P 2 )11 2 ]
MIECATL O 2R, BE & SCRF BE RSB bR 1 ¥ AL b 25
Z RN E L, — BN AT TEREE AW B AR
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Figure 1 Comparison of adenosine diphosphate-induced platelet adhesion activities in vitro of 58 PBCRBS Chinese patent medicines.
C1-C19: Capsules 1-19; T1-T16: Tablets 1-16; D1-D2: Dripping pills 1-2; P1-P8: Pills 1-8; G1-G5: Granules 1-5; 11-18: Injections 1-8.
Red frames indicated the three Chinese patent medicines with the highest inhibition rate of adhesion. n = 4, mean + SEM. "P<0.05, "P<0.01,

.

P<0.001 vs exciting group. PBCRBS: Promoting blood circulation and removing blood stasis
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Figure 2 Comparison of thrombin-induced platelet adhesion activities in vitro of 58 PBCRBS Chinese patent medicines. Red frames
indicated the three Chinese patent medicines with the highest inhibition rate of adhesion. n = 4, mean + SEM. "P<0.05, ""P<0.01, ""P<0.001

Vs exciting group
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T I R A 2K BT 6 T T A 3 I A g
B2 U A2 48 0 AT, ANE R AE B A5 00 2 A A% O
YA T, PES RS B B T oRiE
IPA ¥]“Path Explorer” it — 25 43 #7 T 7+ - )11 5 $ip

ANERCRG B AR P BE R, 45 LR P 2 P ) 16 ST R )
(P12 84, I 104N) A1 10 A I /N5 286 B A 5% F #E 4
Z 8] o[BI % 5% &, a0 B 4A. HH IPA ) “Canonical
Pathways” Jj §& 43 HT, $%& I3 AR 3% 38 B AH OC 1% 11 -Log P-
value BEAT HE 7, AH 5 1 501 I o 30 Tk FE Rl AL pp 2
RN SR FE T iE R, K 4B, JR@dEE BAES
HT H R A DAY 34N A IL-1.APP R CCL2, & 4C.
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Table 2 Ranking of anti-platelet adhesion activities of the top 20 PBCRBS Chinese patent medicines

ADP Thrombin
No. Inhibition rate/% Main Chinese medicine No. Inhibition rate/% Main Chinese medicine
G-5 96.5 Danshen, Honghua, etc. 1-5 99.3 Jinyinhua, Niuxi, etc.
P-5 89.7 Chaihu, Danggui, etc. T-10 98.9 Danshen, Gegen, etc.
G-1 79.4 Danshen, Chuanxiong, etc. G-1 98.2 Danshen, Chuanxiong, etc.
1-5 75.1 Jinyinhua, Niuxi, etc. T-9 98.2 Chuanxiong, Danshen, etc.
1-1 70.6 Danshen, Honghua, etc. T-14 98.1 Heye, Danshen, etc.
T-9 69.9 Chuanxiong, Danshen, etc. C-6 98.0 Huanggi, Renshen, etc.
C-7 67.0 Chuanxiong, Danshen, etc. C-1 97.8 Renshen, Maidong, etc.
P-4 65.7 Xuejie, Chishao, etc. T-13 97.6 Gougizi, Heshouwu, etc.
C-5 65.5 Danshen, Tolperisone hydrochloride, etc. G-3 97.5 Chaihu, Danggui, etc.
T-11 56.7 Huangqi, Renshen, etc. G-5 97.2 Danshen, Honghua, etc.
C-17 56.6 Chuanxiong, Huaihua, etc. C-7 95.9 Chuanxiong, Danshen, etc.
C-10 55.8 Danshen, Gegen, etc. P-1 94.2 Chuanxiong,Wuzhuyu, etc.
T-10 54.4 Danshen, Gegen, etc. P-5 93.7 Chaihu, Danggui, etc.
P-1 51.4 Chuanxiong, Wuzhuyu, etc. I-1 93.6 Danshen, Honghua, etc.
T-16 50.7 Taoren, Honghua, etc. T-3 93.2 Danshen, Sanqi, etc.
P-6 45.8 Dihuang, Jixueteng, etc. T-5 93.2 Jixueteng, Taoren, etc.
C-12 45.1 Taoren, Honghua, etc. C-18 92.9 Huanggqi, Gegen, etc.
G-4 42.3 Dangshen, Huangjing, etc. C-10 92.7 Danshen, Gegen, etc.
1-8 41.8 Hongshen, Maidong C-12 92.3 Taoren, Honghua, etc.
C-6 41.7 Huanggi, Renshen, etc. T-8 92.2 Honghua, Danggui, etc.

Table 3 Frequency statistics of single-herbs in the top 20 PBCRBS
Chinese patent medicines with superior activities (The red indicates
herbs to be focused in the following analysis)

Name ADP/frequency  Thrombin/frequency
Danshen* 12 15
Chuanxiong* 11 11
Honghua 7 10
Chishao 6 8
Shanzha 6 6
Niuxi 6 5
Sanqi 5 5
Danggui 5 4
Dihuang 5 3
Bingpian 4 5
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Table 4 Co-appearance frequency of the top 20 PBCRBS Chinese
patent medicines with superior activities. support number 6, confi-
dence 0.9 (The red indicates herbal pairs to be focused in the fol-
lowing analysis)

No. Core combination Frequency
1* Chuanxiong, Danshen 10
2 Chishao, Chuanxiong 9
3 Honghua, Chishao 8
4 Honghua, Chuanxiong 8
5 Danshen, Shanzha 8
6 Honghua, Chishao, Chuanxiong 8
7 Honghua, Danshen 7
8 Danshen, Huangqi 7
9 Honghua, Taoren 6

10 Chishao, Danshen 6

11 Chishao, Taoren 6

12 Chishao, Danggui 6

13 Chuanxiong, Taoren 6

14 Chuanxiong, Niuxi 6

15 Chuanxiong, Danggui 6

16 Bingpian, Danshen 6

17 Danshen, Sanqi 6

18 Danshen, Renshen 6

19 Honghua, Chishao, Taoren 6

20 Honghua, Chuanxiong, Taoren 6

21 Chishao, Chuanxiong, Taoren 6

22 Chishao, Chuanxiong, Danggui 6

23 Honghua, Chishao, Chuanxiong, Taoren 6
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C Shanzha Chuanxiong
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Figure 3 In-depth analysis of the core drug combinations of the top 20 PBCRBS Chinese patent medicines with superior activities. A: Ade-
nosine diphosphate-induced platelet adhesion; B: Thrombin-induced platelet adhesion; C: Adenosine diphosphate and thrombin-induced

platelet adhesion
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Figure 4 Targets and related pathways for anti-platelet adhesion activity by Danshen and Chuanxiong components. A: Network relation-
ship between active components of Danshen-Chuanxiong and platelet adhesion targets; B: Correlation sequencing of signal pathways; C:
Key targets analysis
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Figure 5 Autodock and binding sites analysis of CCL2 (PDB
code: 2lig) and chlorogenic acid. A: CCL2 surface potential energy
distribution; B: Stable hydrogen bond distribution of chlorogenic
acid and CCL2 in binding pockets
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