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Abstract: Objective To evaluate the ability of the antiplatelet aggregation of ten anthraquinone derivatives in Rhei Radix et Rhizoma
by using bioassay method, and to screen for the indicators that can be used to control the quality of rhubarb wine processing product.
Methods Platelet aggregation instrument was used to determine the platelet aggregation rate induced by ADP in vitro and calculate
the antiplatelet aggregation rates of 10 anthraquinone derivatives (aloe-emodin, rhein, emodin, chrysophanol, physcion,
aloe-emodin-8-O-B-D-glucoside, rhein-8-O-B-D-glucoside, emodin-8-O-p-D-glucoside, chrysophanol-8-O-p-D-glucoside, and
physcion-8-O-B-D-glucoside) at different concentrations. The biopotency was calculated by bioavailability software. In order to verify
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the accuracy of the bioassay results, the estimated inhibition constant of rhein and chrysophanol-8-O-B-D-glucoside in P2Y 1, protein receptor
were determined by molecular docking software. Results The bioassay results showed that the antiplatelet potencies of rhein and emodin
were significantly higher than those of aloe-emodin, chrysophanol and physcion. Compared with the antiplatelet biopotency of aspirin, the
antiplatelet potencies of rhein and emodin were 5.02 and 5.15 times higher than that of aspirin, which indicated that rhein and emodin have
strong inhibitory effect on ADP-induced platelet aggregation. However, the antiplatelet potencies of aloe-emodin, chrysophanol and physcion
were equivalent of that of aspirin. The antiplatelet potencies of aloe-emodin-8-O-B-D-glucoside, rhein-8-O-B-D-glucoside,
emodin-8-O-B-D-glucoside, chrysophanol-8-O-B-D-glucoside, and physcion-8-O-p-D-glucoside were higher 4.13, 4.46, 9.31, 5.46, and 7.80
times than that of aspirin, respectively, which indicated that the five anthraquinone glucosides had a strong ability to antagonize ADP-induced
platelet aggregation. The results of molecular docking showed that P2y, protein had different selectivity to 10 anthraquinone derivatives,
especially for rhein, chrysophanol-8-O-p-D-glucoside, and the estimated K; value were 5.73 and 2.51 umol/L, respectively, indicating that
rhein, chrysophanol-8-O-B-D-glucoside produced a strong inhibitory effect on P2Y, protein at a lower concentration level. Moreover, the
activity of chrysophanol-8-O-B-D-glucoside was stronger than rhein, which was consistent with their measured intensity of antiplatelet
aggregation. Conclusion Al results showed that there were some differences among antiplatelet potencies of 10 anthraquinone derivatives,
and finally the screening of rhein, emodin can be used as evaluation indicators to control the quality of rhubarb wine processing product.
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Fig. 1 Typical oscillogram of antiplatelet aggregation rate
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Fig. 2 Relationship between concentration of 10 anthraquinone derivatives and inhibition rate of platelet aggregation rate
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anthraquinone derivatives ( X s, n = 3)

T LA FL
B ’ R

(U-L-pmol ™ 1%
IRE-IN ¥ 12117  0.672 24.11
KR 50214 0.635 13.49
N E 51472  0.707 16.98
KE 11512  0.685 24.74
KB E T 16417  0.631 19.05
P K B %-8-0-B-D-H AT Bl 41280 0717 14.73
KK R-8-O-B-D- ] 4 i 44591  0.724 15.29
K3 #-8-O-B-D- I A i 54613  0.605 10.73
K W)-8-O-B-D- ] 4 Bl 93086 0.634 14.36
K ¥ % W ik-8-O-B-D- I 45 i 7 78002 0544 11.78

MrE g W o, KIER. KR 0E A 2
E Y RNAE- YN S NN 1 NN L SO 1R
Yoo KBEHR . KB I I A5 43 ) A2 Bl =] DE AR
MY 5.02 F1 5.15 £, REIKHEE. KEESS
Pt ADP 5 S IR I /IMSCRBRAE A . P25 KB ER
KB R 2% K PR35 I 2% -5 o] ] G A 375 I,
BN Ao (AR RS, KB I M A2 K
TG L (1) 4.36 £i%, W KB IR (135 A FH 2
E e AN L OPEIIR (SR

MsE g5 R EoR, Ko %-8-0-p-D-HI A . K
T 13 -8-O-B-D-Hij 45 Bl 17 . K3 % H ik -8-O-B-D- i 4
B 1 3 I 0 e T 25 K 3 55 -8-0-B-D- i 4 B
T KIEMR-8-O-B-D- il & 4 1 3G Mk, 725K
T % -8-O-B-D-H A Wi 7. KT R -8-O-B-D-7 4 b
T+ K% #-8-O-B-D-Hil 44 Bl . K3 -8-0-B-D-
FZPRELF R0 25 T IK-8-O-B-D-F 2 B L (00375 11123
P43 S el w UMK S AT ) 413, 4.46. 5.46,
9.31. 7.80 fi%, KW 5 MEiH M ERLHETH5 T ADP
7SI IRANTE 2 (LT
32 K#E®RE. KE-8-O-p-D-BEHEHES P2Yy,
ZRDFIHZLER

SRR BN, K. KiH-8-0-B-D-
TN P2Y 1 TR AR = SRR ), 1 K;
P 573, 2.51 pmol/L, FHIKEMR. Kik-
-O-B-D- 1 2 Ml AE B IR BE AT RIT AT X P2Yyp 52

d\

(o)

PP AN, HOK 3 -8-O-B-D-1 4 B 1 (¥4
THIRE 75T AAMHIRE 11, X B Szkrillfs
R INEANIIRANIE & S (B R i R A w2
RELH], WY P2Y 1, ARG & ] HEL EERATEY)
AR MAEIPLE . —. KB, K
H{1)-8-O-B-D-Hi M 1 15 P2Y 1p 2 AREE 57 i AR
FILIE 3.

A A

-]

=

A-P2Y - KIS WK B-P2Y - K 2 1)-8-O-B-D- i A HiF 7
HEWEH C-P2Yy, A IR ERILE D-P2Y, HAL
K Fpy-8-O-B-D- i A 19 & ik Ak

A-cartoon representation of P2Y1,-rhein complex structure  B-cartoon
representation of P2Yi,-chrysophanol-8-O-B-D-glucoside complex

structure  C-key residues in P2Yy, for rhein binding D-key

residues in P2, for chrysophanol-8-O-B-D-glucoside binding
3 KHEER. KEM-8-O-B-D-HEEES P2Y, ZHES
3L = AR [
Fig. 3 Side view comparison of ligand-binding sites of rhein
and chrysophanol-8-O-B-D-glucoside in P2Y, receptor
4 iR

AL AN AR T e B rp R A OB A
ADP S I/ MR SRR P i S ) I
/NI ADP 32 A4 J8 TS SESZ 4K, A0 4E P2Y
P2Y 1, B4k, P2Y1, AR imimlid P2Y, 5%
PRS2 i N BU AR AT KRR ADP, 4 I/
AL BEBOK B ADP, ADP 5 P2Yq, S24R&5 4,
P2Y 1, L) Gi Bz R, AL /AR FR) R PR A
B IAG, B T AN AR IR (cAMP)
(7K, BRILVMR AR, R P2Y 1, B2 A 2
UL F R f 2 — o P2Y 1, S AR 51
H T B A R R A EOTF SO, AMGRILE
Xf NSRS 5 O, [N K BE 1 220
F AT, AU ANSURIORE R TEORM I /N AR i



+ 864« ¢ %% Chinese Traditional and Herbal Drugs 35 49% %5 4 8] 20184E2 A

PE R, 22625 MR ADP 2 A 5
PEgE A T AR T . H AT PR L3 A i
AN AL 2 SN SN R N Rk T 1k
P2Y 1o SZARFE PR o P2Y 10 SRS U S5 A HFY =
BT EWY FENERE S IR R AR bl I A ol
MR ERBAEPE R A = 2552, [Jaf, O Sk
WA W T — RV EREATEMP, T IR
P2Y 1 SNz, RINICEAT RUFIY P2Y 1 S2AAH
PUiEtE. AW BWAE T BERAT AV R 2L
BH T ADP 75 (1 1l /NSCR B

PRI R KR KRS ERATEY R
HHIF AL A Sk Bl (1,8- R MED, W&
PRI b, R A TR L,
TR A R B R . B SCRAR 2,
FRRHZAT IR 2B, SINGE, B, B a R
B PH B 7 R JE AU TR, 2 MR
TG MR e 25 R WoR, K3ih 10 ANERRATAEY)
BRI H5 Pt ADP 553 (1) i MRCR S 1 A e,
AL DR AR IS () AN [i) sl 7 1 2 S T 2 T K AN [ (1 95
M A EER RS o FERFZ S INKIMEIEH] Canig
) s B O RRE R (KR ), Hs
ML /NR SR AR ARt A P i, il e 45 SR 2
INRTEIR KT IS A 3 T 2
FORFHMARTE R R 07 2 S ERATAE )
8 RS A HE AL, B R AR R
Bk, HAR Yy B- R AR, S AR
Fror Bl AR A 8-O-B-D-HI M. 454 T ElpE
{3 a1y N O IRANY S S S P
Pt ADP 5 S0/ INRER AR BE Ty o 35 LRI 2
SRR, FEPUMIL /R AR RE R 5 I LS K0
F ORI AR 3 H A 5 ) AW LT A Y. (1) &5
BT T, HE N 43 34 in 42 41 280,
93 086, 78 002 U-L/umol, XT3 28 B Je 3G
MR/ SN T 3.41. 8.09. 4.75 f5. Ky &EM
BEAT AL SR, R w1
Pl MR ) .

TG LA P 38 1) B Th R, M R A
BRCPTAE TIPS R B AR (1) b O 28 SR E e . M AN Bl
w2, NS A RO . B Sk IR0, 3
R T ok R v s 7R A R O T R A 1 K Wi
SRV, ATEIAN R, WG R R R
AN, PRI T s A s, BERRE S B0 E
TEAE WIS RIVE T s, i 2 A R AT

W) B IR T A3 AR, ST AT 3% i A 9 47 FH
JEo g, ST R RS M A B 0 R SR IR AN K
T F (K T-8-O-B-D - 4 Bl 1 L AT H 5 1) 345 I 1
i, AR RS AT IR g SR B, HLAE R ) 3 i
R R ZESRK, AR RKETTER
L, EREM TR R, kMg EERR
Ko I H i K39 -8-O-B-D-4 4 i 1 o0 i i H
AUMECUIRIEN, PRIb &5 25 e I IR L T R BRI A K
TEEAE N WS FRRR ) AE AT B M o R SV
R AEZE =Y A8

Sk

[1] Rev G A, Stuart M D. Chinese Materia Medica [M].
Shanghai: American Presbyterian Mission Press, 1911.

[21 MhlARZ (@0, SZEIA) [M]. dbst: ARBEHR
#k, 1955.

[38]1 *HEZydt [S]. —iF. 2015.

[4] CRVEEE, ABrh, SCWEEN, AF. OREASEMEE] S AL
ARG LT [J]. 2225 k%S, 2010, 28(5):
354-355.

[61 K& M, EISEME, HKIK, & AFRMHEE KHE M
AFAE R AT T [J]. TP 25K, 2012,
28(6): 90-92.

[6] RHIPE, WERH, AFFK, & EWEIEN € KM
R MR R Th &% [, bk 25, 2014, 36(9):
1921-1924.

[71 BUKAI, FL0H, Jrarmg, & BT ma 5 il 24
AN R TRC BE kA - DK 3 3t i A 3 00 AH B AR AT 3]
Fh 2y, 2017, 48(17): 3560-3567.

[81 E#HJy, it &, % #k AF HPLC VAR WE K5
R AR 1 MR O], A, 2014,
45(16): 2400-2403.

[9] Janeczko M, Mastyk M, Kubinski K, et al. Emodin, a
natural inhibitor of protein kinase CK2, suppresses
growth, hyphal development, and biofilm formation of
Candida albicans [J]. Yeast, 2017, 34(6): 253-265.

[10] Azelmat J, Larente J F, Grenier D. The anthraquinone
rhein exhibits synergistic antibacterial activity in
association with metronidazole or natural compounds and
attenuates virulence gene expression in Porphyromonas
gingivalis [J]. Arch Oral Biol, 2015, 60(2): 342-346.

[11] Han J W, Shim D W, Lee K H, et al. Anti-inflammatory

effect of emodin via attenuation of NLRP3
inflammasome activation [J]. Int J Mol Sci, 2015, 16(4):
8102-8109.

[12] Kim S J, Kim M C, Lee B J, et al. Anti-inflammatory
activity of chrysophanol through the suppression of



¢ %% Chinese Traditional and Herbal Drugs 35 49% %5 4 8] 20184E2 A

* 865 -

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

NF-kappaB/caspase-1 activation in vitro and in vivo [J].
Molecules, 2010, 15(9): 6436-6451.

Seo E J, Ngoc T M, Lee S M, et al. Chrysophanol-8-O-
glucoside, an anthraquinone derivative in rhubarb, has
antiplatelet and anticoagulant activities [J]. J Pharmacol
Sci, 2012, 118(2): 245-254.

MaLS, Yang Y P, Yang H F, et al. Emodin suppresses the
nasopharyngeal carcinoma cells by targeting the chloride
channels [J]. Biomed Pharmacother, 2017, doi:
10.1016/j.biopha.2017.03.088.

Zhang L, He D, Li J Z, et al
mitochondrial cyclophilin D to induce apoptosis in
HepG2 cells [J]. Biomed Pharmacother, 2017, doi:
10.1016/j.biopha.2017.03.088.

XMy, BEELE, ¥, & OKE RN AE Huh?
A0 WL R T AE I BBUERIRT TS [3]. 250 PFNAIE ST, 2016,
39(3): 367-371.

sRERR, WM, M, A BT LA B R
FARGUEIE KRB R BN ST [9]. 2557444, 2017,
52(3): 436-442.

. ZiiEmRE M) doats AR TAHRAL,
2005.

Zhang K, Zhang J, Zhao Q, et al. Structure of the human
P2Y,, receptor in complex with an antithrombotic drug
[J]. Nature, 2014, 509(7498): 115-118.

Zhang J, Zhang K H, Zhao Q, et al. Agonist-bound
structure of the human P2Yy, receptor [J]. Nature, 2014,
509(7498): 119-122.

Hollopeter G, Jantzen H, Vincent D, et al. Identification
of the platelet ADP receptor targeted by antithrombotic

Emodin targets

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

drugs [J]. Nature, 2001, 409(6817): 202-207.

Dorsam R T, Kunapuli S P. Central role of the P2Y12
receptor in platelet activation [J]. J Clin Invest, 2004,
113(3): 340-345.

Goto S, Tamura N, Handa S,
significance of adenosine 5'-diphosphate receptor
(P2Y(12)) in platelet activation initiated by binding of
von Willebrand factor to platelet GP ibalpha induced by
conditions of high shear rate [J]. Circulation, 2002,
105(21): 2531-2536.

FEABE:, g, L %%, . M/ ADP Z A RIS
PRt [ AW AEw R, 2010, 17(3):
278-282.

HEF, BREkE, BhOCE, 4 P2Y12 ZARKSHURIZEHT
MNP SOk i [3]. D2 2%k, 2017,
26(12): 1406-1411.

Bagi Y, Atzler K, Miller C E, et al. High-affinity,
non-nucleotide-derived  competitive  antagonists  of
platelet P2Y, receptors [J]. J Med Chem, 2009, 52(12):
3784-3793.

TR S EBRAT AR G BB U TR R 9T [D].
W2 WEINE R, 2012.

L. JRACH FZEEERRIARE 48, Bl Sud
SICEYRETERIBEST [D]. B & B A K, 2005,

Liu J B, Wu F Y, Chen C H. Design and synthesis of
aloe-emodin potent
antibacterial and anti-inflammatory agents [J]. Bioorg
Med Chem Lett, 2015, 25(22): 5142-5146.

oA, OB, /N, S ORBUEHIS R A
BRAROTTT [3]. b By b4k, 2011, 12(6): 14-17.

et al. Functional

derivatives as anti-tyrosinase,



