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Artesunate inhibits collagen-induced human platelets aggregation
through regulation of PI3K/Akt and MAPK pathway
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Abstract Excessive activation and aggregation of platelets is a
major cause of cardiovascular disease. Therefore, inhibition of
platelet activation and aggregation is considered an attractive
therapeutic target in preventing and treating cardiovascular
diseases. In particular, strong platelet activation and aggregation
by collagen secreted from the vascular endothelium are characteristic
of vascular diseases. Artesunate is a compound extracted from the
plant roots of Artemisia or Scopolia species, and has been
reported to be effective in anticancer and Alzheimer’s disease
fields. However, the effect and mechanism of artesunate on
collagen-induced platelet activation and aggregation have not
been elucidated. In this study, the effect of artesunate on collagen-
induced human platelet aggregation was confirmed and the
mechanism of action of artesunate was clarified. Artesunate
inhibited the phosphorylation of PI3K/Akt and Mitogen-activated
protein kinases, which are phosphoproteins that are known to act
in the signal transduction process when platelets are activated. In
addition, artesunate decreased TXA, production and decreased
granule secretion in platelets such as ATP and serotonin release.
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As a result, artesunate strongly inhibited platelet aggregation
induced by collagen, a strong aggregation inducer secreted from
vascular endothelial cells, with an ICsy of 106.41 pM. These
results suggest that artesunate has value as an effective
antithrombotic agent for inhibiting the activation and aggregation
of human platelets through vascular injury.

Artesunate - Granule secretion - Mitogen-activated
PI3K/Akt - Platelet aggregation - TXA,

Keywords
protein kinases -

N =

Al gols Sl 7F Arlel A oR 4hAagt
”L*O“-T"]' Al #H71= AATY ol F |
<ol Slof FgF o]t ‘ﬂ‘?—i, o] o] o
E’C =85 4—1—5}0}
°] 0101‘4*31 -Erc'] g 5}
2dolt, e, 4‘4’0}74‘4 HIdH R dave] g4y
Aok Ag, 23l HEF, 4 9 43
59 A AES doT|= Ullo] w7~
ug, dave] estel 338 A8 N
o] o] AddA Akl tigh A8 9 ool 3loiA
[kl A Sdo1.2]. dde] &4 weks
4 FRoM =FE 843 A= 5A(collagen, thrombin

et
2,
Hr ofl

E
off i |4 R fob (4 N o (et )

RO rlo
rEiﬂ

IS
£ o
m g

it

o
o
o
)
B
[i\f'_l,
-9

’e

2 ADP )l 8| 5“45}1313} Eﬁ, collagene 3 &4
Al 83 UiF] AlEeA W& EREA, 4% 5 584

[*]

o] glycoprotein VI (GP VI)°l| é@ﬂcﬂ tyrosin kinase 2|43



58

J Appl Biol Chem (2022) 65(1), 57-62

7ol <3l hoshpohase C-y2 (PLC-y2)] <lXtsl= —,‘-’,—EE}O:]
VAR Yeshl PASATIE 202 YeA AL, 2

38 PLC-y2= 824¥9] phosphatidylinositol 4,5- blsphosphate
£ diacylglycerol®} inositol 1,4,5-triphosphate (IP;)Z 71+ &
oH slo] WEAT)2, AIEZE ol 571 1P Ca*' A= &
43l= @4 Ul dense tubular system®] IP; 8ol A3}
of Ca™ AdE gojgo=m MEA Y Ca &9 TV
FEgieh4]. T3, Favke] 2493} #gellA, phospholipase A,
(cPLAy)T BA8t=™ 1AAE 7R85t arachidonic acid
9] IV fx81aL, ol TXA, synthase 9 cyclooxygenase-1
o] g4 8-S A TXAE THEAA d4d Az of=2
ZHT5,6]. wHIE TXAx= FHe dav v #8Ao 2
ShoEx F7HARl Eavt & Stk AR 7lsdth
[7]. TXA,S] SAFEAS) U466197F AMEA 1 Ca¥ 59L&
u5le] myosin light chains®} pleckstrin?-2 Al ZZAth 2 8-
Absigto 24 davtk S dozinkar B Erh89].

Al Ul A% Al 2838k iksl G4 5 Mitogen-activated
protein kinases (MAPK)2] 7|50l thalr 3t A7) o] F
o153 TH10], MAPK®| %3} ©ulae ERK, INK 3 gL
p38 MAPK= d#1A] et o] Aledd 45 A}a

oM E RIS glom i Z];W-Jﬂ o ofaf 14t @' =
_@H AL 7tk BaE bk QItH11-13]. MAPKS] S1AF
s7F el Iy BHE goA daw SR Bose
ATH14,15]. 223, MAPK7} cPLA,E <14ks}
0107:] Hag who] AXFZRE arachidonic a01d°] HH]
S FEFOEHN TXA, A4 715 B3l F7H0 g4 §
%ﬂ% TRt dEA AT16,17]. 1AHEE W‘“z‘ oA
PBBK/Akt 2] et Ax & defA ded], o5 At
7t 49| dense Ay BHIE FXgtY a4 e T
g davt 7lss dshet 92s vkl BAEHATHIS]

Artesunate= Artemisia < 21E9] #aolM f=EE T2 &
g 73 artemisinn®] WY FrEAR e A WEE
e MEE ddetgolAl=Z Bid v ArH19]. B3
artesunate”} &9t BAE Ho QolA Hold SAF $xpe]
A5 AeHoz AREE wb AT19]. o A AFelA
artesunate”} ¥E&%2] HAAE FA TAAT|AL AFTE 35|
T3S Fo] e AEES ERIvka HiE vk lvh20].
vk, AR collagenol] ol = AW A
artesunate®] 7]-solut 2871 M A7 el up
7F gtk B A= artesunate”} collagen® 2 =8k 4 §
He oAlskeA, 22lal o] Aol Fashl 285k PI3K/
Akt 31 MAPK®| 1518l w5l TXA,, d4 7§ 2H]ol
BEFE HA=A et sk

As 2 Uy
Aot
o]

Avention Corporation (Incheon, Korea)Z%-E artesunateE ¢
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USA)IA collagens Y34 TE Cayman Chemical Co. (Ann
Arbor, MI, USA)7} ATP assay Kkit, serotonin assay Kit,
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Fig. 1 The structure of artesunate. PIN: 4-oxo0-4-[[(1R, 4S, SR, 8S, 9R,
10S, 12R, 13R)-1,5,9-trimethyl-11,14,15,16-tetraoxatetracyclo [10.3.1.04,
13.08,13]hexadecan-10-ylJoxy] butanoic acid, Chemical formula:
C19H2808, Molar mass: 384.425 g/moL
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Fig. 2 Effects of artesunate on collagen-induced platelet aggregation. (A) Effects of artesunate pretreatment on collagen-stimulated platelet aggregation.
(B) IC50 value of artesunate on collagen-induced platelet aggregation. (C) Cytotoxicity of artesunate on human platelets. Data are expressed as
mean £ SD (n=4). *p <0.05, **p <0.001 compared with the collagen-stimulated platelets
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Fig. 4 Effects of artesunate on MAPK phosphorylation. Western blotting
was determined as described in “Materials and Methods” section. Data
are expressed as mean=+SD (n=4). ap<0.05 compared with no-
stimulated platelets, *p <0.05, **p <0.001 compared with the collagen-
stimulated platelets
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Fig. 5 Effects of artesunate on TXB2 production. Measurement of TXB2
production was described in “Materials and Methods™ section. Data are
expressed as mean = SD (n=4). ap<0.05 compared with no-stimulated
platelets, *p <0.05, **p <0.001 compared with the collagen-stimulated
platelets
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