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Anti-platelet effects of Artesunate through Regulation of
Cyclic Nucleotide on Collagen-induced Human Platelets
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Discovery of new substance that can regulate platelet aggregation or suppress aggregation will aid in the prevention
and treatment of cardiovascular diseases. Artesunate is a compound from plant roots of Artemisia or Scopolia, and its
effects have shown to be promising in areas of anticancer and Alzheimer's disease. However, the role and mechanisms by
which artesunate affects the aggregation of platelets, and the formation of a thrombus are currently not understood. This
study examined the ways artesunate affects platelets activation and thrombus formation induced by collagen. As a result,
cAMP and ¢cGMP production were increased significantly by artesunate relative to the doses, as well as phosphorylated
VASP and IP;R, substrates to cAMP-dependent kinase and cGMP-dependent kinase, in a significant manner. The Ca*
normally mobilized from the dense tubular system was inhibited due to IP;R, phosphorylation from artesunate, and
phosphorylated VASP aided in inhibiting platelet activity via allb/B; platelet membrane inactivation and inhibiting
fibrinogen binding. Finally, artesunate inhibited thrombin-induced thrombus formation. Therefore, we suggest that
artesunate has importance with cardiovascular diseases stemming from the abnormal platelets activation and thrombus
formation by acting as an effective prophylactic and therapeutic agent.
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Fig. 1. The structure of artesunate. PIN: 6-hydroxy-7-methoxy-
2H-chromen-2-one, Chemical formula: C,,HgO,, Molar mass:
192.17 g/moL.
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Artesunate™ Avention Corporation (Incheon, Korea)= -
E] #1353 chFig. 1). Collagens Chrono-Log Corporation
(Havertown, PA, USA)2. 25 -E F-¢15}31t}. Cayman Che-
mical (Ann Arbor, MI, USA)Z5-E] cAMP$} ¢GMP assay kit
& &R 33 Fura 2-AM- Invitrogen (Bugene, OR, USA)
ZHE 743 Anti-B-actin, anti-phospho-IP;R type 1,
anti-total VASP, anti-phospho-VASP Serl157, anti-phospho-
VASP Ser239, anti-rabbit IgG-HRP-conjugate 52| &3]}
lysis buffer 52 Cell Signaling (Beverly, MA, USA)Z5-E]
18} ). Thermos fisher Scientific Corp. (Middlesex County,
MA, USA)Z5-H polyvinylidene difluoride (PVDF) membrane
£ A3k, Invitrogen Molecular Probes=-E Fibrinogen
Alexa Fluor 488 34 2 ECL (Enhanced chemilumines-

cence solution)= Al 3-53kT)
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Zkarste] FH]5ATHShin et al, 2019). =H] ¥ PRPE 102
1,300 XgollAl €4 Hejgto =y iy How W
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NaH,PO,, 2.7 mM KCl, 5.5 mM glucose 2 1 mM Na,EDTA,
pH 6.9)° oJ3f 21 o] MAH & sIitt oA FH|E Al
2 G4dhs dE 9594138 mM NaCl, 12 mM NaHCO;,
0.36 mM NaH,PO,, 2.7 mM KCI, 0.49 mM MgCl,, 5.5 mM
glucose, 0.25% gelatin, pH 7.4)°14] 10° cellsymL2] =&
s|Aate] Ffaigivh Aol fdEE A 1S
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Bethesda, MD, USA)E -3l -§-a1% )& Ab&ssich

O

£ &M

2 HS] skee B s RS 834

L+ Student's rtestE
2 AT Het
HABtAA 15 Bt

ArtesunateO| cyclic nucleotides 4440j| 0|X|= gk

o]A AFE F3l|, cyclic nucleotides(cCAMP 2 cGMP)+=

AEL W Ca” TUE 2AIsH, cAMP B oGMP 2|4
Sl kinase(PKA % PKG)E S4ste Al do=n 8
2% $7S JAET L B vkKuo et al,, 1980). &
Ao A= artesunate”} cAMPLU cGMP AJAd el 2lo] o]
" Fs 7 A=A 1akelnh Fig 20 VR Aol
A B0, collagens T A 2]8HH intact cell?} B]nls}od]
cAMP®} ¢cGMP A& 7ol #g] WstE geld = gl
t} I3, artesunateS 3 7FSFAL collagens: *E|SHH 3.92
+0.41 pmoL/10° cells®] A E cAMP YA o] 5.79+0.42
pmoL/10° cellsZ +23HAl 571 Al == AL gole 4=
AthFig. 2A). B3k cGMP A= artesunateol] 2|5}
6.91£0.63 pmoL/10° cellsoll 4 9.1941.33 pmoL/10° cells = 7+
sl 571 ATHFig. 2B). ol2fd AAES
o7 Fx3 AT A artesunate”} cAMP % ¢cGMPS]
ARFS frelstA 771 dawte] 7)sel dofgt

o PN
S ¢ F Ak

&3l collagen

_‘

-43 -



Q 8.0

7.0 4
*k
» 6.0 1 "
K]
[}
& 50 1
% a
ﬁ ?é_ 4.0 1
2 30
£
2 20 4
1.0 1
0.0 -
Collagen (2.5 ug/mL) - +

Artesunate (uM) - - 100 200 300
12.0 4

10.0 A

*
8.0 A
6.0
4.0 A
2.0 A
0.0
+

Collagen (2.5 ug/mL)
Artesunate (uM) - - 100 200 300

cGMP
(pmoL/108 platelets)

Fig. 2. The effects of artesunate on cyclic nucleotides production.
(A) Effects of artesunate on cAMP production. (B) Effects of arte-
sunate on cGMP production. Measurement of cAMP and cGMP
production were described in "Materials and Methods" section. The
results are expressed as mean & SD (n=4). "P<0.05, ~P<0.001
compared with the collagen-induced platelets.
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al., 2009).
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Fig. 3. The effects of artesunate on intracellular Ca>" mobilization
and IP;R phosphorylation. (A) Effects of artesunate on intracellular
Ca" mobilization. (B) Effects of artesunate on IP;R phosphory-
lation. Measurement of intracellular Ca** mobilization and IP;R
phosphorylation were described in "Materials and Methods". The
results are expressed as mean t SD (n=4). 2P<0.05 compared with
no-stimulated platelets, "P<0.05, “P<0.001 compared with the
collagen-induced platelets.
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Fig. 4. The effects of artesunate on VASP phosphorylation. Termi-
nation of the reaction was carried out using a 1x lysis buffer. A
BCA protein kit was used to measure the concentration of proteins
from platelet lysates. Measurement of VASP phosphorylation was
described in "Materials and Methods". The results are expressed as
mean + SD (n=4). *P<0.05 compared with no-stimulated platelets,
*P<0.05, " P<0.001 compared with the collagen-stimulated platelets.
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Fig. 6. Effects of artesunate on platelet-mediated fibrin clot formation. (A) Effects of artesunate on thrombin-retracted fibrin clot photographs
(B) Effects of artesunate on thrombin-retracted fibrin clot area. Measurement of platelet-mediated fibrin clot formation was described in
"Materials and Methods". The results are expressed as mean £ SD (n=4). *P<0.05 compared with no-stimulated platelets, ~P<0.05,
*P<0.001 compared with the thrombin-induced platelets.
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