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Abstract The regulation of platelet aggregation is crucial for
maintaining normal hemostasis, but abnormal or excessive platelet
aggregation can contribute to cardiovascular disorders such as
stroke, atherosclerosis, and thrombosis. Therefore, identifying
substances that can control or suppress platelet aggregation is a
promising approach for the prevention and treatment of these
conditions. Artemisinin, a compound derived from Artemisia or
Scopolia plants, has shown potential in various areas such as
anticancer and Alzheimer’s disease research. However, the
specific role and mechanisms by which artemisinin influences
platelet activation and thrombus formation are not yet fully
understood. This study investigated the effects of artemisinin on
platelet activation and thrombus formation. As a result, cAMP
production were increased significantly by artemisinin, as well as
phosphorylated VASP and IP;R which are substrates to cAMP-
dependent kinase by artemisinin in a significant manner. The Ca**
normally mobilized from the dense tubular system was inhibited
due to IP;R phosphorylation from artemisinin, and phosphorylated
VASP by artemisinin aided in inhibiting platelet activity via
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allb/B; platelet membrane inactivation and inhibiting fibrinogen
binding. Finally, artemisinin inhibited thrombin-induced thrombus
formation. Therefore, we suggest that artemisinin 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 artemisinin. Chemical formula: C15H2205,
Molar mass: 282.33 g/moL.
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Fig. 2 The effects of artemisinin on cyclic nucleotides production. (A)
Effects of artemisinin on cAMP production. (B) Effects of artemisinin on
¢GMP production. Incubation of the suspended platelets (10® cells/mL)
occurred at 37 °C while adding different artemisinin concentrations, then
2mM CaCl, was added with U46619 for stimulation during 5 min.
Termination of the reaction occurred by adding 1 M HCI, the cGMP/
cAMP were measured using cCAMP or cGMP EIA kit. 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 U46619-induced
platelets
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Fig. 3 The effects of artemisinin on intracellular Ca*"
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mobilization and IP;R phosphorylation. (A) Effects of artemisinin on intracellular Ca**

mobilization. (B) Effects of artemisinin on IP;R phosphorylation. For 60 min, incubation of PRP occurred with Fura 2-AM (5 uM) at 37 °C, and the
prepared suspended platelets (10° cells/mL) based on the steps specified above. And the incubation of washed platelets occurred for 3 min at 37 °C with
2 mM CaCl, and U46619 stimulation during 5 min. A fluorescence spectrophotometer measured the Fura 2 fluorescence. 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 U46619-induced platelets
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Fig. 4 The effects of artemisinin on VASP phosphorylation. Termination
of the reaction was carried out using a 1x lysis buffer. A BCA protein kit
was used to measure protein concentration from platelet lysates. Protein
(15 pg) was isolated via 8% SDS-PAGE and transferred to PVDF
membrane. The primary antibody was treated with a dilution factor of 1:
1,000 and the secondary antibody was treated with a dilution factor of 1:
2,000. 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
U46619-stimulated platelets
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Fig. 5 The effects of artemisinin on fibrinogen binding. (A) The flow cytometry histograms on fibrinogen binding. a, Intact platelets(base); b, U46619
(0.5 uM); ¢, U46619 (0.5 uM) + artemisinin (50 uM); d, U46619 (0.5 uM) + artemisinin (100 pM); e, U46619 (0.5 uM) + artemisinin (300 pM); f,
U46619 (0.5 uM) + artemisinin (500 pM). (B) Effects of artemisinin on U46619-induced fibrinogen binding (%). After treatment with Alexa Fluor
488-human fibrinogen (30 pg/mL) by adding 2 mM CaCl, to the suspended platelets, U46619 (0.5 pM) was used for stimulation during 5 min. The
addition of phosphate-buffered saline (PBS, pH 7.4) containing 0.5% paraformaldehyde terminated the reaction. Light blocking was used during this
process and a flow cytometer (FACS) measured fibrinogen binding. 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 U46619-stimulated platelets
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Fig. 6 Effects of artemisinin on platelet-mediated fibrin clot formation.
(A) Effects of artemisinin on thrombin-retracted fibrin clot photographs
(B) Effects of artemisinin on thrombin-retracted fibrin clot area. To avoid
sticking, a polyethylene tube contained the PRP (500 uL) which was then
stimulated with thrombin (0.05 U/mL) and 2 mM CaCl, at a temperature
of 37 °C during 15 min. A digital camera then took photographs of the
fibrin-based clots. 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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