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Thrombus Formation Inhibition of Esculetin through Regulation of
Cyclic Nucleotides on Collagen-Induced Platelets

Dong-Ha Lee™

Department of Biomedical Laboratory Science, Molecular Diagnostics Research Institute,
Namseoul University, Chungcheongnam-do 31020, Korea

Physiological agents trigger a signaling process called "inside-out signaling" and activated platelets promote adhesion,
granule release, and conformational changes of glycoprotein IIb/Illa (allb/B;). Activated allb/B; interacts with fibrinogen
and initiates a second signaling step called "external signaling". These two signaling pathways can cause hemostasis or
thrombosis, and thrombosis is a possible medical problem in arterial and venous vessels, and platelet-mediated thrombosis
is a major cause of cardiovascular disease (CVD). Therefore, modulating platelet activity is important for platelet-mediated
thrombosis and cardiovascular disease. Esculetin is a coumarin-based physiologically active 6,7-dihydroxy derivative
known to have pharmacological activity against obesity, diabetes, renal failure and CVD. Although some studies have
confirmed the effects of esculetin in human platelet activation and experimental mouse models, it is not clear how
esculetin has antiplatelet and antithrombotic effects. We confirmed the effect and mechanism of action of escultein on
human platelets induced by collagen. As a result, esculetin decreased Ca*' recruitment through upregulation of inositol
1, 4, 5-triphosphate receptor. In addition, esculetin upregulates cyclic adenosine monophosphate (CAMP) and cyclic
guanosine monophosphate (cGMP)-dependent pathways and inhibits fibrinogen binding and thrombus contraction. Our
results demonstrate the antiplatelet effect and antithrombotic effect of esculetin in human platelets. Therefore, we suggest
that esculetin could be a potential phytochemical for the prevention of thrombus-mediated CVD.
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Fig. 1. The structure of esculetin. PIN: 6,7-Dihydroxy-2H-1-
benzopyran-2-one, Chemical formula: CoHgO,;, Molar mass:
178.14 g/moL.
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Fig. 2. Effects of esculetin on cyclic nucleotides production. (A)
Effects of esculetin on cAMP production stimulated by collagen.
(B) Effects of esculetin on cGMP production stimulated by col-
lagen. Data are expressed as means £ SD (n=4). *P<0.05, **P<
0.001 compared with the collagen-stimulated platelets.
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Fig. 3. Effects of esculetin on [Ca®']; mobilization and IP;R phos-
phorylation. (A) Inhibitory effects of esculetin on collagen-induced
[Ca®']; mobilization. (B) Effects of esculetin on collagen-induced
IP3R phosphorylation. Measurement of [Ca”']; mobilization and
Western blotting was described in "Materials and Methods" section.
The data are expressed as the mean =+ standard deviation (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. 4. Effects of esculetin on VASP phosphorylation. Western
blotting was determined as described in "Materials and Methods"
section. The data are expressed as the mean =+ standard deviation
(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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e S7HRL Aol VASPE QIikstE olojxith= A

= HojEth
allb/Bs0f| CHSt fibrinogen binding®f| D|x|&=

h=anl;

esculetin?|
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HE &oR ?éd‘i Lﬁ}ﬂ oI t}(Phillips et al., 2001).
ollb/B; 2] X187} F71=™ fibrinogen] Zgo] 2 dof

o =M F7H4Q davte] e wstel HaS Bl &
Yol Fkglrh,

B oJqtof| A esculetin®] fibrinogen®] ollb/p;oll AE3H=
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£ Fig. 5. Effects of esculetin on collagen-induced fibrinogen
= b binding. (A) The flow cytometry histograms on fibrinogen
= e binding. a, Intact platelets (base); b, collagen (2.5 ug/mL);
= ¢, collagen(2.5 pg/mL) + esculetin (50 uM); d, collagen
$ 400 A (2.5 pg/mL) + esculetin (100 pM); e, collagen (2.5 pg/mL)
s b + esculetin (200 uM); f, collagen (2.5 pg/mL) + esculetin
:E . o (300 uM) (B) Effects of esculetin on collagen-induced
= ’ fibrinogen binding (%). Measurement of fibrinogen binding
was described in "Materials and Methods" section. The
0.0 data are expressed as the mean =+ standard deviation (n=4).
Collagen (2.5 pg/mL) - + + + + + 2P<0.05 compared with no-stimulated platelets, **P<0.001
Esculetin (uM) ) = 50 100 200 300 compared with the collagen-stimulated platelets.
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Fig. 6. Effects of esculetin on fibrin clot retraction. (A) Effects of esculetin on thrombin-retracted fibrin clot photographs (B) Effects of
esculetin on thrombin-retracted fibrin clot area. Quantification of fibrin clot retraction was described in "Materials and Methods" section.
The data are expressed as the mean * standard deviation (n=4). *P<0.05 compared with no-stimulated platelets, *P<0.05, compared with
the thrombin-stimulated platelets, **P<0.001 compared with the thrombin-stimulated platelets.
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