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Cudrania Tricuspidata root extract (CTE) has an anti-platelet effect 
via cGMP-dependent VASP phosphorylation in human platelets
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꾸지뽕나무 뿌리 추출물의 cGMP에 의한 VASP 인산화 기전을 
통한 항혈소판 효과
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Abstract  Cudrania tricuspidata has been reported to have many biological activities, including 
anti-inflammatory, anti-cancer, and antioxidant properties. However, the effects of C. tricuspidata root 
extract (CTE) on human platelet aggregation induced by collagen as well as the signaling pathways 
involved remain unknown. In the present study, we investigated the effect of CTE on human platelets.
CTE inhibited platelet aggregation via down-regulation of thromboxane A2 (TXA2) by blocking 
cyclooxygenase-1 (COX-1) activity and intracellular Ca2+ mobilization in collagen-induced platelets. CTE
also reduced the phosphorylation of phospholipase C (PLC) γ2 and syk. CTE regulated platelet 
aggregation via cyclic guanosine monophosphate (cGMP)-dependent phosphorylation of 
vasodilator-stimulated phosphoprotein (VASP) Ser239. In addition, administration of CTE (50 and 100 
mg/kg) significantly reduced hyper-aggregated platelet aggregation by collagen (5 μg/mL) without 
hepatotoxicity in HFD (high fat diet)-fed rats. Taken together, these results suggest that CTE has 
anti-platelet effects both in vitro and in vivo. Therefore, CTE may be an effective therapeutic and 
preventive agent for cardiovascular disease, and is a safe and natural product.

요  약  꾸지뽕나무 뿌리 추출물은 항염, 항암, 항산화와 같은 효과를 갖는 많은 생리활성 물질을 포함하고 있다고 알려져
있다. 그러나 꾸지뽕나무 뿌리 추출물(이하 CTE)의 사람 혈소판 응집 억제 기전에 관하여는 알려진 바 없다. 본 연구에
서는 CTE가 혈소판에 미치는 영향을 확인하고자 하였다. CTE는 collagen으로 유도한 혈소판 응집 반응에서 
cyclooxygenase-1 활성을 억제하고, 세포 내 칼슘 농도를 낮추는 방식으로 thromboxane A2 생성을 억제하였다. 또
한, phospholipase Cγ2와 syk의 인산화 반응을 억제하였으며, guanosine monophosphate (cGMP)에 의존적인 방
식으로 vasodilator-stimulated phosphoprotein(VASP)의 Ser239 위치를 인산화하여 항혈소판 효과를 나타내었다. 
또한, 고지방 식이로 혈소판 활성화를 유도한 랫드에서 CTE를 경구 투여 하였을 때, 간독성 없이 콜라겐으로 유도한
혈소판 응집반응을 thromboxane A2 생성을 억제함으로써 항혈소판 효과를 보였다. 이는 in vivo와 in vitro에서 같은
결과를 제시하고 있다. 결론적으로, CTE는 항혈소판 작용 및 심혈관계 질환 예방을 위한 천연물 유래의 안전하고, 새로
운 물질임을 제시하는 바이다.
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1. Introduction

Cudrania tricuspidata, which belongs to the 
Moraceae family, is used as a traditional remedy 
in East Asia [1]. Its root and cortex have been 
used as a treatment for cancer in Korea and 
China [2]. In previous studies, it has been shown 
to have many biological activities, such as 
anti-inflammatory, α-glucosidase inhibitory, and 
anti-oxidative properties [3,4]. In particular, 
catecholic xanthones from C. tricuspidata help 
to prevent chronic diseases related to reactive 
oxygen species, and have anti-atherosclerotic 
activity against low-density lipoprotein oxidation [5]. 
Despite these biological studies, pharmacological 
investigation into the mechanism of platelet 
aggregation by of C. tricuspidata root extract is 
not well understood [6]. Platelets express several 
its receptors. Of these receptors, glycoprotein 
(GP) VI is required for collagen-induced platelet 
activation [7]. GP VI is coupled to Fc Receptor γ 
chain (FcR γ) [7]. Upon crosslinking of GP VI by 
its ligand, immunoreceptor tyrosine-based activation 
motif (ITAM) (originally found in T cell antigen 
receptor signaling) has been shown to result in 
phosphorylation of two tyrosine residues [8,9]. 
ITAM phosphorylation leads to binding tyrosine 
kinase Syk, which can activate initiating further 
signaling including LAT and phospholipase Cγ2 
(PLCγ2) [10]. The activation of PLC catalyzes the 
hydrolysis of phosphatidylinositol biphosphate (PIP2) to 
inositol trisphosphate (IP3) and diacyglycerol 
(DAG). DAG is hydrolyzed to arachidonic acid (20:4). 
Platelets synthesize thromboxane A2 (TXA2) from 
20:4 released from membrane phospholipids 
through rapid, coordinated activation of 
cyclooxygenase (COX)-1 and TXA2 synthase [11]. 
Meanwhile, intracellular cyclic adenosine 
monophosphate (cAMP) and cyclic guanosine 
monophosphate (cGMP) are known to reduce 
intracellular calcium levels [12]. The anti-platelet 
effects of cAMP and cGMP are mediated by 
cAMP/A-kinase and cGMP/G-kinase-dependent 

protein kinase, which phosphorylate substrate 
proteins, vasodilator-stimulated phosphoprotein 
(VASP). VASP is phosphorylated at various sites, 
and these are phosphorylated with differing 
kinetics. In A-kinase, Ser157 is preferred site of 
phosphorylation. In G-kinase, on the other hand, 
Ser239 is the preferred phosphorylation site, in 
vitro [13]. Phosphorylation of VASP involves in 
the decrease of VASP affinity for protein 
filamentous actin to inhibit platelet aggregation 
[14]. Therefore, inhibiting the [Ca2+]i or 
increasing the level of cyclic nucleotides and 
phosphorylation of VASP is very useful for the 
evaluating the anti-platelet effects of substances. 
In this study, we investigated the anti-platelet 
effect of C. tricuspidata root extract (CTE) and 
demonstrated inhibition of TXA2 production via 
reduction of COX-1 activity and [Ca2+]i reduction 
via increase of cGMP.

2. Methods

2.1 Preparation of CTE
C. tricuspidata roots were collected from 

Yeosu, which is located in Jeollanamdo, South 
Korea. The roots were washed in tap water twice 
and dried at room temperature. They were then 
heated in boiling water with 70 % ethanol for 1 
hour and distilled water for 4 hours. The mixture 
was centrifuged at 2,000 × g for 10 min and the 
clear supernatant was collected. Collected CTE 
was freeze-dried with a freeze dryer (Ilshin 
BioBase Co., Ltd., South Korea) and re-suspended 
in distilled water.

2.2 Analysis of the contents of CTE with 
high-performance liquid chromatography

Quercetin and chlorogenic acid were obtained 
from Sigma Corp. (St. Louis, MO, USA). CTE and 
standard samples were dissolved in 80 % 
methanol and then analyzed by HPLC. An 
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Alliance HPLC e2695 Separations Module (Waters 
Corporation, UK) was equipped with a 2998 
photodiode array detector. A phenomenex Luna 
C18 (2) (250 × 4.6 mm, 5 μm) was used at a 
column temperature of 40°C. The mobile phase 
consisted of water with 0.1 % trifluoroacetic acid 
(A) and acetonitrile (B) over a period of 0 - 60 
min. The flow rate was set at 1.0 mL/min and the 
sample injection volume was 10 μL. UV detection 
was done at 210 nm.

2.3 Measurement of human platelet 
aggregation and TXB2

Human platelet-rich plasma (PRP) anticoagulated 
with acid-citrate-dextrose solution (0.8 % citric 
acid, 2.2 % sodium citrate, 2.45 % glucose) were 
obtained from Korean Red Cross Blood Center 
(Daejeon, Korea). Washed platelets (108 cells/mL) 
were prepared according to previously published 
methods [15]. Washed platelets were pre-incubated 
for 3 min at 37°C in the presence of 2 mM 
exogenous CaCl2 with or without CTE, then 
stimulated with 10 μg/mL of collagen for 5 min. 
Aggregation was monitored using a Chrono-Log 
aggregometer (Havertown, PA, USA). Platelet 
aggregation reactions were terminated by the 
addition of ice-cold EDTA (5 mM) and indomethacin 
(0.2 mM). The amount of TXB2 (a stable 
metabolite of TXA2) was determined using a TXB2 
EIA kit (Cayman Chemical, Ann Arbor, MI, USA) 
according to the manufacturer's instructions.

2.4 COX-1 and TXA2 synthase activity assays
Platelets in a suspension buffer containing 1 % 

protease inhibitor were sonicated. The platelet 
lysates (10 μg-protein) were incubated with or 
without various concentrations of CTE for 30 
min at 37°C. COX-1 activity was measured 
according to previously published methods [15]. 
For measurement of TXA2 synthase, the platelet 
lysates were pre-incubated with or without CTE 
at 37°C for 5 min and then measurement was 

performed according to previously published 
methods [15]. TXA2 synthase activity was assessed 
by measuring TXB2 formation after 1 min 
incubation.

2.5 Measurement of cyclic nucleotides and 
determination of [Ca2+]i

After platelet aggregation reactions were 
terminated by the addition of 80 % ice-cold 
ethanol, cAMP and cGMP were measured using 
cAMP and cGMP EIA kits (Biovision, Milpitas, CA, 
USA). To measure [Ca2+]i, fura 2-AM (Sigma 
Corp.)-loaded washed platelets were stimulated 
with collagen (10 μg/mL) for 5 min. Fura 2 
fluorescence was measured with an RF-5301 
spectrofluorometer (Shimadzu Corp., Kyoto, 
Japan) with an excitation wavelength that 
changed every 0.5 sec from 340 to 380 nm; the 
emission wavelength was set at 510 nm. [Ca2+]i 
values were calculated using the method 
published by Bush et al. [16].

2.6 Western blot analysis
After platelet aggregation reactions were 

terminated by the addition of an equal volume 
(250 μL) of lysis buffer, platelet lysates containing 
the same protein (10 μg) were used for analysis. 
The effects of substances on Syk, PLCγ2 and 
VASP-phosphorylations were analyzed by western 
blotting. Blots were incubated with primary 
antibodies, including Syk, PLCγ2, phospho-Syk, 
phospho-PLCγ2, VASP, phospho-VASP (Ser239) 
(Cell Signaling Technology, Beverly, MA, USA). 
After incubation with secondary antibodies, blots 
were analyzed by using Fusion SL imaging 
systems (Vilber Lourmat, France).

2.7 Cell toxicity assay
To assess whether CTE is cytotoxic, we examined 

the effect of CTE on lactate dehydrogenase release. 
Washed platelets (108 cells/mL) were incubated for 5 
min at 37°C with CTE (~ 500 μg/mL). Platelets were 
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(a)

 \

    (b)                                 (c)

   (d)                             (e)

Fig. 1. The contents of CTE and the effects of CTE on 
collagen-induced platelet aggregation and 
TXA2 generation. 

        (a) Chlorogenic acid and quercetin contents in CTE. (b) 
Effect of CTE on collagen-induced platelet aggregation. (c) 
Effect of CTE on TXA2 generation. Effects of CTE on TXA2 
synthase (d) and COX-1 (e) activities. Data are expressed 
as mean ± S.D. (n = 4). *p < 0.05 as compared with control. 
**p < 0.05 as compared with collagen-treated control.

centrifuged at 2000 × g at 25°C, and then the 
supernatant was measured using a lactate 
dehydrogenase (LDH) assay kit (Cayman Chemical) 
according to the manufacturer's instructions.

2.8 Animals and diets
Six-week-old male Sprague-Dawley rats were 

purchased from Taconic Farm., Inc. (Hudson, NY, 
USA). They were fed a diet consisting of 45 % fat; 
the high fat diet (HFD) (TD.06415, Harlan 
Laboratories Ltd., Indianapolis, USA) was used to 
rapidly induce obesity. The rats were divided into 4 
groups of 8 animals each (normal diet, Group I; 
HFD, Group II; 2 groups with CTE administration 
(Groups III and IV). Groups II, III, and IV were 
maintained on a HFG for 6 weeks in order to induce 
obesity. CTE was dissolved in mineral water and 
administered orally to HFD-induced obese rats for 2 
weeks at doses of 50 and 100 mg/kg of body 
weight/day. The rats had ad libitum access to food 
and water. After treatment with CTE for 2 weeks, 
the rats were sacrificed after a 12-hour starvation 
period. For histological examination of the liver, 
after blood was drained, the liver was fixed in 3.7 % 
formaldehyde and embedded in paraffin. Sections 
were stained with hematoxylin-eosin. Images were 
viewed with a Zeiss 20 × lens, and digital images 
were captured with a Zeiss Axiocam MRC digital 
camera and Axiovision software. All animal 
experiments were carried out according to the 
guidelines of the Institutional Animal Care and Use 
Committee of Konyang University (P-15-08-A-01) 
(Daejeon, south Korea).

2.9 Statistical analysis
Experimental results are expressed as the 

mean ± S.D. Statistical analysis was performed 
by a two tailed-unpaired Student's t-test or 
analysis of variance (ANOVA), as appropriate. If 
this analysis indicated significant differences 
among the group means, each group was 
compared by post hoc tests [17].

3. Results and Discussion

3.1 CTE possess chlorogenic acid and quercetin
Cudrania tricuspidata has been reported to 

contain various flavonoids and phenolic 
compounds, including quercetin. HPLC revealed 
that CTE contains quercetin and chlorogenic acid 
(Fig. 1a). The retention time of chlorogenic acid 
and quercetin were 12.6 and 35.0 min, 
respectively (data not shown). The concentrations 
of chlorogenic acid and quercetin in CTE were 
4.93 ± 0.2 mg/g (0.49 %) for chlorogenic acid 
and 0.36 ± 0.1 mg/g (0.03 %) for quercetin. In 
previous studies, we investigated the anti-platelet 
effects of quercetin and chlorogenic acid on 
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collagen-induced rat platelet aggregation [12,15]. 
These results showed that the anti-platelet effect 
of CTE is clearly linked to quercetin and 
chlorogenic acid, although other peaks were not 
confirmed.

3.2 Effects of CTE on platelet aggregation 
and TXA2 generation via COX-1 activity

The rate of platelet aggregation induced by 
collagen was 75.5 ± 5.3 %, but CTE significantly 
inhibited platelet aggregation (Fig. 1b). TXA2 is one 
of the most important stimulators of platelet 
aggregation, and it plays an important role in the 
mechanism of platelet activation. As shown in Fig. 
1c, CTE significantly reduced the levels of TXB2 in 
a dose-dependent manner. TXA2 is synthesized by 
activated platelets from AA through the COX and 
TXA2 synthase pathway [18,19]. Since CTE 
suppressed collagen-stimulated platelet aggregation 
via a decrease in TXA2 levels, we determined 
whether CTE affects COX-1 or TXA2 synthase 
activity (the metabolic enzyme responsible for TXA2 
production). As Fig. 1d shows, CTE does not affect 
TXA2 synthase activity. Ozagrel (11 nM) was used as 
an inhibitor; it effectively decreased TXA2 levels. 
However, CTE (50 and 100 μg/ml) inhibited COX-1 
activity from 2.6 ± 0.1 (control) to 1.2 ± 0.1 and 0.9 
± 0.2 nmol/min/mg protein, respectively (Fig. 1e). 
Aspirin (500 μM) and SC-560 (330 nM) were used as 
positive controls, and selectively inhibited COX-1 
activity. These results suggest that the inhibitory 
activity of CTE on TXA2 production was the result 
of a reduction in COX-1 activity, not TXA2 synthase. 

3.3 Effects of CTE on cyclic nucleotides and 
[Ca2+]i 

Cyclic nucleotides are anti-platelet second 
messengers in platelet aggregation. Therefore, we 
investigated whether CTE increases the cellular 
levels of cAMP or cGMP. As Fig. 2b shows, CTE 
significantly increased cGMP levels in a 
dose-dependent manner (34.6 ± 3.5, 37.4 ± 4.2 

and 56.5 ± 6.5 pmol/108 platelets, respectively). 
However, CTE did not affect the production of 
cAMP (Fig. 2a). Ca2+ is known to be essential for 
platelet aggregation and adhesion. Elevated cAMP 
or cGMP levels decrease the concentration of 
intracellular Ca2+ [20]. We investigated the effect 
of CTE on intracellular Ca2+ mobilization. As Fig. 
2c shows, [Ca2+]i was significantly decreased by 
treatment with CTE in a dose-dependent manner 
(554.5 ± 67.4, 371.9 ± 56.7, and 332.2 ± 11.3 
nM, respectively). Cyclic nucleotides stimulate 
cAMP-dependent protein kinase and cGMP-dependent 
protein kinase to phosphorylate substrate 
proteins [20]. Such phosphorylation results in the 
inhibition of Ca2+ release from intracellular 
stores [20,21]. Therefore, these results indicate 
that CTE inhibits [Ca2+]i owing to up-regulation 
of cGMP. In addition, in a cytotoxicity assay, 
significant LDH release was not observed when 
platelets were incubated with the concentrations 
of CTE used in this study (Fig. 2d).

     (a)                             (b)

  

      (c)                            (d)

Fig. 2. Effects of CTE on [Ca2+]i mobilization via cyclic 
nucleotide production and cytotoxicity.  

        (a) Effect of CTE on cAMP production. (b) Effect of CTE 
on cGMP production. (c) Effect of CTE on [Ca2+]i 
mobilization. (d) Effect of CTE on cytotoxicity. Data are 
expressed as mean ± S.D. (n = 4). *p < 0.05 as compared 
with resting platelets, and **p < 0.05 as compared with 
collagen-stimulated platelets.

3.4 Effects of CTE on phosphorylation of 
PLC, Syk and VASP Ser239



Cudrania Tricuspidata root extract (CTE) has an anti-platelet effect via cGMP-dependent VASP phosphorylation in human platelets

303

(a)

(b)

(c)

Fig. 3. Effects of CTE on the phosphorylation of 
PLCγ2, Syk and VASP. 

        (a) Effect of CTE on PLCγ2 phosphorylation. (b) 
Effect of CTE on Syk phosphorylation. (c) Effect of 
CTE on VASP phosphorylation. Data are expressed 
as mean ± S.D. (n = 4). #p < 0.05 as compared with 
resting platelets, *p < 0.05 as compared with 
collagen control, and **p < 0.05 as compared with 
collagen + CTE 100 μg/ml-treated platelets.

 

Platelet activation by collagen is mediated by 
the sequential tyrosine phosphorylation of the Fc 
receptor gamma-chain (FcR gamma-chain), which 
is part of the collagen receptor glycoprotein VI, 
the tyrosine kinase Syk and PLCγ2 [8]. Thus, it 
was investigated whether CTE regulates platelet 
activation by modification of PLCγ2 and/or Syk 
phosphorylation induced by collagen. Treatment 

with CTE abolished phosphorylation of PLCγ2 
and Syk stimulated by collagen (Figs. 3a and b). 
PGE1 markedly diminished phosphorylation of 
PLCγ2 as compared to collagen control. These 
results indicate that CTE inhibits platelet 
activation via decrease of phosphorylation of 
PLCγ2 and Syk. The Ser239 phosphorylation of 
VASP is mediated by cGMP/G-kinase pathway. As 
shown in Fig. 2b, CTE increased the level of 
cGMP. Therefore, it was investigated whether 
CTE can induce VASP Ser239 phosphorylation on 
human platelets. As illustrated in Fig. 3c, CTE 
activated the phosphorylation of VASP (Ser239), a 
cGMP/G-kinase substrate. A selective activator of 
cGMP-dependent protein kinase (8-pCPT- cGMP) 
induced VASP Ser239 phosphorylation. Also, VASP 
phosphorylation of Ser239 was reversed in the 
presence of Rp-8-Br-cGMPs, an inhibitor of 
cGMP-dependent protein kinase, indicating that 
Ser239 phosphorylation by CTE is achieved by 
stimulating cGMP/G-kinase pathway. 

3.5 Effects of CTE on HFD-induced obese 
rats

Obese rats are prone to vascular dysfunction 
associated with hyper-aggregation of platelets 
[22]. In this study, the obese rat model was used 
to evaluate the anti-platelet effect of CTE ex 
vivo. After six weeks of being on a HFD, the body 
weights in the HFD-fed groups (groups II, III, and 
IV) were significantly higher than in group I 
(Data not shown). As Fig 4a shows, HFD 
increased platelet aggregation by 70.6 ± 4.2 % 
(group I) to 81.5 ± 2.2 % (group II). However, 
consumption of CTE for 2 weeks (groups III and 
IV) significantly decreased platelet aggregation 
(77.3 ± 0.9 % and 69.1 ± 2.7 %, respectively). 
Consistent with the results shown in Fig. 1b, CTE 
decreased collagen-stimulated TXA2 generation 
in HFD-induced obese rats (Fig. 4b). These results 
demonstrate that consumption of CTE has an 
anti-platelet effect that involves regulation of 
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TXA2 production. In histological examination of 
liver specimens, a mild degree of hepatic 
steatosis was found in Group II (Fig. 4d). The 
formation of hepatic steatosis in the HFD-fed 
control group was correlated with a significant 
increase in liver weight (9.6 ± 0.1 g in group I vs. 
10.7 ± 0.4* g in group II, *p < 0.05, n = 8, data 
not shown). The administration of 50 and 100 
mg/kg CTE resulted in a reduction in hepatic 
fatty deposition in hepatocytes (Figs. 4e and f).

 (a)                             (b)

(c) (d)

(e) (f)

Fig. 4. Effects of CTE on HFD-induced obese rats.
         (a) Effect of CTE on platelet aggregation in 

HFD-induced obese rats. (b) Effect of CTE on TXA2

production in HFD-induced obese rats. (c) Normal 
hepatocytes from group I. (d) Mild hepatic fatty 
deposition seen in group II hepatocytes. (e) Prevention 
of hepatic fatty deposition in group III. (f) Prevention 
of hepatic fatty deposition in group IV. Sections were 
stained with hematoxylin-eosin (H&E). All magnifications: 
200 ×. Arrows indicate fatty hepato- cytes. Group I, 
normal diet; group II, HFD; group III, 50 mg/kg CTE; 
group IV, 100 mg/kg CTE. Data are expressed as mean 
± S.D. (n = 8). *p < 0.05 as compared with group I, and 
**p < 0.05 as compared with group II.

4. Conclusion

CTE inhibited platelet aggregation via reducing 

phosphorylation of PLCγ2 and syk by regulation 
of cGMP-dependent phosphorylation of VASP 
Ser239. We suggest that CTE has anti-platelet 
effects and may be an effective therapeutic and 
preventive agent for cardiovascular diseases, and 
is a safe and natural product.
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