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Abstract: Plumbagin (PLB) isolated from Plumbago zeylanica L (Plumbaginaceae) was evaluated for the suppressive 
effect and mechanism on ADP induced rat platelet aggregation. Adult male SD rats were randomly divided into control 
group, clopidogrel group, PLB 25mg/kg group and PLB 50mg/kg group. Clopidogrel (13.5mg/kg per day) and PLB (25 
and 50mg/kg per day) were orally given to experimental rats by gavage for seven consecutive days. The antiplatelet 
properties were assessed by measuring the ADP-induced platelet aggregation rate (Aggmax). The level of cAMP in 
platelets before aggregation was determined by ELISA. The protein expression of pAkt, Akt, pPLC β3 and PLC β3 in 
platelets was measured by western blot. Our data indicated that PLB (25 and 50mg/kg) significantly inhibited ADP-
induced rat platelet aggregation as well as clopidogrel (13.5mg/kg) in a dose dependent manner compared with the 
control group. PLB (25 and 50mg/kg) remarkably reduced the ADP-induced PLC β3 phosphorylation but not Akt in 
platelets as compared with the control group. The present study suggests that PLB exerts a suppressive effect on ADP-
induced rat platelet aggregation, at least in part, through P2Y1-PLC signaling pathway.  
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INTRODUCTION  
 
Platelets are small blood anucleate cell fragments released 
by megakaryocytes responsible for maintaining 
hemostasis and play an important role in thrombosis, 
wound healing, atherosclerosis, inflammation, immunity, 
and tumor metastasis (Boilard et al., 2010; Leslie 2010). 
The primary physiological function of platelets is to form 
hemostatic thrombi during hemorrhaging (Wu et al., 
2016). When vessel injury occurs, platelets in circulation 
adhere to the exposed collagen and become activated. A 
series of physiological agonists such as coagulation 
factors (thrombin), hormones (epinephrine), low-
molecular-weight substances (adenosine diphosphate, 
ADP), lipid derivatives (platelet aggregating factor), 
thromboxane A2 (TXA2), and collagen activate platelets 
(Dumas et al., 2012). ADP is the most established platelet 
agonist that causes platelet shape change, aggregation and 
TXA generation (Kunapuli et al., 2003). ADP activates 
platelets through two G protein-coupled ADP receptors, 
Gq-linked P2Y1 receptors and Gi-linked P2Y12 receptors. 
G-protein-coupled receptors (GPCRs), a family of seven-
transmembrane receptors, can transmit signals through 
heterotrimeric G proteins. The heterotrimeric G proteins 
are composed of an α-subunit interacting with a βγ 
complex. Based on the similarity of α subunits, G proteins 
can be classified into four families: Gi/o, Gs, Gq/11, and G12, 
each of which is coupled with selective receptors and 
downstream effectors (Bologna et al., 2017). The P2Y1 
receptor is widely expressed throughout the body and 
couples with Gq, which leads to the activation of 

phospholipase C (PLC) β, increases cytosolic calcium 
levels, and activates protein kinase C. The P2Y12 receptor 
couples with Gi to inhibit adenylyl cyclase (AC) and 
activates phosphoinositide 3-kinase (PI3K) (Li et al., 
2010). Coactivation of the P2Y1 and P2Y12 receptors is 
essential for ADP-mediated platelet aggregation. 
Inhibiting one of the receptor signal pathways may reduce 
the activation and aggregation of the platelets (Kunapuli 
et al., 2003).  
 
Thrombosis is the formation of a blood clot within a 
blood vessel or heart (Mackman 2012). Thrombotic 
diseases, such as heart attack and ischemic stroke, are a 
leading cause of mortality in the modern world. Platelets 
have a central role in cardio-vascular thrombosis (Furie 
and Furie 2008). In the process of thrombus formation, 
platelets adhere to the vascular wall, become activated, 
release agonists and finally aggregate at the injured 
vascular site (Kong et al., 2009; Peng et al., 2011). 
Therefore, antiplatelet agents, including aspirin, 
ticlopidine and clopidogrel are used for the treatment and 
prevention of cardiovascular thrombotic diseases 
(Michelson 2010). However, these agents may produce 
hemorrhagic events or upper gastrointestinal bleeding, 
which limits their clinical application (Johnson 2008; Pan 
et al., 2012). Novel antiplatelet agents can be derived 
from various sources, including dietary and medicinal 
plants, which can contain natural compounds that exhibit 
antiplatelet/thrombotic properties or control 
cardiovascular diseases (Huang et al., 2010).  
 
Plumbagin (PLB) is a natural naphthoquinone constituent 
found in many plants (fig. 1), especially Plumbago *Corresponding author: e-mail: 18062660107@163.com  
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zeylanica L (Plumbaginaceae) which is widely used in 
traditional Chinese medicine as an antifungal, 
antibacterial and anti-inflammatory agent (Munday and 
Munday 2000; Xue et al., 2010). PLB has potent 
pharmacologic activities including antimicrobial, 
proapoptotic, antiangiogenic, and anti-fibrotic effects (Xu 
et al., 2013; Sinha et al., 2013; Wei et al., 2015). However, 
the possible effect of PLB on blood circulation system 
remains unclear. The present study was attempted to 
investigate the effect of PLB on ADP induced rat platelet 
aggregation and the possible mechanisms involved.  
 
MATERIALS AND METHODS 
 
Materials 
Plumbagin (purity≥95%, dissolved in 1% Tween-20 saline) 
was purchased from Sigma (St. Louis, MO). ADP 
(purity≥95%) was purchased from Sigma (St. Louis, MO). 
cAMP ELISA kit was purchased from ENZO life sciences 
(NY, USA). Anti-pAkt and anti-Akt antibodies were 
purchased from Cell Signaling Technology (Danvers, 
MA). Anti-pPLC β3, anti-PLC β3 and anti-β-tubulin 
antibodies were purchased from Santa Cruz 
Biotechnology Inc (California, USA). All other chemicals 
used in this study were purchased from Sigma (St. Louis, 
MO). 
 
Animals 
This study was carried out in strict accordance with the 
guideline of the Council on Animal Care of Academia 
Sinica. The protocol was approved by the Ethical 
Committee on Animal Experimentation of General 
Hospital of the Yangtze River Shipping, Wuhan, China. 
Thirty-two male SD rats weighing 250-280g were 
obtained from the Center of Experimental Animal of 
Hubei Province (Wuhan, China). All animals were kept 
under the same laboratory conditions of temperature (25± 
2°C) and lighting (12:12h light: dark cycle), and were 
given free access to standard laboratory chow and tap 
water. All rats were allowed to acclimatize for one week 
before experiment.  
 
Experimental design 
The animals were randomly divided into four 
experimental groups (n=8): (1) control group, rats were 
given saline by gavage once per day for consecutive 
seven days; (2) clopidogrel group, rats were given 
clopidogrel dissolved in 1% Tween-20 saline (13.5mg/kg 
B.W.) by gavage once a day for consecutive seven days; 
(3) PLB 25mg/kg group, rats were given PLB dissolved in 
1% Tween-20 saline (25mg/kg B.W.) by gavage once a 
day for consecutive seven days; (4) PLB 50mg/kg group, 
rats were given PLB dissolved in 1% Tween-20 saline (50 
mg/kg B.W.) by gavage once a day for consecutive seven 
days.  
 
 

Preparation of rats’ platelets 
Rats were put on a fast for 12 h after the last dose of 
agents before they were anesthetized with pentobarbital 
sodium (30mg/kg B.W., intraperitoneally). Blood was 
drawn from the abdominal aorta and collected in a 
vacutainer containing sodium citrate. Platelet-rich plasma 
(PRP) was prepared by centrifugation at 180 ×g for 20 
minutes. An equal volume of buffer (140mM NaCl; 2.7 
mM KCl; 2.1mM MgCl2 .6H2O; 0.42mM NaH2PO4.2H2O; 
1.8mM CaCl2; 5.6mM glucose; 255.9 mM NaHCO3 and 
2000 U/L Heparin, pH 7.4) was added into PRP followed 
by a centrifugation at 360 ×g for 10 minutes. Then, the 
pellet was collected and used for assay.  
 
Antiplatelet aggregation studies 
Agonist-induced platelet aggregation was measured using 
a platelet aggregometer (QX200, Shanghai Yida 
Instrument Co Ltd, Shanghai, China) according to the 
instruction of manufacturer. Briefly, after calibration of 
the platelet aggregometer, anticoagulant whole blood (0.5 
mL) was incubated with buffer (0.5mL) for 5 min at 
37 °C without stirring before the addition of ADP. Then, 
the ADP (25µL, 4mM) was added with stirring to record 
the platelet aggregation strength (resistance value, Ω) in 5 
min, and the data were expressed as aggregation 
inhibition ratio. 
 
Measurement of cAMP levels in platelets before 
aggregation 
After washing twice with PBS, isolated platelets from 
experimental rats were mixed with 0.1N HCl, scraped, 
and collected by centrifugation. Levels of cAMP in the 
supernatants were determined using a cAMP ELISA kit 
according to the manufacturer’s instructions (ENZO life 
sciences, NY, USA). 
 
Western blot analysis 
After putting on the ice to terminate the aggregation 
reaction, the platelet lysate was prepared to evaluate the 
expression levels of pAkt, Akt, pPLC β3 and PLC β3. The 
protein concentration was determined using the 
bicinchoninic acid (BCA) assay. Equal amounts of protein 
were separated with 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gel electrophoresis. After electrophoresis, 
the gels were transferred onto poly vinylidene difluoride 
(PVDF) membranes, which were blocked with Tris-
buffered saline containing 5% non-fat milk at 4°C. 
Afterwards, the membranes were incubated overnight at 
4°C in a solution containing 0.1% Tween 20, 5% non-fat 
milk and the following primary antibodies: pAkt (1:1000); 
Akt (1:1000), pPLC β3 (1:400); PLC β3 (1:500); beta-
tubulin (1:10000). After incubation with the 
corresponding secondary antibodies for 2 h at room 
temperature, densitometric band scanning was performed 
using image processing and analysis with Quantity One 
v4.62 (Bio-Rad Laboratories, Hercules, CA). Tubulin was 
used as an internal index.  
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STATISTICAL ANALYSIS 
 
Data were expressed as mean ± S.D. The significant 
differences between groups were assessed with SPSS 
version 13.0. The differences between group means were 
calculated by one-way ANOVA with LSD post hoc 
analysis. Difference was considered statistically 
significant when p<0.05 and extremely significant when 
p<0.01. 
 
RESULTS 
 
Effect of PLB on ADP-induced platelet aggregation 
To realize the effect of PLB on platelet aggregation, we 
analyzed PLB-treated rats to evaluate possible effects on 
platelet aggregation. The ADP-induced platelet 
aggregation was significantly suppressed by clopidogrel 
(p < 0.01). Treatment of rats with different doses of PLB 
resulted in a concentration-dependent inhibition of ADP-
induced platelet aggregation (p<0.05 and p<0.01). These 
results showed that aggregation strength was decreased in 
blood of rats treated with PLB (table 1). 

 
Fig. 1: Chemical structure of plumbagin. 
 
Effect of PLB on cAMP content in platelets before 
aggregation 
The best-known inhibitor and turn off signaling in platelet 
activation is cAMP To explore the possible effects of 
clopidogrel or PLB treatment on intraplatelet cAMP 
levels, we determined the cAMP content in platelets with 
ELISA kit. Our data revealed that clopidogrel (13.5mg/kg) 
or PLB (25 and 50mg/kg) treatment did not significantly 
influence the cAMP content in platelets before 
aggregation in comparison to the control group (fig. 2).  
 
Effect of PLB on pAkt and Akt expression in platelets 
To investigate the possible intracellular signaling target of 
PLB, we evaluated the important platelet signaling 
pathway, the PI3K pathway (Akt Ser473 phosphorylation 
as the activation marker). The pAkt and Akt levels in 
platelets after ADP-induced aggregation were examined 
using immunoblotting method. The results showed that 
PLB did not significantly influence ADP-induced Akt 
phosphorylation in platelets, which indicated that PLB did 
not affect PI3K signaling in platelets. On the contrary, 
clopidogrel treatment significantly (p<0.01) reduced 
ADP-induced Akt phosphorylation (fig. 3).  

 
Fig. 2: Effects of PLB on cAMP content in platelets 
before aggregation. The blood was collected 30 min after 
last dose of PLB or clopidogrel. The normal control rats 
received saline. After washing twice with PBS, isolated 
platelets from experimental rats were with 0.1N HCl, 
scraped, and collected by centrifugation. Data are 
represented as means ± S.D. for six animals per group. *p 
<0.05 versus control, **p<0.01 versus control by one- way 
ANOVA and LSD post hoc test. 
 
Effect of PLB on pPLC β3 and PLC β3 expression in 
platelets 
We further investigated the expression of PLC β3, an 
upstream component of ADP-induced platelet aggregation. 
To determine whether PLC β3 is a target of PLB for 
repression of platelet aggregation, the platelets were 
treated with ADP to trigger aggregation, then the pPLC β3 
and PLC β3 levels were examined using immunoblotting 
method. The results showed that PLB significantly 
increased ADP-induced PLC β3 (Ser1105) 
phosphorylation, thus increased the pPLC β3/PLC β3 
ratio. Clopidogrel did not significantly change pPLC β3 
and PLC β3 levels (fig. 4). It is known that 
phosphorylation of PLC β3 leads to the inhibition of G-
protein-activated PLC β3 activity. The results indicated 
that PLB might inhibit the activity of PLC β3 induced by 
ADP. 
 
DISCUSSION 
 
In the present study, we demonstrated that PLB, a main 
bioactive component in Plumbago zeylanica L 
(Plumbaginaceae), significantly inhibits ADP-induced rat 
platelet aggregation. Platelets play a critical role in the 
process of hemostasis and thrombosis through adhesion, 
activation, and aggregation (McNicol and Israels 2008). 
Under some pathological conditions, above functions of 
platelets may mediate atherosclerotic arteries, thrombus 
formation, and cause vascular occlusions and result in 
stroke or myocardial infarction (Davi and Patrono 2007; 
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Stegner and Nieswandt 2011). Aspirin and clopidogrel are 
used frequently to prevent platelet aggregation and 
thrombus formation in stroke patients. However, both 
drugs show significant side effects, such as 
gastrointestinal irritation and hemorrhages. It is necessary 
to develop new antiplatelet agents with low risk of 
bleeding (Gachet 2015). Some natural compounds from 
traditional Chinese medicine showed potent antiplatelet 
effects, representing a strategy to develop novel 
antiplatelet medicines (Tang et al., 2014; Su et al., 2016). 

 
Fig. 3: Effects of PLB on pAkt (ser473) and Akt protein 
expressions in rat platelets after treatment of ADP. A: 
Representative Western blotting images of pAkt and Akt 
in platelets. B: The ratios of pAkt/Akt were showed in 
PLB treated rats and clopidogrel-treated rats. Data are 
represented as means ± S.D. for 3-4 animals per group. * p 
< 0.05 versus control, ** p < 0.01 versus control by one- 
way ANOVA and LSD post hoc test. 
 
ADP mediates platelet aggregation by stimulating two G-
protein-coupled receptors on platelets, P2Y1 and P2Y12 
(Offermanns 2006). The P2Y1 receptor couples to Gq 
protein. When ADP stimulates P2Y1 receptor, the G 
protein activates PLC β, and PLC catalyzes the hydrolysis 

of phosphatidylinositol-4,5-bisphosphate (PIP2) to 
generate diacylglycerol (DAG, may activate protein 
kinase C) and inositol 1,4,5-triphosphate (IP3), both 
leading to the mobilization of intracellular Ca2+ (Purvis et 
al., 2008). The P2Y12 receptor couples to Gi protein. The 
P2Y12 receptor activation results in Gi-mediated inhibition 
of stimulated AC and Gβγ-mediated activation of PI3K, 
Akt and Rap1b (Woulfe et al., 2002; Kim et al., 2004). It 
subsequently leads to the increase of Ca2+ level in 
platelets. Clopidogrel is a commonly used P2Y12 receptor 
antagonist and potently inhibits platelet aggregation 
(Secco et al., 2013). Therefore, we chose clopidogrel as a 
positive control in the in vivo experiments. So far, no 
P2Y1 receptor antagonist reported as antiplatelet agent has 
been used in clinic. 

 
Fig. 4: Effects of PLB on pPLC (ser1105) and PLC 
protein expressions in rat platelets after treatment of ADP. 
A: Representative Western blotting images of pPLC and 
PLC in platelets. B: The ratios of pPLC/PLC were 
showed in PLB treated rats and clopidogrel-treated rats. 
Data are represented as means ± S.D. for 3-4 animals per 
group. * p<0.05 versus control, **p<0.01 versus control; # 

p<0.05 versus PLB 25mg/kg by one- way ANOVA and 
LSD post hoc test. 

Table 1: Effect of PLB on platelet aggregation in rats ( x ±S.D., n=6) 
 

Group Dose / mg·kg -1 Platelet aggregation strength)/ Ω Aggregation Inhibition ratio)/ % 
control - 5.24 ± 0.83 - 
clopidogrel 13.5 3.03 ± 0.40** 42.18 
PLB 25 4.13± 1.19* 21.18 
PLB 50 3.07 ± 0.47**# 41.41 

*p<0.05 versus control, **p<0.01 versus control; #p<0.05 versus PLB 25mg/kg. 
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PI3K pathways downstream of Gi are important for ADP-
induced platelet aggregation (Kauffenstein et al., 2001). 
PI3K/Akt signaling has been proved to be a valuable 
antithrombotic therapy target without a significant effect 
on primary hemostasis (Jackson et al., 2004). PI3Ks are 
activated upon P2Y12 receptor stimulation and generate 
pro-aggregatory signals (Garcia et al., 2010). A recent 
study has indicated that ADP-induced Akt 
phosphorylation is regulated by both PI3Kβ and PI3Kγ 
(Canobbio et al., 2009). In this study, we investigated the 
effect of PLB on pAkt and Akt expression in platelets to 
clarify the mechanism of PLB treatment. Our data showed 
that PLB failed to significantly affect the pAkt expression 
induced by ADP. Moreover, it did not affect the content of 
cAMP in platelets which responses to the activity of 
P2Y12-Gi-AC. All these results suggest that PLB might 
not repress ADP-induced platelet aggregation via P2Y12-
coupled Gi signaling. 
 
Furthermore, the expression of PLC β was determined to 
elucidate the potential effects of PLB through P2Y1 
receptor-Gq-PLC pathway. It is well known that 
phosphorylation of PLC β3 leads to the inhibition of G-
protein-activated PLC β activity (Yang et al., 2015). In 
this study, our data indicated that PLB could notably 
abrogate the effect of ADP by increasing PLC β3 
phosphorylation. And clopidogrel showed no significant 
effect on it. 
 
CONCLUSION 
 
Taken together, our study showed that PLB might repress 
ADP-induced rat platelet aggregation, at least in part, by 
inhibiting P2Y1 receptor-Gq-PLC signaling pathway, but 
not the P2Y12 receptor-Gi-AC pathway. Our results imply 
that blocking P2Y1 receptor or inhibiting its signaling 
pathway may be used as a new antiplatelet therapy. 
However, there are still some matters remain to be 
elucidated. One of question is that chronic PLB treatment 
would change the expression level of P2Y1 or P2Y12 
receptors? Additionally, would PLB treatment lower 
intracellular Ca2+ content by reducing IP3 production or 
by attenuating Ca2+ release from intracellular storage? 
Further studies on those topics are still ongoing.  
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