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INTRODUCTION

Platelet adhesion, activation and aggregation on the ex-
posed subendothelial extracellular matrix are essential for 
hemostasis and central events in the blood clotting process 
(Jennings, 2009). Platelets are activated by various endog-
enous factors (e.g., collagen, serotonin and TXA2), and a 
platelet-rich thrombus is subsequently formed in the lumen 
of the injured vessel (Jennings, 2009). Platelet deposition by 
aggregation at these sites appears to be an important event 
leading to thrombotic disorders. Thus, antiplatelet therapy fea-
tures prominently in the treatment or prevention of thrombotic 
diseases (Gross and Weitz, 2009; Rondina et al., 2013).

Antithrombotic agents, such as aspirin, cilostazol and clopi-
dogrel, have adverse effects, including internal bleeding, pro-
longed bleeding time, gastrointestinal bleeding, palpitation 
(CAPRIE Steering Committee, 1996; Johnson, 2008; Fran-
cescone and Halperin, 2008) and headache (Birk et al., 2006). 
For these reasons, a number of studies have been conducted 
to identify antithrombotic agents from medicinal plants with 
fewer adverse effects. Many reports have indicated that plant-

based materials have the potential to be novel antithrombotic 
agents (Ballabeni et al., 2007; Vilahur and Badimon, 2013). 
Additionally, several of these compounds exhibit excellent 
pharmacological activities and are free from adverse effects 
(Ballabeni et al., 2007; Ryu et al., 2009; Fuentes et al., 2014). 
Moreover, natural flavonoids and polyphenols have been 
shown to effectively inhibit platelet aggregation (Bucki et al., 
2003). Therefore, development of antithrombotic agents from 
medicinal plants has attracted much interest.

Lindera obtusiloba, which is found in many provinces of Ko-
rea and China, is a known medicinal herb traditionally used for 
the treatment of blood stasis and inflammation (Yook, 1989). 
The leaves of Lindera obtusiloba in particular are traditionally 
consumed in both food and tea. We previously demonstrated 
that a twig extract from Lindera obtusiloba inhibited rat platelet 
aggregation in vitro and decreased mortality in a mouse model 
of thromboembolism (Lee et al., 2010). Furthermore, a rele-
vant patent application was published that describes prelimi-
nary data on the antithrombotic effects of Lindera obtusiloba 
twigs and leaves, which improve blood circulation (Oak et al., 
2014). Many researchers have reported strong antioxidant ef-
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Lindera obtusiloba has been used in traditional herbal medicine for the treatment of blood stasis and inflammation. The leaves 
of Lindera obtusiloba have been reported to exhibit various physiological activities. However, there is little information available 
on their antiplatelet and antithrombotic activities. Thus, the present study aimed to evaluate the effect of Lindera obtusiloba leaf 
extract (LLE) on platelet activities, coagulation and thromboembolism. In a platelet aggregation study, LLE significantly inhib-
ited various agonist-induced platelet aggregations in vitro and ex vivo. Furthermore, LLE significantly inhibited collagen-induced 
thromboxane A2 (TXA2) production in rat platelets. In addition, oral administration of LLE was protective in a mouse model of 
pulmonary thromboembolism induced by intravenous injection of a mixture of collagen and epinephrine. Interestingly, LLE did not 
significantly alter prothrombin time (PT) and activated partial thromboplastin time (aPTT). This study indicates that the antithrom-
botic effects of LLE might be due to its antiplatelet activities rather than anticoagulation. Taken together, these results suggest 
that LLE may be a candidate preventive and therapeutic agent in cardiovascular diseases associated with platelet hyperactivity.
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fects and various physiological activities of Lindera obtusiloba 
leaf extracts (Hong et al., 2013a; Hong et al., 2013b; Hong, 
2013). Despite the results of these studies, the antiplatelet 
and antithrombotic properties of the leaves of Lindera obtusi-
loba have not been studied. 

In this study, we examined the effects of the leaves of Lin-
dera obtusiloba on platelet function and coagulant activities 
using blood from rats and the antithrombotic effects using a 
mouse thromboembolism model. 

MATERIALS AND METHODS

Reagents
Collagen, adenosine diphosphate (ADP), arachidonic acid 

(AA) and thrombin were purchased from Chrono-Log (Har-
vertown, PA, USA). Aspirin and heparin were purchased from 
Sigma (St. Louis, MO, USA). Quercitrin was purchased from 
Santa Cruz Biotechnology (Dallas, TX, USA). Afzelin was pur-
chased from BioBioPha (Kunming, China). 

Plant materials and extract preparation
The dried leaves of Lindera obtusiloba were collected in the 

vicinity of Hongcheon and were purchased from Yakcho119 
(Hongcheon, Republic of Korea). The dried leaves were ex-
tracted with 70% ethanol (v/v) at 70°C for 4 h, and the extract-
ed solution was then filtered and evaporated. The extract was 
then freeze-dried to obtain powder and used as the Lindera 
obtusiloba leaf extract (LLE). The yield of LLE was 21.8%

Animals
Male Sprague-Dawley (SD) rats (7 weeks, 200-240 g) and 

ICR mice (7 weeks, 30-33 g) were purchased from Orient Bio 
(Sungnam, Republic of Korea). All animals were housed in 
colony cages, under standard laboratory conditions (12/12 h 
light/dark cycle), and had free access to food and water. All 
animal study protocols were conducted in accordance with the 
Guide for the Care and Use of Laboratory Animals published 
by the US National Institutes of Health (NIH Publication No. 
85-23, revised 1996) and were approved by the Institutional 
Animal Care and Utilization Committee for Gyeonggi BioCen-
ter (Suwon, Republic of Korea).

Preparation of blood samples
SD rats weighing 200-240 g were lightly anesthetized with 

diethyl ether. Blood samples were collected from the abdomi-
nal aorta into a syringe containing 3.8% sodium citrate. The 
ratio of blood to 3.8% sodium citrate was adjusted to 1:9 v/v. 
After centrifugation at 150×g for 10 min at room temperature, 
supernatants (platelet-rich plasma, PRP) were used for the 
aggregation study. The platelet count in PRP was finally ad-
justed to approximately 2×108 cells/ml with Tyrode’s solution 
(pH 7.4, 134 mM NaCl, 3 mM KCl, 2 mM MgCl2, 0.3 mM NaH2 

PO4, 12 mM NaHCO3, 12 mM glucose). Platelet-poor plasma 
(PPP) was obtained by centrifuging the samples at 2000×g for 
20 min for the coagulation assay. 

In vitro platelet aggregation study
Platelet aggregation was determined by the turbidimetric 

method using an aggregometer (Chrono-Log, Havertown, PA, 
USA). PRP was diluted with Tyrode’s solution containing 0.3% 
BSA and adjusted to 400 μl to obtain a platelet count of 2× 

108 cells/ml. PRP was stimulated to aggregate using differ-
ent aggregating agents at the following final concentrations: 
collagen, 2 μg/ml; ADP, 10 μM; AA, 100 μM; and thrombin, 
0.2 U/ml. Platelet aggregation was recorded for 5 min after 
stimulation. Aggregations were measured and expressed as 
percent changes in light transmission with respect to PPP. In 
the in vitro study, PRP was preincubated with LLE (0.1, 0.3, 1 
mg/ml) or aspirin at 37°C for 5 min before stimulation with the 
aggregating agents. 

Ex vivo platelet aggregation study
SD rats were orally administered 70% polyethylene glycol 

(PEG)-saline, LLE (100, 200, 400 mg/kg), or aspirin (50 mg/
kg) once a day for 5 days. Two hours after the last administra-
tion, rat blood samples were collected, and the platelet aggre-
gation study was performed as described above. 

Measurement of thromboxane A2 (TXA2) formation
PRP (2×108 cells/ml) was preincubated with LLE (0.1, 0.3, 

1 mg/ml) or aspirin at 37°C for 5 min, and 2 mg/ml collagen 
was added. After incubation at 37°C for 5 min with stirring, 
10 mM ethylenediaminetetraacetic acid (EDTA) was added to 
stop TXA2 formation. The amount of TXA2 was determined by 
measuring thromboxane B2 (TXB2, the stable metabolite of 
TXA2). After centrifugation at 12,000 g for 3 min, the amount 
of TXB2 in the supernatant was measured using a commercial 
TXB2 enzyme immunoassay (EIA) kit (Cayman, Ann Arbor, 
MI, USA). 

Pulmonary embolism model 
The antithrombotic effect of LLE was investigated using a 

mouse pulmonary thromboembolism test as previously de-
scribed (Lee et al., 2010). In brief, LLE (100, 200, 400 mg/
kg) and aspirin (50 mg/kg) as a positive control were orally 
administered once per day for 5 days to ICR mice weighing 
30-33 g. One hour after the final oral administration, a mixture 
of collagen (20 μg/mouse) plus epinephrine (2 μg/mouse) was 
injected into the tail vein to induce pulmonary thromboembo-
lism. A collagen solution containing native collagen fibrils from 
equine tendons was used (385, Chrono-Log). The number of 
dead mice was determined after 15 min, and the survival rate 
(%) was calculated using the following equation: [1-(dead or 
paralyzed mice)/total mice tested]×100. 

Coagulation assay
Prothrombin time (PT) and activated partial thromboplastin 

time (aPTT) were automatically measured using an Automat-
ed Coagulation Laboratory 100 (Instrumentation Laboratory, 
Bedford, MA, USA) according to the manufacturer’s instruc-
tion. PPP was prepared as described above. In brief, PPP 
was incubated with LLE for 3 min at 37°C, and the aPTT re-
agent was then added to the mixture and incubated for 3 min 
at 37°C. Then, 20 μM CaCl2 was added, and the clotting time 
was recorded. For the PT assay, PPP was incubated with LLE 
for 3 min at 37°C. PT reagent was then added, and the clotting 
time was recorded. Saline was used as a control.

High-performance liquid chromatography (HPLC) analysis
The analytical HPLC profile was obtained using an Alliance® 

HPLC system (e2695, Waters, Milford, MA, USA). Chromato-
graphic separation was performed on a Capcell Pak UG120 
column (4.6×250 mm, 5 mm, Shiseido, Tokyo, Japan) at 30°C. 
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The mobile phase was 20% acetonitrile in water containing 
0.08% trifluoroacetic acid. The flow rate was 1.0 ml/min with 
an injection volume of 10 ml, and UV detection was performed 
at 254 nm. 

Statistical analysis
In pulmonary thromboembolism experiment, the chi-square 

test was used to determine significant differences between 
the vehicle and treated groups. In the other experiments, data 
are expressed as the mean ± SE. The statistical comparisons 
were performed using one-way analysis of variance (ANOVA) 
followed by Dunnett’s test or one-way ANOVA followed by 
Tukey’s test. A significant difference was defined as p<0.05.

RESULTS

Effect of LLE on platelet aggregation in vitro
We evaluated the antiplatelet effect of LLE using rat PRP. 

Aspirin (1 mg/ml) was used as a positive control. Our results 
showed that LLE had a maximum inhibitory effect on colla-

gen (2 mg/ml, Fig. 1A)-, ADP (10 mM, Fig. 1B)-, AA (100 mM, 
Fig. 1C)-, and thrombin (0.2 U/ml, Fig. 1D)-induced platelet 
aggregation (96.9 ± 0.8%, 89.4 ± 0.8%, 97.9 ± 0.5% and 96.1 
± 1.0% inhibition respectively) at a concentration of 1 mg/ml. 
The half maximal inhibitory concentration (IC50) values were 
0.48 ± 0.0, 0.48 ± 0.0, 0.44 ± 0.0 and 0.49 ± 0.0 mg/ml, re-
spectively.

Effect of LLE on platelet aggregation ex vivo
The inhibitory effect of LLE on ex vivo platelet aggregation 

is shown in Fig. 2. Aspirin (50 mg/kg) was used as a posi-
tive control. Isolated platelets from LLE (200 and 400 mg/
kg)-treated rats showed significant inhibition in collagen (2 mg/
ml)-, ADP (10 mM)-, and AA (100 mM)-induced platelet aggre-
gation, which concurred with the results obtained when PRP 
was directly incubated with LLE. 

Effect of LLE on TXA2 formation
TXA2 is an important mediator of collagen-induced platelet 

activation and aggregation. Therefore, we evaluated the effect 
of LLE on TXA2 formation. However, TXA2 is unstable and 

Fig. 1. Inhibitory effect of the extract of Lindera obtusiloba leaves (LLE) on platelet aggregation in vitro. After preincubation with LLE (0.1, 
0.3, 1 mg/ml) or aspirin (1 mg/ml) for 5 min at 37°C, platelets were stimulated with 2 μg/ml collagen (A), 10 μM adenosine diphosphate (ADP) 
(B), 100 μM arachidonic acid (AA) (C), and 0.2 U/ml thrombin (D). Data are expressed as the mean ± SEM. n=5, *p<0.05 compared with the 
vehicle.
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Fig. 2. Inhibitory effect of the extract of Lindera obtusiloba leaves (LLE) on platelet aggregation ex vivo. After rats were treated with with 
LLE (100, 200, 400 mg/kg) or aspirin (50 mg/kg), blood samples were collected, and platelets were stimulated with 2 μg/ml collagen (A), 10 
μM adenosine diphosphate (ADP) (B), 100 μM arachidonic acid (AA) (C). Data are expressed as the mean ± SEM. n=6, *p<0.05 compared 
with the vehicle.
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is quickly converted to TXB2, the stable metabolite of TXA2. 
Thus, a TXB2 EIA kit was used to determine the TXA2 con-
centrations. As shown in Fig. 3, the TXB2 level in the control 
group was 77.1 ± 1.6 pg/ml, and this increased to 2327.8 ± 
61.0 pg/ml after stimulation with collagen (2 mg/ml). As shown 
in Fig. 3, LLE (0.1, 0.3, 1 mg/ml) significantly inhibited col-
lagen-induced TXB2 formation (1676.6 ± 82.5, 987.1 ± 26.2, 
930.1 ± 9.8 pg/ml, respectively). Aspirin, the positive control, 
almost completely blocked TXB2 formation (63.5 ± 3.3 pg/ml) 
at a concentration of 0.1 mg/ml.

Effect of LLE on pulmonary thromboembolism in mice
To investigate the effect of LLE on occlusive thrombus for-

mation, we tested the antithrombotic effect using a pulmonary 
thromboembolism model. An intravenous injection of collagen 
(20 μg/mouse) and epinephrine (2 μg/mouse) in mice induced 
massive pulmonary thrombotic occlusion, causing acute pa-
ralysis and death. As shown in Table 1, oral administration of 
LLE (400 mg/kg) to mice resulted in significant protection from 
the death due to thrombosis. Aspirin (50 mg/kg) was used as 
a positive control.

Effect of LLE on coagulation in vitro
To determine whether LLE has anticoagulant properties, PT 

and aPTT were evaluated using rat plasma. As shown in Table 
2, LLE did not affect the rat plasma coagulation times. Heparin 
was used as a positive control and significantly prolonged PT 
and aPTT. 

HPLC analysis
Several peaks were identified in the HPLC chromatogram 

of LLE (Fig. 4). Comparing the chromatographic peaks of LLE 
with reference chromatographic peaks, quercitrin and afzelin 
were identified.

DISCUSSION

In the in vitro platelet aggregation study, LLE significantly 
inhibited platelet aggregation induced by thrombin, collagen, 
ADP, and AA in a concentration-dependent manner. Addi-

tionally, collagen-induced TXA2 production was significantly 
inhibited by preincubation with LLE. However, the mecha-
nism underlying the antiplatelet effect of LLE is unknown. It 
has been reported that several plant flavonoids inhibit plate-
let function by antagonistically binding to the TXA2 receptor 
(Guerrero et al., 2005). However, based on the similar IC50 
values against various agonists, we hypothesize that LLE may 
regulate common signaling pathways, such as phospholipase 
(PLC)-associated signaling (Li et al., 2010), rather than bind 
to specific receptors. Further studies are needed to elucidate 
the detailed mechanisms of LLE antiplatelet activity. The anti-
aggregatory effect was also confirmed by an ex vivo study in 
rats. Oral administration of LLE resulted in dose-dependent 
inhibition of the platelet aggregation induced by collagen, ADP 
and AA. Disappointingly, however, the inhibitory effect of LLE 
was much less potent in the ex vivo assay compared to that 
of the in vitro assay. We speculate that oral LLE bioavailability 
and persistency in rat plasma may be factors in the difference 
between the ex vivo and in vitro results. Further investigations 
to determine the pharmacokinetic and pharmacodynamic 
properties will be helpful for understanding the effects of LLE. 
In the thromboembolism model, oral administration of LLE 
significantly increased the survival rate of mice with acute pul-
monary thrombosis. These results indirectly demonstrate that 
the LLE antithrombotic effect was correlated with inhibition of 
platelet activity. Notably, LLE did not prolong PT and aPTT in 
the in vitro coagulation assay. These results suggest that LLE 
intake can prevent platelet hyperactivity with few side effects.

 The leaves and twigs of Lindera obtusiloba were reported 
to contain polyphenols and flavonoids (Hong, 2013). Daily 
consumption of these compounds was shown to inhibit plate-

Biomol  Ther 24(6), 659-664 (2016) 

Fig. 3. Inhibitory effect of the extract of Lindera obtusiloba leaves 
(LLE) on thromboxane A2 (TXA2) formation. Platelets were pre-
incubated with LLE (0.1, 0.3, 1 mg/ml) or aspirin (0.1 mg/ml) for 
5 min and then stimulated with collagen (2 μg/ml) for 5 min. The 
TXA2 content in the supernatant was determined using a commer-
cial EIA kit. Data are expressed as the mean ± SEM. n=3, *p<0.05 
compared with the control. #p<0.05 compared with the vehicle.
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Table 1. Effect of the extract of Lindera obtusiloba leaves (LLE) on pul-
monary thrombosis in mice

Dose 
(mg/kg)

Dead or 
paralyzed mice

Survival 
rate (%)

Vehicle 15 0
LLE 100 13 13.3 

200 12 20.0 
400 6 60.0*

Aspirin 50 7 53.3*

LLE (100, 200, 400 mg/kg) or aspirin (50 mg/kg) was orally admin-
istered to mice 2 h before the experiments. The chi-square test 
used to examine the difference between the vehicle and treated 
group. n=15. *p<0.05 compared with vehicle.

Table 2. Effect of the extract of Lindera obtusiloba leaves (LLE) on rat 
plasma coagulation time in vitro

Concentration PT (sec) aPTT (sec)

Vehicle 8.55 ± 0.00 15.93 ± 0.93 
0.1 mg/ml 8.45 ± 0.17 15.20 ± 1.07 

LLE 0.3 mg/ml 8.50 ± 0.09 15.13 ± 2.50 
 1 mg/ml 8.95 ± 0.09 16.70 ± 0.46 

Heparin 10 IU/ml 37.05 ± 10.82* >106*

Data are expressed as means ± SEM. n=3. *p<0.05 compared 
with vehicle. PT: prothrombin time, aPTT: activated partial throm-
boplastin time.
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let function (Murphy et al., 2003). In this study, we observed 
that quercitrin and afzelin were the most abundant compounds 
in LLE. Quercitrin inhibited AA-induced platelet aggregation in 
rat platelets (Kim and Yun-Choi, 2008). In addition, quercetin, 
the aglycone of quercitrin, inhibited collagen-induced platelet 
aggregation by blocking hydrogen peroxidase production, cal-
cium mobilization, and 1,3,4-inositol triphosphate formation in 
human platelets (Pignatelli et al., 2000). Furthermore, kaemp-
ferol, the aglycon of afzelin, inhibited collagen-induced platelet 
aggregation and adhesion in vitro by suppressing the tyrosine 
phosphorylation of key components involved in the collagen 
receptor signaling cascade, such as spleen tyrosine kinase 
(Syk), Bruton’s tyrosine kinase (Btk) and PLCg2 (Wang et al., 
2015). Although we confirmed that quercitrin and afzelin are 
the major constituents of LLE, the pharmacological effects of 
these compounds were not investigated. Therefore, further 
studies are necessary to determine the effect of these com-
pounds on platelets and thrombosis. Additionally, the mecha-
nism of action should be clarified.

In summary, our present results demonstrated that LLE 
has antiplatelet and antithrombotic effects in vitro and in vivo. 
These findings suggest that LLE may have therapeutic po-
tential for the prevention or treatment of platelet-associated 
cardiovascular diseases.
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