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Ligustrazine inhibits platelet activation via
suppression of the Akt pathway
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Abstract. Aberrant activation of platelets has a critical role in
thrombotic vascular events, including atherosclerosis, arterial
thrombosis and myocardial infarction. The process of platelet
activation is associated with multiple intracellular signaling
pathways, including the phosphoinositide 3-kinase/AKT
serine/threonine kinase (Akt) pathway. The well-known
medicinal herb Rhizoma Ligusticum Wallichii (RLW) has long
been used in China to clinically treat various cardiovascular
disorders. As the most pharmacologically active component
of RLW, ligustrazine has been demonstrated to possess a
potent antiplatelet activity. However, the precise mechanisms
mediating the bioactivities of ligustrazine have not been
thoroughly elucidated. The present study evaluated the effects
of ligustrazine hydrochloride (LH; the clinical-grade form
of ligustrazine) on platelet activation and investigated the
underlying molecular mechanisms. In vitro and ex vivo platelet
activation models were used, established by stimulating rat
platelet-rich plasma either with the platelet activator adenosine
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diphosphate (ADP) or with the specific Akt pathway activator
insulin-like growth factor-1 (IGF-1). The results demonstrated
that treatment with LH significantly and dose-dependently
inhibited ADP-induced platelet aggregation, in addition to
thromboxane A2 (TXA2) secretion and intracellular Ca*
mobilization in platelets, in vitro and ex vivo. In addition,
LH markedly suppressed ADP-induced Akt phosphorylation
in vitro and ex vivo. Furthermore, LH markedly inhibited
IGF-1-induced Akt phosphorylation, platelet aggregation,
TXA?2 formation and Ca*" mobilization in vitro. Finally, LH
was able to reverse adrenaline-induced shortening of bleeding
time. Taken together, these results suggested that ligustrazine
possesses a broad range of antiplatelet activities without
apparent hemorrhagic side-effects, and suppression of Akt
signaling may be one of the mechanisms by which ligustrazine
exerts its antiplatelet activities.

Introduction

Platelet activation is an essential process to repair injured
blood vessels, restoring blood vascular integrity, which
is fundamental for the maintenance of vascular function.
However, aberrant platelet activation or hyperactivation of
platelets may give rise to thrombosis and result in thrombotic
vascular events, including atherosclerosis, arterial throm-
bosis and myocardial infarction (1-5). Under physiological
conditions, platelets circulate through vessels with an intact
and healthy endothelium, remaining in an inactivated state.
However, when the endothelium is broken, the von Willebrand
factor on the injured vascular wall interacts with its receptor
located on the surface of platelets, which in turn induces
platelet adhesion to extracellular matrix (6). Platelet activa-
tion results in the release of secondary mediators, including
adenosine diphosphate (ADP), thromboxane A2 (TXA?2) and
thrombin (7). These molecules promote further adhesion,
activation and aggregation of platelets, eventually forming a
platelet plug to stop bleeding and to repair injured endothe-
lium. The process of platelet activation is strongly associated
with multiple intracellular signaling pathways, including the
phosphoinositide 3-kinase (PI3K)/AKT serine/threonine
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kinase (Akt) pathway. Following activation by extracellular
stimuli, PI3K is able to phosphorylate PI(4)P and PI(4,5)P2
to generate PI(3,4)P2 and PI(3,4,5)P3, respectively (8). Akt
is recruited by PIP3 to the platelet plasma membrane with
the PIP3-binding domain, and phosphorylated/activated by
3-phosphoinositide dependent protein kinase 1 (PDPK1, addi-
tionally termed PDK1) and mammalian target of rapamycin
complex 2 (mTORC?2) (9-11). Activated Akt has critical roles
in platelet function by mediating various cellular responses,
including granule secretion, platelet aggregation and thrombus
formation (12-15). Therefore, inhibition of platelet activation
by suppressing the PI3K/Akt pathway may be a promising
strategy to treat thrombotic vascular diseases.

A variety of antiplatelet drugs (including aspirin and
clopidelgrel) demonstrate significant antiplatelet efficacy
for treatment of thrombotic vascular diseases. However, the
administration of most currently-used platelet activation
inhibitors frequently results in bleeding complications and
drug resistance (16,17). Recently, an increasing number of
studies are focusing on medicinal herbs, in order to discover
complementary and alternative compounds with relatively
fewer side-effects. Rhizoma Ligusticum Wallichii (RLW)
is a well-known medicinal herb, which has long been used
in China to clinically treat various cardiovascular disor-
ders (18). Ligustrazine is one of the most pharmacologically
active compounds of RLW, which has been used for anti-
cardiovascular (19), antiplatelet (20), ischemic stroke (21),
anti-Alzheimer's (22), neuroprotective (23) and anticancer (24)
treatment. In cardiovascular and cerebrovascular diseases,
ligustrazine exhibits significant therapeutic activity and may
improve the microcirculation, by expanding small arteries,
removing blood stasis, and by additionally having effects on
antiplatelet aggregation, antioxidation, calcium antagonists
and antifibrosis (18,25-29). However, the molecular mecha-
nism of its mode of action has not been thoroughly elucidated.
A preliminary study from our group identified that treatment
with ligustrazine significantly inhibited ADP-induced platelet
aggregation and Akt phosphorylation (Li e al, unpublished
data). Therefore, it was hypothesized that ligustrazine hydro-
chloride (LH; the clinical-grade form of ligustrazine) may
exhibit antiplatelet activities by suppressing the Akt signaling
pathway. To confirm this hypothesis, the present study used
in vitro and ex vivo platelet activation models, established
by stimulating rat platelet-rich plasma (PRP) either with
the platelet activator ADP or with the specific Akt pathway
activator insulin-like growth factor-1 (IGF-1). The effects
of LH on platelet activation and the underlying molecular
mechanisms were investigated.

Materials and methods

Materials and reagents. Adrenaline hydrochloride was
purchased from Fuyao Group (Fuzhou, China). A throm-
boxane B2 (TXB2) enzyme immunoassay kit was obtained
from Enzo Life Sciences, Inc. (Farmingdale, NY, USA).
Antibodies against phosphorylated (p-)Akt, Akt, -actin,
and horseradish peroxidase (HRP)-conjugated secondary
antibodies were purchased from Cell Signaling Technology,
Inc. (Danvers, MA, USA). ADP, fluo-4-acetoxymethyl ester
(Fluo-4 AM), IGF-1 and other unstated chemicals were
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purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany).

Preparation of LH. LH (>99.0%) was purchased from Beijing
Putian Tongchuang biotechnology Co., Ltd. (Beijing, China).
LH was dissolved in saline at a concentration of 20 mg/ml
for ex vivo experiments or 180 mM for in vitro experiments.
The chemical structures of ligustrazine and LH are presented
in Fig. 1.

Animals and treatment with LH. Male Sprague-Dawley (SD)
rats of 6-8 weeks of age (200-250 g) were purchased from
Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai,
China). All animals were housed in a specific pathogen-free
environment with food and water supplied ad libitum
throughout the experiment. The environment was maintained
at 22°C with a 12-h light/dark cycle and humidity of 55+5%.
All the animal treatments were performed in compliance with
international ethical guidelines and the National Institutes of
Health Guidelines for the Care and Use of Laboratory Animals
(Bethesda, MD, USA). The experiments were approved
by the Institutional Animal Care and Use Committee of
Fujian University of Traditional Chinese Medicine (Fuzhou,
China).

For the ex vivo experiment, 24 SD rats were randomly
divided into the following three groups (n=8/group): Control,
Adrenaline and Adrenaline +LH. The Adrenaline+LH group
was administered LH (80 mg/kg; based on the clinical dosage
and transformation between human and rat) by intraperitoneal
injection daily for 7 days, while the other two groups received
an equal volume of saline. At the end of the treatment, the
rats in the Adrenaline+LH and Adrenaline groups were
subcutaneously injected with adrenaline hydrochloride at a
dose of 1 mg/kg, whereas, the rats in the Control group were
subcutaneously injected with an equal volume of saline. At 1 h
following the injection, the bleeding risk of SD rats from each
group was evaluated and the blood samples were collected
for further ex vivo experiments (including assays of platelet
aggregation, analysis of intracellular Ca** mobilization and
TXB2 levels, in addition to expression of associated proteins).

Blood collection and preparation of rat platelets. Blood was
collected from SD rats with or without LH treatment. Rats
were anesthetized with sodium pentobarbital (45 mg/kg) and
blood was collected from the abdominal aorta and anticoagu-
lated with 3.8% sodium citrate solution (9:1, v/v). The obtained
blood samples (8-10 ml blood for each rat) were centrifuged
at room temperature for 15 min at 150 x g to obtain PRP,
which were centrifuged again at room temperature for 15 min
at 150 x g to remove residual erythrocytes. The platelet-poor
plasma (PPP) was obtained by centrifugation of blood samples
at room temperature for 10 min at 1,000 x g. The final concen-
tration of platelets was adjusted to 3x10%/ml with the PPP,
which was used as a reference solution for aggregation assays.

Assay of platelet aggregation. Platelet aggregation analysis
was performed as previously described (21). For the in vitro
experiment, subsequent to the preparation of PRP as afore-
mentioned, 330 ul rat PRP was incubated with 5.5 yM ADP or
300 M IGF-1 for 5 min at 37°C, following pretreatment with



Bzl SPANDIDOS
7] .§, PUBLICATIONS

HyC CH

H,C

Chemical structure of ligustrazine

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE

43: 575-582, 2019 577

H,C CH,
HCI

HyC CHj

Chemical structure of ligustrazine hydrochloride (LH)

Figure 1. Chemical structure of ligustrazine and ligustrazine HCL. HCL, hydrochloride.

various concentrations of LH (0-3 mM) for 5 min at 37°C. For
the ex vivo experiment, an equal volume of PRP was collected
from rats in each group and incubated in 5.5 yM ADP for
5 min at 37°C. Following incubation, aggregation of platelets
in each group was monitored by measuring light transmission
via a platelet aggregometer (LBY-NJ4; Pulisheng Instrument
Co., Ltd., Beijing, China), and the % maximum platelet aggre-
gation was recorded.

Measurement of platelet intracellular Ca** mobilization. For
the in vitro experiment, 1 ml prepared PRP (3x108 platelets/ml)
was pretreated with LH (0, 1, 2 and 3 mM) in the presence of
CaCl, (1 mM) for 5 min at 37°C. For the ex vivo experiment,
1 ml prepared PRP (3x10® platelets/ml) from the Control,
Adrenaline and Adrenaline + LH rat groups were suspended
in CaCl, (1 mM) for 5 min at 37°C. Subsequently, the platelets
from in vitro and ex vivo incubations were stimulated with
ADP (5.5 uM) or IGF-1 (300 uM) for 5 min at 37°C. The
platelets were incubated with Fluo-4/AM (20 xM) for 60 min
at 37°C in the dark and subsequently centrifuged at room
temperature for 15 min at 500 x g. The fluorescence intensity
of 100,000 platelets/sample was examined using a flow cytom-
eter (BD Biosciences, San Jose, CA, USA) and analyzed via
BD CellQuest™ Pro (Version 6.0; BD Biosciences, San Jose,
CA, USA).

Measurement of TXB2 expression levels. For the in vitro
experiment, 1 ml prepared PRP (3x10® platelets/ml) was
pretreated with LH (0, 1, 2 and 3 mM) for 5 min at 37°C.
Subsequently, the platelets were stimulated with ADP
(5.5 uM) or IGF-1 (300 uM) for 5 min at 37°C. The PRP was
centrifuged at 1,000 x g for 15 min at 4°C. The supernatant
was collected and TXB2 levels were determined using an
ELISA kit (cat. no. ADI-900-002; Enzo Life Sciences, Inc.)
and expressed as pg/ml. For the ex vivo experiment, blood
was drawn from the Control, Adrenaline and Adrenaline + LH
groups at the end of the experiment. Plasma was prepared by
centrifuging for 15 min at 4°C at 1,600 x g, and the levels of
TXB2 in plasma were measured by ELISA, similarly to the
in vitro experiment.

Tail bleeding assay. To evaluate the bleeding risk of LH,
a modified tail cutting method was used (30). Following

adrenaline hydrochloride or saline injection for 1 h, the rats
in each group were anesthetized using sodium pentobarbital
(45 mg/kg). Subsequently, the tail was pre-warmed for 3 min
in saline solution at 37°C. Bleeding was induced by precise
transection of the mouse tail at 3 mm from the tip. The distal
portion of the tail (3 cm) was immersed vertically into saline
solution at 37°C. The time between the start of transection to
bleeding cessation was recorded as the bleeding time.

Western blot analysis. The expression levels of associated
proteins in PRP from in vitro and ex vivo experiments were
determined by western blot analysis. PRP from each group
was lysed with mammalian cell radioimmunoprecipita-
tion assay lysis buffer (cat. no. P0013; Beyotime Institute of
Biotechnology; Haimen, China) containing protease and
phosphatase inhibitor cocktails. Total protein concentrations
were determined by a bicinchoninic acid assay. Equal amounts
of total proteins (50 ug) were resolved in 12% SDS-PAGE and
electroblotted. The nitrocellulose membranes were blocked
with 5% skimmed milk at room temperature for 2 h and
incubated with primary antibodies targeting p-Akt (1:1,000;
cat. no. 4060), Akt (1:1,000; cat no. 4685) or B-actin (1:1,000;
cat. no. 4967) overnight at 4°C. Subsequently, the membranes
were incubated with the appropriate HRP-conjugated
anti-rabbit antibody (1:5,000; cat. no. 7074) at room tempera-
ture for 1 h, followed by enhanced chemiluminescence
detection (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). B-actin was used as a loading control.

Statistical analysis. All experiments were performed at least
three times and presented as the mean =+ standard deviation.
Statistical analyses were performed using SPSS for Windows
(version 18.0; SPSS, Inc., Chicago, IL, USA). Analysis of three
or more groups was performed by one-way analysis of vari-
ance, followed by the least-significant difference test. Values
obtained in a number of experiments were converted into %
for comparison of controls with treated samples. P<0.05 was
considered to indicate a statistically significant difference.

Results

LH inhibits platelet aggregation in vitro and ex vivo. To
examine the potential therapeutic effects of ligustrazine on
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Figure 2. Effect of LH on ADP-induced platelet aggregation. (A) In vitro experiment. PRP was incubated with 5.5 yuM ADP following pretreatment with
various concentrations of LH (0-3 mM). (B) Ex vivo experiment. PRP collected from rats in each group was stimulated with ADP (5.5 uM). The platelet aggre-
gation of PRP in vitro and ex vivo was determined by platelet aggregometer (left panel) and the % maximum platelet aggregation was determined at 250 sec
(right panel). Data are presented as mean + standard deviation from at least three repetitions. “P<0.05 vs. untreated PRP or rats in Control group; "P<0.05 vs.
ADP-stimulated PRP or rats in the Adrenaline group. LH, ligustrazine hydrochloride; ADP, adenosine diphosphate; PRP, platelet-rich plasma.

platelet activation, rat PRP was incubated with LH, followed
by stimulation with ADP. As illustrated in Fig. 2A, ADP
stimulation markedly induced platelet aggregation in vitro,
and this was significantly inhibited by treatment with LH in
a dose-dependent manner (P<0.05 vs. untreated PRP; P<0.05
vs. ADP-stimulated PRP). To verify the antiplatelet effect of
LH, an ex vivo platelet activation model was employed, where
the rats were pretreated with LH for 7 days followed by subcu-
taneous injection of adrenaline hydrochloride for 1 h. Rat
PRP from each group was collected and stimulated with ADP
(used as stimulation for detection of platelet aggregation). As
illustrated in Fig. 2B, treatment with LH significantly inhibited
adrenaline-induced platelet aggregation (P<0.05 vs. Control
group; P<0.05 vs. Adrenaline group). Taken together, these
results suggested that ligustrazine possesses potent properties
of suppressing platelet aggregation in vitro and ex vivo.

LH inhibits intracellular Ca®* mobilization and TXA2
formation in vitro and ex vivo. To further determine the anti-
platelet activity of LH, its effect on Ca** mobilization and TX A2
secretion was investigated. As presented in Fig. 3A and C, LH
significantly and dose-dependently inhibited ADP-induced
Ca? mobilization and TXB2 secretion in platelets in vitro
(P<0.05 vs. untreated PRP; P<0.05 vs. ADP-stimulated PRP).
Furthermore, similar results were observed in the ex vivo
platelet activation model (Fig. 3B and D; P<0.05 vs. Control
group; P<0.05 vs. Adrenaline group), suggesting that the

anti-platelet activity of ligustrazine may be mediated by the
inhibition of Ca** mobilization and TXA?2 formation.

LH suppresses phosphorylation of Akt in vitro and ex vivo. To
examine the molecular mechanism of the antiplatelet effects
of LH, its effect on the phosphorylation/activation of Akt was
investigated. As presented in Fig. 4, ADP markedly increased
the phosphorylation of Akt in vitro and ex vivo, compared
with the control group; this effect was however significantly
suppressed by treatment with LH. To further verify the inhibi-
tory effect of LH on Akt signaling, a specific Akt pathway
activator, IGF-1, was employed. The results in Fig. SA demon-
strated that LH treatment profoundly and dose-dependently
suppressed IGF-1-induced Akt phosphorylation. The levels of
total Akt were unaltered during the experiment. In addition,
LH significantly inhibited IGF-1-induced platelet aggregation,
Ca?* mobilization and TXB2 secretion in platelets (Fig. 5B-D;
P<0.05 vs. untreated PRP; P<0.05 vs. IGF-1-stimulated PRP).
Collectively, these results suggested that ligustrazine exerts
its inhibitory effects on platelet activation at least partly via
suppression of the Akt signaling pathway.

LH displays low risk of hemorrhage in vivo. Multiple
currently-used antithrombotic agents have adverse effects,
including impaired blood coagulation or prolonged bleeding
time. Therefore, the effect of LH on bleeding time was inves-
tigated in vivo in rats using a cutting tail method (30). As
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Figure 3. Effect of LH on intracellular Ca>* mobilization and TXA?2 formation. (A) PRP was pre-treated with various concentrations of LH (0-3 mM) in the
presence of CaCl, (ImM). (B) PRP collected from rats in each group was suspended in CaCl, (1 mM). The platelets from in vitro (A) and ex vivo (B) experi-
ments were stimulated with ADP (5.5 uM). The intracellular Ca** concentration in PRP was determined by Fluo-4/AM (20 uM) staining, followed by flow
cytometry analysis. (C) Supernatant was collected following pretreatment of PRP with various concentrations of LH (0-3 mM) followed by ADP (5.5 M)
stimulation. (D) Plasma from rats in each group was collected. TXB2 levels in supernatants from the in vitro (C) and in plasma from the ex vivo (D) experi-
ments were determined using an ELISA kit and expressed as pg/ml. Data are presented as mean + standard deviation from at least three repetitions. “P<0.05
vs. untreated PRP or rats in Control group; "P<0.05 vs. ADP-stimulated PRP or rats in the Adrenaline group. LH, ligustrazine hydrochloride; TXA2, throm-
boxane A2; PRP, platelet-rich plasma; ADP, adenosine diphosphate; TXB2, thromboxane B2; Fluo-4/AM, fluo-4-acetoxymethyl ester.
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Figure 4. Effect of LH on phosphorylation of Akt. (A) PRP was incubated
with 5.5 uM ADP following pretreatment with various concentrations of LH
(0-3 mM). (B) PRP collected from rats in each group was stimulated with
ADP (5.5 uM). The expression levels of Akt and p-Akt were determined by
western blot analysis. f-actin was used as the internal control. Images are
representative of three independent experiments. LH, ligustrazine hydro-
chloride; Akt, AKT serine/threonine kinase; PRP, platelet-rich plasma; ADP,
adenosine diphosphate; p-, phosphorylated.

presented in Fig. 6, the bleeding time in the Adrenaline-treated
group was shorter compared with the control group, while
the bleeding time in the LH-pretreated group for 7 days was
increased (P<0.05 vs. Control group; P<0.05 vs. Adrenaline
group). However, LH did not significantly prolong the bleeding
time compared with the control group, suggesting that
ligustrazine may have low bleeding risk.

Discussion

Due to the critical role of hyper-activation of platelets in the
development of thrombotic vascular diseases, the process of
platelet activation has become an attractive therapeutic target.
Numerous antiplatelet chemical drugs are used to prevent or
treat thrombosis. However, the currently available drugs have
specific clinical disadvantages, including gastrointestinal side-
effects and hemorrhage (16,17). Therefore, there is an urgent
requirement for safer and more effective antiplatelet agents
without these adverse effects. In recent years, novel therapeutic
agents have been derived from Chinese medicinal herbs and
there is growing interest in this area. Ligustrazine, one of the
natural alkaloids isolated from RLW that is commonly used
to clinically treat cardiac-cerebral diseases, has been demon-
strated to possess antiplatelet activity (19-22). However, the
precise mechanism of its potential therapeutic effects remains
to be further elucidated. Using in vitro and ex vivo platelet
activation models, established by stimulating rat PRP with the
platelet activator ADP, the present study demonstrated that LH
(the clinical-grade form of ligustrazine) was able to signifi-
cantly inhibit platelet aggregation. In addition, LH was able
to reverse adrenaline-induced shortening of bleeding time,
indicating the low bleeding risk of ligustrazine. However, the
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Figure 5. Effect of LH on IGF-1-induced activation of the Akt signaling pathway. PRP were stimulated with IGF-1 (300 #M), following pretreatment with
various concentrations of LH (0-3 mM). (A) Protein expression levels of Akt and p-Akt in PRP were determined by western blot analysis. 3-actin was used
as the internal control. (B) Platelet aggregation was measured using a platelet aggregometer and the % of maximum platelet aggregation was determined at
250 sec. (C) The intracellular Ca®* concentration in PRP was determined by Fluo-4/AM (20 xM) staining, followed by flow cytometry analysis. (D) Levels of
TXB2 in the supernatants of PRP was determined by ELISA and expressed as pg/ml. Experiments were performed at least three independent times. “P<0.05
vs. untreated PRP; "P<0.05 vs. IGF-1-stimulated PRP. LH, ligustrazine hydrochloride; IGF-1, insulin-like growth factor-1; Akt, AKT serine/threonine kinase;
PRP, platelet-rich plasma; TXB2, thromboxane B2; p, phosphorylated; Fluo-4/AM, fluo-4-acetoxymethyl ester.

5004

8

3

Tail bleeding time (sec)

8

0 p
Adrenaline - + +
LH - -

Figure 6. Effect of LH on bleeding time. Following administration of LH
or saline for 7 days, the rats were injected with adrenaline hydrochloride
or saline for 1 h. Bleeding risk was evaluated using a modified tail cutting
method. The accumulated bleeding time was recorded within 600 sec. n=5
rats from each group were used in this experiment. “P<0.05 vs. Control group;
"P<0.05 vs. Adrenaline group. LH, ligustrazine hydrochloride.

rapid metabolism and short half-life of ligustrazine severely
limits its clinical application. Therefore, novel chemical forms
of ligustrazine with a longer half-life require development in
further studies. Additionally, a comparison of LH with other

antiplatelet medicines (including aspirin and clopidelgrel) and
their potential combinations require further assessment.

Platelet activation may be induced by a variety of agonists,
including ADP and TXA2, which are released from the gran-
ules of activated platelets. TXA2 exerts its function through
interaction with the thromboxane receptor, contributing to
the amplification of the initial platelet activation, which there-
fore is a principal target for most currently-used antiplatelet
agents (31-33). Although different agonists induce platelet acti-
vation through different mechanisms by respectively binding
to their specific receptors, they all result in an elevation of
intracellular Ca* concentration [(Ca®")i], an event termed Ca**
mobilization (34). Ca*" is an important second messenger that
is critical for various cellular processes, including platelet acti-
vation (35). Therefore, the present study verified the antiplatelet
activity of LH by examining Ca** mobilization and TXA?2
secretion, and the results demonstrated that LH significantly
and dose-dependently inhibited ADP-induced Ca** mobiliza-
tion and TXB2 secretion in platelets in vitro and ex vivo. These
results suggested that the antiplatelet activity of ligustrazine
may be mediated by the inhibition of Ca* mobilization and
TXA2 formation.

Itis well documented that the process of platelet activation is
highly regulated by multiple pathways, including the PI3K/Akt
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signaling pathway. Activation of the PI3K/Akt pathway results
in granule secretion and the second wave of platelet aggrega-
tion (9,36-40). To examine the mechanism of the antiplatelet
activities of ligustrazine, its effect on the phosphorylation/acti-
vation of Akt was determined. The present study demonstrated
that treatment with LH significantly suppressed ADP-induced
Akt phosphorylation in vitro and ex vivo. Notably, using the
specific Akt pathway activator IGF-1, the present study further
confirmed that LH significantly and specifically suppressed
the activation of Akt signaling. Consequently, treatment with
LH markedly inhibited IGF-1-induced platelet aggregation,
Ca?* mobilization and TXB2 secretion in platelets. However,
as phosphorylation of Akt is regulated by upstream regulators
(including PI3K, PH domain and leucine rich repeat protein
phosphatase 1, phosphatase and tensin homolog and associated
microRNASs) (41-43) and exerts its function by regulating the
expression of downstream molecules (including mammalian
target of rapamycin) (44), the effect of LH upstream and
downstream of Akt requires further assessment.

In conclusion, the present study proposed that ligustrazine
possesses a broad range of antiplatelet activities, without
apparent hemorrhagic side-effects. Suppression of Akt
signaling may be one of the mechanisms by which ligustra-
zine exerts its antiplatelet function. The present results provide
further preliminary evidence to support that ligustrazine may
be considered a potent therapeutic agent against thrombotic
vascular diseases.
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