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ABSTRACT

Coagulation abnormalities are critical diseases that threaten the survival 
of patients. Ferulic acid can regulate the blood coagulation function in two 
aspects. This paper reviews and discusses the reported mechanisms of the 
antithrombotic activities of ferulic acid. Previous studies suggested that ferulic 
acid played a role in antithrombosis by inhibiting platelet aggregation and 
protecting the endotheliocyte. Meanwhile, ferulic acid has fewer side effects 
on the platelet, leukocytosis and gastrointestinal tract, because it can promote 
the formation and differentiation of hematopoietic progenitor cells and protect 
the intestinal cells from injury. Therefore, ferulic acid is a potential protector 
from thrombotic diseases, such as cardiovascular dysfunction, pulmonary 
thromboembolism and deep vein thrombosis.

Introduction
Thrombosis, which is an abnormal intravascular coagulation, 

is a critical threat to the survival of patients with infection, 
trauma, hypothermia, hyperpyrexia and radiation sickness1, 2. 
This abnormality results in cardiovascular diseases (coronary 
artery disease, stroke, peripheral artery disease, thromboembolic 
disease and venous thrombosis), pulmonary embolism, deep vein 
thrombosis and disseminated intravascular coagulation. Several 
anticoagulant drugs, such as aspirin and clopidogrel, are widely 
used in the clinic. However, the negative side effects due to long-
term administration of these drugs, including thrombocytopenia, 
leukopenia, bleeding and gastrointestinal reaction, cannot be 
neglected3. Thus, anticoagulant drugs without these side effects are 
urgently needed clinically.

Ferulic acid (FA) is an important polyphenol in many traditional 
Chinese medicines, such as Chuanxiong Rhizoma and Angelica Radix. 
This compound can accelerate blood circulation and remove stasis. 
FA has recently attracted increased attention because of its curative 
effect on cardiovascular diseases. FA plays an important role not only 
in the inhibition of platelet aggregation4, 5 but also in the boosting of 
platelet count6 and protection of vascular endothelial cells7, 8 (Fig. 1). 
Therefore, FA could be further developed as a new agent with high 
efficacy and fewer side effects to mitigate thrombosis.

This paper presents a review of the medical literature of the 
effects of FA, including the inhibition of platelet aggregation and 
thrombocytopenia and the protection of vascular endothelial cells. 
The results were used to analyze the antithrombotic mechanism of 
FA. In addition, we assessed the side effects of this compound.
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Inhibition effect of ferulic acid on platelet aggregation 

Platelets are principally involved in normal hemostasis, 
pathological bleeding and thrombosis9. Platelet aggregation 
causes thrombotic diseases, such as pulmonary embolism 
and atherosclerosis10, 11. According to statistics, antiplatelet 
aggregation drugs cover 64.49% market share12. An 
inhibitor of platelet aggregation, such as aspirin, is the 
first-choice medicine and the mainstream first-line drug to 
prevent and cure thrombus diseases13. Similar to aspirin, 
FA significantly decreased the mortality from pulmonary 
thrombosis in mice4, 14. Meanwhile, FA also prolonged the 
tail bleeding and clotting time in mice. FA slightly altered the 
activated partial thromboplastin time, prothrombin time 
and thrombin time in rats. These coagulation parameters 
and platelets are the most important two factors in 
intravascular coagulation. The changes in the coagulation 
parameters suggest that the antithrombotic activities of 
FA may be regulated by inhibiting platelet aggregation 
rather than by inhibiting the release of thromboplastin or 
formation of thrombin.

Hong et al. showed that FA inhibited platelet aggregation 
via intracellular cyclic nucleotide signaling4. Platelet 
aggregation and ATP release induced by various agonists, 
such as adenosine diphosphate (ADP), thrombin, U46619, 
and arachidonic acid, were dose-dependently inhibited by 
FA (50–200 μM) both in vivo and in vitro with statistical 
significance. For the platelet induced by agonists, FA 
attenuated the intracellular calcium ion (Ca2+) mobilization 
and elevated the cyclic adenosine monophosphate (cAMP) 
expression. The decrease in thromboxane A2 (TXA2) 
was related to calcium inhibition and cAMP elevation. 
Thus, the changes in these molecules further induced the 

reduction in thromboxane B2 (TXB2), which is a stable 
metabolite of TXA2. On the other hand, FA upregulated 
the expression of cAMP, which results in the decrease in 
platelet activation and aggregation mediated by an agonist. 
Vasodilator-simulated phosphoprotein is a substrate of 
the cyclic nucleotide, and phosphodiesterase (PDE) is an 
enzyme family responsible for the hydrolysis of cAMP/
cyclic guanosine monophosphate (cGMP). FA upregulated 
the expression of cAMP, cGMP, and phosphorylated VASP 
but downregulated phosphor-mitogen-activated protein 
kinase and PDE in washed rat platelets. Furthermore, FA 
attenuated platelet agonists by inhibiting the P38 and 
ERK2 phosphorylation and activating PKA and PKG via 
inhibition of PDE. 

Protection effect of ferulic acid on vascular endothelial 
cells

The vascular endothelial cell is a critical part of the 
vessel wall, especially in the alternative translations. This 
cell resides at the interface between blood and surrounding 
tissues15. Thus, the vascular endothelial cell serves an 
essential role in thrombosis formation. An injured vascular 
endothelial cell expresses an excess of adhesion factors. 
These factors promote the adhesion of leukocyte to the 
endotheliocyte and platelets16. The complexes of leukocyte 
and endotheliocyte /platelet regulate the activation 
of platelets and the coagulation cascade17. Therefore, 
the excessive activation of leukocytes during the stress 
response and the adhesion of the activated leukocyte with 
the endotheliocyte/platelet play an important role in the 
activation of the coagulation cascade. These two processes 
may affect the blood flow and thrombus formation 
and induce a systemic procoagulant state. In capillary 
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circulation, the initial adhesion of activated platelets to the 
endothelium is mediated by von Willebrand factor (vWF) 
and ADPase. FA attenuates the expression of intercellular 
cell adhesion molecule 1, vascular cell adhesion molecule 
1 and vWF via the JNK signaling pathway. Moreover, FA 
inhibits radiation-induced lymphoma adhesion to the 
endotheliocyte. Ma et al. demonstrated these phenomena 
using radiation-induced HUVEC8.  In addition, they found 
that FA increased the cell viability of HUVECs7. Adhesion 
factors and collagen fibers are the two key factors of 
thrombosis in vascular endothelial cells. The collagen 
fibers are exposed after a more serious damage to the 
vascular endothelial cell18. Platelets adherent to the 
phosphatidylserine are expressed by the exposed collagen 
fibers. In intimate contact with collagen fibers, activated 
platelets are accreted in layers and have been recruited 
and activated by secreted products, including TXA2, TXB2, 
and ADP19. Hong et al. suggested that FA dose-dependently 
decreased TXB2 production activated by collagen or ADP4. 
Thus, vascular endothelial cell protection is another 
important evidence of the antithrombotic activity of FA. 

Side effects of ferulic acid on platelets, leukocytosis, 
and gastrointestinal

Thrombocytopenia, aleucocytosis, bleeding, and 
gastrointestinal reaction are the main side effects of 
clinically available antithrombotic drugs. In contrast, 
FA has bidirectional regulation effects on platelet and 
leukocyte. Ma et al. found that FA significantly increased the 
recovery of platelets and leukocytosis because it increased 
the formation of clones of hematopoietic progenitor cells6. 
These hematopoietic cells can differentiate into platelet 
and leukocyte under the induction by the corresponding 
cytokines20-22. Moreover, in the concentration range 
of 0–500 nM, FA had no cytotoxic effect on IEC-6 but 
exhibited a protective effect against heat stress-induced 
intestinal epithelial barrier dysfunction23. Consequently, FA 
is expected to become an antithrombotic drug with fewer 
side effects.

Summary
Thrombotic diseases can be divided into arterial, 

venous and capillary thromboses. FA is a candidate for 
the treatment of thrombotic diseases. As a potential 
antithrombotic drug, FA not only inhibits platelet 
aggregation but also protects the vascular endothelial cells. 
Moreover, compared with aspirin, FA shows no side effects 
on the platelet, leukocytosis and gastrointestinal tract. 
Therefore, FA could be further developed as a drug against 
thrombosis.
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