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Abstract
Brain-derived neurotrophic factor (BDNF) plays an 
important role in central nervous system development, 
neurogenesis and neuronal plasticity. BDNF is also 
expressed in several non-neuronal tissues, and it 

could play an important role in other processes, such 
as cancer, angiogenesis, etc . Platelets are the major 
source of peripheral BDNF. However, platelets also 
contain high amounts of serotonin; they express specific 
surface receptors during activation, and a multitude 
of pro-inflammatory and immunomodulatory bioac-
tive compounds are secreted from the granules. Until 
recently, there was insufficient knowledge regarding the 
relationship between BDNF and platelets. Recent studies 
showed that BDNF is present in two distinct pools in 
platelets, in α-granules and in the cytoplasm, and only 
the BDNF in the granules is secreted following stimu-
lation, representing 30% of the total BDNF in platelets. 
BDNF has an important role in the pathophysiology 
of depression. Low levels of serum BDNF have been 
described in patients with major depressive disorder, 
and BDNF levels increased with chronic antidepressant 
treatment. Interestingly, there is an association between 
depression and platelet function. This review analyzed 
studies that evaluated the relationship between BDNF 
and platelet activation and the effect of treatments 
on both parameters. Only a few studies consider 
this possible confounding factor, and it could be very 
important in diseases such as depression, which show 
changes in both parameters. 
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Core tip: Brain-derived neurotrophic factor (BDNF) is 
expressed in neuronal and non- neuronal tissues and is 
stored peripherally in platelets. Platelet BDNF is present 
in α-granules and cytoplasm and only BDNF of granules 
is released by agonist stimulation. Little is known about 
mechanisms related to BDNF release in human platelets. 
Depressive disorders are associated with BDNF and 
platelet dysfunction. Low levels of serum BDNF have 
been described in major depression and they increased 
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with antidepressant treatment. Only a few studies have 
evaluated the relationship between platelet activation 
and peripheral BDNF values. This review suggests that 
platelet reactivity may partly explain the alterations in 
BDNF.
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INTRODUCTION
Major depressive disorder (MDD) is a common and 
invalidating mental illness, with a global point prevalence 
of 4.7%[1]. Depressive disorder is one of the leading 
causes of disability, and it has been suggested to become 
the disease with the second highest burden[2]. The lack 
of diagnostic and treatment markers in depression is 
one of the most important problems in clinical practice. 
Researchers are deeply involved in the identification of 
validated markers, particularly biomarkers that could be 
useful in clinical practice. Evidence suggests that brain-
derived neurotrophic factor (BDNF) is relevant in the 
pathophysiology of depression and that it may be more 
useful as a biomarker for diagnostic and prognostic 
purposes than the other potential biomarkers[3]. BDNF 
is expressed in the nervous system and in non-neuronal 
tissues. The relationship between both is inconsistent, 
and will be analyzed in this work. Another factor that 
it has not been studied extensively is the storage and 
release of BDNF from platelets. Furthermore, depressed 
patients exhibit enhanced platelet reactivity and in-
creased expression of activation markers, which may 
influence the characterization of BDNF in depression. The 
following review will focus on the relationship between 
platelet activation and BDNF, particularly in depression. 
This review will examine current literature regarding this 
topic until August 2015.

BDNF
BDNF, a member of the nerve growth factor family, is 
expressed in the central and peripheral nervous system 
and is widely distributed across subregions of the 
hippocampus and the frontal cortex, brain regions that 
are of crucial importance in the regulation of emotion, 
learning and memory[4-8] . BDNF-containing secretory 
vesicles are present in both the axon terminals and 
dendrites of neurons[9]. BDNF is also synthesized and 
released by astrocytes[10]. BDNF plays an important role 
in central nervous system development, neurogenesis, 
neuronal survival, migration, cell differentiation, growth 
of axons and dendrites and synapse formation[11-14], as 
well as in the synaptic process of hippocampal long-
term potentiation (LTP) that play an important role in 

memory[4,15]. It also provides protection against learning 
and memory impairments under conditions of chronic 
stress[16].

The BDNF gene encodes a precursor protein (prepro-
BDNF) that is cleaved into the smaller 35-kDa precursor, 
proBDNF, in the endoplasmic reticulum. ProBDNF need 
to be folded correctly, sorted and transported to the 
appropriate subcellular compartment. ProBDNF moves 
via the Golgi apparatus into the trans-Golgi network, 
where two kinds of secretory vesicles are generated: 
Those of the constitutive secretory pathway and those 
of the regulated pathway whose secretion is activity-
dependent. ProBDNF can then be further cleaved into 
mature BDNF (mBDNF)[9]. In neurons, both proBDNF 
and mBDNF are preferentially sorted and packaged into 
vesicles in the activity-dependent secretory pathway. 
Activity-dependent secretion is believed to be an 
important feature because it may reflect the nature of 
the nervous system to respond to and form synaptic 
modulations based on experiences, and may be a cellu-
lar manifestation of memory and learning[17,18]. BDNF 
can also act via autocrine and paracrine mechanisms, 
depending on the site of the cell surface receptors 
through which it signals[19]. 

ProBDNF is either proteolytically cleaved by intrace-
llular enzymes such as furin or pro-convertases and 
secreted as the 14 kDa mBDNF, or secreted as proBDNF 
and then cleaved by extracellular proteases[9]. The 
extent of the intracellular and extracellular processing 
of proBDNF is not exactly clear, but proBDNF is less effi
ciently processed by intracellular proteases compared 
to other neurotrophins, and the secretion of proBDNF 
seems to prevail over mBDNF[20-22]. It becomes im-
portant to identify the specific extracellular proteases 
that cleave proneurotrophins and understand their 
regulation. Several matrix metalloproteinases (MMP), 
including MMP3 and MMP7, have been shown to cleave 
pro nerve growth factor and proBDNF[23]. However, the 
most significant protease that cleaves proneurotrophins 
is the serine protease plasmin[23,24], which is generally 
expressed as an inactive plasminogen that must be 
activated by proteolytic cleavage by tissue plasminogen 
activator (tPA). In the brain, plasminogen is exclusively 
expressed in neurons and is present in the extracellular 
space, particularly at the synaptic cleft. tPA is secreted 
from axon terminals into the extracellular space, and 
this secretion depends on high-frequency neuronal acti-
vity[25]. Therefore, it is conceivable that tPA is the key 
trigger for the tPA-plasmin-proneurotrophin cascade. 
The regulation of MMP and plasmin expression or 
activation could regulate neurotrophin signaling in 
a spatially and temporally controlled manner. Other 
work has suggested that proBDNF (35 kDa) and tPA 
are secreted in an activity-dependent manner, and the 
extracellular conversion of proBDNF to mBDNF by the 
tPA/plasmin protease system is critical for late-phase 
LTP[24-26].

ProBDNF is not an inactive precursor and has been 
shown to have effects in the central nervous system 
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that are independent of mature BDNF, as it acts at a 
separate receptor. Once released, proBDNF preferentially 
binds to the pan neurotrophin receptor p75 (p75NTR), 
and mBDNF preferentially binds to both pre- and post-
synaptic tropomyosin-related kinase receptors (TrkB), 
activating different intracellular secondary messenger 
cascades and affecting distinct cellular responses[27]. 
The binding of BDNF with TrkB results in intracellular 
phosphorylation and the activation of intracellular 
signaling cascades that trigger the so-called pro-
survival pathways, inactivate pro-apoptotic signaling 
and promote neurogenesis[8,28]. ProBDNF binds to 
p75NTR, which leads to apoptosis and initiates long-
term depression of synaptic transmission[29], causing 
a reduction in the complexity and density of dendritic 
spines in hippocampal neurons. Proteolytic cleavage of 
proBDNF represents an important mechanism by which 
the opposing cellular actions of proBDNF and mBDNF 
may be regulated[25].

PERIPHERAL BDNF
Platelets are the major source of peripheral BDNF[30,31], 
and they are important for storing the BDNF that 
is secreted from other tissues[32,33]. The BDNF and 
TrkB mRNAs are expressed in several non-neuronal 
tissues, including muscle, thymus, heart, liver, vascular 
smooth muscle cells, lung and spleen[34-38]. BDNF is 
also produced in monocytes, lymphocytes[39,40] and 
eosinophils. The latter cells produce BDNF via the 
autocrine system and utilize it to evoke and extend the 
allergic reaction[41,42]. BDNF has been shown to play a 
pivotal role in the growth, survival and chemoresistance 
of tumor cells in various types of cancers, including 
Hodgkin lymphoma, myeloma, hepatocellular carcinoma 
and neuroblastoma[43-47]. BDNF also mediates the 
survival and activation of endothelial cells through its 
interaction with TrkB[48-50], suggesting its potential role in 
angiogenesis. Many non-neuronal cells, such as smooth 
muscle cells, fibroblasts and astrocytes, may not express 
the molecular components of the regulated secretory 
pathway and therefore only secrete neurotrophins 
constitutively. 

PLATELETS
Platelets are small unnucleated blood cells with a 
size of approximately 3 μm that originate from mega-
karyocytes (MK) in the bone marrow, from which they 
are released into the blood system. They circulate for 
an average of seven to 10 d. Platelets contain many 
structures that are critical to stop bleeding. They 
contain proteins on their surface that allow them to 
adhere to breaks in the blood vessel wall and each 
other. They possess several important organelles: Three 
types of platelet secretory granules (α-granules - the 
most abundant, dense granules, and lysosomes), an 
open canalicular system and proteins similar to muscle 
proteins that allow them to change shape when they 

become sticky[51,52]. The platelets’ organelle content is 
primarily taken up from the plasma; however, platelets 
are also able to synthesize molecules, such as platelet-
derived growth factor (PDGF), platelet factor 4 (PF4), 
β-thromboglobulin (β-TG) and thrombospondin[53]. Figure 
1A shows a resting platelet.

α-granules are essential for normal platelet activity. 
In platelets, the α-granules fuse with the plasma 
membrane upon activation, releasing their cargo and 
increasing the platelet surface area. N-ethylmaleimide-
sensitive factor attachment protein receptor (SNARE) and 
SNARE accessory proteins control α-granule secretion, 
and hundreds of bioactive proteins are released from 
α-granules. The presence of distinct subpopulations 
of α-granule suggests that platelets may regulate the 
differential release of distinct classes of α-granules. This 
breadth of proteins implies a versatile functionality, and 
the α-granules participate in thrombosis and hemostasis, 
inflammation, atherosclerosis, antimicrobial host de-
fense, wound healing, angiogenesis, and malignancy. 
Many aspects of the formation, structure, content, 
protein sorting, transport and release of α-granules are 
poorly understood[54]. Figure 1B and C show stimulated 
platelets.

Platelets are an essential component of the hemo-
static process. Platelets must have additional roles in 
several physiological and pathophysiological regulatory 
processes[55] . They express many immunomodulatory 
molecules and cytokines, and they have the ability to 
modulate the immune system through interactions with 
various cells[56]. The binding of biochemical agonists 
(thrombin, collagen, ADP, epinephrine, arachidonic 
acid) or mechanical disruption of blood vessels initiates 
localized hemostatic responses that involve interactions 
of the vascular endothelium, platelets, red blood cells, 
coagulation and fibrinolysis. Platelet thrombus formation 
involves three main steps: Platelet adhesion to the 
damaged endothelium, activation, and aggregation. 
Platelet activation involves the generation of intracellular 
chemical signals that are initiated by platelets through 
specific surface receptors (platelets express certain 
surface markers, such as the active form of the glycop-
rotein receptor GPⅡb/Ⅲa, P-selectin and CD40 ligand). 
These signals cause dramatic morphological changes, 
such as the extension of pseudopodia, platelet-platelet 
aggregation, and granule secretion, resulting in the 
generation of a platelet thrombus. 

BDNF IN PLATELETS
Ninety percent or more of blood BDNF is stored in 
platelets[32]. A close relationship has been found between 
BDNF and platelets under physiological conditions, where 
platelets are an important source of BDNF storage. In 
addition, there is an approximately 100- to 200-fold 
difference between the plasma and serum levels of 
BDNF because platelets release BDNF during the clotting 
process[32,57]. It has been elegantly demonstrated that 
the amount of BDNF in serum is nearly identical to the 
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amount of BDNF found in washed platelet lysates[32]. 
Thus, the difference between the serum and plasma 
BDNF levels seems to reflect the amount of BDNF stored 
in circulating platelets, and the BDNF in platelets might 
serve as a reservoir for circulating BDNF. The BDNF in 
platelets may play a role during tissue trauma or nerve 
injury, releasing their contents into the circulation at the 
site of the injury[58]. 

In the first studies, BDNF was not expressed in or 
produced from the megakaryocyte precursor cell of the 
mature platelets, in which protein synthesis is generally 

absent, but was sequestered from the circulation[32,34]. 
Recently, one study found that BDNF is present in the 
cytoplasm of platelets and in α-granules, suggesting 
that BDNF is either produced in platelets or passed down 
from MK[59]. A second study found that a megakaryocyte 
progenitor line (MEG-01) produces BDNF upon 
thrombopoietin stimulation, also expressed in the bone 
marrow from the liver and kidney[60] , and the levels of 
BDNF in MEG-01 cells increased in a time-dependent 
mannerly[61]. It was the first report of the production 
of BDNF in a megakaryocyte cell line and led to the 
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Figure 1  Representation of platelets before and after activation. A: Resting platelet: The discoid form of resting platelets is supported by a circumferential 
coil of microtubules lying just below the surface membrane whereas α-granules and dense bodies are irregularly dispersed in the cytoplasm. Platelet membrane 
contains receptors for ADP, thrombin, vWF, fibrin, fibronectin, epinephrine, PAF, thromboxane A2, Prostacyclin, trombospondin, serotonin and gycosil transferase; 
B: Platelet activation: Platelets may be activated via different agonists, through several receptor-mediator pathways (thrombin, TXA2, collagen, epinephrine, etc.). 
Collagen exposed within the denuded area of vascular endothelium stimulates platelet activation and adhesion to the vessel wall. These agonists bind and activate 
their respective receptors, which in turn stimulate the activation of associated G-proteins, ultimately activating GP IIb/IIIa receptors and promoting the interaction of 
adjacent platelets within the clot. When the platelet is stimulated a transient influx of calcium occurs, followed by extrusion of platelet storage granule contents. The 
dense bodies contain serotonin (5-HT), ADP, ATP and calcium, whereas the α-granules contain the highest amount of proteins, including vWF, fibronectin, fibrinogen, 
P-selectin, PF-4, β-TG, RANTES, CD40, CD40L, PDGF, amyloid precursor protein, MMP, adhesion molecules (ICAM, VCAM and PECAM), various coagulation and 
growth factors (such as BDNF) and inflammatory markers. All these phenomena are calcium (Ca2+)-dependent, amplify platelet activation and induce irreversible 
platelet-platelet aggregation and thrombus formation; C: Platelet activation-aggregation: Platelet aggregation following platelet activation is marked by a shape change 
that increases their surface area available for adhesion and gives platelets the ability to bind fibrinogen and vWF via the active form of the surface glycoprotein GP
Ⅱb/Ⅲa receptors, leading to platelet aggregation and thrombus formation. Platelets express certain surface markers such as P-selectin and CD40 ligand and these 
expressed activation markers are cleaved, promoting the circulation of soluble CD40L and soluble P-selectin. Platelets also expose phosphatidylserine providing 
attachment sites for coagulation factors. Vascular injury also exposes subendothelial tissue factor, which forms a complex with factor Ⅶa and sets off a chain of events 
that culminates in the formation of the prothrombinase complex. Prothrombin is converted to thrombin, which subsequently converts fibrinogen to fibrin, generating a 
fibrin-rich clot. The coagulation cascade contributes to the stabilization of the thrombus. BDNF: Brain-derived neurotrophic factor; ADP: Adenosine-diphosphate; GP: 
Glycoprotein; ATP: Adenosine-triphosphate; PF-4: Platelet factor-4; β-TG: β-thromboglobulin; PDGF: Platelet-derived growth factor; vWF: Von Willebrand factor; MMP: 
Matrix metalloproteinases.
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hypothesis that BDNF potentiates the cell proliferation of 
the megakaryocyte lineage in vivo. It is likely that there 
is a receptor for BDNF on the MEG-01 cell surface, but 
the TrkB receptor was not detected in MEG-01 cells or 
human platelets[32,59,62]. Therefore, there should be an 
unidentified novel receptor in MKs or platelets.

Some agonists, such as thrombin, collagen, Ca2+ 
and shear stress, could induce a rapid release of BDNF 
from platelets. Even with agonist stimulation, only 
approximately half of the BDNF in platelets is secreted, 
which suggests that platelets maintain a stable pool of 
BDNF as a buffer system[30]. However, another study 
found that platelet-mediated BDNF release in depressed 
patients was independent of platelet reactivity[31]. There 
was little knowledge about the relationship between 
BDNF and platelets and only a few studies have 
assessed issues such as platelet activation mechanism 
that allows the release of BDNF and BDNF localization 
within platelets.

The rate of BDNF release paralleled the secretion 
of 5-HT from the dense granules and PF4 from the 
α-granules, although a greater proportion (90%) of the 
total 5-HT and PF4 were released compared to BDNF. 
Because only 40%-60% of the total content of platelet 
BDNF was released by maximal platelet activation, 
some authors postulated that platelets either have a 
non-releasable pool of BDNF, or that the released BDNF 
is sequestered by binding to a transporter or receptor 
on the platelet surface[32]. Such binding could promote 
the internalization of BDNF by the platelets, as has been 
reported for 5-HT[63,64] and for astrocyte recycling of 
BDNF[65,66]. The binding of BDNF to washed platelets was 
confirmed by microscopy and FACS analysis, as well 
as confocal microscopy, suggesting that platelets bind 
exogenous BDNF[32]. However, a recent study found 
two different locations where it is stored BDNF: In the 
α-granules and in the cytoplasm. Using immunoelectron 
microscopy, BDNF was clearly detected in the same 
fractions as P-selectin, an α-granule marker, and protein 
kinase C, a cytoplasmic marker[59]. 

BDNF is predominantly released from the platelets 
through protease-activated receptor 1 (PAR1) activation 
during thrombin stimulation, along with vascular endo-
thelial growth factor but not endostatin stimulation. 
Platelets stimulated with concentrations of the PAR1-
activator peptide showed a dose-response curve of 
BDNF release, exhibiting a twophase pattern. The first 
phase is a drastic release phase at low level activation 
which is completely inhibited by Prostaglandin (PGE1) 
pretreatment suggesting that this phase depends 
on calcium mobilization. The second phase is a mild 
release phase at high level activation which is not 
affected to PGE1 pretreatment, suggesting another 
signal that is not affected by PGE1[59]. BDNF response 
curve was similar to that of PF4[59]. There was no 
significant difference in BDNF release between the non
stimulated and PAR4-AP-stimulated cells. Interestingly, 
PAR1 activation promotes the release of proangiogenic 
factors and these results support the action of BDNF as 

a proangiogenic factor[47-50,67,68]. 
Another important finding of this study is that 

the BDNF in the α-granules is released upon platelet 
activation, whereas the cytoplasmic BDNF is not[59]. The 
maximum BDNF release is approximately 30%-40% 
with stimulation and the remaining 70% of BDNF is 
equivalent to that found in the cytoplasm, which is not 
released, similar to study of Fujimura[32].

MEASUREMENT OF BDNF IN PERIPHERAL 
SAMPLES
BDNF levels have been linked with various diseases, 
such as depression[69,70], schizophrenia[71,72], Alzheimer’s 
disease[73] and anorexia[74]. Some available non-invasive 
options for evaluating BDNF include measuring the 
BDNF concentrations in the whole blood, serum, plasma 
and platelets. The results of BDNF in one sample 
cannot be directly generalized to other peripheral BDNF 
parameters because there are only modest statistically 
significant associations among these peripheral measure
ments. Studies found that the correlations between the 
plasma and serum BDNF concentration are between r = 
0.2 to r = 0.70[75-77]. The distinct biological significance 
of the serum and plasma BDNF levels has already been 
noted[78,79].

Human serum contains BDNF at far higher concen-
trations than human plasma. Because of the storage of 
BDNF in platelets, the concentrations of BDNF in serum 
and plasma differ by a factor of 200[58]. There are some 
confounding factors regarding the serum BDNF levels. 
Serum BDNF showed strong associations with race, 
platelet count, and depression after adjusting for other 
factors. Females, blacks, smokers, and those with high 
platelet counts had higher serum BDNF levels[80]. The 
platelet count is considered the factor with the strongest 
association with the serum BDNF concentrations[81,82] 
and this strong association is consistent with theory 
that the BDNF in serum is derived directly from the 
platelets[80]. The serum BDNF concentrations largely 
reflect the activationdependent release of BDNF from 
platelets[32,57]. Interindividual differences in the serum 
BDNF concentrations are mediated by changes in the 
activity of the blood platelets caused by medications or 
pathological conditions[83]. 

The BDNF protein circulates in plasma for less than 
an hour[84,85]. The measures of BDNF in plasma samples 
are quite unstable, and previous studies reported a large 
degree of dispersion, which could reflect the different 
cellular sources of plasma BDNF (endothelia, central 
nervous system, etc.) and the influence of different 
factors on the expression and secretion of BDNF from 
different sources[57]. Lower levels in males was observed 
and age, body weight and cholesterol-LDL showed a 
negative correlation with the plasma BDNF levels[57]. 
This study showed that the BDNF plasma levels signi-
ficantly decreased with increased age or weight, 
whereas the platelet counts did not. However, one study 
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found that the platelet count is the most important 
predictor of plasma BDNF concentrations in children and 
adolescents, and the plasma BDNF concentrations in 
children may need to be interpreted with age-specific 
and platelet countspecific standards[86]. Another study 
found the plasma BDNF levels were positively associated 
with the platelet count and negatively associated with 
the fibrinogen level in patients with angina pectoris. 
Similar to BDNF, fibrinogen is a major storage protein 
of the platelet α-granules and is delivered to the 
α-granules by endocytosis. These associations may be 
associated with the level of BDNF release from platelets 
in inflammatory states, and the low plasma BDNF 
concentration in patients with angina pectoris may be 
primarily due to platelet release[87]. 

Another consideration is that the plasma BDNF levels 
have a very low retest stability when measured twice 
within one year, and there are substantial changes, 
even throughout one day. Recently, one study raised 
methodological concerns regarding the assessment of 
the BDNF levels in plasma and recommends measuring 
the BDNF levels in serum[88]. However, the plasma BDNF 
levels could represent the currently biologically active 
BDNF as a state-dependent marker, and it appeared to 
be influenced by inflammation mediators[89]. 

Platelets circulate for up to 11 d in the peripheral 
blood[84,85]. The platelet BDNF levels could represent a 
long-term marker of the varying plasma BDNF levels 
over a period of several days. The BDNF stored in 
platelets is likely obtained from both the circulating 
plasma pool, from cells in the brain or other organs and 
from megakaryocites. Variation in BDNF production 
in specific organs[57] may produce changes in platelet 
BDNF content and it measure could be a circulating 
indicator of altered production. Differences in platelet 
function and release of or sequestering BDNF from the 
blood may result in the differences between the serum 
and plasma BDNF concentrations[70]. The platelet and 
serum levels have been shown to strongly correlate, 
and it has been proposed that the BDNF released from 
platelets directly correlates to the serum BDNF levels; 
however, in recent studies, only 30% of the BDNF in 
platelets is secreted into the blood[59]. The platelet BDNF 
levels did not correlate with age, weight, cholesterol 
or long-term storage but changed with menstrual 
cycle[57,90]. 

Another limitation of measuring BDNF in the peri-
phery is that the ELISA kits used in most studies 
quantified the total BDNF concentrations in serum and 
did not make the distinction between the pro- and 
the mBDNF variant, but the two BDNF variants are 
functionally different. Moreover, this raises the question 
of which parameter best serves as a mirror for the 
neurotrophic action in the brain. Some authors have 
suggested that the leukocyte BDNF mRNA content could 
more closely reflect central BDNF dynamics because of 
its short half-life[91] and therefore may be less subject 
to the peripheral confounding factors. In addition, 
it has been argued that a combination of peripheral 

BDNF indices may have advantages over a single 
index. Assessing both the platelet and serum BDNF 
concentrations could be particularly relevant[3]. 

CORRELATIONS BETWEEN THE 
CEREBRAL AND PERIPHERAL BDNF 
LEVELS
Because the central BDNF levels are difficult to obtain 
for methodological and ethical reasons, there is a 
great interest in peripheral BDNF measures in relation 
to psychiatric illness. There are indications that the 
BDNF measured in peripheral tissues reflects BDNF 
activity in the brain. These indications include preclinical 
findings that BDNF crosses the blood-brain barrier[92] 
and positive correlations between the peripheral and 
central BDNF concentrations[57,93,94]. Referring to the 
blood-brain barrier, some rodent studies have shown 
that peripheral BDNF administration promotes the 
regeneration of spinal cord injury[95], has an effect on 
depressive-like behaviour[96] and could increase BDNF 
levels in the brain[97]. Other studies did not find these 
results but found that BDNF protein may have poor or 
null blood-brain barrier penetrability[98-100]. Systemically 
administered BDNF in rodents showed that BDNF 
signaling pathways were activated only in disrupted 
regions[101]. However, studies also point towards a role 
for vascular endothelial impairment in MDD[102]. A meta-
analysis found an increased risk of MDD in those with 
major vascular diseases including diabetes, cardiovas-
cular disease and stroke[103].

Evidences regarding the positive correlation between 
the peripheral and central BDNF concentrations[57,93,94] 

are as follows. Human post-mortem studies had 
indicated similar alterations in BDNF concentrations in 
the brain and periphery of persons who were depressed 
at the time of death[104]. In one human study, the 
BDNF levels were higher in blood that was derived 
from the internal jugular veins compared to the arterial 
blood[105], suggesting that the source of BDNF in the 
peripheral tissues can be found in the brain. These 
studies indicated that neurotrophic function can be 
estimated from the periphery in a rather non-invasive 
manner by taking advantage of this “window to the 
brain”. However, the specificity, extent and relationship 
between the peripheral BDNF levels to disease activity 
are not fully known. Due to the large variation in the 
amplitude between the serum and plasma BDNF levels, 
it is unlikely that it will translate as a useful biomarker 
of disease activity in clinical practice[106]. Future studies 
should determine the ratios of the BDNF concentrations 
in the cerebral spinal fluid (CSF), serum and plasma in 
acutely ill and remitted patients and controls.

Other studies report null findings with regard to an 
association between the peripheral BDNF concentrations 
and the more central parameters for BDNF activity, 
namely an absence of correlations between the pla-
sma and CSF concentrations of BDNF[107]. In an older 
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adult study, blood-based measures of BDNF are not 
representative of the CSF BDNF levels[80]. A study 
comparing the CSF and serum BDNF measurements in 
a sample of patients with Alzheimer’s disease found that 
they were not correlated[73]. Moreover, the concentrations 
of BDNF are much higher in the serum (> 1000 ×) or 
plasma (approximately 10 ×) than in cerebrospinal 
fluid, which may reflect peripheral synthesis[106-108]. 
One explanation is that tissues other than the brain, 
including the immune system, liver, smooth muscle and 
vascular endothelial cells serve as sources of BDNF[34,35]. 
Neurons and glia cells of the central nervous system 
might originate a substantial portion of the circulating 
BDNF, but our current knowledge does not allow us to 
distinguish whether the peripheral sources produce or 
release less BDNF or if decreased synthesis or release 
in the brain are responsible for the lower plasma and 
serum levels[92,106]. Another explanation is that these 
changes in the BDNF levels may represent a counter-
regulatory response to other etiological factors of the 
illness, such as metabolic and redox factors[109]. Another 
reason to criticize this relationship between the brain 
and peripheral BDNF levels could be that the expression 
of BDNF is specific to a particular local and time[110], and 
animal studies have shown that the levels of BDNF are 
increased in some brain regions and decreased in others 
in some diseases[111].

RELATIONSHIP BETWEEN BDNF AND 
PLATELET ACTIVATION
The relationship between platelet activation and the 
peripheral BDNF level is poorly documented in humans. 
No evidence shows the interaction between BDNF and 
platelets under pathological conditions, such as tumor 
growth and metastasis[32]. Therefore, we will review the 
studies examining the relationship between BDNF and 
different markers of platelet activation.

Transforming grown factor β 1
Transforming grown factor β1 (TGF-β1) is abundant in 
platelets and is stored in the α-granules[112]. It plays 
an important role in regulating the immune response, 
cell proliferation and tissue fibrosis, and it recruits 
inflammatory cells to the wound area. Lommatzch et 
al[57] found a stronger correlation between the serum 
BDNF levels and the serum TGF-β1 levels than with 
the serum 5HT levels and the first two could be ana
tomically and functionally related in the platelet both 
located in α-granule. The postoperative abdominal 
surgery changes in the serum BDNF levels virtually 
paralleled the changes in platelet number and the 
platelet mediator TGF-β1. The platelet numbers and 
TGF-β1 concentrations decreased in the immediate acute 
response and increased later. A positive relationship was 
observed between the serum BDNF and TGF-β1 values 
at all times after surgery[89]. 

Fibrinogen
Similarly to BDNF, fibrinogen is a major storage protein 
of platelet α-granules and is delivered to the α-granules 
by endocytosis[113]. Recent studies reported an associ-
ation between elevated plasma fibrinogen levels and 
psychological distress and depression in individuals 
from the general population after adjusting for con-
founders[114], but the effect size of plasma fibrinogen 
could be small[115]. Another study found higher fibrinogen 
levels in non-responders than in responders in major 
depression patients, suggesting that baseline plasma 
fibrinogen levels can serve as a biomarker to gauge 
the success of antidepressant treatment response[116]. 
Hattori et al[115] found that a subpopulation of patients 
with MDD had high CSF fibrinogen levels compared with 
controls and those patients with a high fibrinogen level 
had white matter tract abnormalities. The increased CSF 
fibrinogen in patients could represent a trace of blood
brain barrier disruption induced by neuroinflammation, 
which is in accordance with the mild inflammation 
hypothesis in the aetiology of MDD[117,118]. The plasma 
BDNF levels were negatively associated with the 
fibrinogen levels in patients with angina pectoris[87]. The 
exact reason for the association between the decreased 
plasma BDNF levels and these factors is unclear, but 
it may be related to the level of BDNF release from 
platelets in inflammatory states.

P-selectin
P-selectin (CD 62-p) is primarily located in the α-granule 
membrane of resting platelets and is only found on the 
platelet surface after platelet activation. P-selectin is 
perhaps the most cited of the biologically active molecule 
that appears on the platelet surface after activation and 
secretion. P-selectin on platelets or endothelial cells has 
a key role in inflammation. The soluble Pselectin (sP
selectin) levels in blood represent a measure of platelet 
and/or endothelial cell activation. Elevated sP-selectin 
levels were associated with enhanced generation of 
tissue factor-expressing microparticles, leading to shor-
ter plasma clotting time and a pro-coagulant phenotype, 
which facilitated fibrin generation and also altered 
the blood-brain barrier permeability and exacerbated 
stroke[112]. One study in cardiac patients showed that 
the median serum BDNF levels were higher in the myo-
cardial infarction (MI) group than in the stable angina 
pectoris (SAP) group. In the MI patients, there was a 
significant correlation between the BDNF and sPselectin 
levels. In contrast, no such correlation was observed in 
the SAP patients. The study suggested that the BDNF 
serum levels in MI patients could be related to platelet 
activation and the inflammatory response[119]. 

Soluble CD-40-ligand
CD40L appears to be localized to the granule mem-
branes. Upon platelet activation, it is translocated to 
the platelet surface, where it is cleaved and acts by 
associating with the αⅡbβ3 integrin. This soluble form 
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[soluble CD-40-ligand (sCD40L)] is predominantly 
derived from activated platelets and thus represents a 
circulating marker of platelet activation. Platelets are 
the main source of sCD40L and are responsible for > 
95% of the circulating sCD40L levels. A study by Lorgis 
et al[119] in patients with coronary artery disease did not 
find a significant correlation between the serum BDNF 
levels and sCD40L in either the MI or SAP patients. The 
controversial results between the sCD40L and sP-selectin 
levels could be explained by methodological issues 
regarding the measurement of both markers[120,121].

PF4 
PF4 is a platelet-specific protein that is stored in the 
α-granules and secreted into the plasma upon platelet 
activation[64]. PF4 is considered an index of platelet 
reactivity. Patients with depression showed increased 
PF4 plasma levels with respect to the controls, but there 
were no differences in the serum PF4 levels. The total 
PF4 levels obtained by completely clotting the platelets 
are the same in both groups. Alterations in the serum 
and plasma BDNF levels in depression are not related to 
the changes in either the whole blood BDNF levels or in 
the platelet release of the activation marker, PF4[31]. The 
plasma PF4 levels were elevated, indicating increased 
platelet reactivity without a change in the total PF4 
levels in the serum. These results suggested that there 
are independent regulatory mechanisms for platelet 
BDNF and PF4 release. However, one question is whe-
ther it is possible for two proteins that are supposed 
to be stored in the same granules to be independently 
released or if there are different subcellular localizations 
for these proteins. Another study found that the rate 
of BDNF release paralleled the secretion of 5-HT from 
the dense granules and of PF4 from the α-granules, 
although a greater proportion (90%) of the total 5-HT 
and PF4 were released compared to BDNF[32].

β -TG
The plasma β-TG levels were significantly decreased 
in patients with Alzheimer’s disease compared to the 
healthy controls. In Alzheimer’s disease patients, the 
serum BDNF concentrations were significantly correlated 
to the β-TG and plasma BDNF values. In contrast, the 
plasma BDNF and β-TG values were not significantly 
correlated. The levels of BDNF and β-TG in the blood 
of patients with Alzheimer’s disease are decreased 
compared to the controls. These results confirm an 
association between the serum BDNF concentration and 
the degree of platelet activation, as measured by the 
plasma β-TG levels[122]. 

EFFECTS OF ANTIDEPRESSANTS OR 
ANTI-PLATELET DRUGS ON BDNF 
RELEASE FROM PLATELETS
The release of BDNF from platelets is a polemical issue. 
It seems likely that methodological differences may 

markedly affect the results, including the methodology 
for isolating the platelets (pH, use of diverse inhibitors, 
etc.); anticoagulation (using EDTA/citrate tubes, heparin 
a, etc.); buffers with or without calcium; acute/chronic 
treatment; receptor profile or mechanism of action of 
the drug; drug doses; animal or human studies; and 
direct study of platelet BDNF levels or calculating the 
difference between the serum and plasma BDNF levels. 
For example, an elevation in the calcium concentrations 
plays an important role in platelet activation and secre-
tion[123]. High concentrations of calcium and thrombin 
lead to an immediate release of diverse growth factors, 
including PDGF and TGF-β1[124,125]. Under calcium-
free conditions, only a low amount of 5-HT and BDNF 
(approximately 10%-16% of the total content) was 
released after 10 and 60 min; however, almost all of the 
nerve growth factor was released[126,127]. 

Animal studies and single doses of an antidepressant 
One study investigated the direct influence of antide-
pressants on BDNF release from platelets and their 
effects on the serum levels. Platelet BDNF release was 
studied using samples of washed platelets prepared 
from rat blood that they had incubated with sertraline, 
paroxetine, fluvoxamine and milnacipran, and the BDNF 
levels were determined at different time points. The 
changes in the serum BDNF concentrations were studied 
after single intravenous injection of antidepressants in 
rats at 1, 2 and 5 h following the injection. The BDNF 
from platelets was released by these antidepressants, 
and there were no differences between the effects 
of serotonin-norepinephrine reuptake inhibitors and 
selective serotonin re-uptake inhibitors (SSRIs). Antide-
pressants promoted BDNF release from platelets within 
1 h, and the changes in BDNF release depended on the 
amount of the antidepressant and they were specific for 
each antidepressant. Sertraline was the most effective 
antidepressant in promoting platelet BDNF release[128], 
but other study with human controls did not found 
it[129]. The BDNF released represented approximately 
20% of the total BDNF in platelets, similar to other 
agonists[32,59]. The serum BDNF concentration increased 
1 h after sertraline injection; this change exhibited a 
significant difference at 5 h and was dose-dependent 
from 0.03 μmol/L to 0.3 μmol/L of sertraline in rat 
platelets. BDNF release from platelets is affected by 
antidepressants, which means that the administration of 
antidepressants might affect the changes in the BDNF in 
the peripheral tissues, such as platelets, and the serum 
BDNF concentrations. The authors suggested that the 
decreased serum BDNF concentrations in depressed 
patients may reflect reduced platelet BDNF levels[128].

Another study showed that treatment of rat platelets 
with sertraline, citalopram, paroxetine and indometh-
acin did not influence the release of BDNF after 10 
and 60 min independently calcium conditions. BDNF 
release was significantly reduced by ibuprofen, an anti
inflammatory drug, after 10 and 60 min[127] but only 
when calcium was present, similarly with the work of 
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Fujimura et al[32]. 
Glutamatergic modulator riluzole have been propo-

sed as a strategy for the treatment of mood disorders. 
Riluzole could stimulate BDNF release, acting directly 
on these cells. When platelets of healthy controls were 
incubated with riluzole at low concentrations for 4 h, but 
not for 24 h, riluzole stimulated the release of BDNF. 
This acute effect, but not later, suggests that its effect 
derived from evoking neurotrophin release. Moreover, 
mean platelet volume and platelet distribution width 
did not change during study, so platelets used in this 
study were not activated at the time of exposure to 
riluzole[129].

Chronic antidepressant use in humans
One study evaluated the changes in the platelet BDNF 
levels in patients with major depression when they were 
treated with s-citalopram. The platelet BDNF levels of 
the untreated patients appeared significantly lower 
than those of the healthy subjects, and antidepressant 
treatment with an SSRI normalized the platelet BDNF 
levels. The platelet BDNF levels were normalized earlier 
(at eight weeks of treatment) than the plasma BDNF 
levels[70]. Another study evaluated the platelet BDNF 
levels in patients with MDD and childhood trauma. They 
were treated with antidepressant medications for three 
months, including escitalopram, mirtazapine, and dulox-
etine, without intensive psychotherapy. The platelet 
and serum BDNF levels showed a significant increase 
from baseline at the 3-mo follow-up in the patient 
group. Conversely, the plasma BDNF levels were not 
significantly different between the two time points in 
the patient group. There were no significant differences 
in BDNF levels between the different antidepressant 
treatment groups[76] in either of the peripheral samples 
analysed.

Anti-platelet regimens in humans
A study by Stoll et al[130] investigated the impact of 
common anti-platelet drugs on the BDNF concentrations 
in serum and plasma and on the release of BDNF 
from platelets in a group of healthy volunteers. They 
showed that a single oral dose of clopidogrel but not 
aspirin significantly reduced the release of BDNF from 
platelets in healthy volunteers. The platelet α-granule 
marker TGF-β1 was also significantly reduced in the 
serum after clopidogrel treatment but not after aspirin 
administration. In addition, the decrease in the serum 
TGF-β1 concentrations correlated with the decrease in 
the serum BDNF concentrations at 24 h after clopido-
grel administration. Aspirin and clopidogrel had no 
significant effects on the plasma BDNF levels[130]. 
Another study found a reduction in the release of 
BDNF from platelets when treated with aspirin (a non-
specific cyclooxygenase-inhibitor)[131]. These drugs act 
through different mechanisms; aspirin acts by inhibiting 
cyclooxygenases, and clopidogrel irreversibly binds to 
the membrane adenosine diphosphate receptor and 

impacts platelet α-granule degranulation[130]. The study 
by Stoll et al[130] is consistent with the decrease of the 
platelet α-granule marker TGF-β1 after clopidogrel 
treatment and the correlation between the effects of 
clopidogrel on the BDNF and TGF-β1 concentrations but 
not those after aspirin administration. 

SIGNIFICANCE OF PLATELET BDNF 
RELEASE IN DEPRESSION
Many attempts have been made to generate reliable 
blood-derived candidate biomarkers based on the 
current models of disease pathogenesis. 5-HT and BDNF 
are known to modulate behavioral responses to stress 
and to mediate the therapeutic efficacy of antidepressant 
agents, and they interact at different levels[132]. BDNF has 
been implicated in the pathophysiology of depression[133], 
and it has been studied as biomarker of this disease. A 
large number of clinical studies have reported that the 
BDNF levels in serum[83,134-136] are significantly decre-
ased in depressed patients and that this decrease is 
normalized by antidepressant treatments[135,137-140], which 
was confirmed by metaanalysis[141,142]. In some of these 
studies, the BDNF levels correlated with higher scores 
on scales for assessing depression[141], although there 
are studies that have found no such correlation[108,143]. A 
recent published meta-analysis[3] concluded that there 
are low concentrations of BDNF in the serum of patients 
with untreated depression, but the size of the effect 
becomes substantially smaller than in previous studies. 
However, no consistent associations were found between 
the serum concentrations of BDNF and the severity of 
the depressive symptoms. An aspect to consider is that 
the serum BDNF levels are dependent on the release of 
BDNF from platelets[32,57], which has not been evaluated 
in most studies. Another aspect to consider is that other 
diseases, such as schizophrenia, bipolar disorder, and 
anorexia, among others, have shown decreases in the 
serum BDNF levels; thus, this finding is not specific 
enough for a diagnostic marker.

With respect to the plasma levels, some studies 
showed lower plasma BDNF levels in depressive 
patients[78,144,145] or did not observe changes[146,147]. 
Our group reported that the plasma BDNF levels were 
significantly higher in the depressed patients compared 
to the healthy controls and that they were similar in 
both groups when the symptoms remitted[70]. One 
possible explanation could be that BDNF is released 
from platelets and increases the plasma BDNF levels. 
However, the BDNF in plasma has a short half-life, and 
platelets contain greater concentrations of BDNF than 
the plasma. The plasma BDNF levels also appeared to 
be influenced by inflammation mediators[89].

There are few studies that have evaluated the 
platelet BDNF levels in depression. Two studies that 
directly evaluated the platelet levels showed reductions 
in the platelet BDNF levels in depression, which may 
be associated with lower serum BDNF levels in patients 
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with major depression, but these two studies did 
not evaluate the effects of treatment[148,149]. Another 
study showed that the platelet BDNF levels were 
significantly decreased with respect to the controls, 
but treatment with SSRIs normalized the levels to the 
levels of the controls[70]. These data are consistent with 
a preactivation state of platelets in major depression. 
Treatment with an SSRI would improve this preactivated 
state and explain the increase in the BDNF levels inside 
the platelets[70]. The remaining studies evaluated the 
platelet BDNF levels indirectly by the difference between 
the serum and plasma levels[76].

A disruption in serotonergic signaling in the brain 
is believed to be involved in the pathophysiology of 
depression. It is well known that 99% of the 5-HT 
found in the human body is stored in platelets and 
that 5-HT can induce downstream platelet aggregation 
and coronary vasoconstriction[150]. In contrast with 
arachidonic acid, 5-HT is a weak platelet agonist that 
requires co-stimulation with other agonists to induce full 
platelet activation[151]. Increasing evidence indicates that 
there is an association between depression and platelet 
function[152-154]. A relationship between depressive 
symptoms and increased platelet activity has been 
established in physically healthy depressed patients[155] 
and, in post-MI depressed patients[156]. Elevated platelet 
reactivity has been found in depressed patients, as 
indicated by the increased plasma levels of either PF4 or 
β-TG or the increased expression of procoagulant platelet 
surface receptors[157-159]. Our group demonstrated the 
existence of a prothrombotic endophenotype in the 
platelets of depressed patients before treatment that 
was characterized by a statistically significant increase 
in the average volume of platelets and high expression 
of glycoprotein GPIb and antigen markers. Compared to 
the controls, the patients’ platelets showed a significantly 
enhanced aggregation response to arachidonic acid. 
The clot firmness and procoagulant activity of platelet
associated tissue factor were also significantly elevated, 
which can contribute to the increased prothrombotic 
profile of platelets and precipitation events in ischemic 
vascular lesion sites[160]. Studies with circulating blood 
revealed increased fibrin formation and thrombin gene
ration in depression compared to the blood of healthy 
donors, when exposed to a thrombogenic surface in 
flow conditions[161]. Other observed alterations in platelet 
parameters in patients with major depression included a 
reduction of 5-HT transporter [3H]-imipramine binding 
sites in platelets[162] and increased in 5-HT2 receptor 
binding sites on the platelet surface compared to the 
controls[163]. Platelet monoamine oxidase activity has 
been shown to be elevated in depressed patients[164]. 
Heightened membrane expression of glycoprotein Ⅱb/
Ⅲa and the P-selectin receptors has also been reported 
in depressed patients without heart disease[156]. These 
alterations have been proposed as a possible mechanism 
that contributes to the elevated cardiac risk associated 
with the diagnosis of major depression[165]. Several 

mechanisms could explain the platelet abnormalities 
observed in major depression[159]. Although many 
studies have shown exaggerated platelet activation in 
patients with depression, several have shown no such 
relationship[152]. 

During platelet activation, 5-HT stimulation also 
accelerates the exocytosis of the platelet α-granules, 
which secrete procoagulant molecules into the plasma. 
One of these molecules is plasminogen activator 
inhibitor-1 (PAI-1), which is released at the site of throm-
bus formation. The levels of PAI-1 in arterial clots are 2-3 
times higher than those observed in venous clots, and 
the relative content of PAI-1 determines the resistance 
to thrombolysis. PAI-1 inhibits the bioavailability of 
tPA and plasmin, which are the proteases that cleave 
proBDNF to mBDNF; therefore, the elevated synthesis 
of PAI-1 reduces the production of mBDNF. Multiple 
lines of evidence have shown that split proBDNF is 
central to the pathophysiology of major depression 
and the mechanisms of action of antidepressants[166]. 
The inadequate split of proBDNF may increase the 
risk of mood disorders[167]. In fact, patients with major 
depression show increased levels of proBDNF and 
decreased levels of mBDNF[168]. Moreover, PAI-1 inhibits 
the production of plasmin, preventing the dissolution of 
blood clots in atherosclerotic plaques, and one would 
expect that patients with depressive disorders have a 
higher risk of cardiovascular events. 

In platelets, SSRIs results in a decrease in the 5-HT 
storage in dense granules, and thus could affect platelet 
aggregation[169]. 5HT can definitely potentiate platelet 
mediated thrombogenesis[151]. Continued treatment 
with the SSRI may modulate not only the circulating 
levels of 5-HT but also the presence and activity of the 
serotonergic mechanisms and inhibit the release of 5-HT 
during platelet aggregation[170,171]. Clinical data have 
also shown that antidepressant treatment influenced 
platelet activation by lowering the plasma PF4 and 
β-TG levels[158,159], but other studies did not find this 
association[172]. Citalopram inhibited human platelet 
aggregation in vitro in response to different agonists, 
with the strongest effect observed in response to ADP 
and ADP + 5-HT[151]. Ex vivo escitalopram treatment 
of blood resulted in a significant inhibition of ADP- 
or collagen-induced platelet aggregation[165,173,174]. In 
aggregation experiments with collagen or arachidonic 
acid, a significant decrease in the aggregation intensity 
was noted in the platelets of SSRI-treated patients[175]. 
The addition of ADP to platelets from patients treated 
with SSRIs induced an inhibition of ATP release and 
the secondary wave of platelet aggregation[176]. Further-
more, a significant decrease in the platelet activation 
markers CD62-P and annexin-V-binding was reported 
after preincubating platelets with citalopram, but the 
release of factor V/Va from the α-granules was not 
noticeably affected[151]. Treatment with SSRIs for 24 
wk normalized the majority of the altered parameters 
in patients with depression, but it accentuated the 
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expression of GPⅡb/Ⅲa and the viscoelastic properties 
of the clots formed under low shear rate conditions[161]. 
SSRI treatment rapidly and effectively counteracted 
the enhanced fibrin or aggregate formation observed 
under flow conditions, confirming the previous in vitro 
results in the clinical setting[151]. However, the viscoe-
lastic parameters showed a progressive acceleration 
of clotting time and enhanced clot strength during 
the treatment with escitalopram, but these results 
were obtained in almost static conditions[161]. Patients 
treated with SSRIs seem to have fibrinogen and 
PAI-1 levels in plasma that are similar to those of the 
healthy controls and lower than depressed patients 
who do not receive serotonergic antidepressants[177]. 
Overall, these results could explain why the patients 
treated with SSRIs show a reduction in cardiovascular 
disease risk when compared with patients not receiving 
antidepressants[178,179]. 

CONCLUSION
To the best of our knowledge, only a few studies 
have assessed both BDNF and platelet activation in 
depression[31]. BDNF has been implicated in the patho-
physiology of depression[133], and it has been studied 
as a biomarker of this disease. A large number of 
clinical studies have reported that the BDNF levels in 
serum[83,134-136] are significantly decreased in depressed 
patients and that this decrease is normalized by antidep-
ressant treatments[135,137-140], which was confirmed by 
meta-analysis[141,142]. Serum levels are influenced by 
platelets and plasma levels results are inconsistent. 
Ninety percent or more of blood BDNF is stored in 
platelets, but these studies did not consider the platelet 
alterations observed in depression. Increasing evidence 
indicates that there is an association between depression 
and platelet function[152-154], with an elevated platelet 
reactivity, a prothrombotic endophenotype and increased 
of plasma substance levels excreted from α-granules 
in depressed patients. Some authors propose that the 
lower peripheral BDNF concentrations in depression and 
their upregulation over the course of antidepressant 
treatment may be an epiphenomenon resulting from 
an altered BDNF metabolism or expression by these 
peripheral organs[3]. One possible explanation could be 
that alterations in peripheral BDNF levels in depression 
depend more on platelet reactivity that excretes more 
BDNF from α-granules than on alterations of central 
BDNF. A serious question remains to be answered 
of whether the relationships found between BDNF 
and depression may be mediated primarily by the 
relationship between depression and platelet activation. 
Further studies are required to evaluate the complexity 
of the relationship between BDNF and platelet reactivity 
and its possible influence on the peripheral levels in 
certain diseases, such as depression. Another group of 
studies is required to evaluate the implications of anti-
platelet and antidepressant drugs in the relationship 
between BDNF and platelet activity. 
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