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Abstract
Several parallels exist between platelets and the brain, 
which make them interesting for studying the neuro-
biology of psychiatric disorders, such as Alzheimer’s 
disease, depression, schizophrenia and anxiety disor-
ders. Platelets store, secrete and process the amyloid 
precursor protein which is cleaved into the β-amyloid 
(Aβ) peptides. The accumulation of Aβ in brain (plaques) 
and vessels (Aβ-angiopathy) is a major hallmark in 
AD. Platelets contain high amounts of serotonin and a 
dysfunction of the serotoninergic system is involved in 
the development of several behavior disorders, such 
as depression, anxiety disorders and self aggressive 
disturbances. Furthermore, platelets are able to take 
up dopamine and express various dopamine receptors, 
which make them to an interesting tool to study the 
underlying mechanisms of schizophrenia. In summary, 
platelets are an interesting and easily accessible cell 
type to study changes related to different psychiatric 
disorders and platelets proteins may be useful as diag-
nostic biomarkers for some psychiatric disorders.
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PLATELETS CHARACTERIZATION 
Platelets are small unnucleated blood cells with a size of  
approximately 3 µm originating from megacaryocytes 
in the bone marrow, from where they are released into 
the blood system. Platelets are easily to isolate from the 
whole blood by different centrifugation step. They pos-
sess several important organelles, in which large amounts 
of  proteins are stored and released after platelets activa-
tion with different agonists, such as collagen or throm-
bin. The dense bodies contain serotonin, adenosine-
diphosphat, adenosine-triphosphat and calcium, whereas 
the α granules comprise the highest amount of  proteins 
including von Willebrandt factor, fibronectin, fibrino-
gen, P-selectin, platelet derived growth factor (PDGF), 
amyloid-precursor protein, matrix-metalloproteinases, 
various coagulation and growth factors as well as inflam-
matory markers. Platelets organelles content is mostly 
taken up from the plasma, however, platelets are also able 
to synthesize molecules, such as PDGF, platelet activat-
ing factor-4, β-thromboglobulin and thrombospondin. In 
addition, platelets express various receptors on their sur-
face, including α-2 and β-2 adrenoreceptors, serotonin-, 
benzodiazepine- and fibrinogen receptors. 

In order to characterize isolated platelets the well es-
tablished platelet markers CD61, CD41 and CD62P were 
commonly used. CD61 is expressed on resting platelets 
and serves as a subunit of  the receptor for fibrinogen and 
is also known as the integrin β3 unit which forms together 
with CD41 the gpⅢa/Ⅱb complex[1]. These glycopro-
teins are found on platelets and megacaryocytes mediating 
cell adhesion and binding of  fibrinogen to this receptor 
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is required for platelet aggregation and endothelial adher-
ence. CD62P is stored in α-granules of  platelets and is a 
calcium-dependent protein that migrates during platelet 
activation to the plasma membrane where it mediates 
platelets interaction with endothelial cells or leukocytes. 

Binding of  biochemical agonists or shear stress in-
duces changes in the plasma membrane (shape change) 
and results in platelets activation and secretion of  granule 
contents (Figure 1). Platelets are able to adhere to the sub-
endothelial matrix after vessel wall injury, which induces 
activation and formation of  the hemostatic plug by aggre-
gation (Figure 1). In first line platelets function includes 
hemostasis[2], but they also participate in inflammatory 
processes by releasing cytokines[3]. The transport, metabo-
lism, and release of  several bioaminergic neurotransmitters 
(e.g., serotonin) are similar in platelets and neurons and 
thus platelets serve as a diagnostic tool and an interesting 
research model in several psychiatric disorders. 

PLATELETS IN ALZHEIMER’S DISEASE
Alzheimer’s disease (AD) is a neurodegenerative disor-

der, which is the most common cause of  dementia in 
the elderly[4,5]. Neuropathology includes β-amyloid (Aβ) 
plaques in brain and vessels, neurofibrilary tangles with 
hyperphosphorylated tau protein[6], inflammation[7] and 
cerebrovascular damage[8]. Platelets are an interesting 
tool to study the cellular mechanisms of  AD, because 
they contain highest levels of  the precursor of  β-amyloid 
(APP) compared to all peripheral tissues[9-12] and all three 
isoforms of  APP (130, 110 and 106 kDa) are detect-
able in platelets[9,13]. Full length APP is cleaved by a Ca2+ 
dependent cysteine protease during platelet activation[10] 
and APP processing is altered in patients suffering from 
AD[14] resulted in a reduced ratio between the 130 kDa 
and 106-110 kDa APP isoform[11], suggesting that APP 
ratios in platelets could be a biomarker for AD. See Re-
view on platelets biomarker in AD[15] and Review on APP 
as a potential biomarker in AD[16].

PLATELETS IN DEPRESSION
The relationship between depression and platelets func-
tion has been in focus, because platelets share many 
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Figure 1  In the vessel wall an intact endothelium prevents platelet activation, adhesion, as well as aggregation by producing prostacyclin and nitric oxide 
favoring quiescent platelets (blue spheres). A damaged endothelium, a platelet agonist [thrombin, fibrinogen, vonWillebrandt factor (vWF), collagen, adrenalin], 
shear stress or the coagulation process itself can induce platelet activation. During this process a rise in intracellular calcium (Ca2+) levels lead to shape change, 
where the platelet membrane surface area is greatly increased (black irregular spheres). This is accompanied by the release/secretion of various substances [e.g., 
adenosine-di- and triphosphate (ADP/ATP), Ca2+, magnesium (Mg2+), platelet derived growth factor (PDGF), serotonin, transforming growth factor-β (TGF-β), fibrino-
gen, platelet factor-4] from the platelets specialized α and dense granules. The adhesion of platelets is induced under conditions of high shear stress, by exposure 
to a platelet agonist (e.g., collagen, vWF) or follows the activation process resulting in platelets aggregation and blood clotting. All these processes are Ca2+ and Mg2+ 
dependent. PGI2: Producing prostacyclin; NO: Nitric oxide.
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similarities with the neuronal monoamine system in the 
central nervous system. Platelets abnormalities in de-
pressed patients are mainly found in the serotoninergic 
and noradrenergic system. The uptake, storage and me-
tabolism of  serotonin are altered as well as the density of  
noradrenergic receptors is changed[17]. Basically, serotonin 
mediates positive affect and mood in the healthy brain, 
thus the balance of  serotonin metabolism may play a 
central role in the pathogenesis of  depression. More than 
99% of  serotonin in the body is stored in the dense gran-
ules of  platelets[18] and interestingly, depression is also as-
sociated with increased platelet reactivity[19]. Furthermore, 
antidepressants may protect the vascular system by pre-
venting blood clots[20,21]. See Review Williams (this issue) 
on platelets in depression[22].

PLATELETS IN SCHIZOPHRENIA
The pathophysiology of  schizophrenia is not well under-
stood and there is an increasing body of  evidence that 
several molecular pathways are involved. However, the 
most common hypothesis promises a link between the 
disease and excessive levels of  dopamine. Platelets may 
serve as an interesting research tool to investigate under-
lying mechanism of  schizophrenia, because they possess 
several dopamine receptors and are able to store and re-
lease dopamine. Interestingly, platelets of  schizophrenic 
patients show morphological alterations accompanied 
by the formation of  big vacuoles and increased glyco-
gen levels most likely pointing to an altered glycogen 
metabolism[23]. Oxidative stress may also play a role in 
development of  schizophrenia and accumulation of  reac-
tive oxygen species may influence platelets function and 
reactivity. Indeed, the response of  platelets to ADP and 
collagen is different in schizophrenic patients compared 
to healthy controls[24]. See review Asor and Ben-Shachar 
(this issue) on platelets in schizophrenia[25].

PLATELETS IN ANXIETY AND SUICIDE
The hypothesis of  an involvement of  the noradrenergic 
and serotoninergic system in the pathophysiology of  
anxiety disorders suggests platelets an important role in 
the study of  anxiety disorders. A decreased serotoniner-
gic function with vulnerability towards the development 
of  aggression most likely resulting in the self-aggressive 
behavior of  suicide attempters may be involved in the 
pathogenesis of  suicidality[26,27]. An inverse relationship 
between the serotonin metabolite 5-hydroxyindoleacetic 
acid (5HIAA) levels in the cerebrospinal fluid and the 
past history of  suicide attempts may once more link se-
rotoninergic dysfunction and suicide[28]. Beside the sero-
toninergic dysregulation, platelets of  suicidal psychiatric 
patients showed decreased density of  benzodiazepine 
receptors[29]. See Koudouovoh-Tripp and Sperner-Unter-
weger (this issue) on platelets in mental stress[30].

Taken together, platelets are an interesting and easily 
accessible tool to model neuronal function in the pe-

riphery and to study neurobiology of  several psychiatric 
disorders which are mostly related to changes in the brain 
neurotransmitter systems.
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