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ABSTRACT 

This work aims to be a reflection concerning a remarkable similarity between platelet and neuron. Through a series of 
experimental tests which have affected the fatty acid composition of the membrane of platelets, it was possible to pro- 
vide a contribution to the scientific literature, which had already reported strong similarities between platelet and neuron. 
The work performed could be of great interest to investigate, by studying the interactome of the platelet, the molecular 
behavior of the neuron. 
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1. Introduction 

Platelets, which are considered cells with high affinity to 
neurons, have the same embryonic origin of brain and 
skin (ectoderma) [1-4]. This affinity, primarily, is related 
to aspects of serotonin modulation in different psychiatric 
disorders, particularly Major Depression (MD) and Bipo- 
lar Disorder (BD). Over the last thirty years, numerous 
and influential works have reported a similarity between 
platelet and neuron’s serotonin concentration, mainly in 
MD and BD [5-13]. It is well known that reliance on 
symptom-based methods of diagnosis has limitations with 
respect to diagnostic accuracy [14] and is a rate-limiting 
step in terms of developing new effective treatments for 
these disorders [15]. Despite this evidence, it has not 
been given a relevant meaning to these scientific obser- 
vations and the reason, probably, concerns the possibility 
of using just serotonin as a marker for the diagnosis. 

2. Platelet and Fatty Acid Profile 

There is substantial evidence to suggest that profiling the 
fatty acid content of platelets and evaluating their mem- 
brane viscosity may offer hitherto untapped potential in 
terms of diagnostic discriminatory capacity among various 
neuropsychiatric disorders. 

Previous reports have suggested that the physical pro- 
perties of cell membranes and calcium homeostasis in 
both the central and peripheral nervous systems are signi- 
ficantly altered in dementia [16]. 

Comparing platelet membrane fluidity in patients with 
Alzheimer type dementia, the fluidity of the hydrocarbon 
region of platelet membranes from the demented group, 
as reflected by the steady-state anisotropy of the fluores- 
cent probe 1,6-diphenyl-1,3,5-hexatriene (DPH), was signi- 
ficantly greater than that of the depressed and normal 
control subjects. Within the demented group, platelet me- 
mbrane fluidity was significantly correlated with severity 
of dementia but not with duration of illness or age at onset. 
Demented patients with increased platelet membrane 
fluidity had an earlier onset, were more severely de- 
mented, and deteriorated more rapidly [17]. Furthermore, 
recent studies have shown that platelet amyloidal pre- 
cursor protein levels are correlated with changes in 
membrane fluidity and cognitive decline in Alzheimer’s 
disease [18]. 

The fluidity of cell membranes is determined in part 
by the relative composition of saturated versus unsatu- 
rated fatty acids within the membrane lipid bilayer; the 
higher the percentage of unsaturated fatty acids, the 
higher the fluidity of the membrane. Techniques have 
been also developed to characterize the relative composi- 
tions of membrane fatty acids in order to classify differ- 
ent populations of microbes using artificial neural net- 
work (ANN) approaches [19,20]. 

ANNs provide a useful tool to recognize patterns in 
complex, nonlinear data sets such as those associated with 
fatty acid profiles. A particular form of ANN, that util-
ises unsupervised learning, for modelling biological data 
of this nature, is the Self Organising Map-SOM [21]. *Corresponding author. 
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This approach has also been used in humans, to study 
the dynamic changes in fatty acid metabolism in cardio-
vascular disease [22-24]. 

Recent studies have demonstrated the existence of dif- 
ferent viscosity levels of the membrane between subjects 
with Major Depression and apparently normal controls 
using this technique [25,26]. These studies, strongly sug- 
gest that running the fatty acid profile of platelets could 
be extremely useful in identifying specific biomarkers for 
those at risk of mood disorders and in addressing the 
treatment more correctly. 

3. Platelet Membrane Viscosity and  
Serotonin 

Recently, after about 30 years, it has been possible to 
demonstrate, with a mathematical model for the classify- 
cation of the mood disorder, that platelet membrane vis-
cosity regulates the depressive disorder and finds in Ara- 
chidonic Acid the main element of criticality when it is 
too high in platelets [26]. 

The aspect of neuron and platelet cell membrane vis- 
cosity [27] is often missed, as responsible of the central 
government of that bio molecular intracellular complex, 
called interactoma, and that is defined “as the whole array 
of molecular interactions that take place in an organism 
and allow the cascade of regulatory molecules including 
the mechanism of action of enzymes and metabolic reac- 
tions”. 

These findings agree with Heron [28] who described 
the correlation between serotonergic cell membrane vis- 
cosity and serotonin receptor binding capacity, and Lee 
[29] who reviews and discuss the role of lipids and cho- 
lesterol on neuron membrane viscosity and serotonin 
receptors. Research, anyway, didn’t explain the link 
brain-platelet-serotonin. After 30 years it has been possi- 
ble to demonstrate, with a mathematical model for the 
classification of the depressive disorder, that platelet 
membrane viscosity rhythms the depressive disorder and 
finds in Arachidonic Acid the main element of criticality 
when it is too high in platelets. 

The high concentration of Arachidonic Acid in plate- 
lets is a step limit to its mutual exchange with the brain 
and, as a result, the Arachidonic acid increases its neu- 
ronal concentration, since brain receives Arachidonic 
Acid also from other sources [30,31]. 

Increased phospholipids arachidonic acid concentra- 
tions have been found both in the brain and plasma of 
depressed rats and humans [32,33]. 

This evidence, obtained from experimental data, and 
the construction of an appropriate mathematical model, 
would provide a further more concrete evidence of the 
similarity between platelet and neuron. 

Therefore, three essential points constitute the issue 
about the relationship between the cytoskeleton molecular 

structure and the psychiatric disorder: 
1) Serotonin levels 
2) Platelet and neuron membrane viscosity 
3) The Interactome-Consciousness relationship 
On this matter and on the relationships between mem- 

brane viscosity and interactome, in relation to mood dis- 
orders and consciousness, a series of papers has been 
published [34-39]. 

4. From Platelet Fatty Acid Profile to the 
Differential Diagnosis between MD and 
Bipolarism 

We report the sequence, in its essentials, of the path that 
led to the diagnosis of Mood Disorder, able to distinguish 
MD from bipolar disorder. 

The first step provides for the analytical execution of 
platelet fatty acids in two groups of subjects. 

There have been assessed, according to this approach, 
the membrane platelet fatty acids of two different groups: 
1) 84 subjects (51 female and 33 males, average age: 
60.21, SD: ±12.27) with clinical diagnosis of Major Dep- 
ression (tools used: Clinical Global Impression (CGI), 
Symptoms Check List-90 (SCL-90), Medical and Phar- 
macological history, BMI, Structured Clinical Interview 
DSM-IV-SCID-IV (American Psychiatric Association 
2000), Hamilton Rating Scale of Depression (HRSD). 
The severity of the depressive symptoms has been evalu- 
ated through the Hamilton Rating Scale of Depression 21 
items version (HRSD-21). 60 subjects (38 males and 22 
females, average age: 33.97, SD: ±12.40), apparently in 
healthy conditions, without a known history of MD. The 
investigation was authorized by the Ethic Committee of 
the Health Authorities. 

Patients and controls were enrolled without taking into 
account age, gender, food behaviour and therapy. The 
direct task of finding bio-markers according to the rules 
given by the Evidence Based Medicine (EBM), requires 
the elimination of selection bias, and leads to a selective- 
ity of a population often not likely, almost unreal and 
usually clinically unrealistic. 

The results concerning the fatty acids platelet, subse- 
quently processed with a complex mathematical function 
(ANN-Self Organizing Map) have provided a selection 
of such fatty acids, namely: 

Palmitic Acid, Linoleic Acid and Arachidonic Acid. 
The response of the SOM was in the Figure 1. 
We, afterwards, identified that the fatty acid combina- 

tion, chosen by the SOM, represented a balance between 
saturated and unsaturated fatty acids. 

To better understand the distribution of the subjects we 
tried to obtain a single number (B2 index) from the fatty 
acids triplet that could give evidence of the indirect de-
gree of saturation/instauration of each case, we have 
utilized the following formula: 
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Figure 1. Distribution of subjects (normal-green and depressed-red) on the SOM (two-dimensional map), and SOM areas. 
 

with respect to the accurate diagnostic evidence (man) 
and to the behavior (animal). 
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 Neither of the two mathematical models, taken sepa- 
rately, is exhaustive since it is from their combination 
that is possible to identify whether the subject, with the 
same index, belongs to the pathological area or not [40, 
41]. 

where: Ai = per cent of i Fatty Acid 
mwi = molecular weight of i Fatty Acid 
mpi = melting point of i Fatty Acid 
The index of each subject (called B2) distributed on a 

one-dimensional map gave the following result (Figure 
2). 

This evidence led to a reflection, i.e., two subjects with 
the same index can have a different location over the 
map, i.e. one in normal position and one in pathologic 
position. In this case, in our opinion, the critical concen- 
tration of one or more fatty acids becomes crucial with 
respect to its involvement in cellular dynamics, which, to 
date, is not known and interpreted clearly. 

This approach has enabled us to identify the index of 
each subject and the indirect measurement of the viscosity 
of the membrane, and how the distribution of the index 
reflects; it was shown that within the population diag- 
nosed with mood disorders a further classification was 
possible between the negative and positive index. Certainly, the involvement of the delta 6 desaturase 

activity seems plausible since the left side of the map 
recognizes high levels of linoleic acid and low levels of 
arachidonic acid, the opposite of the right side of the 
map. 

At the time of research, since the final diagnosis that 
was given to us did not clarify the classification between 
the two types of disorder (MD and BD), but was limited 
simply to distinguish the mood disorders from apparently 
normal individuals [26], we decided to repeat the expe- 
riment (M. Cocchi, F. Canestrari, A. Mastrogiacomo, R. 
Silvestri, R. Venanzini, data not published) clarifying 
that the negative sign meets the diagnostic criteria for 
MD and the positive sign for BD (Figure 3). 

Two factors justify and support this observation: 
1) The amount of arachidonic acid, from food, has no 

significant effects on the level of the same fatty acid in 
cell membranes and in particular in platelets [42]. 

2) The evidence of the placement on the left side of the 
map of long-lived animals, for which it has been sug- 
gested a reduced activity of delta 6 desaturase as a condi- 
tion of protection from the consequences of excessive 
production of arachidonic acid or, the same, for animals 
(feline) in which it is recognized an almost total defi- 
ciency of the enzyme [43]. 

5. How Can We Read the Results Provided 
by Platelets? 

In addition to humans, many assumptions and experi- 
ments on animals were made, trying to understand whether 
what was written in platelet fatty acids was unequivocal 
or not. 

A further confirmation of the above observations 
should come from the animals that are located in the 
pathological area (pig, rat and guinea pig), which, as 
shown in the table, have low levels of linoleic acid and 
high of arachidonic acid, with a B2 positive index; this 
would exclude the MD in the animal world (so far inves-
tigated) in favor of a biochemical characterization of the 
bipolar condition. 

To support the critical nature of this index we report 
the synthetic sequence of events that have convinced us 
of its unequivocal predestination. 

The combination of the two independent mathematical 
models, a complex one (SOM) and a linear one (B2 index) 
is used to classify subjects, be they humans or animals, 
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Figure 2. B2 index distribution on a one-dimensional map. 
 

 

Figure 3. Distribution of the subjects according to the B2 index. There is a clear division between Bipolarism (blue) and MD 
(red). 
 

The literature also describes how these animals are 
prone to mood disorders and used for trials of Antide- 
pressant drugs (Table 1 and Figure 3) [44-48]. 

Delta 6 desaturase remains, however, a problem since 
platelets don’t have this activity [49]. 

Schick et al. [50-52] who studied the lipid metabolism 
of Megakaryocytes and platelets, found and underlined 
that the platelet has a greater quantity of AA and a lower 
quantity of Oleic Acid (OA) when compared to mega- 
karyocyte. 

Why this platelet fatty acids different concentration of 
AA (main marker of depression) and of OA (main 
marker of ischemia), as we demonstrate? [25,26]. How is 

it possible, if the platelet is a bud of the megakaryocyte? 
It must have the same composition. 

Because of the guinea pig position in the SOM map of 
depression, and since the depressive state was not in- 
duced artificially, it was to us very clear that the guinea 
pig is already depressed at birth. Neither Schick nor no- 
body else could know this, because they didn’t know the 
SOM map for depression. 

We tried to understand from where the metabolic error 
could come; it was not from the megakaryocyte because 
it is very unlikely that the platelet gains directly such a 
specific difference in fatty acid, so we started to think 
that the error should be at a higher level, probably a 

Copyright © 2012 SciRes.                                                                                OJBD 



Considerations on Blood Platelets: A Neuron’s Mirror for Mood Disorders? 26 

 
Table 1. Fatty Acids% (mean values). 

Fatty Acids% ( mean values) 

 Number of cases Palmitic Acid Linoleic Acid Arachidonic Acid B2 Index 

Sheep 4 pool of 3 19.91 8.22 4.73 3.980 

Bovine 4 pool of 3 18.37 26.72 6.77 2.937 

Cat 4 pool of 3 17.45 27.75 9.54 2.24 

Horse 4 pool of 3 14.8 23.17 6.46 2.173 

Donkey 8 pool of 3 14.39 19.68 6.34 2.154 

Guinea pig Literature 17.4 12.4 14.6 1.675 

Rat Literature 24.4 9.5 20 2.567 

Pig 80 26.09 8.78 14.12 3.957 

 

 

Figure 3. Humans and Animals. 
 
wrong genetic information to platelets regarding the fatty 
acids concentration, perhaps in the stem cell from which 
megakaryocytes originate. 

Desaturase activity should be involved in some way. 
Table 1 and Figure 3 show the average value of the 

B2 index of the animals investigated and their distribu-
tion over the SOM map. Note that horses and donkeys, 
which belong to the same family, have a very similar 
index and position in the map. The MD and Bipolar posi-
tions correspond respectively to negative and positive 
index according to Figure 2. 

In human subjects, the negative index corresponds to 
the higher level of arachidonic acid and to a psychiatric 
diagnosis of MD. 

Even in this case the critical point seems to involve the 
delta 6 desaturase activity, higher than in any other case. 

These findings demonstrate that MD is primarily an 
expression of human kind and that it belongs to a group 
of individuals whose biochemical and molecular charac- 

teristics are completely different from those of any other 
living being in the human and, perhaps, animal world. 

The large number of total cases investigated, the accu- 
racy of matching biochemical and clinical psychiatric 
diagnoses, the evidence that biochemical evaluation is 
able to offer a diagnostic accuracy especially when the 
phenomenon of bipolarity has not yet revealed the psy- 
chotic symptom, which is essential for the differential 
diagnosis from MD, leads to a reflection on the biologi- 
cal meaning of the platelet with respect to the neuron. 

Therefore, the questions which arise are: 
a) Why platelets are the element that allows us to read 

a psychiatric disorder? 
b) Is, perhaps, in the study of platelet the key that can 

provide a better molecular understanding of “behavior” 
and “consciousness”? 

However, we do not know, yet, whether anthropology 
and philosophy can help us or not. 

Nevertheless, while we believe that this could be a vi-
able option to make a distinction between MD and Bipo-
lar disorder, we are certainly facing two entirely different 
models of behavior and consciousness. 

6. Conclusions 

Platelets appear to simulate neurons for the molecular 
aspects of behavior and consciousness. 

The biochemical approach to mental diseases, in the 
perspective of a biological objectivity which could be the 
key for clinical diagnosis and phenomenological over-
views of depressive and bipolar phenomena, finds in 
platelets a crucial element to develop a genetic hypothe-
sis on mood and behavior disorders. 

The molecular alteration, not only with reference to 
neurons but also to blood (especially in platelets’ cy-
toskeleton) is closely connected to conscience and, there- 
fore, to behavior. Indeed the membrane Gs α protein and 
tubulin, whose strands form the microtubules composing 
cell internal structure, that is to say the cytoskeleton, to-
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gether with membrane viscosity, seem to play a vital role 
in the mimicking of neurons [34]. The interpretation of 
platelet molecular phenomena, could allow a better in-
terpretation of consciousness, considering, also, the ge-
netic origin of the psychiatric disease [53]. 
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