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Abstract 
Aim of the study: The main purpose of this work was to verify, through the study of three fatty ac-
ids of platelets (namely: Palmitic Acid—PA, Linoleic Acid—LA, Arachidonic Acid—AA) the ability to 
distinguish adult subjects with Major Depression (MD) from those with Bipolar Disorder (BD), us-
ing an artificial neural network (Self Organizing Map—SOM) and an indirect index of the viscosity 
of the membrane (B2), in agreement with previous results; secondly, the ability to understand any 
similarities between children and adults in the molecular characterization of mood disorders, 
both in general and in relation to a subset of individuals with suicidal ideation, indicated by the 
survey instruments used (SOM). Design: The study design, in order to achieve the objectives, has 
forecast the recruitment of three groups of subjects without regard to sex, age, food intake pat-
terns, or pharmacological therapies: 1) Controls; 2) Subjects with Major Depression; 3) Subjects 
with Bipolar Disorder. They were provided for the following investigations: 1) Platelet Fatty Acids 
analysis; 2) Plasma and platelet serotonin levels; 3) Oxidative stress and inflammation markers. 
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Moreover, the data of the fatty acids of platelets, previously obtained by a group of children were 
used, for comparison, in the SOM, with adults surveyed. Subjects participating in the study: All 
participants, volunteer, were recruited in the judgment of psychiatrists as they presented them-
selves to the office visit of the “Dipartimento di Salute Mentale”, ASUR 4, Fano, Italy. All subjects 
were submitted to a semi-structured interview based on DSM-IV-TR criteria. 21-item Hamilton 
Depression Rating Scale (HDRS), Hamilton Anxiety Rating Scale (HARS), Clinical Global Impres-
sions Scale (CGI), Symptom Checklist-90 (SCL-90), and Hypomania/Mania Symptom Checklist 
(HCL-32) were also applied to each patient. Adult subjects who did not give consent, patients with 
a diagnosis other than an affective disorder and subjects in their first clinical episode were ex-
cluded. The study was double blind. Outcomes: The results obtained have confirmed the main ob-
jective of the study. It was possible to obtain, in fact, the recognition of individuals with Major De-
pression and Bipolar Disorder, using the SOM and the index B2. Value of the study: The methodol-
ogy used in this study may be of utility, such as quantitative diagnostic support to the psychiatrist, 
in order to reduce the high error that occurs in the first diagnosis, with regard to mood disorders. 
Limitations of this study: The limitations of this study are mainly related to the number of controls. 
They should have been more numerous such as the number of suicidal ideations. About the com-
parison with children, the main limitation seems to be the lack of psychiatric diagnosis of children, 
so that any results just assume the value of hypotheses. Future Research: Because of the strong 
classificatory properties of the SOM, it would require a RCT in a larger sample of subjects with 
mood disorders with the aim of assessing whether it is possible to identify subgroups of subjects 
with respect to the classical psychiatric classification and corresponding to different therapies. 
The same is for suicidal ideation. 
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1. Introduction 
Although there is evidence of a continuing effort by the international psychiatric community to refine the diag-
nosis of mood disorders, to date, the traditional diagnostic criteria are not enough sensitive in identifying pa-
tients with bipolar disorder (BD) from those suffering from major depression (MD), in the first diagnosis. Diag-
nosis remains mostly late and treatments, that may improve symptoms and quality of life, continue to be pre-
ceded by interventions which, in addition to not providing adequate relief, often worsen the BD course, increas-
ing the likelihood of inducing rapid cycles or suicidal behaviour (Phillips & Kupfer, 2013; Mazza, Di Nicola, 
Janiri et al., 2013). 

Differential diagnosis of BD symptoms from other diagnoses has been documented as difficult (Fountoulakis, 
2010; Smith et al., 2011; Suppes et al., 2010; Sachs, 1996). Diagnosing BD from MD, psychosis, borderline 
personality disorders, obsessive-compulsive disorder, etc.) or neuropsychological disorders (cognitive impair-
ment, dementia, etc.) or neuropsychological disorders, has presented challenges. Moreover, manifestations are 
highly variable not only from patient to patient, but also in the same subject at different stages of the clinical 
course and in later life. 

To overcome this impasse various strategies have been identified and more sensitive and specific assessment 
tools have been searched for discriminating the BD condition and overcome the delay of an accurate diagnosis 
has been particularly difficult with MD. The BRIDGE study indicated a first way to go (Angst, Azorin, Bowden 
et al., 2011), and highlight the strength of some variables such as: mania/hypomania developing during therapy 
with an antidepressant or other drug, mood lability developing during antidepressant therapy, 2 or more prior 
mood episodes, and positive family history of mania/hypomania. A debate is essential between the advocates of 
traditional diagnostic and therapeutic methods and advocates of emerging methods resulting from new discov-
eries. Major depressive disorder and other related and nonrelated psychiatric conditions are still characterised 
and defined by descriptive and non-biological criteria, but it is hoped that we can adequately characterise this 
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and other psychiatric disorders with the addition of new quantitative approaches. 
Cocchi and Tonello have studied platelet membranes of depressed subjects, enlisting profiles of FAs as a pos-

sible measure of the membrane status and to determine whether fatty acids could provide indications of diagnos-
tic help between normal subjects and subjects affected by mood disorders. In the first experimental phase, two 
mathematical tools were identified, a complex one (Self Organizing Map (SOM)) and a simple one (the B2 In-
dex), which will prove valuable not only to define the condition of the Major Depression and Bipolar Disorder, 
but also to provide the possibility of reasonable inferences about the biological significance of the two molecular 
mood disorders (Cocchi & Tonello, 2006; Cocchi, Tonello, & Cappello, 2006; Cocchi & Tonello, 2007; Cocchi, 
Tonello, Tsaluchidu et al., 2008; Cocchi, Tonello, De Lucia et al., 2009a; Cocchi, Tonello, De Lucia et al., 
2009b). 

The SOM is an artificial neural network that has the ability to put together similar objects and distant different 
objects using the characteristics of the objects considered. 

The B2 index [so named by the authors of the research, (namely, Cocchi and Tonello)] is derived from a 
mathematical operation that relates the characteristics of molecular weight and melting point of the fatty acids 
isolated and recognized by the SOM, with the aim of distinguishing the two disorders. 

Data studied by means of the Self Organizing Map (SOM) (Kohonen, 2001), the so called “Kohonen Net-
work”, suggested three FAs as the main factors in depression and thus as possible strong platelet biomarkers. 
They are Palmitic Acid (PA), Linoleic Acid (LA) and Arachidonic Acid (AA). The authors speculate that these 
three FAs, being the majority of the whole FA pattern, might suffice to summarize the whole cell membrane 
status of viscosity, which may influence the serotonin uptake by cell receptors (Heron, Shinitzky, Hershkowitz 
et al., 1980; Lee, 1985). Platelets are considered cells with high affinity to neurons; in fact, they have the same 
embryonic origin of brain and skin (ectoderma) (Evers & Starr, 2006; Marangos, Campbel, Schmechel et al., 
1980; Leonard, 2000). This affinity is primarily related to aspects of serotonin modulation in different psychiat-
ric disorders, particularly MD and BD (Pletscher & Laubscher, 1980; Da Prada, Cesura, Launay et al., 1988; 
Camacho & Dimsdale, 2000; Plein & Berk, 2001). Those findings have led the scientists to state that platelets 
can be used as a model to study neurons, defining them as “circulating neurons” or “brain ambassadors”.  

The main goal of the preliminary experimental results was the realization that the relationship “membrane- 
fatty acids” had to be interpreted as a non-linear mathematical model.  

Recent evidence suggests, also, that oxidative stress processes might play a relevant role in the pathogenetic 
mechanisms underlying many major psychiatric disorders, including MD and BD (Ng, Berk, Dean et al., 2008). 
Patients with BD have significant alteration in antioxidant enzymes (superoxide dismutase), lipid peroxidation 
and nitric oxide level (Andreazza, Kauer-Sant’anna, Frey et al., 2008; Steckert, Valvassori, Moretti et al., 2010). 
On the other hand, MD has been associated with lowered concentration of several endogenous antioxidant 
compounds (vitamin E, zinc, coenzyme Q10) or enzyme (glutathione peroxidase), and with an impairment of the 
total antioxidant status (Maes, Galecki, Chang et al., 2011; Ozcan, Gulec, Ozerol et al., 2004). Human studies 
have reported an association between MD and elevated lipid peroxidation levels such as malondialdheyde 
(MDA) and F2alpha-isoprostanes (8-iso-PGF2alpha) (Bilici, Efe, Köroğlu et al., 2001; Yager, Forlenza, & 
Miller, 2010).  

Furthermore, MDA exerts an inhibitory effect on the ligand binding areas of the serotonin receptor, which 
suggests the existence of a relationship between serotonin metabolism and oxidative stress (Britt, Chiu, Redpath 
et al., 1992). 

Oxidation has been proved to be strictly related to inflammatory processes (Rawdin, Mellon, Dhabhar et al., 
2012); indeed, meta-analysis studies have revealed an increased peripheral blood levels of cytokines, interleukin 
(IL)-6, tumour necrosis factor (TNF)-alpha, and C reactive protein (CRP) in MD patients (Dowlati, Herrmann, 
Swardfager et al., 2010). 

Inflammation appears relevant to BD (Berk, Kapczinski, Andreazza et al., 2011). Available evidence indi-
cates that BD and inflammation are linked through shared genetic polymorphisms and gene expression as well 
as altered cytokine levels during symptomatic and asymptomatic intervals (Goldstein, Kemp, Soczynska et al., 
2009). 

The primary objective of this work was to verify if the triplet of FAs indicated by the SOM together with the 
B2 index was able to recognize the subjects with MD by the subjects with BD. In order to reach this topic, a data 
base of 3 groups has been built: Major Depression, Bipolar Disorders and Normal Control. Then, the data have 
been compared with author’s historical data and findings obtained in previon children from a 2008 study (Coc-
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chi, Tonello, Cappello et al., 2008). In fact, to the best of our knowledge, a comparison between adults and chil-
dren with regard of Major Depression and Bipolar Disorders seems to be a big gap within the scientific literature. 
So that, the authors have tried to shed light on this side of psychopathology. 

2. Subjects and Methods 
The ethical committee of the University of Urbino approved the protocol of the study and informed written con-
sent was given by all participants. 

The study was conducted according to the Declaration of Helsinki. The parents of the subjects were given de-
tails of the study and they gave informed consent. 

2.1. Recruitment of Subjects 
All volunteer participants were recruited in the judgment of psychiatrists as they presented themselves to the of-
fice visit of the “Dipartimento di Salute Mentale”, ASUR 4, Fano, Italy. Their personal data were stored and 
protected at the “Dipartimento di Salute Mentale” of Fano, according to the Italian privacy law (D. Lgs. 
196/2003).  

All subjects were submitted to a semi-structured interview based on DSM-IV-TR criteria. 21-item Hamilton 
Depression Rating Scale (HDRS), Hamilton Anxiety Rating Scale (HARS), Clinical Global Impressions Scale 
(CGI), Symptom Checklist-90 (SCL-90), and Hypomania/Mania Symptom Checklist (HCL-32) were also ap-
plied to each patient. Diagnostic agreement among the project interviewers was excellent; indeed, all diagnoses 
and clinical tests were conducted by psychiatrists according to “Good Clinical Practice Guidelines” to minimize 
variability. 

Psychiatrists have recruited 105 adult patients, than a group of 27 normal controls completed the Data Base: 
[(females = 71 (68%) − males = 34 (32%), average age: 50.3 ± 13.7] of whom: 
1) Major Depression [n = 40 (f = 28 (70%), m = 12 (30%), average age: 50.5 ± 14.7] 
2) Bipolar Disorders [n = 65 (f = 43 (66%), m = 22 (34%), average age: 50.2 ± 13.1] 
3) Normal controls were recruited from laboratory personnel, university staff or their family members. The 

control group (CTR) comprised 27 apparently healthy volunteers (M = 17, F = 10) matched for age, sex and 
socio-cultural condition to pathological subjects. 

The subjects were recruited without regard to sex, age, food intake patterns, or pharmacological therapies. 
Adult subjects who did not give consent, patients with a diagnosis other than an affective disorder and sub-

jects in their first clinical episode were excluded. The study was double blind. 

2.2. Procedures 
2.2.1. Blood Sampling 
Ante cubital venous blood was drawn between 8:00 AM and 9.30 AM from fasting subjects on the day of re-
cruitment at the “Dipartimento di Salute Mentale” of Fano, Italy. Blood samples were collected into EDTA 
Vacutainer® tubes and immediately processed by centrifugation to obtain plasma, platelet and lymphocyte sam-
ples. Analyses were carried out in double-blind. 

The IRB requirement has been obtained by the Committee of the Marche Region who had approved the re-
search project.  

2.2.2. Platelet Isolation 
Platelet rich plasma (PRP) was obtained by centrifuging whole blood at 800 rpm for 20 min at 4˚C; a further 
centrifugation of PRP at 5000 rpm for 5 min at 4˚C allowed to obtain the platelet pellet, which was first resus-
pended in 500 µl of physiological saline and then centrifuged at 5000 rpm for 5 min at 4˚C (“Beckman Coulter” 
microfuge centrifuge R-USA). Pellets were stored at −80˚C until analysed. 

2.2.3. Platelet Membrane Fatty Acid Composition (Folch, Less, & Sloane Stanley, 1957) 
The platelet pellet was shaken for 20 minutes with 100 μl of 2 M KOH-CH3OH solution to convert FAs in 
methyl esters. The FA methyl esters were then extracted with 100 μl of n-hexane and stirred with a vortex for 20 
seconds. After the separation of the two phases, the hexane layer containing FA methyl esters was transferred 
into a clean tube. The residue phase containing methanol was extracted again with 100 μl of n-hexane and 
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stirred with a vortex for 20 seconds. The hexane layer containing FA methyl esters was added to the previously 
collected one and evaporated to dryness under nitrogen. 

A gas chromatograph (Agilent 6890 N, USA) coupled with double focalization high resolution Jeol JMS- 
GC-Mate II (Japan) in full scan mode equipped with Jeol Software was used for GC/MS confirmation of FA 
methyl esters. Chromatographic separation of FA methyl esters was performed using a Supelcowax 10 (0.25 mm 
i.d. × 30 m length, 0.25 μm film thickness). The oven temperature was programmed as follows: 100˚C for 3 min, 
ramped at 20˚C/min to 165˚C, ramped at 12˚C/min to 270˚C. The final isotherm was of 270˚C for 5 minutes for 
clean column. The carrier gas was helium with a constant flow of 1 ml/min. The injector temperature was 260˚C 
and the interface temperature was 270˚C. Injection volume was 1 μl with 3 minutes of delay time in splitless 
mode.  

The following FAs were separated during a run time of 20 minutes: Palmitic acid (C16:0), Stearic acid 
(C18:0), Oleic acid (C18:1, n-9), Linoleic acid (C18:2, n-6), and Arachidonic acid (C20:4, n-6). Each FA was 
identified by comparing its fragmentation pattern with the mass spectrometer database. The content of individual 
FA in platelet membranes was expressed as percentages of the total FAs. 

2.3. Mathematical Method 
2.3.1. Self Organizing Map (SOM) 
The SOM was created by Teuvo Kohonen as an unsupervised competitive-learning network algorithm. The cen-
tral property of the SOM performed in the current paper is that it forms a nonlinear projection of a 3-dimen- 
sional data manifold on a regular, 2D grid. The data items are vectors, the components of which are the amount 
of AP, AL and AA, of each subject. The SOM grid can be used as a groundwork on which each of the vectors 
can be displayed separately. This kind of combined display has been found very useful for the understanding of 
the mutual dependencies between the variables, as well as of the structures of the data set. In the context of this 
definition, a manifold refers to a topological space with well-defined mathematical properties. In the display, the 
clustering of the data space as well as the metric-topological relations of the data items, are clearly visible. A 
particular strength of the SOM displays lies in enabling relevant information to be “found” rather than “searched 
for”. 

2.3.2. On the Non-Manipulability of the SOM Built for the Classification of the Psychiatric Subjects 
Let’s suppose we want to build a fake SOM, that is, a SOM driven by us according to a desired result. We 
should be very lucky, in fact we should guess: 

1200 particular numbers (starting weights). By the way, really, it is impossible to know how they could be 
chosen in order to obtain a particular result. 

Above all, we should find a particular order of data that, because of an unknown reason, lead to a very par-
ticular result. In our case, we have a data base of 144 Subjects (84 depressive and 60 normal). This means that 
there are 144! = 5.5503 × 10,249 combinations. A training process takes about 4 minutes. So, about 4.224 × 
10,242 centuries are needed to check all possible results.  

2.3.3. B2 Index 
The B2 index was obtained from the summation of the percentages of each fatty acid (selected by SOM) multi-
plied by its melting point and divided by its molecular weight, obtaining an indirect expression of membrane 
viscosity, which induces to identify it with the neuron membrane viscosity, as described (Cocchi, Tonello, & 
Gabrielli, 2012). 

2.3.4. Plasma and Platelet Serotonin Levels 
Serotonin levels were assessed in each patient both in platelet pellets and in poor platelet plasma samples. Quan-
titative determination of serotonin levels was performed by enzyme immunoassay using a commercially avail-
able kit from IBL International (Hamburg, Germany), following the instructions furnished by the manufacturer.  

2.3.5. Oxidative Stress and Inflammation Markers 
Carotenoids (lutein, lycopene, beta carotenes), vitamins A (retinol) and vitamin E (alpha tocopherol) were 
measured in plasma samples by reversed-phase HPLC after sample deproteinization with ethanol and extraction 
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with hexane as previously described (Aebischer, Schierle, & Schuep, 1999). Quantitative determination of 
oxLDL (oxidized low-density lipoprotein), IL-6 (Interleukin-6), TNF-α (Tumor Necrosis Factor-α), LTB4 
(Leukotriene B4), PGE2 (Prostaglandin E2), and TXB2 (Tromboxane B2) was performed by enzyme immuno-
assays using commercially available kits from Biomedica (Wien, Austria) and Enzo Life Sciences (Lausen, 
Switzerland), following the instructions furnished by the manufacturer. Homocysteine, CRP (C Reactive Pro-
tein), and ESR (Erythrocyte Sedimentation Rate) were evaluated by routine laboratory protocols at the “Santa 
Croce” Hospital in Fano. 

2.3.6. Statistics and Data Processing 
Descriptive analysis included mean and standard deviation (SD). Normality of the distribution was evaluated by 
the Kolmogorov-Smirnov test. The statistical analysis was carried out using the one-way analysis of variance 
(ANOVA) for normal distributions or by the Kruskal-Wallis test for not normal distributions. The Tukey test 
was used as post-hoc ANOVA test for multiple comparisons. Probability values of <0.05 were accepted. Statis-
tics were obtained using WinSTAT (R. Fitch Software). 

3. Results 
After selection, 105 subjects were included: 

Among MD, 19 patients were on treatment with serotoninergic drugs, 10 with non-serotoninergic and 11 re-
ceived no therapy. Among BD, 28 patients were on treatment with serotoninergic drugs, 14 with non-sero- 
toninergic and 23 received no therapy. 

The control group (CTR) comprised 27 apparently healthy volunteers (M = 17, F = 10) matched for age, sex 
and socio-cultural condition to pathological subjects. 

Controls, assessed by a semi-structured psychiatric interview, were free of psychiatric illness or, at least, a 
psychiatric condition was not expressed. None of them was using anti-depressant therapy. For these subjects the 
B2 index was considered, and they were classified according to negative or positive values. In short, the control 
group was selected among subjects with positive and negative B2 index, without expression of psychopathology 
and without antidepressant assumption. Only in this way, researchers would be able to identify biomarker dif-
ferences compared to drug treatment. 

3.1. Fatty Acid Composition of Platelet Membrane 
The A composition of platelet membrane is shown in Table 1.  

Five major FAs can be detected by GS/MS technique: the most abundant is oleic acid, while the less is li-
noleic acid. Significant differences were detected in platelet FA composition among patients and controls. In 
detail, MD patients presented increased levels of arachidonic acid and reduced levels of palmitic acid as com-
pared to CTR. On the contrary, BD patients had increased levels of palmitic acid and reduced levels of arachi-
donic acid than CTR. Consequently, MD and BD subjects differentiated in platelet FA composition in relation to 
palmitic and arachidonic acid level; in addition, MD and BD groups also presented significantly different levels 
of linoleic acid (Figure 1). 

3.2. Platelet Membrane Viscosity Index 
The platelet membrane viscosity index (B2) for each group of subjects is reported in Table 2. By uploading 
palmitic, linoleic and arachidonic acid content into the SOM, mean B2 values equal to 0.205 for CTR, −0.329 
for MD and 0.808 for BD were obtained. Values were statistically different from each other (p = 1.4 × 10−13, 
ANOVA). All depressed patients presented a negative B2 index while all bipolar patients had a positive index. 
CTR subjects showed both positive and negative indexes (from −0.93 to 2.16); in detail, controls with a negative 
index had a mean B2 value equal to −0.369, while those with a positive index a mean B2 value equal to 0.650.  

3.3. Evidence of the SOM in Classifying Depressive and Bipolar Subjects 
Platelet fatty acids (PA, LA, AA) results obtained from apparently normal subjects and from subjects generically 
classified with Mood Disorders (psychiatric diagnosis) were analysed through the use of a Self Organizing Map 
(SOM), as described in previous reports (Cocchi, Tonello, & Cappello, 2006; Cocchi & Tonello, 2006; Cocchi,  
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Table 1. Fatty acid composition of platelet membrane in controls and MD and BD patients. Data are normally distributed 
and expressed as mean ± SD.                                                                              

Fatty acid (%) CTR MD BD p value (ANOVA) 

Palmitic acid (C16:0) 18.09 ± 1.69 17.12 ± 0.75a 19.83 ± 1.90a,b 1 × 10−13 

Stearic acid (C18:0) 19.85 ± 2.18 18.91 ± 0.99 19.41 ± 1.84 0.089 

Oleic acid (C18:1) 28.05 ± 2.15 27.67 ± 1.19 28.37 ± 2.30 0.219 

Linoleic acid (C18:2) 8.88 ± 1.69 9.58 ± 1.87 8.41 ± 2.20b 0.018 

Arachidonic acid C20:4) 25.13 ± 2.33 26.72 ± 1.03a 23.97 ± 2.62a,b 4 × 10−8 

aSignificantly different from CTR; bSignificantly different from MD. 
 
Table 2. Platelet’s membrane viscosity (B2 index) in controls and MD and BD patients. Data are expressed as mean (range).   

Platelet viscosity CTR MD BD p value (ANOVA) 

B2 index 0.205  
(−0.93/2.16) 

−0.329a 
(−1/−0.011) 

0.808a,b 
(0.01/4.1) 1.4 × 10−13 

aSignificantly different from CTR; bSignificantly different from MD. 
 

 
Figure 1. Platelets fatty acids levels in MD and BD.                               

 
Tonello, Tsaluchidu, & Puri, 2008; Cocchi & Tonello, 2010b). 

Figures 2-4. Distribution of normal and pathologic cases [first experiment (29)] over the SOM. In Figure 3 
and Figure 4 the two groups have been clustered to better show the distribution. 

Three main areas have been obtained: 
1) Normal subjects area (a—only green dots); 
2) Depressive and Bipolar subjects area (b—only red dots); 
3) Mixture of both (c—red and green dots). 
The third area was split into two other areas (yellow and orange) according to the major density of normal 

(yellow) and pathological (orange) subjects. 
The combination of the SOM and of the B2 index gave the following results (Figures 5-8). 
A new SOM was made to verify if the same triplet of fatty acids was able to confirm the separation between 

MD and BD, thus enabling its use for future diagnostic classifications. 
The result was showed in (Figure 7) and has been compared with the histogram of the B2 index to verify the 

correspondence (Figure 8). 
The first result was that the SOM properly distinguished and recognized the differences between the two 

groups of subjects (MD and BD). In Figure 7, the blue area refers to BD, while the brown to MD. The second  
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Figure 2. Distribution of all cases of the first experi-
ment (first SOM).                               

 

 
Figure 3. Distribution of normal subjects over the SOM.   

 

 
Figure 4. Distribution of depressive subjects over the 
SOM.                                          
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Figure 5. Distribution of the MD and BD subjects (new 
experiment) over the first SOM built.                  

 

 
Figure 6. Distribution of the B2 index and overlapped the SOM clusters (dark lines). The blue line delimits the negative in-
dexes (MD).                                                                                            
 
result was that there was an intermediate area, coloured in purple. Many SOM tests have been made and they 
always create an intermediate zone. The SOM answer was not the same of the B2 index which recognize the 
subjects also in a narrow range of the index and that at zero, set a net threshold.  

This is an independent test (which uses new data on depression and who works in a different way) that the 
three fatty acids are associated with psychiatric disorders. 

3.4. Serotonin Levels 
Plasma and platelet serotonin levels are reported in Table 3. Significant differences were found among patients 
and controls; indeed, MD and BD groups presented lower levels of both plasmatic and platelet serotonin than 
CTR subjects.  
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Figure 7. The new SOM recognize the MD (brown area) and the BD (blue area).       

 

 
Figure 8. Histogram of the B2 index (blue = BD and red = MD).                    

 
Table 3. Plasma and platelet serotonin levels in CTR subjects and in MD and BD patients. Data are not normally distributed 
and are expressed as mean (range).                                                                          

SEROTONIN CTR MD BD p value (Kruskal-Wallis) 

Plasma (ng/ml) 7.2 (1.2 - 22.0) 5.1 (0.2 - 24.0) 4.5 (0.3 - 24.9) 0.005 

Platelets (ng/109 platelets) 561 (233 - 1472)  290 (1 - 1129) 252 (1 - 1454) 0.00005 

 
Within the CTR group, subjects with a positive platelet membrane viscosity index had significantly higher 

levels of platelet serotonin than those with a negative index (557 vs. 433 ng/109 platelets, p < 0.05 Mann-Whit- 
ney U-test) (Figure 9), confirmed that increased cell membrane viscosity correlated with increased serotonin 
uptake. 
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Figure 9. Increased platelet serotonin levels in CTR subjects showing a positive mem-
brane viscosity index (B2+) as compared to subjects with a negative index (B2−) (p < 
0.05 Mann-Whitney U-test).                                                   

3.5. Comparison between Adult and Children 
We used the data base of a previous research on children (n = 112 age: 10.5 ± 2.7 – m ± SD), not subjected to 
psychiatric diagnosis, in order to verify the distribution of the children themselves, over the SOM, through the 
triplet of the fatty acids identified by the mathematic function (Cocchi, Tonello, Tsaluchidu et al., 2008). Com-
paring adults (Figure 10) and children (Figure 11) a first consideration was possible: none of the children is in 
the red area and because all the subjects with Major Depression are placed in a specific part of the red area (see 
Figure 5 and Figure 6), it seems not possible to attribute to any child the condition of MD but, to some of them, 
of BD. One possible explanation is that the children’s platelet fatty acids profile has a very high concentration of 
stearic acid, to compensate the lower cholesterol of the membrane as described in young organisms (Nicholson 
& Ferreira, 2009) and, as a result, the children’s platelet membranes are highly saturated with increased viscos-
ity. This corresponds to a higher uptake of serotonin with respect to the MD condition (Cocchi, Tonello, & Gab-
rielli, 2012; Lee, 1985; Heron, Shinitzky, Hershkowitz et al., 1980). The concept of cell membrane viscosity, 
especially that of the neuron and platelet, also responsible of the central government of that bio-molecular intra-
cellular complex, called interactome (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 re-
actions) and of its influence on the ion channels, is often missed (Cocchi, Gabrielli, Tonello et al., 2010) in its 
involvement in many psychiatric conditions. Under this evidence and according to the classification of the chil-
dren over the SOM we hypothesize that it is very difficult to have a classic condition of Major Depression in 
children. 

3.6. SOM and “Suicidal Ideation” 
Distributing the adult subjects (MD e BD) over the first SOM (Figure 4) we noticed that some of them were 
placed in the area which corresponds to the minimum level of Linoleic Acid (Figure 12), the same for the chil-
dren (Figure 11). 

Of the whole group of patients, 8, diagnosed with “suicidal ideation” (psychiatric evaluation), have been 
clustered over the SOM and compared to children with the same platelets’ molecular characteristic of the “adult 
suicidal ideation” (Figures 13-15). 

As it is possible to see in Figure 14, the “adult suicidal ideation” (7 bipolar, 1 major depression) range be-
tween the position 13 and 16 of the abscissa (and Y < 4) clearly forming a cluster. We have identified this area 
as a cluster of “suicidal ideation”. Because of the precision of the SOM, it seems excluded the position 12 for 
the children, so, the children, really corresponding to the “adult suicide” position, are two. 
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Figure 10. Distribution of the MD and BD subjects over the 
SOM.                                              

 

 
Figure 11. Distribution of all children’s over the SOM.        

 
We tried to study the “suicide area” of the SOM in order to find common feature among people with suicide  

thought or attempt, according to the SOM itself. We have focused our attention at the level of the three Fatty 
Acid and found that the “suicide area” of the SOM corresponds to the lowest value of the LA, which seems the 
critical aspect in “suicide ideation”, as showed in Figure 6. 

We know that the BD is the psychiatric condition with a higher risk of suicide (Mathews, Richards, & Niciu, 
2013) and it is also likely that it is not possible to investigate and highlight the real risk without the use of bio-
logical markers. 

Some risk factors have been identified (Undurraga, Baldessarini, Valenti et al., 2012; Bellivier, Yon, Lu-
quiens et al., 2011) as well as different ways to highlight biological markers of suicide have been tried (Turecki, 
Ernst, Jollant et al., 2012; Pandey & Dwivedi, 2012; Pandey, 2011; Mann & Currier, 2010; Donati, Dwivedi, 
Roberts et al., 2008; Mann, 2003; Turecki, 2001; Stanley & Stanley, 1989; Stanley et al., 1986). 

Even with strong implications for plausibility these attempts have not been successful, up to now, to identify  
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Figure 12. Level curve of PA, LA, AA over the SOM. The picture show the level of LA (C18:2) in a level curve representa-
tion. Higher levels of LA are brown coloured; middle levels are green while lower levels are blue. The so called “suicide” 
area corresponds to the minimum value of LA. Is C18:2, the main actor of “the fine tuning”?                             
 

 
Figure 13. Distribution of all “adult suicide” together 
with children.                                    

 

 
Figure 14. Distribution of “adult suicide”.             
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Figure 15. Distribution of children with molecular 
similarity to “adult suicide”.                          

 
classification tools that may allow early interventions for prevention. 

Despite the awareness that the SOM cannot be manipulated, and considering its very high degree of diagnos-
tic precision, but in view of the fact that we have not submitted the children, recruited in a common medical de-
partment, to psychiatric evaluation for the complexity of the ethical reasons, we are aware that these issues need 
to be further explored. This may allow alerting the psychiatrist in front of the not infrequently, dramatic, child’s 
predisposition to suicide. 

The index of membrane fluidity is stable in the same subject over time. A condition of greater or lesser clini-
cal compensation corresponds to variations which are not substantial and never register transition from a posi-
tive value to a negative or vice versa. Clinical improvement appears to correspond to an increase in the B2 index 
of the membrane, i.e. increasing the viscosity. 

3.7. Serotonin and Linoleic Acid 
Because of the Linoleic Acid features we found in suicidal ideation, we investigated whether there might be a 
correlation between platelet’s serotonin concentration and fatty acids.  

The study carried out (Figure 16) showed that there was a significant correlation (p < 0.05) between fatty ac-
ids and platelet serotonin for one of them, just the LA, in the case of lower values of platelet serotonin (<100).  

The group of subjects who has a level of serotonin <100, is characterized by a statistically significant differ-
ence with the lower level of linoleic acid than did those with higher levels of serotonin.  

To increase the level of certainty of the previous statement we wanted to verify the result by comparing two 
groups of subjects, equipotent. We operated in the following way: 2 groups were formed of the same numerosity 
(60 subjects each). A group containing the 60 lowest levels of serotonin and another that has the highest values. 
Repeating the analysis, it was found again significance only for the level of linoleic acid. In conclusion, it is 
confirmed that, at least in the sample considered, low levels of serotonin are associated with low levels of li-
noleic acid (p < 0.05), the only statistically significant.  

This result would be consistent with the finding that a reduction of serotonin corresponds to the physico- 
chemical state (viscosity) of the platelet membrane as described, for other aspects, by Engelberg, 1992. 

3.8. Biomarkers of Oxidative Stress and Inflammation 
The biochemical parameters related to oxidative stress assessed in CTR, MD and BD subjects were reported in 
Table 4.  

As regards the antioxidant defense system, significant differences (p < 0.05) were observed in carotenoid 
plasma levels among the three groups (see Table 4). In fact, in subjects with MD and BD, carotenoids were sig-
nificantly lower than in CTR, with reductions from 20% (lutein and lycopene) to 40% (beta carotene). No sig-
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nificant differences were observed in vitamin A and E plasma levels among the three groups. As regards the 
markers of oxidative damage, significant differences were observed in oxLDL and homocysteine plasma levels 
among the three groups. In particular, MD subjects presented a significant increase in the levels of both oxLDL 
and homocysteine as compared to CTR and BD subjects. 

In relation to inflammation (Table 5), a relevant accumulation of TNF-alpha, LTB4, PGE2 and TXB2 was  
 

 
Figure 16. Platelet serotonin level and its distribution in the number of cases. 
Clearly, it’s not normal.                                                 

 
Table 4. Biochemical parameters related to oxidative stress in CTR subjects and MD and BD patients. Data are normally 
distributed and expressed as mean ± SD.                                                                      

PARAMETERS CTR MD BD p value (ANOVA) 

Lutein (µmol/l) 0.34 ± 0.14 0.26 ± 0.14a (−24%) 0.27 ± 0.13a (−21%) 0.038 

Lycopene (µmol/l) 0.68 ± 0.24 0.57 ± 0.22a (−16%) 0.55 ± 0.19a (−19%) 0.022 

Beta-carotene (µmol/l) 0.73 ± 0.49 0.45 ± 0.45a (−38%) 0.43 ± 0.29a (−41%) 0.003 

Retinol (µmol/l) 1.71 ± 0.54 1.54 ± 0.49 (−10%) 1.57 ± 0.58 (−8%) 0.445 

Alpha-tocopherol (µmol/l) 21.0 ± 4.5 20.1 ± 5.6 (−4%) 20.7 ± 4.9 (−1%) 0.791 

oxLDL (µg/ml) 1.31 ± 0.54 2.07 ± 1.73a (+58%) 1.52 ± 1.14b (+16%) 0.045 

Homocysteine (µmol/l) 11.52 ± 2.77 13.94 ± 5.29a (+21%) 11.86 ± 4.15b (+3%) 0.047 
aSignificantly (p < 0.05) different from CTR; bSignificantly (p < 0.05) different from MD. 
 
Table 5. Biochemical parameters related to inflammation in CTR subjects and MD and BD patients. Data are not normally 
distributed and are expressed as mean (range).                                                                 

PARAMETERS CTR MD BD p value 
(Kruskal-Wallis) 

IL-6 (pg/ml) 43 (8 - 80) 44 (5 - 101) 56 (8 - 126) 0.403 

TNF-alpha (pg/ml) 6.1 (0.1 - 34.4) 13.3 (0.1 - 43.9) (+118%) 8.9 (0.1 - 46.0) (+46%) 0.201 

LTB4 (pg/ml) 221 (115 - 377) 265 (84 - 522) (+20%) 293 (44 - 595) (+33%) 0.241 

PGE2 (pg/ml) 172 (43 - 376) 332 (20 - 1025) (+93%) 284 (5 - 958) (+65%) 0.333 

TXB2 (pg/ml) 2405 (710 - 4167) 3095 (18 - 13,389) (+29%) 2994 (49 - 14,644) (+24%) 0.918 

CRP (mg/dl) 0.25 (0.1 - 1.6) 0.41 (0.1 - 4.7) 0.55 (0.1 - 2.9) 0.018 

ESR (mm/h) 7 (2 - 17) 13 (2 - 38) 12 (2 - 34) 0.046 

Variable: serot pia, Distribution: Normal
Chi-Square test = 118.88229, df = 8 (adjusted) , p = 0.00000
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detected in MD and BD patients as compared to CTR group; in particular, MD and BD groups presented high 
levels of TNF-alpha and PGE2. Differences were not significant probably due to the wide distribution range of 
the plasmatic levels of cytokines and eicosanoids. Significant differences were found among the three groups as 
regards ESR and CRP levels. Indeed, CRP and ESR strongly accumulated both in MD and BD patients as com-
pared to CTR subjects. 

4. Discussion 
The results obtained in the present study have led to the achievement of an important scientific goal: a particular 
and specific composition of platelets FAs correlates significantly with the clinical state of depression and is 
therefore a fundamental support to the diagnosis of depression and, even more surprisingly, allows discriminat-
ing depressed subjects from bipolar ones. Consequently, different concentrations and relationships of platelet 
FAs are biological indicators of MD or BD. In detail, MD and BD patients showed to have a significant differ-
ence in PA, LA and AA platelet concentration, leading to relevant differences in membrane viscosity, as re-
vealed by the Self Organising Map (SOM). Indeed, a negative B2 index (i.e. lower viscosity) was associated to 
MD and a positive B2 index (i.e. higher viscosity) to BD. 

Both instruments (SOM and B2) should be used because some subjects have a very narrow range between 
negative and positive B2 index, even though, accurate psychiatric diagnosis, established with precision the na-
ture of the disorder, i.e. negative B2 corresponding to MD and positive B2 to BD.  

The power of the SOM, because it is impossible to manipulate it, is absolutely high and strength. The data en-
try in the SOM of the subjects who did not manifest an expressed pathology but divided between positive and 
negative indexes confirmed that they were not distinguishable from pathological cases and they were distributed 
over the SOM.  

In particular, the index of membrane viscosity is stable over time in the same subject, and is independent from 
age, gender, dietetic behavior and therapy. The negative index is peculiar of the MD condition and the positive 
index is peculiar of BD. The index does not change because of the high stability of the platelet fatty acids and 
because extensive clinical evaluations have only showed slight differences within the same sign without chang-
ing its positivity or negativity. Therefore, the membrane index, together with the SOM, can be proposed as a 
stable and peculiar marker of the pathological condition (MD and BD). 

This result could open, in the immediate future of the field of psychiatry, the possibility of a new early diag-
nostic approach, considering that the affective syndromes are the most common psychiatric conditions and the 
second cause of disability in the world. In addition, the clinical characteristics, largely overlapping in MD dis-
order and in the depressive phase of BD, the anamnestic difficulties and the many different ways of presentation 
of bipolar illness, are features that make even more complex the formulation of a specific early diagnosis, lead-
ing to the risk of administering inappropriate therapies that can adversely modify the evolution of the disorder, 
significantly reduce the quality of life of the patients and increase the risk of suicide [Tenth World Day for the 
Prevention of Suicide, Rome, 2012]. 

In fact, the use of antidepressants in BD is associated, with a poor efficacy and an increased risk of bias, to 
hypomanic or manic symptoms, to induction of rapid cycling, mixed states and chronicity of the disorder. The 
combination of an antidepressant with a mood stabilizer reduces but does not eliminate the risks associated with 
the use of antidepressants in bipolar patients. 

A targeted diagnosis also means the reduction of side effects and a better quality of life of the subject. For the 
first time, the use of biological markers for the diagnosis of depression by a simple blood test means, in practical 
terms, to be really of help to the clinical diagnosis of this disease state that has been entrusted, so far, only to the 
clinic and the professionalism of psychiatrists.  

The index of platelet membrane viscosity was also evaluated in apparently healthy volunteers, showing both 
positive and negative B2 values. The correspondence of the indices of CTR subjects to those of pathological pa-
tients involves some very important considerations. The deep diagnosis performed on CTR through the psychi-
atric tools, has documented, in many cases, the existence of a family history of mood disorders. It is possible 
that many people have a molecular similarity to that observed in pathological subjects but that do not express the 
disease, or that they have not yet expressed the disease, or that epigenetic phenomena must be considered critical 
to the rise of the pathology. 

The similarity between platelet and neuron has been discussed (Cocchi, Tonello, De Lucia et al., 2009a; Coc-
chi, Tonello, De Lucia et al., 2009b; Cocchi, Sardi, Tonello et al., 2009) and explained by the hypothesis of the 
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exchange of AA between platelets and neurons, regular in normal conditions; on the contrary, when AA is very 
high in platelets, as in the case of MD, the exchange terminates and AA increases in brain, increasing the fluid-
ity of the membranes. Already in 1980 it has been shown a relationship between serotonin receptors and lipid 
membrane fluidity (Heron, Shinitzky, Hershkowitz et al., 1980; Lee, 1985): as the membrane become more vis-
cous, the specific binding of serotonin increases steadily. Indeed, signal transduction, either through activation 
of adenylate cyclase by the ligand-receptor complex or by micro aggregation of ligand-receptor complexes, is 
associated with lateral movements of components of the membrane which are determined, at least partially, by 
lipid fluidity. In this context, we observed that within the control group, subjects with a positive platelet mem-
brane viscosity index had higher levels of platelet serotonin than those with a negative index, thus confirming 
that a reduced cell membrane viscosity (as also evidenced in MD patients) reduces serotonin uptake. 

In relation to oxidative stress, our study revealed a decrement of the antioxidant defense system in patients 
with MD and BD, in particular as regards carotenoid plasma levels. Carotenoids, considered a good indicator of 
fruit and vegetable intake, are efficient quenchers of singlet oxygen species and can directly scavenge free radi-
cals. Low plasma concentrations of carotenoids have been recently associated with depressive symptoms and 
may predict the development of new depressive symptoms in older persons (Milaneschi, Bandinelli, Penninx et 
al., 2012). 

Understanding the mechanism of this association may reveal potential targets for prevention and treatment. In 
this context, the therapeutic potential of antioxidant compounds as a co-adjuvant treatment to conventional anti-
depressants might be of clinical relevance (Scapagnini, Davinelli, Drago et al., 2012; Pandya, Howell, & Pillai, 
2012).  

Indeed, even though antioxidant treatment for MD and BD is still in its infancy, current evidence suggests 
some beneficial value of various antioxidants, such as N-acetyl-cysteine and curcumin (Kulkarni, Bhutani, & 
Bishnoi, 2008; Berk, Dean, Cotton et al., 2011).  

A lowered antioxidant capacity is known to impair the protection against reactive oxygen species (ROS), 
which eventually cause damage to membrane lipids and lipoproteins. Accordingly, in MD patients we found a 
significant accumulation of oxidized LDL, which constitutes a major risk factor for genesis of atherosclerosis 
(Mitra, Goyal, & Mehta, 2011). At the same time, MD subjects also presented high levels of homocysteine 
which is an independent risk factor for heart disease; indeed, homocysteine can induce oxidative stress promot-
ing oxidant injury to vascular and blood cells (Dionisio, Jardín, Salido et al., 2010). 

This evidence may further explain the higher incidence of coronary artery disease in MD disorder (Fra-
sure-Smith & Lespérance, 2006; Maes, Mihaylova, Kubera et al., 2010). 

In depression, the induction of ROS pathways takes part in a more general inflammatory response character-
ized by an activation of cell-mediated immunity and increased levels of proinflammatory cytokines (McNamara 
& Lotrich, 2012). Accordingly, MD patients showed high levels of TNF-alpha as compared to CTR subjects. 
BD patients also presented an accumulation of TNF-alpha; in fact, inflammation appears relevant to BD with 
altered cytokine levels during symptomatic (i.e., mania and depression) and asymptomatic intervals (Berk, 
Kapczinski, Andreazza et al., 2011). The same trend was observed for other markers of inflammation, namely 
eicosanoids, CRP and VES, demonstrating an elevated immune-inflammatory signaling in mood disorders 
(McNamara & Lotrich, 2012).  

This paper presents some aspects of complexity and difficulty of interpretation with respect to the traditional 
psychiatric evaluations. It is, therefore, necessary to clarify some of the problems that concern the methodologi-
cal choices.  

The results obtained showed that the platelet fatty acids composition is less variable than that of the plasma 
and red cell membrane, under nutritional influence. The index of membrane viscosity is stable in the same sub-
ject over time. A condition of greater or lesser clinical compensation corresponds to variations which are not 
substantial and don’t show any transitions from a positive value to a negative or vice versa, and are not influ-
enced by therapy. Further, Stahl et al., 1983, have concluded their work by commenting: “These platelet find-
ings could not be explained by age, sex, or medication variables. The authors suggest that “the pharmacody-
namics of platelet serotonin may be different in chronic schizophrenia than in bipolar major depressive disor-
der”. 

From the theoretical point of view it is plausible to think that platelets cannot undergo significant changes of 
the fatty acid composition unless of a significant dysregulation of the membrane functions and, therefore, induc-
tion of phenomena that can alter the delicate functions of the same platelets with undesirable consequences. 
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Also, with regard to methodological approach, some considerations are possible with respect to the experi-
mental choices made. In this regard it is appropriate a mathematical and methodological reasoning.  

The search for “confounding variables” is a cornerstone of Evidence Based Medicine (EBM). This is correct 
because the EBM is based on standardized analytical methods, almost all, of statistical and probabilistic nature. 
Unlikely, our approach, uses the method of Artificial Neural Networks (Self Organizing Map—SOM), which is 
only partly statistical. It is therefore necessary to consider it in different way. 

To build the SOM, a population of subjects with a generic diagnosis of Mood Disorders, without distinction 
within them between Major Depression and Bipolar Disorder, and a population of supposed healthy subjects 
was considered. Both populations were heterogeneous for sex and age. In addition, the subjects were treated 
with different drugs according to the classical psychiatric diagnosis. The Network has classified the subjects 
mapping (i.e. placing on the SOM map) pathologic subjects all close together and all healthy ones close together 
as well. The healthy subjects were far from the pathologic ones. The SOM placed them working “blindly”, i.e. 
without knowing who was healthy or depressed, but she did so only on the basis of logic similarity of the num-
bers that were administered. 

Since the three fatty acids were the only information administered to the SOM, in these three fatty acids there 
is something that is common within the pathological subjects and something that is common within the healthy 
population. 

Suppose, with the logical approach known as “reduction ad absurdum”, that the grouping criterion is not the 
presence of the disease, but any other variable, e.g. a confounding variable. Suppose, for example, that the con-
founding variable is the gender: this cannot be, because the SOM would have put females all close together and 
males all close together. It’s obvious that it is not so, then gender is not a criterion that the SOM has taken into 
account. It is possible to see the same idea looking at the uniform distribution of the subjects within the map, 
from the gender point of view or looking at the absolute impossibility of identifying a “gender cluster”. 

We can also think about drugs: if the criterion were drugs, considering that the whole group of the depressed 
subjects was under very different medications, we should think that any type of drug used by pathologic subjects, 
although different, should have acted in exactly the same way on the balance of fatty acids investigated having 
mapped them all close, which is extremely unlikely, almost impossible. 

It can be further evidenced by the fact that all pathological cases analyzed, before initiating therapy, have 
been mapped in the pathologic area, indeed, overlapping themselves to the pathologic subjects (supposed biased 
by drugs). This further exculpates the therapy from being a determining factor. The experimental choice, then, 
was made in order to identify the possibility of a marker that was very strong and able to classify the different 
psychiatric conditions. Evidently within the platelets is written something unmistakable. 

In fact, using the same fatty acids but, by independent data from the first SOM, because collected in another 
region by different researchers and analyzed in different laboratory, with different tools, they have allowed the 
construction of a second SOM with the same logic. There may be the same “bias”? 

5. Conclusion 
This decade has clocked the review of the new DSM, the fifth in the series, the instrument considered the “bible” 
of psychiatry worldwide. The document, which is accomplished today, reveals firmly rooted in conservative 
psychiatric tradition ignoring the progress made by the biological research field. Of particular interest are the 
statements of NIMH (National Institute of Mental Health) by the voice of its director, who points out a strong 
critique to the DSM-V for not having considered the biological aspects of psychopathology. Clearly, the di-
chotomy between conservative and progressive psychiatry is not over despite the efforts of the scientific re-
search in the field of psychiatry. The present work, shows, however, with the use of a unequivocal tool (the 
mathematical function that oversees the achievement of the SOM) that a biological aspect (platelets fatty acids), 
at least in the case of MD and BD, constitutes a determinant chance in the discrimination between the two psy-
chopathologies. Why this possibility is written in platelets and which is the relationship that the SOM finds 
among the three FAs, to date, has not been yet known. Nevertheless, this finding certainly joins the chorus of the 
researches that recognize in mood disorders a clear genetic liability, which will be expressed in circumstances 
that, at the moment, we cannot identify and, perhaps, know in their fullness. 

Recently some major events have allowed a movement of thought not only innovative, but of criticism, 
mainly at a high intellectual and scientific level, on the ideological implications of psychiatric diagnosis and of 
the increasing complexity of the nuances that classify the psychiatric disorder, rather than looking at a window 
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that allows, through biological markers, a reliable diagnosis and appropriate care in the first diagnostic instance 
by limiting the diagnostic error unaware that psychiatric diagnosis has dragged on for years about the recogni-
tion of bipolar disorder from major depressive disorder where there is a diagnostic misinterpretation ranging 
from 40% (Bowden, 2001) to 70% [Tenth World Day for the Prevention of Suicide, Rome, 2012]. 

The complex experimentation carried out and described in this work moves between confirmations and inno-
vative results. In the progression of the results, in fact, it demonstrates and confirms that inflammation and oxi-
dative stress are related to mood disorders. 

Recently (Khairova, Pawar, Salvadore et al., 2012) a significant decrease in the Superoxide/Catalase (SOD/ 
CAT) ratio was observed following lithium treatment, which was associated with decreased OxS by lowering 
hydrogen peroxide levels. This reduction in the SOD/CAT ratio may lead to lower OxS, indicated primarily by a 
decrease in the concentration of cell hydrogen peroxide. Overall, the present findings indicate a potential role for 
the antioxidant effects of lithium in healthy subjects, supporting its neuroprotective profile in bipolar disorder 
(BD) and, possibly, in neurodegenerative processes. 

An element which must be considered concerns the fact that the experimental evidence, that led to the recog-
nition of individuals with MD and BD, is due to a set of three FAs identified by the SOM, namely PA, LA, AA, 
corresponding to an evaluation obtained by a nonlinear mathematical function. 

In short, we can conclude that the experimentation described in the work confirms that the artificial neural 
network (SOM) and the B2 index through the identification of three platelet fatty acids allow the classification 
of major depression and bipolar disorder, with the significant advantage of being able to address a correct thera-
peutic approach since the first diagnostic evaluation.  
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