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Abstract

During the last years a great deal of
scientific research has been spent to identify
biochemical markers (mainly fatty acids) in
the erythrocyte membrane and in plasma
phospholipids with the purpose of a
biochemical characterization of the Major
Depression.

As we didn’t consider fully satisfying the
above research models, we have performed
the study of the fatty acids in a very
particular and complex tissue as the platelets
are.

It is very well known that the platelets have
metabolic capacities for the fatty acids
synthesis, and they have receptors for the
neurotransmitters.

The research of a mathematical way able to
perform an efficient biochemical diagnosis
of Major Depression has convinced us to
realize an ANN (Self Organizing Map -
SOM), the so called Kohonen network.

A number of continuous and independent
proofs has highlighted the SOM
discriminating capacity, selecting only three
parameters among all ones studied:
Arachidonic Acid, Linoleic Acid and Palmitic
Acid.

The deep analysis of the meanings of ADAM
has given to us the opportunity to check if
biochemical and nutritional strategies are
possible to modify, in a significant way, the
conditions of the depressive patients.

We have hypothesized that the position of
the cases could be linked to a different
physical-chemical condition of the platelet
membrane, determined by different ratios
among the three fatty acids.

It is likely that within the circumstances
witch discriminate an healthy from a
pathologic subject, the Linoleic Acid gives a
biochemical modification of the factors
involved in the determination of the
biochemical aspect of the pathology.

We must consider, further, that the effects of
the Linoleic Acid on the pathology are
relevant to condition of balance between
Arachidonic Acid and Palmitic Acid.
Practically, with reference to the position of
the subjects over ADAM map, when the
Arachidonic Acid percent is over a certain
value, the subject is certainly depressed, in
the same way for the values of the Palmitic
Acid.

During the last years a great deal of scientific research has
been spent to identify biochemical markers (mainly fatty
acids) in the erythrocyte membrane and in plasma
phospholipids with the purpose of a biochemical
characterization of the Major Depression.

In particular, a great attention has been paid to the study of
the n-6 and n-3 fatty acids and their ratio n-6/n-3 (Adams
et al., 1996; Green et al., 2005; Hakkarainen et al., 2004;
Maes et al., 1996; Mischoulou et al., 2000; Passi et al., 2003;
Peet, 2003; Peet et al. 1998; Puri et al., 2001).

As we didn’t consider fully satisfying the above research
models, we have performed the study of the fatty acids in a
very particular and complex tissue as the platelets are
(Cocchi et al., 2006).

It is very well known that the platelets have metabolic
capacities for the fatty acids synthesis, and they have
receptors for the neurotransmitters.
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These characteristics show the platelets as an element very
similar to the neuron.With scientific simplification “a
fragment of circulating brain”.

According to our idea we have recruited 84 patients (51
females and 33 males, mean age: 60.21,SD: + 12.27) in an
outpatient and inpatient Psychiatric Clinic (Villa Baruzziana)
in Bologna (Italy); 60 controls (38 Males and 22 Females,
mean age: 33.97,SD: £ 12.40) from the community.

We have decided for ethical reasons to not submit the
normal subjects to a proper psychiatric visit. The un-
balance of the numeric density between patients and
controls was kept in order to strengthen the ANN learning
to reduce the false negatives.

Al patients were interviewed to confirm the diagnosis of
major depression.The tools used were: Clinical Global
Impression (CGl), Symptoms Check List-90 (SCL-90),
Medical and pharmacological history, BMI, Structured
Clinical Interview DSM-IV-SCID-IV (American Psychiatric
Association 2000), (Diagnostic and Statistical Manual of
Mental Disorders, 2000) Hamilton Rating Scale of
Depression (HRSD).

The severity of depressive symptoms in the patients group
was assessed with the Hamilton Rating Scale of Depression
21 items version HRSD-21 (Hamilton, 1960)

The study was approved by the Ethic Committee of the
local Health Authorities.

We have investigated the platelet fatty acids and some
antioxidants (Vit. E and CoQ) ), in total |9 parameters; the
statistic analysis has found a significant difference in 8 of
them (Table 1).

VARIABLE p
C20:4 <0.01
C18:2 <0.01
Cl6:0 <0.01
C17:1 <0.01
C22:6 <0.01
C18:0 <0.01

VitE <0.01
Cl6:1 <0.05

Tab.1 - Significance levels of the ANOVA between normal and depressive
subjects

The research of a mathematical way able to perform an
efficient biochemical diagnosis of Major Depression has
convinced us to realize an ANN (Self Organizing Map —
SOM), the so called Kohonen network (Kohonen, 1995;
1997)

A number of continuous and independent proofs has
highlighted the SOM discriminating capacity selecting only
three parameters among all ones studied: Arachidonic Acid,
Linoleic Acid and Palmitic Acid.

The network has been named “ADAM” (Analysis of
Depression with Artificial neural network Mapping).
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Fig. 1,2

The SOM has distributed the 144 subjects (administered in
an hidden form) over the map and has allowed us to
recognize four sub — maps:

Two specifics (green = exclusively normal, red = exclusively
major depression) and two mixed (yellow and orange
respectively with high density of normal and high density of
pathologic). The two intermediate sub — map (yellow and
orange) have been considered, at the beginning, as
expression of possible different degrees of depressive
pathology (for the people with major depression diagnosis)
and of a non diagnosed pathological condition in the case
of the normal people, moreover, in agreement to the
scientific literature. (Bellantuomo et al., 2002; Poluzzi et al.,
2004)

It must be underlined that none of the pathological
subjects is in the green map and none of the “normal” is in
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the red map. This evidence shows that the platelet fatty
acids can characterize the condition of the subject and that
they can interpret the variations of the fatty acids
administered to the SOM.

The three fatty acids have a constant sum in all the subjects
investigated (53,33 * 3,43 with a correlation coefficient of
—0,66).

We have hypothesized that the position of the cases could
be linked to a different physical-chemical condition of the
platelet membrane, determined by different ratios among
the three fatty acids.

We have calculated a ratio index, BI, between Palmitic Acid
(saturated) and Arachidonic Acid + Linoleic Acid
(polyunsaturated)

| = Palmitic Acid
Linoleic Acid + Arachidonic Acid

The ratio has given an average index which, in each fraction
of the general map has showed an increasing degree of
unsaturation (green — yellow — red) and of saturation
(green — orange and red — orange), confirming the
particular characteristic of the orange fraction. Fig. 3, 4

, L. Tonello

A further in depth study has allowed us to recognize a
more efficient index, B2, with the capacity to correlate the
characteristics of saturation and of unsaturation of the
three fatty acids together.

Following a discussion with Prof. Gianni Lercker to whom
we are gratefully indebted, the index has been identified:

B = 340
o mw,
i Name
| Palmitic A. C 16:0
2 Linoleic A. c 182
3 Arachidonic A. C 20:4

where:

A, = percent of i Fatty Acid

mw; = molecular weight of i Fatty Acid

mp; = melting point of i Fatty Acid

It represents the melting coefficient obtained by the sum of
the three fatty acids melting points.

The B2 coefficient has been calculated for each one of the
144 subjects.

9 5 0 u o om

0o

1213 14 15 18 17 18 19 20

! Mappa B2 j
20 117 | 1.92 [ 1,89 | 1,92 1,85|168 (1,59 158|156 | 164|160 130
19 |1,92| 1,94 1,98 | 198 | 2,00 | 1,71 [ 1,53 [ 1,44 | 1,37 [ 1,53 | 1,70 | 1,54 | 1,32
18 1,91 (183 (155|134 (136150151133 1,20 B2<1
17 185|177 | 155|139 (132131130123 1<B2<2
16 [E¥e 171147 [129 | 1,23 | 1,31 [ 1,27 [ 1,25 2<B2<3
18 167 (140|127 | 1,14 [ 1,22 | 1,21 | 1.22 B2 >3
14 136115113 (1,16 | 1,16 | 1,08
13 117 (1,00 1,11 [ 1,02 [ 1,01
12 1,97 | 1,63 | 1,55 | 1,48
11 1,93 | 1,97 1,91
10 1,97 1.68 | 1,07
9 1.91 181 1,57 | 137
8 8 (o) 1,91 1,41 1,23
7 193|197 (182|166 | 138 1,19
6 0 154 (1,50 [ 1,40 | 1,11
5 (o] 80 o] 1,99 | 1,81 183|157 | 112
a 0 E 8 199 | 1,89 | 1,85 [ 1,23 | 1,01
3 0 8 193|177 | 1,51 1,34 [ 1,18
2 0 4.4 9 6 40 1,66 | 1,19
[l 8 6,58 06 8 ) 1,72 [ 1,03 Tab. 2
= 1 2 3 4 5 3 7 8 9 10 | 11 | 12 | 13 | 14 | 15 16 17 18 19 20
Table 2
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This brought to a further classification of the subjects with
statistic significance.

When the SOM was asked to map the B2 expected in each
point we obtained (Tab.2):

As a result we obtained a distribution of the coefficients in
increasing order, from the right to the left of the SOM
(from -2,64 to 8,23) with a typical fan form. Fig. 5

C 20:4

B2

Fig.7

These two fatty acids define the belonging macro area of a
subject. Within a macro area it is the Linoleic Acid that
modulates with precision the B2 position and consequently
the position of the subjects, Fig. 8,9

C 182

“NWwa0o
’

Fig.5
B, ~ +0.25PA % -0.02LA% -0.16AA%

The subjects of the green fraction have a B2 average value
of 2,80 and this value is the middle point between — 2,64
(absolute minimum of the map) and 8,23 (absolute
maximum of the map).

We must highlight the orange fraction where, excluding the
red fraction, there are reflected all the B2, of positive mark,
of the whole map.

A careful analysis of the mathematical formulation of the
B2 shows that it is ruled out, almost completely, by the
Arachidonic Acid and by the Palmitic Acid. Fig. 6, 7

C'16:0

Fig. 8,9

e.g.: two subjects with the same B2, one diagnosed as
depressive the other normal differ by the percent of
Fig. 6 Linoleic Acid. This observation is plausible if we think to the
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very low melting coefficient of Linoleic Acid.

It is likely that within the circumstances witch discriminate
an healthy from a pathologic subject, the Linoleic Acid gives
a biochemical modification of the factors involved in the
determination of the biochemical aspect of the pathology.
We must consider, further, that the effects of the Linoleic
Acid on the pathology are relevant to condition of balance
between Arachidonic Acid and Palmitic Acid.

Practically, with reference to the position of the subjects
over ADAM map, when the Arachidonic Acid percent is
over a certain value, the subject is certainly depressed, in
the same way for the values of the Palmitic Acid.

When the B2 is close to its normal value, the percentage of
Linoleic Acid becomes very important

These aspects introduce, moreover, to the concept of hyper-
saturation of the platelets in the case of the Palmitic Acid and
of hyper-un-saturation in the case of the Arachidonic Acid.

A further consideration, for the characterization of the
pathology, must be done for the Linoleic Acid.

It's excess can, further, determine the biochemical conditions
for the development of the pathology (as verified in the
depressive patients).

Certainly the network develops mathematical operations, not
yet known, among the fatty acid values administered to the
SOM.

We have investigated the platelet fatty acids of other subjects
and ADAM gave us the corresponding level of incidence of
depression and of normality according to the scientific
literature:

1) subjects with Morphoea (n=80)

2) subjects with Scleroderma (n=31)

3) subjects with Ischemic Cardiovascular Pathology (n=31)
4) subjects with Obesity (children, | 113 years old; n=23)

5) young adult (18-24 years old; n=45)

It has been impossible to us, for the obvious ethic difficulties,
to determine the psychiatric profile.

Nevertheless, the percentage of depression according to
ADAM is very close to the epidemiological data of the
international literature. (Gruck et al., 2001;Lima, 2004; Crowe
et al., 2006)

The deep analysis of the meanings of ADAM has given to us
the opportunity to check if biochemical and nutritional
strategies are possible to modify, in a significant way, the
conditions of the depressive patients.

In other words, if it is possible to modify the ADAM position
of the patient changing the fatty acid profile within a possible
and compatible range.

The researches are running.

From the simulations we have tried until now, we have
assumed that changes of the ADAM patient position are
possible and, virtually, it is possible to recover the patient to a
normal condition or to maintain him in the pathological
condition.

This means that a number of patients cannot be recovered to
a normal biochemical condition and, perhaps to a normal
clinical condition.

If drugs are utilized and their effect, among the others, is to
modify the Arachidonic Acid (e.g. Lithium), we think that it is
absolutely necessary to know the platelet Arachidonic Acid

level (the same for the other fatty acids) to not create

dangerous consequences.

It has been possible to observe, through simulations, that,

changes of similar amount of the fatty acid can significantly

better or worsening the position of the subject.

We have thought also, if ADAM could be a network able to

classify animal and human brains according to the same three

fatty acids.

Literature and personal brain fatty acid composition data

have been administered to the network.(Svennerohlm, 1968;

Cocchi et al,, 1993; Maldjian et al,, 1995)

All the data have confirmed that the brain Linoleic Acid is

very low if compared to the other tissues (from 0.5% to 2.0).

We thought that the low level of Linoleic Acid could wrong

the network, instead, the three fatty acid found their position

in 14:1 with a range from 14:1 to | 1:1 (I I:] represents very
few cases according to the age and the animal kind).

The brain B2 values are compatible with the data of the

subjects who have the same position in ADAM even though

the Linoleic Acid values are significantly different from the
brain ones.

The 14:1 coordinate is very characteristic for some reasons:

1) since its position belongs to a restricted area where the
B2 has a strong gap with the red area.

2) Since it is the pivot of the curves of the B2 which, in turn,
is the starting point of the above mentioned fan.

3) Since it has been demonstrated that the brain fatty acid
coordinates don’t change their position also in spite of
Linoleic Acid modifications up to 10% of absolute value.

According to the mathematical obviousness which has

supported the experimental work, we want to elaborate

some conjectures.

The brain, evaluated through ADAM, seems to have similar

biochemical platelets characteristics as those of the patient

with depression.

Nevertheless the brain is guarantee by an unquestioned and

strong stability given by the great range of tolerance to the

Linoleic Acid modifications, before it is possible to induce

substantial changes from its original position.

It is not thinkable to easily fill this gap.

On the contrary, it is plausible to think that such a low

concentration of brain Linoleic Acid could be in related to a

rigorous mechanism of metabolic control.

The central role of the Linoleic Acid seems to be confirmed,

also in platelets, since it becomes the element which

regulates the distribution of all the map values starting from

14:1 which is the absolute minimum of the map.

Increasing its value, with a different degree of intensity, it is

possible to reach each point of the map.

We must still understand how it is possible such a precise

correspondence between the mathematical calculation of the

network and the biological event.
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