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Abstract
Depressive disorder in elderly patients is a particularly important and complex
clinical condition. For many people, the likelihood of experiencing a depressive
disorder is very high after the age of 65. This probability increases if they have
a history of mood disorders, if their health is impaired for other reasons, if they
have unfavourable social and environmental circumstances, and, in other words,
if they present all the characteristic “frailties” of the elderly. In addition to and
alongside psychotherapy, the role of antidepressants such as SSRIs, SNRIs and
NaSSAs remains key as first-choice half-dose therapy. Aspects to be taken into
consideration include possible interactions with ongoing treatments, greater susceptibility to side effects and their intensity, and, lastly, the duration of the latency
period, which is more or less twice that shown in adult patients, which could
therefore lead to reduced compliance. For all these reasons and on the basis
of the data emerging from experimental models and clinical research on the
role of phospholipid liposomes (PL), it would appear clinically useful to include
PLs as an add-on to antidepressant treatment plans. In the last two decades,
the availability of a molecular super technology has highlighted both the crucial
role played by membrane phospholipids in ensuring optimal neuronal function in
the adult brain and the relative loss of their efficacy during the ageing process.
Indeed, the ageing of the brain is linked to a progressively rapid involution of
neurons both functionally and structurally. In the elderly, this often translates into
a reduced capacity for adapting to physical, social and environmental conditions
that are not perfectly suited to them, which makes them more fragile and vulnerable to mood disorders. Given that the efficacy of membrane phospholipids in ensuring the function and plastic properties of neurons diminishes physiologically
as part of the ageing process, with a consequent increase in sensitivity to stress,
this paper proposes a treatment with PL in depressive and anxiety-depressive
disorders in the elderly. The sophisticated and important data emerging in experimental neurobiology, neurochemistry and super microscopy demonstrate the
effectiveness of treatment with PL in preventing or antagonising the functional
and morphological changes caused by chronic stress in the brains of rats. These
experimental data are a solid neurobiological basis for the clinical studies referenced in this paper on the effectiveness of PL administered as monotherapy or
as an add-on to antidepressant therapy.
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Introduction
Mood is an essential component of existence. It is attuned
to the natural ups and downs of life, fluctuating according to the actual perceived quality of what is experienced
during the course of existence, staying balanced or tilting
towards melancholy, sadness, joy, cheerfulness or euphoria. This modulation is needed for the proper perception
of subjectivity, which helps individuals learn from experience and be in relationship with their internal and external
contexts.
If accentuated and persistent, mood variations are a pathological condition that has nothing of the adaptive value of
natural fluctuations. Instead, it is a form of suffering with
the potential to seriously alter the course of an individual’s
life. In this sense, mood can deviate as far as depression,
or expand to include mania or, as in the case of bipolar
disorder, can involve varying combinations of these two
extremes.
Depression is a relatively widespread disorder, which
tends to become chronic and is often comorbid with other
psychiatric and/or somatic disorders. It is twice as likely
to affect women. The incidence at six months ranges between 1% and 3%, whereas the lifetime incidence is 15%.
No age group is spared, although the highest rates are
seen in adults.
The therapies for depression recommended by the most
authoritative international guidelines and confirmed in
clinical practice focus on the use of antidepressants, psychotherapy and combination therapy. It remains uncertain whether the use of antidepressants is appropriate in
mild forms, whereas it is certainly beneficial in moderate
forms and indispensable in severe forms. Combination
therapy – drug therapy and psychotherapy – is certainly
preferable in terms of better and proven results. Worth
noting is the latency period for antidepressants, that is,
the time needed for an appreciable therapeutic action of
the drugs. This is a delicate period in the management
of patients, who may have to tolerate side effects, which
are even more evident in elderly patients, before being
comforted by the therapeutic benefits. Moreover, while
this latency is estimated at around two weeks for adult
patients, in elderly patients with depression it is considerably longer 1.
Late-life depression deserves, for reasons we will discuss, its own position in the wider context of the diagnosis
of depression.
In recent decades, numerous epidemiological studies on
depression, universally highlighting an increase in depression rates in over 60-year-olds, have underlined the
need to consider the elderly as a subgroup at greater risk
of developing depression and with specific clinical characteristics and therapeutic issues 2.
In the over-65 age group, the incidence of the various
clinical forms of depression ranges from 9% to 24% in different European countries, averaging 12% 3. Forecasts for
Italy point to 33% of the population being aged over 65

by 2065, with a consequent increase in age-associated
diseases, including, naturally, depression 4.
A proper representation of the epidemiological dimensions should take account of the significant consensus
in the literature that this phenomenon is underestimated.
This is in part because the clinical presentation of depressive disorders may involve a broad spectrum of somatic manifestations (masked depression), but also because some presentations are subthreshold and therefore, by their very nature, are more easily overlooked in
diagnosis 5,6.
Prevalence is much higher in residential healthcare facilities 7 and, as with all clinical presentations of mood disorders, the female population is more affected. Impaired
mood in advanced age exacerbates the fragility of the elderly, increasing disability and the risk of suicide 8.
Fragility in the elderly reflects a series of age-related physical and pathological changes affecting multiple systems,
which makes this population more vulnerable 9.
For initial diagnostic guidance, it is essential to consult the
most common diagnostic manuals, such as the DSM-5 or
the ICD-10. In the DSM-5, diagnoses include major depressive disorder (MDD), dysthymia, substance/medication-induced depressive disorder and depressive disorder
due to another medical condition. All these possible diagnoses have specific aspects and clinical manifestations
that can make these diagnostic systems too rigid and too
narrow to be used with the elderly.
MDD accounts for 3.3% of cases in the over-65 age group,
but rises to 27% in the over-85 age group, and a diagnosis
of depression at an earlier stage of life acts as a predisposing factor 9.
Polypathology is involved in more than 80% of cases, especially where there are cardiovascular, bone and joint,
and respiratory diseases, pain syndromes, cancers and
metabolic disorders. The rate of comorbidity with one
or two illnesses is lower. Comorbidity is also higher with
neurological syndromes such as Parkinson’s disease and
epilepsy, insomnia and neurodegenerative diseases. This
leads to a significant reduction in quality of life, as well as
an increase in mortality and suicide 10.
Masked depression and subthreshold depression are the
other two most frequent diagnostic categories (5% and
11% respectively) 6,11,12.
Within the natural evolution of the cycle of life, ageing
involves changes within individuals, their social context
and the quality of their life experiences. Quality of life
in the elderly depends considerably on a series of existential events that may be more or less favourable,
the resourcefulness of the context and, more generally,
the extent to which ageing is stigmatised within a given
culture.
The onset of illnesses associated with this age group
has a significant impact on quality of life, especially when
those affected have no family or social resources.
Depression becomes part of this complex picture of frailty,
both as an independent factor and as a consequence. It
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has a heavy impact on what is often an already impaired
quality of life, worsening the prognosis of concomitant illnesses, unleashing a vicious cycle that often spirals drastically to reduce life expectancy or leads to suicide.
It is therefore a significant problem in terms of the number
of people affected by or at risk of developing depression
in advanced age, owing to the difficulty recognising it and
treating it appropriately.

an elevated activity in the axis or, conversely, a significant reduction in the secretion of this hormone 16-19. Both
pathological conditions are associated with a reduction in
neuronal plasticity, a neurochemical process that leads to
reduced cognitive, affective and emotional performance,
which may differ in terms of intensity and quality according to the depressed subject 20.

Pathophysiology of depression

Recent studies on the neurobiology of depression suggest that the most important neurochemical and molecular events involved in the modulation of the emotional and
affective states include significant modifications in gene
expression and, consequently, in the density, sensitivity
to stress stimuli and function of the receptors of some of
the most important neurotransmitters, such as serotonin,
noradrenaline, dopamine and GABA 13,14. Specifically, the
functional changes of these receptors in response to their
activation by the respective neurotransmitters play a crucial role in controlling the mechanisms of adaptation to
both acute and chronic stress stimuli. The functional potentiation or decrement of these mechanisms in specific
areas of the brain translates into a substantial reduction or
increase in resilience mechanisms as well as in the perception of stress stimuli. In particular, noradrenaline and
serotonin are thought to be the two key neurotransmitters,
in terms of aetiopathogenesis and neuropsychopharmacology, for the control and modulation of mood. Serotonin
plays a crucial role in the control of emotions and is significantly involved in levels of aggressiveness, suicidal behaviour and violent behaviour. Noradrenaline, particularly
through its prefrontal action, plays a role that is equal in
importance to dopamine in the control of cognitive functions, by modulating decision-making capacity and, more
in general, executive functions.

Evidence that the morphology of neurons changes in different physiological and pathological conditions shows
that the adaptation of these cells to environmental stimuli
mainly occurs through morphological changes.
The demonstration that chronic stress leads to a loss
in neuronal plasticity – that is, a reduction in adaptation
mechanisms to both acute and chronic stress, an effect
that is partially reversed by antidepressants and environmental and social enrichment – suggests that depressive
disorders could be linked to progressive neuronal atrophy and the consequent inability of neurons to adapt to
negative environmental conditions 14,21. This conclusion
is supported by more recent studies, including modern
super-resolution microscopy in experimental contexts
and, in clinical settings, through brain imaging. This research has shown that the brain of animals subjected to
repeated stress stimuli and those of untreated depressed
individuals often present significant neuronal atrophy (animals) 14,21 and a reduction in the volume of specific areas
(hippocampus, cortex) of the brain (humans) 22 involved in
affective and cognitive regulation.
Overall, these studies suggest that the plastic properties
of neurons are a potential and crucial natural resource
in which it is possible to intervene to improve sensitivity
and resilience to stress and, consequently, adherence
to and the efficacy of treatments in depressed individuals. These conclusions are strongly supported by studies on the functional and structural changes of the brain
caused by social interactions 23 including those taking
place online.

Hypothalamic-pituitary-adrenal axis

The neuroplastic brain

The hypothalamic-pituitary-adrenal axis (HPA) plays
a crucial role in amplifying or reducing the capacity for
adaptation to stress stimuli. Therefore, long-term alterations in the secretion of cortisol are generally associated
with the pathophysiology of depression and, more in
general, with the cognitive disorders associated with this
pathology.
In physiological conditions, the cortisol released acutely
by the adrenal glands is crucial for activating, especially in
the prefrontal cortex, the neurons responsible for modulating executive functions. Conversely, depressive disorders are associated with dysregulation of the function
of the HPA axis and the consequent changes in cortisol
secretion 15. Patients with severe depression often have
persistently high levels of cortisol as a consequence of

Humans have the most evolved brain among mammals.
The development of areas of the cortex has enabled humankind to develop the outstanding cognitive functions
that represent “man’s privilege” over other species living
beings on the planet.
The extraordinary morphological and functional remodelling of synapses seems to depend on equally extraordinary variations in gene expression. Indeed, it is thanks
to this property that genes continually change the morphology and function of our neurons in response to environmental input and life experiences. Thus, conditions
such as vulnerability and resilience depend on rapid and
long-lasting changes in our gene function, which go hand
in hand with functional and structural changes to neurons
and, more generally, brain plasticity.

Neurotransmitters and receptors
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Evidence suggests that the gene should not only be considered an entity whose fairly rigid structure changes
with evolution and transmits our traits from one generation to the next, but also an extremely dynamic entity that
is capable of radically modifying its function in response
to environmental stimuli (social environment, cultural
environment). This so-called “epigenetic” property can
be defined as any phenotypic variation resulting from a
functional alteration of the gene, rather than being attributable to a variation in the structure of the same gene. Epigenetic changes are due to extremely dynamic chemical
mechanisms through which a “structurally rigid genome”
can respond functionally and extremely rapidly and dynamically to various and multiple environmental changes.
This translates into the expression of different phenotypes
from a single genome (monozygotic twins). Brain imaging
techniques strongly support this fundamental concept of
modern neuroscience.
Thanks to its adaptation and plastic properties, the brain
changes constantly throughout the course of life. Thus,
emotions, socialisation, socio-economic status, trauma,
chronic stress and diet are all factors that constantly
change the plasticity of the brain and the connections between neurons. Epigenetic mechanisms have therefore
determined and continue to shape the evolutionary history of our brains 24.
The clinical impact of depression in the elderly
The manifestations of depression in the elderly can be
unusual enough to justify use of the term “atypical” and
this can make it difficult to identify, diagnose and treat appropriately.
When determining onset, genetic predisposition generally plays a lesser role than psychosocial events, comorbidity and the normal ageing process of the brain.
Moreover, the clinical signs of late-age onset depression are often evaluated as normal manifestations of life
for that age group.
Depressed mood, loss of interest and pleasure, poorer
relationships, lack of energy and insomnia, and anxiety (60-90%) comorbid with more severe depression 25,
somatisation 26, hypochondria and suicidal ideation,
blunted affect, apathy 27 and impaired function are clinical aspects that are specific to depression with onset in
later life.
When the clinical manifestations are more vague and lie
“subthreshold”, it is more difficult to recognise, despite the
high level of disability that it causes 2.
Depression with onset after 50 years of age is often defined as late-onset depression (LOD) and is characterised
clinically by apathy, neuropsychological deficit and psychomotor retardation 28-30. In elderly subjects with depression it is common to see mild cognitive deficit and psychomotor retardation where these are not part of dementia
and are attributable to a brain state affected by vascular
and neurodegenerative factors. These symptoms improve

if the depressive disorder is treated appropriately, although they do not lose their predictive value for an evolution towards dementia.
Delusional or hallucinatory components of psychosis are
not rare, and often involve ideas of ruination and catastrophe, hypochondria or persecution 31.
There is often comorbidity with various somatic conditions, particularly the metabolic, cardiovascular and oncological disorders that commonly arise in later life, and
with neurological and neurodegenerative disorders whose
symptoms can mask a depressive state (masked depression) or switch off the patients affective condition (depression without sadness) 32,33.
Another important aspect to take into consideration in elderly patients is mood alterations resulting from neuroendocrine disorders. Partial androgen deficiency of ageing
males (PADAM) should be considered for men with MDD.
This manifests as a variety of behavioural symptoms such
as weakness and fatigue, depressed mood, lack of motivation, decreased performance at work and in sport, decreased vitality, increased anxiety and irritability, insomnia, difficulty concentrating and impaired memory 34.
Clinical studies have highlighted a greater variation in
mood by up to 23% in pre- and post-menopausal women.
Furthermore, symptoms of anxiety, tension, nervousness,
panic and preoccupation are reported more frequently
during pre-menopause, irrespective of the presence of
symptoms of depression 35.
The neuroendocrine and neurotransmitter changes observed during menopause are the pathophysiological
conditions behind the mood disorders and the alterations
in cognitive function seen during this period. Post-menopausal changes in neuropeptides and neurotransmitters
are involved in the pathogenesis of the mood disorders
characteristic of this phase of life. In particular, noradrenaline, serotonin, opioid peptides and neurosteroids appear
to be involved 36.
Lastly, mention should be made of “depressive pseudodementia”, another form of depression in the elderly which
manifests with cognitive symptoms, changes in attention,
memory, concentration, disorientation, confusion and social withdrawal. What distinguishes it from dementia is its
sudden onset, the rapid establishment of its clinical picture and, above all, the effectiveness of antidepressant
therapy 37.
It is clear that it is important to intercept, diagnose and
determine appropriate treatments for depression in elderly
individuals. Certainly, the clinical complexity of elderly patients makes it all the more difficult, because the tendency
is to deal first and often only with the somatic illness, because the symptoms of depression are misread and considered “normal” aspects of the life of the elderly, because
there is no support in their social context and dignity is not
given to certain types of suffering, and because the right
to treatment is not so clear-cut 38.
It is equally evident that the health of an elderly person
is at serious risk of severe and irreversible impairment if
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negative social and environmental conditions and symptoms related to the affective sphere, particularly depression, are not identified and managed 39.
Comorbidity with medical and/or neurological disorders makes the diagnosis of depression more difficult,
because they are more evident. Yet, such illnesses are
negatively affected by a failure to diagnose and treat
the depressive order, which worsens their prognosis, increases the risk of mortality 40, disability resulting from
extended hospital stays, institutionalisation and related
direct and indirect costs 41,42.
Thus, both diagnosis and treatment may be delayed, in
a vicious cycle where one element affects the other. Somatic symptoms prevailing over affective symptoms, an
atypical clinical presentation of depression, the interdependence of somatic factors and psychological factors,
and the importance of psychosocial factors all make depression in the elderly an important, complex and often
ignored and underestimated clinical issue.
From this we can deduce the importance of the therapeutic approach, although this, too, has its complexities.
Often what prevails is the importance of medical therapy,
despite the fact that treating the depression has a positive effect on the medical condition itself and improves
its prognosis 2.
On the other hand, the very existence of the depressive
disorder negatively impacts treatment compliance and
lifestyle 43. The condition of elderly subjects, especially
when marked by illness, increases their sensitivity to the
side effects of antidepressant therapies and to their neurotoxicity when there are concomitant neurovascular or
neurodegenerative disorders. Furthermore, comorbidity
itself, which is very frequent, entails multiple therapies
which increase the risk of side effects, drug interactions
and toxicity in patients who are by nature fragile and vulnerable 1.
This is why treatment adherence is seriously jeopardised,
but poses a challenge for healthcare workers to be aware
of the value and importance of managing elderly depressed patients, by enhancing their knowledge of this
particular widespread clinical issue, and by increasing
their own relational skills 44.
Phospholipid liposomes as therapeutic agents
Membrane lipids play an important role in regulating neuronal function in the brain 45. The brain’s lipid composition
can vary according to individual regions, specific subtypes
of neurons and even in certain cellular subcompartments,
significantly affecting neuronal activity and, consequently, the threshold and cellular sensitivity to environmental
stimuli and, therefore, subjective perception and emotional states.
Most lipids are located in the plasma membrane. Their
main function is to form a barrier between the intra-and
extracellular compartments, but they can also determine
the location and function of proteins within the membrane
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in order to regulate the synaptic activity of neurons. Lipids can regulate exocytosis processes, and therefore the
release of neurotransmitters, and also endocytosis processes, through a different role of second messengers
inside neurons 46.
The lipid fraction of membranes in mammals is made
up primarily of varying proportions of glycerophospholipids, sphingolipids and cholesterol. The proportions of
these lipids differ in the various subtypes of neurons 47,48.
Phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine and phosphatidylinositol are some of the
main glycerophospholipids contained in the membranes
of mammals. These glycerophospholipids can in turn be
transformed into different derivatives through the action of
various phospholipases, and can thus be converted into
phosphatidic acid (PA), and dyacylglycerol (DGA), which
can perform different functions through their links with
specific receptors.
The brain’s lipid composition can be modified through diet
and drugs containing combinations of these phospholipids, with direct consequences on mood and behaviour.
Several studies conducted in animals have shown that,
in addition to causing overweight and obesity, fat-rich diets also reduce anxiety and locomotor activity, as well as
increasing social interactions and aggressiveness, and
decreasing the pain threshold 48-51. These results show
that the right changes in the availability of membrane
phospholipids in the brain can control affect and emotions, with the related impact differing according to age
and sex 49,52.
Environmental factors like traumatic events or chronic
stress, which interfere with lipid synthesis 53,54, are often associated with changes in affect and the emotional
sphere. One of the most current hypotheses on the biological mechanisms behind anxiety and mood disorders
suggests that dysfunction in the mechanisms linked to the
regulation of neuronal homeostasis 55 and, more generally, neuronal plasticity represents a greater vulnerability
to the above disorder. Membrane lipids play a primary role
in the control of all of these processes and, consequently,
variations in their composition can affect the mechanisms
of neuronal plasticity and therefore behaviours associated
with anxiety and depression. A reduction in these phospholipids has been linked to a reduction in D2 receptors
and dopamine, serotonin and noradrenaline receptors, as
well as the enzymes involved in the metabolism of these
monoamines, in several areas of the brain, such as the
prefrontal cortex, the striatum and other areas that control
emotions. Lastly, a reduction in phospholipids is also related to reduced levels of neurotrophic factors such as the
BDNF (brain-derived neurotrophic factor) protein and reduced neurogenesis in the hippocampus, and increased
interleukins, molecules that can inhibit stem cell differentiation in neurons 56.
As highlighted earlier, changes in neurotransmitter levels, in the activity of signal transduction systems and in
the expression of specific genes are behind molecular
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and neurochemical mechanisms that allow neurons to
adapt morphologically and functionally to the various environmental, endocrine, pharmacological, and acute and/
or chronic stress stimuli. Specifically, the mechanisms
of neuronal plasticity are associated with morphological
changes (changes in the arborisation and number of dendritic spines) and an increase in neurogenesis; phenomena linked to cognitive functions, learning and memory.
Recent experimental research has demonstrated that
chronic stress causes neuronal atrophy with a reduction
in the density of the dendritic spines and in the complexity
of dendritic arborisation. It is also responsible for changes
associated with reduced expression of neurotrophic factors and neurogenesis (differentiation and proliferation of
new neurons) in the hippocampus, which is particularly
evident during the ageing process of the brain with consequent cognitive, emotional and affective fragility.
In this paper, we report morphological and neurochemical

data obtained in rats subjected to chronic stress preceded
or followed by treatment for 4 weeks with PL, Liposom®
Forte (LF).
LF is a mixture of neuro-homologous, hypothalamic phospholipids, aggregated into nanometric PL (< 200 nm),
where the main components are phosphatidylcholine,
phosphatidylserine and phosphatidylethanolamine, which
together represent approximately 90% of total phospholipids. Of these, phosphatidylserine appears to be the
compound whose action is prevalent in the CNS 57. The
composition is characterised by a series of long-chain
fatty acids that are unique in their effects on the CNS, in
which C22:6 or docosahexanoic acid (DHA) is the most
representative.
Parenteral administration of LF can penetrate the bloodbrain barrier and stability studies have shown that these
molecules remain stable in the blood and reach the brain
intact. Administration of LF can: activate metabolism by

Figure 1.
The administration of PLs boosts the structure and improves the fluidity of neuronal membranes. This facilitates the molecular and
functional link between the membranes and the nucleus through epigenetic mechanisms that can improve neurogenesis, the expression of trophic factors and synaptic plasticity.
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the hypothalamus, increase serotonin and catecholamine
(dopamine and noradrenaline) turnover; normalise cortisol
secretion and reactivate neuronal plasticity. This pharmacological effect is particularly reflected in the function of
the hypothalamic - pituitary - adrenal axis, thus indicating
that this area can easily be reached by the drug. Lastly,
it was observed in an experimental model that, by influencing the chemical and physical properties of neuronal
membranes, hypothalamic phospholipids modify the receptor adaptation of central aminergic neurons to longterm antidepressant therapy 58,59 (Figs. 1, 2).
Therefore, supplying exogenous phospholipids can improve cellular activity in conditions of altered phospholipid metabolism and cell membrane function, such as
physiological ageing or pathological processes like depression 60.
Study protocols
To test its efficacy in antagonising or preventing the negative effects of chronic stress on neuronal plasticity, LF was
administered to rats belonging to different experimental
groups. One group of animals was exposed to chronic
stress for 5 weeks and, from week 1 of the start of stress,

the animals were treated with LF for 4 weeks. The rats
were exposed to unpredictable, chronic stress, receiving
a new stressful stimulus every day 61. To determine whether LF was capable of preventing the effects of stress, a
second group of animals was pre-treated with LF (50 mg/
kg, IP, for 4 weeks) and subsequently exposed to chronic,
unpredictable stress for 3 weeks. The data obtained were
compared with those from rats not subjected to stress and
treated with a vehicle (Control group) or treated with LF
(50 mg/kg, IP, for 4 weeks).
At the end of the treatment, the rats were killed and their
blood was taken to determine plasma levels of corticosterone (CTS) and the brains examined: a) to study the
density and morphology of the dendritic spines, the complexity of the dendritic arborisation using the Golgi silver
staining method; b) to study cell proliferation and neurogenesis through BrdU (bromodeoxyuridine) immunolabelling (proliferation) or BrdU and the NeuN (neuronal nuclei)
neuronal marker (neurogenesis).

Results
In line with a previous study 62, Figures 3 and 4 show that
long-term treatment with LF is able to antagonise and

Figure 2.
Chronic stress reduces neurogenesis and dendritic spine density in the hippocampus of rats; this effect is antagonised by the
administration of PL.
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prevent both an increase in plasma CTS (Figs. 3A, B) induced by chronic stress and the inhibitor effect of stress
on dendritic spine density (Figs. 4A-D) in the granule
cells of the hippocampal dentate gyrus. In fact, 4-week
pre-treatment with LF showed high efficacy in preventing
a stress-induced reduction in dendritic spine density.
Treatment with LF over 4 weeks increases the density of
stubby and thin spines in the granule cells of the hippocampal dentate gyrus (Figs. 5A, A1, B; C, C1, D), which,
conversely, are reduced in the animals exposed to chronic
stress for 3 or 5 weeks (Figs. 5A, A2, B; C, C2, D). Treatment with LF can antagonise (Figs. 5A, A3, B) and prevent
(Figs. 5C, C3, D) the reduction in stubby and thin spines.
Conversely, neither chronic stress nor treatment with LF
modifies the density of mushroom spines (Figs. 5 A-D).
Chronic stress for 3 or 5 weeks reduces both cell proliferation (Figs. 6B, C) and neurogenesis (Figs. 7B, C) in
the hippocampal dentate gyrus. Subsequent treatment
with LF antagonises both the reduction in cell proliferation (Fig. 6B) and neurogenesis (Fig. 7B) bringing it back
to the control values. Pre-treatment with LF prevents the
reduction in both proliferation (Fig. 6C) and neurogenesis
(Fig. 7C) induced by chronic stress.
Clinical efficacy of phospholipid liposomes
Treating depression in the elderly patient presents a series
of difficulties. First of these is choosing an antidepressant

A)

a

with the most appropriate balance between efficacy and
safety, particularly as it will often be part of a polytherapy
for the concomitant treatment of other clinical conditions,
with a possible overlap in interactions and in the risks of
side effects. Even more delicate is the issue of managing
the classic latency in the action of antidepressants, given
that the previously cited aspects already point to a risk of
poor treatment adherence. Thus, it is necessary to seek
strategies that might help control interactions between
drugs and side effects and reduce the latency period in
the antidepressant’s action, enabling patients to stay motivated with regard to their treatment. Several data in the literature indicate that the latency period for elderly patients
who have had previous episodes of MDD may be markedly longer than for younger patients (8-12 weeks vs 6-8) 1.
If there is no history of mood disorders, the delay in response is unlikely to be very lengthy 63, however the risk
of relapse and recurrence remains very high in elderly depressed patients 64,65.
Antidepressants used in depression include selective serotonin reuptake inhibitors (SSRIs), selective noradrenaline reuptake inhibitors (SNRIs), noradrenergic and specific serotonergic antidepressants (NaSSAs) like mirtazapine
and more dated drug classes like tricyclic antidepressants
and monoamine oxidase inhibitors (MAOIs) 66. SSRIs,
SNRIs and NaSSAs have become first-line treatments for
most general practitioners, psychiatrists and other medi-

B)

P < 0.005 vs control; b P < 0.005 vs stress.

Figure 3.
Plasma levels of CTS in adult male rats subjected to long-term treatment with PL and/or stress for: A) 5; and B) 3 weeks. Long-term
treatment with PL prevents the effects of chronic stress (3 and 5 weeks) on plasma levels of CTS. The data are expressed in ng/
ml of plasma CTS and represent the mean ± SEM of 9-11 animals. The data are analysed using the two-way ANOVA test followed
by the Newman-Keuls post-hoc test.
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A)

C)

B)

D)

a

P < 0.001 vs control; b P < 0.001 vs stress 5 weeks; c P < 0.001 vs stress 3 weeks.

Figure 4.
Chronic treatment with PL reverses (A, B) and prevents (C, D) the reduction in the number of dendritic spines induced by chronic stress in the hippocampal granule cells of rats. (A, B) PL (50 mg/kg for 4 weeks), reverses the effect of stress on dendritic
spine density in the hippocampal dentate gyrus. (C, D) Pre-treatment (4 weeks) with PL prevents the reduction in dendritic
spine density caused by chronic stress (3 weeks). All the data obtained were compared with the group not exposed to chronic
stress and treated with a solvent (control). (A, C) Images representing the dendritic branches of Golgi-impregnated granule
cells of the hippocampal dentate gyrus in which the dendritic spines are evident (scale bar: 5 µm), magnification 100X. (B, D)
Bar graph summarizing the relative density of dendritic spines measured in the terminal dendrites (3-4 degree) of granule cells.
The data are shown as the number of spines calculated in 10 µm of dendrite and represent the mean ± SEM of 5 rats per group
(approximately 100 dendritic branches were analysed) analysed using the two-way ANOVA test followed by the Newman-Keuls
post-hoc test.
cal specialists, on account of their relative tolerability and
ease-of-use in terms of dose and side effects. However,
elderly patients are often reluctant to accept pharmacological therapy 67 and may be more vulnerable to the side effects of these drugs (including organ-specific side effects)
and drug-drug interactions. Therefore, in order to improve
treatment efficacy and tolerability, there is increasing interest in drugs that are chemically different from “classic

84

antidepressants” and can either be used in monotherapy
or as an add-on to antidepressant therapy to reduce the
latency period and the side effects associated with this
kind of treatment 68-72.
LF is indicated as an adjuvant in therapy for altered brain
metabolism resulting from neuroendocrine disorders. In
this context it can play a primary role since, as stated earlier, phospholipids are involved in various biological func-
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C1)
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B)

a

D)

P < 0.05 vs control; b P < 0.01 vs control; c P < 0.001 vs PL; d P < 0.05 vs stress; e P < 0.05 vs stress.

Figure 5.
Treatment with PL increases the density of thin and stubby spines and antagonises and prevents the reduction in the density of the
same spines (A-D) caused by chronic stress. PL (50 mg/kg for 4 weeks) increases the density of thin and stubby spines and reverses
(A, B) the effect of stress on the morphology of dendritic spines in the hippocampal dentate gyrus. (C, D) Treatment (4 weeks) with
PL prevents the reduction in stubby and thin spines caused by chronic stress (3 weeks). All the data obtained were compared with the
group not exposed to chronic stress and treated with a solvent (control). (A, C) Images representing the dendritic branches of granule
cells of the hippocampal dentate gyrus labelled using the Golgi silver staining method, in which the dendritic spines (scale bar: 5 μm)
are divided according to their morphology into stubby (red), thin (yellow) and mushroom (pale blue) groups using Neuron Studio
software, magnification 100X + 10X optical zoom. (B, D) The graph represents the density of the dendritic spines labelled using the
Golgi silver staining method, measured in the terminal dendrites (3-4 degree) of granule cells. Bar graph summarizing the relative
density of spines with different morphology as calculated in a 10μm dendritic section of the different experimental groups. Data are
reported as means ± SEM of values from 5 rats/group analysed with one-way ANOVA followed by Newman-Keuls post-hoc test.
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A)

B)

a

C)

: P < 0.001 vs control.

Figure 6.
Chronic treatment with PL reverses and prevents the reduction in the cell proliferation caused by chronic stress in the hippocampal
granule cells of rats. Cell proliferation was determined 24 hours after administration of BrdU. All the data obtained were compared
with the group not exposed to chronic stress and treated with a solvent (control). (A) Confocal representative image of cell proliferation in the subgranular zone of the hippocampal dentate gyrus. Cell proliferation was measured by counting the BrdU-positive cells
(green) overlaid with DAPI (dark blue). Arrows indicate positive cells; scale bar: 100 um, magnification 100X. The graphs represent
(B) the effect of PL in reversing the effect of chronic stress; (C) the protective effect of pre-treatment with PL on chronic stress (3
weeks) and show the number of proliferating cells per mm3 in the subgranular zone of the hippocampal dentate gyrus. The data are
shown as the mean ± SEM of positive cells per mm3 of 5 rats per group analysed using the two-way ANOVA test followed by the
Newman-Keuls post-hoc test.

tions 73 and because some areas of the brain in patients
with anxiety-depressive symptoms are deficient in phospholipids, which leads to a reduction in cell activity 74.
Numerous clinical studies have been conducted with LF,
in order to confirm the efficacy and safety observed in
animal models. The main clinical results can be summarised as follows:

86

• efficacy in monotherapy. A double-blind, randomised,
placebo-controlled clinical study conducted in
64 menopausal women evaluated the efficacy and
safety of LF for the treatment of anxiety and depression. This specific target group was chosen as a possible ideal model for investigating the efficacy and
safety of LF in contrasting the neuroendocrine and
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A)

B)

a

C)

: P < 0.001 vs control.

Figure 7.
Chronic treatment with PL reverses and prevents the reduction in the neurogenesis caused by chronic stress in the hippocampal granule
cells of rats. Cell proliferation was determined 21 days after administration of BrdU. All the data obtained were compared with the group
not exposed to chronic stress and treated with a solvent (Control). (A) Confocal representative image of neurogenesis in the dentate gyrus. Neurogenesis was determined by counting the BrdU-positive cells (red) overlaid (purple) with the NeuN (dark blue). Arrows indicate
positive neurons; scale bar: 100 µm), magnification 100X. Bar graphs represent (B) the effect of PL in reversing the effect of chronic
stress; (C) the protective effect of pre-treatment with PL on chronic stress (3 weeks) and show the number of cells in neurogenesis per
mm3 in the dentate gyrus of the hippocampus. The data are shown as the mean ± SEM of neurons per mm3 of 5 rats per group analysed
using the two-way ANOVA test followed by the Newman-Keuls post-hoc test.

metabolic imbalance that affects mood and behaviour
with consequent symptoms of anxiety and depression.
The study lasted 60 days with the following dosage:
parenteral administration of 2 ml of active drug or placebo on alternate days. Efficacy was assessed using
the Hamilton Anxiety Scale (HAM-A). At the end of the
study there was a significant reduction (p < 0.001) in
the total HAM-A score in both groups. However, the

reduction in HAM-A score was statistically significant in patients treated with LF vs placebo at 40 days
(p = 0.006), 60 days (p < 0.001) and the last follow-up
visit (p < 0.001). These results demonstrate the statistically significant efficacy of LF in monotherapy in
reducing mild-to-moderate symptoms of anxiety and
depression, as in the case of patients with menopausal
syndrome 62,75;
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Figure 8.
As an add-on to antidepressant therapy, PLs have been shown to significantly reduce the latency period of the antidepressant (p < 0.05)
and side effects of antidepressant therapy such as asthenia (p < 0.001).
• efficacy as an add-on to antidepressant therapy. Patients administered LF parenterally as an add-on to
antidepressant therapy, such as sulpiride 62,76, trazodone 62,77 and clomipramine 62,75,76, showed a significant
improvement in the symptoms of depression compared
to monotherapy with psychotropic drugs, demonstrating that PL potentiate the efficacy of antidepressants;
furthermore, LF has been shown to reduce significantly the latency period of antidepressant action and
significantly reduce the incidence of side effects such
as asthenia from the administration of antidepressants
(Figs. 8A, B). These clinical data show a further advantage for clinical practice: the subjective therapeutic
benefit experienced by patients at the first sign of improvement in their symptoms is linked to better treatment adherence and compliance 63,80,81. Lastly, when
LF is given as an add-on in therapy with antidepressants such as amitriptyline 80 or clomipramine 63,80,82, it
has been shown to have a synergistic effect; patients
treated with LF and half doses of antidepressants have
obtained similar therapeutic results to those achieved
in patients treated with full doses of antidepressants
alone. These results are also clinically significant,
since a reduction in the dosage of antidepressants is
associated with a lower risk of adverse events 63,83.
The results of the clinical studies confirm LF as a clinically
valid therapy for managing depressive disorders, both as
a monotherapy (mild to moderate) and as an add-on to antidepressant therapy. With its ability to boost the effectiveness of antidepressant therapy, reduce the latency period
and decrease the rate of adverse events, LF may be of
particular clinical importance in elderly patients, since it
can enable the use of lower dosages of antidepressants
and reduce the rate of adverse events, which are important factors in these patients.
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Conclusions
Brain aging, which begins at varying ages of onset, is
characterised by a progressive involution of neurons, both
morphologically and functionally, with associated evident
changes to the cognitive, emotional and affective spheres,
and in physiological sleep patterns.
The build-up of toxic molecules and oxidative stress processes in the brains of elderly individuals often translate
as a reduction in neuronal adaptation to negative environmental stimuli, making these subjects fragile in their
control of their cognitive and emotional processes. In the
last twenty years, super-resolution imaging and molecular technologies have revealed the existence of neuronal atrophy and a reduction in synaptic (dendritic spines)
density, along with chemical and physical changes to the
membrane, particularly to the phospholipid component 84.
The above data suggest that, in addition to appropriate
lifestyle and the absence of chronic stress, age-related
brain deterioration may be effectively slowed down by
treatments that improve the chemical and physical condition of the neuronal membrane and, consequently, synaptic plasticity. In order to maintain sufficient brain function in later life, neuronal performance must be such that
it ensures optimal membrane and synaptic function. One
useful method for achieving this may be administration of
PL that can reconstitute the efficacy and function of the
membrane and therefore promote the neuronal connectivity that have been weakened by ageing 84.
Depressive disorder in elderly patients is a particularly
important and complex clinical condition, which clinicians
need to address in order to improve diagnostic and therapeutic approaches. After the age of 65, many people are
likely to experience the symptoms of a depressive disorder. This probability increases if they have a history of
mood disorders, if their health is impaired for other rea-
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sons, if they have unfavourable social and environmental
circumstances, and, in other words, if they present all the
characteristic “fragilities” of the elderly. Mood disorders
are not always straightforward to diagnose. This may be
because their clinical characteristics are not always evident (masked depression, subthreshold depression), or
because there is greater focus on somatic symptoms, or
because they are not accurately distinguished from other
forms of impairment that related to brain ageing. Neuroscience has improved knowledge of the brain’s ageing processes and of the impact of chronic stress on the mechanisms involved in neurogenesis, brain homeostasis, the
efficacy of neurotransmission systems and brain plasticity. Also, experimental research models have highlighted
the important role played by phospholipids at neuronal
level and that low levels of them can impair many brain
functions; but also that these can be reactivated by administering a drug made up of neuro-homologous PL. The
clinical correlate of this understanding is the role these
changes play in the onset and maintenance of depression, mood and anxiety. Failure to identify depression in
elderly patients and, consequently, failure to treat it leads
to the endurance of a major impairment to health, worsens
the prognosis of other disorders, markedly increases the
risk of suicide, and reduces life expectancy. The therapeutic approach for elderly patients for whom a depressive disorder has been identified and diagnosed places
the spotlight on the issue of the treatment of depression in
general. In addition to and alongside psychotherapy, the
role of antidepressants such as SSRIs, SNRIs and NaSSAs remains key as first-choice half-dose therapy, with
all due consideration for the issues posed for this group
by interactions with other drugs, their greater susceptibility to side effects and their intensity, and the duration of
the latency period, which is more or less twice that seen
in adult patients. This is why, on the basis of the data
emerging from experimental models and clinical research
on the role of phospholipid, it would appear clinically useful to include PLs in the treatment plans 85 for depression
in elderly patients. Treatment with PL in monotherapy (1
ampoule intramuscularly or intravenously, as prescribed)
in light-to-moderate depressive disorders with or without
anxiety provides the benefit of significantly reducing the
symptoms of depression and anxiety, alongside good tolerability and an absence of interaction with other drugs. In
more severe depressive disorders, PL can be prescribed
as an add-on to major antidepressant therapy with the
benefit of reducing the dose of the latter, as per good clinical practice in elderly patients, obtaining a synergistic antidepressant action, with a reduction in the latency period,
and increased safety with fewer side effects. The reduction in side effects such as asthenia occurs not only as a
result of lower dosages of the major antidepressant, but
is also due to the specific action of PL. All these benefits
can have a positive impact on treatment adherence and
effectiveness, in addition to the advantage of neurotrophic
activity and reactivation of neuroplasticity 63.
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