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L. Milani

BDNF

BRAIN DERIVED NEUROTROPHIC FACTOR

- AN EXTRAORDINARY AND POWERFUL MASTER
REGULATOR OF THE BRAIN

Time it was, and what a time it was,

it was a time of innocence, a time of confidences.
Long ago, it must be.

1 have a photograph.

Preserve your memories, they're all that's left you.

— Paul Simon & Art Garfunkel. Bookends Theme, Columbia Records, 1968.

THE INCREDIBLE CASE OF HENRY MOLAISON
- THE AMNESIAC WE WILL NOT FORGET

tion of the medial temporal lobes, advancing posteriorly for
a distance of 8 cm from the central point of the edge of the
temporal lobe, so that the temporal horn formed the lateral
margin of the resection”.

In 1953, Henry G. Molaison, 27, from Manchester, Connecti- The neurosurgeon had already performed several partial ab-
cut (USA) underwent a major bilateral anteromedial temporal lations of other areas of the brain in cases of severe psychosis

lobectomy, with extensive resection
of the anterior 2/3 of the hippocampi,
parahippocampal cortices, entorhinal
cortices, piriform cortices, and amyg-
dalae (FIG. 1), in an attempt to stop his
severe, worsening, drug-resistant,
tonic-clonic seizures (15-20 per day),
which had afflicted him since child-
hood and had probably been caused
by a road accident at the age of 9,
which had resulted in a fractured
skull and brain concussion.

— I quote Dr William B. Scoville, the
expert neurosurgeon who had oper-
ated on him:

“(...) we performed a bilateral resec-

(at that time they were defined as “psy-
chosurgery procedures”) with no sig-
nificant side effects (Scoville, 1951).

—The procedure carried out on Henry
Molaison had had a favourable impact
on his epileptic fits, which were con-
siderably fewer and of shorter dura-
tion, but the patient had become inca-
pable of creating new memories: he
only had a blurred memory of a few
events concerning his family and

- Henry G. Molaison (1926-2008).
Photograph taken 2 years before his bilat-
eral anteromedial temporal lobectomy.

- One of the most widely studied patients
in the History of Medicine.
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! Temporal
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Cerebellum

Hippocampus

Henry Molaison’s brain Normal brain

a) Extensive ablation of the anterior 2/3 of the hippocampi, parahip-
pocampal cortices, entorhinal cortices, piriform cortices, and amyg-
dalae; b) Normal brain.

Top: Inferior view of normal encephalon.

Bottom: Cross section at the level of the temporal lobe of Henry
Molaison’s brain (a) and normal brain (b).

childhood; nevertheless, he could play the piano, ride a bi-
cycle and perform even complex actions that the brain trans-
mits to the somatic musculature due to conditioned motor
patterns, “motor memories”, which are currently defined as
“intuitive”, but which the patient did not remember having
learned.

The patient's motor cortex, basal ganglia, and cerebellum
were intact, therefore his coordinated automatic motor skills
were correctly preserved.

His ability to formulate procedural memory remained intact.

— Despite the severe memory problems, the patient per-
formed well in intelligence and articulated language skill
tests, a clear indication of how some memory functions —
short-term storage (max. 1-2 minutes), vocabulary,
phonemes, etc. — had not been compromised by the surgery
(Corkin, 2002; Smith & Kosslyn, 2007).

Before the Molaison case, neuroscientists had considered
memory to be "monolithic": the entire brain was involved in
the memorisation processes. It is currently recognised that
short-term memory is created by trains of electrical impulses
conveyed from the cortex to the hippocampus, leaving no
trace in the DNA of the hippocampal cells.

— If the experience is emotionally meaningful or repeated
(repetita iuvant), the information stabilises, it is imprinted in
the DNA of the hippocampal cells, which send engrams to
the cortex that are now recorded and persist over time.

This is how long-term memory is formed.

In the incredible case of Henry Molaison, the hippocampus
and neighbouring cortices (FIGS. 1, 2) had been partially re-
moved, which meant that “his” time had stopped on 1 Septem-
ber 1953, the date of his surgery; after that date ... nothing.

— From 1955, the patient was constantly monitored for a few
hours a day by neuropsychologist Brenda Milner; every day
— without exception — Henry could not remember ever meet-
ing her before. Every day throughout the many years of ob-
servation, Henry would hold out his hand to her and intro-
duce himself: “Hi... I am Henry, nice to meet you, Ma’am”

Henry lived to the age of 82, in a temporary present moment,
in the here and now... always and only for a few seconds, in
a state of “perfect” mindfulness.

* The recent past did not exist, the future would never be re-
membered; there was only the fragmented remote past,
which was in any event prior to the date of his surgery.

—1In 2014, Molaison’s brain became the focus of very detailed,
sophisticated studies (Annese etAl., 2014); it is now preserved
at the San Diego School of Medicine Institute for Brain and
Society Brain Observatory, San Diego, California (USA) (2401
very thin fronto-occipital “slices”; inter: 70 um).

From these studies it emerged that the amount of brain tissue
removed was less than what was reported at the time, but...
there was no post-surgery NMRI in 1953.

— Even after his death, neuroscientists continue and will con-
tinue to learn from the “amnesiac we will not forget”, which
is the title of an article by Benedict Carey published in the
New York Times on 4 December, 2008.

Paradoxically, the man without a memory is and will continue
to be a lasting memory for all neuroscientists, and others.

BIZZOZERO'S ERROR AND THE NEUROTROPHINS

According to the classification formulated in 1894 by Giulio
Bizzozero (1846-1901) (Vigliani, 2002), the cells of an organ-
ism can be divided into 3 groups:

1) labile, which continuously reduplicate, for example the
mucous membranes, epidermis and endometrium (lining
epithelial cells);

2) stable, which do not normally reduplicate continuously,
but can undergo mitosis in response to homoeostatic re-
quirements, for example in glandular tissues or in the liver
after a hepatectomy;



3) perennial, highly specialised, incapable of cell division,
for example nerve cells.

— This classification, which was used until the final decades
of the last century (Chiarugi & Bucciante, 1968), was later
radically deconstructed following the discovery of Nerve
Growth Factor (NGF) (Levi-Montalcini & Hamburger, 1951).

— NGF is a peptide-based neurotrophic factor primarily in-
volved in the proliferation, growth, maintenance and survival
of some target neurons.

* Bizzozero’s perennial cells... do not exist.

The following belong to a group of Neurotrophic Factors not
related to NGF: 1) CNTF (Ciliary NeuroTrophic Factor); 2)
GDNF (Glial-cell-line Derived Neurotrophic Factor); 3)
TGFa/p (Trophic Growth Factor o/f); 4) FGFs (Fibroblast
Growth Factors); 5) EGF (Epidermal Growth Factor) and 6)
PDGF (Platelet-Derived Growth Factor).

— Since NGF, 3 further neurotrophins (NTs) have been dis-
covered in humans: BDNF (Barde etAl., 1982), NT3 (Maison-
pierre et Al.,1990) and NT4 (NT4/5) (Hallbook et Al., 1991),
each with a distinct profile of trophic effects on specific cen-
tral and peripheral neuronal subpopulations.

 Of particular significance is BDNF (Brain Derived Neu-
rotrophic Factor), which was first isolated by Yves-Alain
Barde, Dave Edgard & Hans Thoenen in the laboratories of
the Neurochemistry Section of the Max-Planck Institut fiir
Psychiatrie in Munich - Germany.

The research group was coordinated by the Swiss Prof. Thoe-
nen.

—There follows a quote from part of his original description
of the discovery of BDNF: “(...) we are reporting on the pu-
rification of a factor, taken from the brain of pigs, which pro-
motes the survival and growth of the sensory neurons in cul-
tured chicken embryos (...); approximately T microgramme
of this factor was isolated from 1.5 kg of pig brain (5 brains,
Ed.); this factor is the first purified neurotrophic factor since
NGF (Nerve Growth Factor), from which it can be clearly
distinguishable due to its different antigenic and functional
properties”.

Thoenen studied Neurotrophic Factors throughout his life
(Thoenen, 1995, 2000; Thoenen & Sendtener, 2002), “a mod-
est man whose discoveries have had profound impact on
modern neuroscience” (Iversen, 2013).

A human brain should contain, on average 0.85 =~ micro-
grammes (one microgramme = a millionth of a gramme).

* Mature BDNF is a protein composed of 119 amino acids,
with a molar mass of 14 KDa = (13.2-15.19 KDa), an iso-
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The hippocampus is very difficult to successfully identify in anatom-
ical dissection. This is because it is located deep in the temporal
lobe, and because there are some differences in the terminology
used by the various schools of anatomy. Moreover, its course does
not follow the major axis of the temporal lobe, but is inclined from
bottom to top and from the outside to the inside.

- Its correct location is shown on the 3 images.

@ left hemi-encephalon: a) temporal gyrus; b) hippocampal gyrus;
O left semi-encephalon: a) temporal lobe, anterior portion; b) empty space
that accommodates head and body of hippocampus; c) hippocampus sec-
tioned 2/3 anterior - 1/3 posterior (tail); d) fimbria of hippocampus;

© a) head and body of hippocampus; b) fimbria of hippocampus.

- Note that the hippocampi of the 2 hemispheres approach the mid-
line and, in the region of their tails, they are paired; (c) tentorium of
hippocampus.
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Once attached to its main TrKB receptor, a dimer, BDNF initiates 3 distinct PATHWAYS.
From top, left: in the 1st PATHWAY, the sequential concatenation of 5 protein complexes (Shc, Grb2, Sos, GAB1, PI3K) stimulates PIP2, a phos-

pholipid component of the cell membranes, which - in turn - stimulates another phospholipid, PIP3.

Through the intermediation of PDK1 (Phosphoinositide-dependent kinase) this produces AkT, also known as Protein-Kinase B. This facilitates

neuronal survival, neuronal growth, neuroplasticity, and short-term memory (cytoplasmic activity).

AKT can enter the nucleus and modify the DNA: in this case the information materialises in the long-term memory.

-In the 2nd PATHWAY, intramembrane PIP2, stimulated by PLCY, a protein attached to the 2nd arm of the TrKB dimer, stimulates IP3, which
releases Ca** and produces CAMK (or MAMK), a Ca**/modulin-dependent protein-kinase that enters the nucleus (see above for AKT).

- The 3rd PATHWAY involves the sequential linking of the first 4 protein complexes to a series of promoters, as far as ERK (signal-regulated

extra cellular kinase; it also enters the nucleus to modify the DNA).

* NOTE: the table shows 2 TrKB receptors for display and graphic purposes only.
In reality, the 3 PATHWAYS occur simultaneously following the interaction of BDNF with the TrKBs found on the neurons that expose them.

electric point of 9-10 (Chao & Bothwell, 2002). It shares
50% of its amino acid sequence with 3 other NT (Narhi et
Al., 1993; Marco Salazar, 2014) (FIG. 3).

—All'4 human NTs share a common ancestral gene (Dos San-
tos et Al., 2011; Covaceuszach et Al., 2021).

BDNF is encoded by the BDNF gene which, in humans, is lo-
cated on chromosome 11, band p 13.

The BDNF gene is made up of 11 exons (exon = portion of
the gene that is transcribed by RNA polymerases during tran-
scription) associated with 8 functional promoters + 1 exon
that codes for BDNF (Metsis et Al., 1993; Timmusk et Al.,
1993).

—The significance of this complex transcriptional organisation
is not well understood; the most accredited hypothesis is that
it induces multiple stages of regulation by means of alterna-
tive promoters, different RNA stability or different subcellular
localisations of both RNA and proteins.

— BDNF is synthesised in the neuronal endoplasmic reticulum
as a PRE-PRO-BDNF complex which subsequently migrates
into the Golgi apparatus and later into the trans Golgi system,
a maturation system that faces towards the internal portion of
the cell membrane.

The PRE portion (18 amino acids) undergoes proteolytic cut-
ting in the endoplasmic reticulum of the nerve cell.
Mature BDNF subsequently splits from the PRO portion (112

Despite having a similar protein
molecular structure, neurotrophins
NGF, BDNF, NT3 and NT4/5 show
significant morphological
differences.

— Author’s highlights.

amino acids) due to the action of enzymes found in both the
intracellular and extracellular compartments.

If this latter splitting does not occur, mature BDNF is not formed.
Instead the PRO-BDNF precursor is formed, and biological ac-
tivity of this differs from that of mature NT (Lee et Al., 2001),
which induces a neurotoxic effect, as occurs in Alzheimer-
Perusini disease (Chen et Al., 2017; Fleitas et Al., 2018).

Each NT binds to one or more tropomyosin-kinase receptors,
member(s) of the tyrosine-kinase family (TrKs) (Patapoutian
& Reichhardt, 2001), which activate a wide range of intracel-
lular signals, including — crucially — cyclic AMP phosphory-
lation (Ji et Al., 2005).

¢ In the case of BDNF, it binds and activates 2 different trans-
membrane receptors, both at the pre-synaptic and post-
synaptic level: one with high affinity [TrK (pronunciation:
Trak) B], mentioned above, the other belonging to the TNF
superfamily (Tumour Necrosis Factor), p 75, with low affinity.

e These 2 receptors show no homology, or cytoplasmic do-
main, and they activate different signalling pathways. They
probably appeared at different times in the course of evolu-
tion (Tettamanti et Al., 2010).

In the presynaptic neuron, BDNF is “packed” into dense, op-
tically dark vesicles; it reaches the terminal plate of the neu-
ron (nerve plate) through rapid axonal flow from the neuronal
nucleus (Conner et Al., 1997).

>
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— Upon arrival of the electrical impulse (spike), BDNF binds
to the 2 post-synaptic element receptors mentioned above,
and there it triggers — on TrKB — 3 pathways, with distinct
cascade mechanisms.

TrKB is a transmembrane receptor with a short outer part and
a long inner part, and is also a dimer (Shen & Maruyama,
2012) (TAB. 1).

— 1st PATHWAY: in an 8-step process [2 of which occur in-
side the neuronal plasma membrane (PIP2—PIP3)] we arrive
at the formation of Akt, also known as Protein-Kinase B: this
induces survival, neuronal growth and neuroplasticity
whether it remains in the cytoplasm or enters the nucleus,
and stimulates transcription — translation with the help of
DNA.

— 2nd PATHWAY: CAMK (Ca**/modulin-dependent kinase)
is synthesised in a 4-step process.

This enters the nucleus directly and — from this moment on
—works in the same way as Akt in the 1st Pathway, in the in-
tra-nuclear passage.

- 3rd PATHWAY: a 7-step process [the first 4 of which are
identical to those of the 1st Pathway (Shc, Grb,, Sos and
GAB1)] results in the synthesis of ERK (Extracellular Signal-
Regulated Kinase).

The terminal linking of 3 proteins (Ras, Raf 1 and MEK) to form
a chain, identical to that which causes insulin to release glu-
cose to the cells, thanks to DNA, also leads to the same effects
as the 1st Pathway, thus highlighting the classic phenomenon
of redundancy, as occurs in the cytokines (Milani, 2007).

* Synthesis:
BDNF = neuronal survival, neuronal growth, neuroplasticity,
neo-neurogenesis and prevention of neuronal apoptosis.

SPECIFIC NATURE OF BDNF

e lts activity on the post-synaptic receptor depends only on
the depolarisation of the pre-synaptic neuron (Mowla et
Al., 1999; Goggi et Al., 2003).

e It can be transferred per se from a donor neuron to a re-
cipient neuron (role of neurotransmitter too?) (Kohara et
Al., 2001; Selvam, 2018).

e It excites the glutaminergic synapses and depresses the
GABAergic synapses (hence the excitation) (Tanaka et Al.,
1997).

— In Henry Molaison’s hippocampi and neighbouring cor-
tices, BDNF was overexpressed following his road accident,
which explains his continuous, severe epileptic seizures and
justifies the subsequent anteromedial temporal lobectomy
with excision of part of both hippocampi.

The activities performed by BDNF are the most widely, best
characterised of the 4 known NTs.

P From the extensive medical-scientific literature consult-
ed, the biological activities related to BDNF are: neuronal
survival, neuronal differentiation, synaptogenesis, synaptic
plasticity, increase in the arborisation of dendrites and new
axons: a truly... extraordinary, powerful master regulator of
the brain, both in prenatal life and throughout life (TAB. 2).

In the brain, a high concentration of BDNF can be detected
in the cerebral cortex, especially the pre-frontalcortex,
which is well-developed only in humans (Milani, 2018), in

TAB. 2

BDNF
- Main biological activities.

SYNAPTOGENESISJ

NEURONAL
SURVIVAL

NEURONAL
DIFFERENTIATION

SYNAPTIC
PLASTICITY

Milani L., 2022




the cerebellum, the basal ganglia and — above all - the hip-
pocampus, structure belonging to the limbic brain; outside
the brain, in the retina, kidneys, heart, lungs, pancreas,
prostate, skeletal muscle, and saliva (Pruunsild et Al., 2007).

In the prefrontal cortex ... for high level thinking, in the
cerebellum ... for posture, in the basal ganglia ... for the
control of extrapyramidal involuntary movements and in
the hippocampus ... for the consolidation of long-term
memory and the control of emotions.

— Binomial Prefrontal Cortex-Hippocampus... for learning.

* Not bad for a protein made up of only 119 amino acids.

BDNF has been synthesised in all vertebrates since the lower
Carboniferous period, 360-318 million years ago, and is al-
most identical in all mammals. It has shown extraordinary
success in the course of evolution (molecular stability and
highly performing activities concerned with integration in the
environment) (Gotz et Al., 1992; Tettamanti et Al., 2010).

— However, there are two factors that compromise BDNF
function; a single substitution of methionine instead of valine
(BDNF val66met) along its amino acid sequence has been
linked with the susceptibility, incidence and clinical picture
of certain psychiatric disorders (anxiety, depression) and neu-
rodegenerative disorders such as glaucoma, multiple sclero-
sis, Alzheimer-Perusini disease, amyotrophic lateral sclerosis,
Parkinson’s Disease and Rett Syndrome* (Egan et Al., 2003;
Shen et Al., 2018).

BDNF val66met (variant) polymorphism occurs in 30% = of
the population (source: University of Milan - La Statale In-
salutenews 19 October 2016) and is not associated with
serum BDNF (Terraciano et Al., 2013).

The other genetic error is BDNF L21, associated with con-
genital central alveolar hypoventilation syndrome (Weese-
Mayer et Al., 2002) (“Ondine’s curse”), a rare disease char-
acterised by a major defect in the central control of respira-
tion.

—These genetic errors have only been demonstrated in hu-
mans.

* Rett syndrome: Rare developmental disease that affects the CNS.

Almost all sufferers of the disease are female (the “girl children with beautiful eyes”),
with an estimated prevalence of 1/9000 adolescents.

—The syndrome is characterised by apparently normal development in the first
5-20 months, after which there is a progressive loss of acquired motor function,
stereotyped hand movements, an inability to interact and socialise, and loss of
speech. At the age of 20-30 years, many patients develop scoliosis, sleep and
breathing disorders and epileptic seizures.
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* Some changes in BDNF levels lead to psychiatric disorders,
depression, bipolar disorders, psychosis, eating disorders,
post-traumatic stress disorder, anxiety disorders, self-harm,
and suicidal behaviour.

Of all the NTs, it has emerged that BDNF is the major regu-
lator of many neuronal types such as sensory neurons, retinal
ganglion cells, spinal motor neurons, cholinergic neurons,
and some clusters of dopaminergic neurons.

BDNF is widely distributed in the CNS; its expression is de-
creased in many degenerative diseases, as demonstrated in
post-mortem studies on Alzheimer-Perusini disease (Phillips
etAl., 1991; Hock et Al., 2000), Parkinson’s disease (Mogi et
Al., 1999; Phillips et Al., 1999), Huntington’s disease (Ferrer
et Al., 2000), and severe depression (Lee & Kim, 2010), in
which BDNF increases as a result of antidepressant therapy
(Shimizu et Al., 2003).

* Many neurons are eliminated during the period of intrauter-
ine development in mammals: a large percentage of neurons
already formed (20% to 70%) undergoes degeneration; this
takes place in order to regulate the optimal number of neu-
rons in adult life. However, this number changes significantly
throughout life: at the age of 50 years = most of the neurons
in the hippocampus are replaced ex novo and new neurons
are formed, along with the associated dendritic arborisations
and synapses. This is to prevent the loss of memories that the
apoptotic neurons had preserved as engrams: the master reg-
ulator of these complex functions is — above all — BDNF.

— In fact, in the animal model of learning and memory, elec-
trical stimulation of the hippocampus increases the expres-
sion of BDNF and NGF (Patterson et Al., 1992; Castrén etAl.,
1993; Bramham et Al., 1996).

e Optimal cognitive function is dependent on dynamic, ac-
tive neuronal plasticity (Herndon et Al., 1997; Morrison &
Hof, 1997; Gonzalez et Al., 2016), but over the years this
cracks, mainly due to the loss of dendritic spines (Morrison
& Hof, 1997).

This does not take place in the entire brain, but only in
some specific areas: in cerebral ageing, neuronal loss is a
phenomenon localised in the cortical, subcortical (Smith
et Al., 2004) and hippocampal neurons, where a high
concentration of BDNF is expressed (Erickson et Al.,
2010).

P This is the rationale for the progressive decline in voluntary
and involuntary motor function, learning, memory and pro-
cessing-critical thinking in many elderly people (Silhol et Al.,
2008), in which a transition from neuro-inflammation to neu-
ro-degeneration has begun (Milani, 2014, 2016; Milani &
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TAB. 3
et eons  NEURODEGENERATIVE
from a decrease of BDNF in DISEASES
the brain.

ALZHEIMER-PERUSINI
DISEASE

PARKINSON’S DISEASE
HUNTINGTON’S DISEASE
RETT SYNDROME
VASCULAR DEMENTIA
ALS

PSYCHIATRIC
DISEASES

ANSIA
SEVERE DEPRESSION

AUTISTIC SPECTRUM
DISORDER

OBSESSIVE COMPULSIVE
DISORDER

ANOREXIA NERVOSA
BULIMIA NERVOSA

Milani L., 2022

Pelosi, 2016; Montenero & Milani 2019) and/or atheroscle-
rosis/arteriosclerosis of the cerebral vessels (Vascular demen-
tia).

* The primum movens is Low-Grade Chronic Systemic In-
flammation. This is the “silent killer” to be identified and neu-
tralised, nothing else.

BDNF
- NON-PHARMACOLOGICAL THERAPY

The conventional therapies currently available to reduce the
phenomenological aspects of cerebral ageing are both phar-
macological and non-pharmacological; the former, which tar-
get the neurotransmitters, with no guarantee of success, have
various side effects and are expensive (Uberti & Molinari,
2018).

The gene expression of BDNF can be affected by a series of
stimuli:

- Endurance motor exercise increases BDNF levels by 200%-
300% (Salfert et Al., 2010).

- Strength motor exercises [e.g.. repeated weight lifting for
5-10 min/day (Neeper et Al., 1995)]. The increase in BDNF
in skeletal muscle is proportional to contractile intensity in
aerobiosis relating to a more favourable fat/lean mass ratio,
which is enhanced by the consumption of fatty acids for ox-
idation, and by the improvement in energy consumption of
glucose (Mattheus et Al., 2009; Henry et Al., 2018).

— Deep sleep (Eckert et Al., 2017).

— Light stimulation: BDNF increase in the visual cortex (Cas-
trén et Al., 1992).

— Osmotic stimulation: BDNF increase in the hypothalamus
(Castrén et Al., 1995; Dias et Al., 2003).

- Meditation, Yoga (Cahn etAl., 2017), Mindfulness (Gomut-
butra et Al., 2020).

— Ketogenic diet (Vizuete et Al., 2013).
— Intermittent fasting (Mattson et Al., 2020).

— Foodstuffs: Polyphenols (coffee, green tea, dark chocolate,
blueberries) (Gravesteijn & Mensink, 2021).

— Polyunsaturated fatty acids: Omega 3, Omega 6 (Wu, 2004).

- Probiotics containing Bifidobacteria (Intestine-Brain Axis)
(Tian et Al., 2019).

e Avoiding patho-stress, social isolation, refined sugars and
ethanol: these are powerful depressants that affect the pro-
duction of BDNF.

BDNF
- LOW-DOSE PHARMACOLOGICAL THERAPY

A therapeutic approach using BDNF could be extremely ef-
fective in preventing and treating neurodegenerative diseases
(and others) (see above), which suffer from a deficiency of this
crucial NT.




Knusel et Al. (Aut. cit., 1992) demonstrated that the adminis-
tration of recombinant human BDNF in the cerebral ventri-
cles of rats results in the neuroprotection of damaged cholin-
ergic neurons.

Similarly, in 2001 (Chen et Al., 2001) it was demonstrated
that intravitreal injections of BDNF in cats increased the sur-
vival of retinal ganglion cells after partial destruction of the
optic nerve.

— At the time it was believed that BDNF could not cross the
Blood-Brain Barrier (BBB), a functional structure located be-
tween blood and brain parenchyma that selectively regulates
blood flow to and from the brain, thus protecting it from in-
toxication and poisoning.

For this reason, experiments were necessarily designed as in
loco procedures (e.g., as stated above, in the cerebral ventri-
cles and the vitreous body), directly into the CNS.

—The discoverer of BDNF himself expressed scepticism about
the rational therapeutic use of NTs (Thoenen & Sendtner,
2002).

e This continued until 2010, when Klein et Al. (2010) bril-
liantly demonstrated that the blood concentration of BDNF
reflected what was found inside the brain: BDNF did cross
the BBB.

— It did, however, present problems relating to the dose ad-
ministered.

P In this respect, the BDNF low dose formulation (4CH) suc-
cessfully solves the problem.

Uberti & Molinari (Aut. cit., 2018; Molinari et Al., 2020)
demonstrate that BDNF 4CH (Guna Laboratories - Milan):
in vitro

— crosses the intestinal barrier;

— crosses the BEE, thereby reaching the brain tissue;

— activates the astrocytes and neurons, the 2 main types of
cells involved in the ageing process;

— activates its main TrKB receptor through the recruitment of
MAPK [(mitogen-activated-protein-kinase) (also defined as
MAP = ERK)], a kinase that directs cellular responses to var-
ious stimuli, such as e.g. mitogens, osmotic stress, pro-inflam-
matory cytokines, etc. (Pearson et Al., 2001).

in vivo

— after the oral intake of BDNF 4CH, the drug arrives in the
brain within 1 day, reaching a peak within 2 days;

— BDNF 4CH remains in the brain even in the absence of
treatment, since it triggers the endogenous physiological sys-
tems that support the anti-ageing processes.

The authors conclude that “the use of low-dose BDNF offers
a number of benefits due to the fact that this preparation has
no side effects or adverse reactions, features that are neces-
sary if it is used without the supervision of a specialist”.
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In the section “BDNF — Non-pharmacological therapy”, |
have also identified — among others — deep sleep, Omega 3/6
fatty acids and Bifidobacteria as being stimulants of BDNF
gene expression.

— Therefore, for all patients who could benefit from taking
Guna-BDNF (Brain Derived Neurotrophic Factor - human
recombinant), 15-20 drops x 2/day by sublingual route for
4-6 months (children < 6 years of age: 10 drops x 2/day by
sublingual route for 4-6 months) and, in general (TAB. 3):

1) patients with neurodegenerative diseases (vascular and
non-vascular dementia, Alzheimer-Perusini disease, Parkin-
son’s disease, multiple sclerosis, Huntington’s disease, Rett
syndrome and others);

2) Patients suffering from psychiatric diseases [anxiety
(Malzac, 2002), severe depression, depression, autistic spec-
trum disorders, obsessive compulsive disorder, anorexia ner-
vosa, bulimia nervosa, and others (Supino, 2020; Melcarne,
2021)];

3) Specific learning disorders (Supino, 2019);

4) Patients suffering from sarcopenia [BDNF is actively in-
volved in muscle regeneration and in boosting the oxidation
of fatty acids; BDNF is also produced directly in striated mus-
cle, with a peripheral endocrine function (So et Al., 2014;
Delezie et Al., 2019)];

5) Cardiovascular diseases. BDNF stimulates angiogenesis
and controls the survival of adult endothelial cells, vascular
smooth muscle cells, and cardiomyocytes;

6) Type 2 diabetes (Krabbe et Al., 2007; Meek et Al., 2013;
Davarpanah et Al., 2021) ...

... my best advice is therapeutic supplement, with or without
overlapping with conventional drugs, with:

— Guna-Melatonin, 15-20 drops x 2/day;

— Omegaformula — Omega 3-6-9 from micronised seeds of
the Baobab fruit, 3 chewable tablets/day during or after main
meals;

— Proflora (probiotic component: Bifidobacterium and Lac-
tobacillus genera), 1 sachet/day before lunch.

Guna-BDNF is also an effective treatment for mental fa-
tigue, chronic fatigue syndrome and neurovegetative disor-
ders due to long-COVID (post COVID-19 brain fog, or neu-
ro-COVID).
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HI... I AM HENRY, NICE TO MEET YOU, MA'AM

All over the world, humans are living longer and seemingly
healthier than just a few decades ago.

All this — however — must of course be set in the context of
the basic biology of each individual, “his/her” medical histo-
ry, “his/her” physiological and pathological ageing processes,
“his/her” genetic programming [mitotic clock (Ehrenstein,
1998; Fossel, 2018)], “his/her” lifestyle, and the numerous,
not always identifiable factors that play a part in making old

age difficult — for many — and in-
creasingly dependent on third
parties.

- Adding years to life
is not the same as
adding life to years.

Neurodegenerative
diseases,  especially
Alzheimer-Perusini dis-
ease and other forms of de-
mentia that result in the pro-
gressive loss of memory, elaborate
thinking and purposeful behaviour have a negative impact on
learned functioning and daily activities (emotional problems,
semantic and lexical difficulties, memory loss, reduced mo-
tivation).

- This entire procession depends on the progressive atrophy
of the cortical and subcortical regions that underlie the fac-
tual nature of these behaviours (including neuro-ageing).

e These brain areas, which formed in humans as an accident
of evolution, these 4 brains (Milani, 2018) are “orchestrated”
by BDNF which “does not marry the soma as such; it rests on
that and it is from that position that it can put together the less
perfect products of corporeality, turning them into Regula-
tion” (Turco & Turco, 2019).

— It is “ageing”, impoverished BDNF that withers the hip-
pocampus and the cortices that “communicate” with it (and
... vice versa); it is lipofucsin, neuromelanin, the Lewy and
Hirano bodies, the substance -amyloid and the Tau proteins
that interrupt the neurotransmission wires.

— BDNF 4CH opens up new scenarios, new and real hopes,
revitalises ageing life, breathes life into destiny, takes the edge
off... “Hi, I am Henry, nice to meet you, Ma’am”. [ |

| dedicate this work in memoriam to my dear friend

Dr Marlowe Elizabeth Reynolds of Berwyn, Chicago, who recently
passed away.

- Marly... this goes for you.
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SUMMARY

The hypothalamic-pituitary-adrenal (HPA) Axis is
the primary mechanism by which the Central
Nervous System interacts with the Endocrine
System. In response to environmental stressors,
including viral infections, the HPA Axis mobilizes
the appropriate metabolic resources to meet
specific demands. The final effector hormone of
the HPA Axis is cortisol. Cortisol release increas-
es markedly upon awakening and then gradually
decreases throughout the day, reaching a min-
imum around midnight.

- Alterations in this specific pattern of cortisol
secretion are associated with adverse health
consequences, including sleep disorders and
chronic inflammatory diseases, the origin of
which may be related to a sensitized cortisol re-
sponse. Diet and nutritional status play a key
role in restoring order to a cortisol-related organ
system that does not respond physiologically to
external stimulation.

- In this article, our focus is on four components
in particular: selenium (in its organic form of se-
lenium-methionine), as a trace element consti-
tuting several selenium-proteins involved in the
modulation of oxidative stress, phosphatidylser-
ine, a membrane phospholipid promoting cor-
rect apoptosis and amplifying antioxidant enzy-
matic activity, vitamin D which, in synergy with
selenium, mitigates the inflammatory response,
and vitamin B5 whose role as an energy booster
is crucial for the production of glutathione and
thus for reducing oxidative stress.

KEY WORDS STRESS, SELENI-

UM, PHOSPHATIDYLSERINE, VIT. D, VIT. B5,
GUNAVIT B5 PLUS, CORTISOL, HPA AXIS,
NUTRACEUTICS, MICRONUTRIENTS

F. Esposito
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CLINICAL MANIFESTATIONS
OF STRESS-MEDIATED AND
INFECTION-RELATED

CORTISOL DYSREGULATION
- THE ROLE OF GUNAVIT B5 PLUS

IN RESTORING STRUCTURAL BALANCE
AND FUNCTIONAL INTEGRITY

INTRODUCTION

Cortisol is a powerful anti-inflammatory
hormone produced by the adrenal
glands in the fasciculated area of the
cortical portion. Its dysfunction can lead
to widespread inflammation following
the reactivation of an acute reaction to
stress with various origins.

— Generally speaking, high levels of
cortisol are associated with diets that
are high in animal protein and carbohy-
drates with a high insulin-sensitive gly-
caemic index inducing the production
of further cortisol.

Despite stress being an inevitable part
of life, a prolonged or excessive re-
sponse to pain or various factors can in-
tensify sympathetic and neuroen-
docrine activity, deplete cortisol and
perpetuate widespread pain and in-
flammation.

Following acute stress, high cortisol lev-
els may help to reinforce fear-based
emotional memories for even unexpect-
ed, previously unknown events, condi-
tioning a physiological response to
stress, making it sensitised.

— A hypervigilant response to stressful
stimuli may lead to frequent or pro-
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longed activation of the hypothalamic-
pituitary-adrenal (HPA) Axis.

Following a chronic reactivation of the
HPA, cortisol dysfunction may encour-
age the transmission of pain through al-
tered modulation or the repeated acti-
vation of nociceptors by pro-inflamma-
tory mediators.

The reactivation of a stress response trig-
gers the release of pro-inflammatory
sympathetic catecholamines.

Cortisol’s compromised anti-inflamma-
tory functions can intensify and prolong
the short-term physiological inflamma-
tory response.

— The side effects of systemic inflamma-
tion may include 1) autoimmune sus-
ceptibility, 2) widespread oxidative
damage, 3) the accumulation of free
radicals produced by the inflammation
itself, with the related tissue degenera-
tion.

Osteoporosis, myopathies, and idio-
pathic neuropathies are common man-
ifestations of systemic inflammation,
and pain is a common effect of these
conditions.

— Viral infections can induce various
physiological changes in the human En-
docrine System, resulting in a cytokine-
mediated activation of the HPA Axis to
increase the production of cortisol, thus
modulating the immune response.

Any virus that causes systemic viraemia
and inflammation can stimulate the
HPA Axis to release cortisol, through
early pro-inflammatory cytokines (IL-1,
IL-6, and TNF-a) and T-cell related cy-
tokines, INF-y, and IL-2.

These mediators act on the hypothala-
mic cells that produce CRH (corti-
cotropin-releasing hormone), the ante-
rior pituitary and the adrenal cortex to
increase glucocorticoids during viral
disease.

e At the moment, the Coronavirus dis-
ease (COVID-19, SARS-CoV-2) mainly
involves the lungs, leading to pneumo-
nia, which is often complicated by
acute respiratory distress syndrome, and
sepsis.

The pathogen enters the pneumocyte
using the host’s angiotensin-converting
enzyme 2 (ACE2) as a receptor.

Binding results in the down-regulation
of ACE2 and the ineffective conversion
of the pro-thrombotic angiotensin Il (the
levels of which are directly proportional
to those of cortisol and the proportion
of spike proteins on the surface of the
Coronavirus), into angiotensin .

Furthermore, the enzyme is expressed
on the arterial and venous endothelial
cells of many organs, including the
adrenal glands.

— It is common knowledge that the se-
vere course of the disease is associated
with an overreaction of the immune sys-
tem with a mass release of cytokines and
chemokines (‘cytokine storm’), which
can be correlated with HPA dysfunction.

Elevated cytokines also trigger the in-
duction of hyaluronan synthase 2
(HAS2) in alveolar epithelial cells (type
2) and fibroblasts.

— Thus, the synthesis of hyaluronan oc-
curs, which has a high water-binding
capacity of up to 1,000 times its molec-
ular weight, resulting in the accumula-
tion of fluid in the lungs, which corre-
lates with the development of respira-
tory distress syndrome.



— COVID-19 therefore constitutes a uni-
versal threat requiring rapid, favourable
and safe measures to reduce the risk of
infection, suppress the development of
virulence, strengthen the immune sys-
tem and support healing.

— It is known that individuals living in
areas with a low selenium intake or in-
adequate nutrition, and patients with
pre-existing comorbidities are at partic-
ularly high risk of becoming infected
with COVID-19 or other viral infections.

The optimum status of selenium (100 ug
per day) promotes increased T-cell pro-
liferation, NK (natural killer) cell activity
and innate cell functions.

— Selenium supports a stronger vaccine
response and solid immunity to
pathogens.

It also suppresses severe inflammation in
tissues such as the lungs and intestines.

e Clinical studies have shown that sele-
nium supplementation modulates the
inflammatory response in patients with
respiratory distress syndrome by restor-
ing the antioxidant status of the lungs
and suppressing the levels of IL-1p and
IL-6.

Selenium supplementation inhibits the
pathogen-induced activation of the tran-
scription factor NF-kB and its down-
stream release of pro-inflammatory cy-
tokines.

In humans, dietary selenium is incorpo-
rated into 25 selenium-proteins, includ-
ing glutathione peroxidase, selenium F
protein, selenium proteins K and S, and
thioredoxin reductase.

These play crucial roles in molecular
pathways such as 1) the response to ox-
idative stress or endoplasmic reticulum
stress, 2) the response to unfolded pro-
teins, and 3) the immune and inflam-
matory response involving NF-kB and
the nuclear factor erythroid-2-related
factor (Nrf2 regulating the gene expres-
sion of a wide variety of antioxidant cy-
toprotective enzymes).

— In human studies and animal models,
it has been observed that the crossed di-
alogue between these pathways is cru-
cial for producing an adequate response
to viral infections; low selenium con-
centration is linked to a less efficient re-
sponse to RNA virus infection.

FIG. 1 shows how reduced selenium-
protein expression, resulting from a
low/sub-optimal selenium status, may
alter molecular pathways involved in
stress responses and contribute to an
+aggressive pro-inflammatory environ-
ment leading to a worse prognosis of vi-
ral disease.

— As observed, the decline in selenium
status leads to insufficient protective
selenium enzymes, particularly glu-
tathione peroxidase, an enzyme con-
sisting of selenium and glutathione.
Glutathione peroxidase is an enzyme
belonging to the class of oxidoreduc-
tases.

By reducing the amount of hydrogen
peroxide in water, it converts the re-
duced form of glutathione (GSH) into
glutathione disulfide (GSSG), the oxi-
dised form of glutathione.

— In other words, the glutathione is oxi-
dised. The oxidised GSSG is then
‘recharged’ or regenerated by NADPH (a
reduced form of NADP+), turning into
GSH (a reduced form of glutathione).

If there is a selenium and glutathione
deficiency, an insufficient inactivation
of peroxides as precursors of reactive
oxygen species (ROS) occurs, resulting
in a serious disturbance to the redox
balance.

Glutathione peroxidase itself, however,
interacts inhibitively with the MPRO
protease of SARS-CoV-2, a protease
which is necessary for the formation
and production of virus components.

MPRO is directly involved in the prote-
olysis of glutathione peroxidase and
other important selenium proteins
(thioredoxin reductase and glutamate
cysteine ligase), which, when deactivat-
ed or structurally demolished, do not
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guarantee the adequate removal of free
radicals.

— In order for there to be a powerful re-
generation and activation of the glu-
tathione peroxidase, it is necessary to
increase the amount of energy required
to produce glutathione, i.e. to ensure
two molecules of ATP for the produc-
tion of each glutathione molecule.

To do this, it is necessary to enhance the
Krebs cycle through the first component
that enters it, i.e. acetyl coenzyme A.

The latter is derived from pantothenic
acid, i.e. vitamin B5.

— The expected consequences of an in-
crease in acetyl-CoA content in the mi-
tochondria are the stimulation of pyru-
vate oxidation, the functioning of the
Krebs cycle and the oxidation of fatty
acids.

It also appears that vitamin D3 plays
the role of upregulating the thioredox-
in-reductase (selenium-containing pro-
tein that regenerates NADPH) and glu-
tamate-cysteine ligase (the first enzyme
of the glutathione biosynthetic path-
way).

The overexpression of glutathione, glu-
tathione peroxidase, superoxide dismu-
tase, and the downregulation of
NADPH oxidase are induced by vita-
min D3 to reduce oxidative stress.

The effective over-regulation of so-
called selenium proteins by vitamin D3
requires the presence of an adequate
level of selenium, however.

The full potential of vitamin D3 with
respect to COVID-19 or other viral
infections can only be considered in
combination with an optimal seleni-
um intake.

Chronic stress also reduces cortisol-
binding globulin (CBG).

— CBG is a glycoprotein synthesised in
the liver and secreted into the blood-
stream where it binds with high affinity
to glucocorticoid hormones, such as
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cortisol in humans and corticosterone in
laboratory rats.

In mammals, 95% of circulating gluco-
corticoids are bound to CBG (80%) and
albumin (15%), and only 5% of the free
fraction is able to enter the CNS.

During stress, the concentration of glu-
cocorticoids increases significantly (the
free fraction increases even more) once
the CBG is saturated.

The observed pronounced increase in
ACTH and cortisol during stress can be
explained by a decrease in CBG in
chronically stressed individuals.

— A membrane phospholipid known as
phosphatidylserine,  physiologically
and temporarily externalised as a mark-
er during apoptosis, first causes the nor-
malisation of CBG levels under these
conditions, followed by the normalisa-
tion of HPA Axis activity and reactivity.

During viral infections, another impair-
ment of the structural and functional as-
pect of the cell membrane also occurs.

— Viral infections create structural mem-
brane damage that leads to abnormal
permanent  exposure  of  phos-
phatidylserine on the outer cell surface
(scramblases activate caspases which
inactivate the flippases that bring phos-
phatidylserine back to the membrane af-
ter the apoptosis signal).

— The balance between the internalisa-
tion and externalisation of phos-
phatidylserine is equal to the balance
between pro-inflammation and anti-in-
flammation.

If phosphatidylserine is extended out of
the cell’s bilayer phospholipid structure,
apoptosis occurs and cellular activity
shifts towards a suppression of immune
response (a suppression that viruses pro-
mote) in favour of an extended cellular
and tissue synthesis pathway, when in-
stead there must be a correct balance be-
tween the apoptotic signal, and immedi-
ate macrophage phagocytosis, with the
subsequent reentry of the phos-

phatidylserine into the membrane struc-
ture.

In such a compromised system, it would
be crucial to strengthen the membrane
phosphatidylserine, repairing and sus-
taining the cellular apoptotic defence
mechanism and the apoptotic cell elim-
ination mechanism, the first defence
strategy against pathogens and the inter-
leukin-mediated inflammatory state.

The efficient elimination of apoptotic
cells from the airways by phagocytes is
essential for the effective resolution of
inflammation and a return to pulmonary
homeostasis.

— A disruption in this process would
lead to a secondary necrosis of accumu-
lated apoptotic cells, the release of
necrotic cell debris, and the subsequent
uncontrolled inflammatory activation of
the innate immune system by the re-
leased ‘Damage-associated molecular
patterns’ (DAMPS).

In other words, during sepsis or inflam-
matory events, phosphatidylserine ex-
posure may be over-regulated on cell
surfaces throughout the body, including
endothelial cells, platelets, erythro-
cytes, neutrophils, lymphocytes, and
extracellular micro-particles.

— Within the context of a SARS-CoV-2
infection, the intracellular conditions re-
quired for the activation of scramblases
can be triggered by the viral infection it-
self, down modulation of ACE2 and the
resulting increase in angiotensin Il di-
rectly related to circulating cortisol lev-
els.

With phosphatidylserine overexpressed,
such structural membrane disruption
would lead to the formation of clots and
the activation of the extrinsic coagula-
tion pathway by association with factor
VII.

e By administering phosfatidylserine in
the appropriate dosages, the cell mem-
brane is structurally and functionally re-
paired, therefore competitively prevent-
ing abnormal externalisation and thus

blocking the activation of inflammatory
and pro-coagulant processes.

Furthermore, the phosphatidylserine in-
tensifies the antioxidant action of glu-
tathione peroxidase, it regulates the re-
lease of interleukin-11, it normalises the
production levels of cortisol in response
to stress, it promotes the differentiation
of T-lymphocytes in the interleukin-10
producing form, the antagonist of pro-
inflammatory Interleukins.

In appropriate dosages, phosphatidylser-
ine safely shuts down or reverses bio-
chemical elevations and the structural
deterioration of nerve cells, it supports
human cognitive functions such as
short-term memory formation, long-term
memory consolidation, the ability to
learn and recall information, attention
focus, and concentration.

It also supports locomotory functions,
especially quick reactions and reflexes.

P At appropriate dosages and in syn-
ergy, the administration of selenium
(in the organic selenium-methionine
form), phosphatidylserine, vitamins
B5 and D3 (GunaVit B5 PLUS) trig-
gers a virtuous mechanism aimed at
combating the symptoms related to
chronic stress and infections and
those consisting of chronic fatigue,
muscular and joint pain, insomnia,
hair and memory loss, difficulties
concentrating, increased histamine
reactivity, atypical skin rashes, dysp-
noea, synovitis and thyroiditis.

A vitamin B5 deficiency also lowers the
available acetylcholine, the neurotrans-
mitter also used by the Parasympathetic
Nervous System.

— The uncontrolled and increased
sympathetic tone subsequently caus-
es hypertension, tachycardia, atrial
arrhythmias, and a ‘hyperadrenergic’
state known to influence heart dis-
ease, and strokes.

— A vitamin B5 deficiency leads to a re-
duced production of cortisol where it
acts as an anti-inflammatory mediator,



thus leading to increased arthritic pain,
myalgia, fatigue, headaches, depres-
sion, insomnia, and widespread ‘pro-in-
flammatory’ effects on the Immune Sys-
tem.

The combination of vitamins D and B5
creates an intestinal environment
favourable to the repopulation of Acti-
nobacteria, Bacteroidetes, Firmicutes
and Proteobacteria that make up the
normal human microbiome.

A deficiency in the action of glutathione
peroxidase promotes angiotensin Il-in-
duced left ventricular hypertrophy, di-
latation, and ventricular dysfunction,
highlighting a crucial physio-patholog-
ical role for ROS in the development of
cardiovascular diseases.

—When the cortisol-mediated response
is repeated and exacerbated, cortisol
can invade the receptors for mineralo-
corticoids, thus triggering an aldos-
terone-like reaction.

In the case of COVID-19, activation (as-
sociated with cortisol) of the mineralo-
corticoid receptor in the virus-infected
epithelial and endothelial cells stimu-
lates the release of ATP, which then acts
on the purinergic receptors.

In the lungs, this can cause a non-pro-
ductive cough through the purinergic
receptors on the affected vagal nerves.

On the other hand, in endothelial cells
it can stimulate: 1) the exocytosis of the
Weibel-Palade Bodies* containing an-
giopoietin-2, which is involved in the
pathogenesis of acute respiratory dis-
tress syndrome (ARDS), and 2) the Von
Willebrand factor (VWF), which medi-
ates platelet adhesion to the endotheli-
um and thus coagulation.

* Editor’s note: Weibel-Palade Bodies are cytoplasmic
organelles found in the endothelium cells of blood
vessels, and of the heart.

CONCLUSIONS

Nutritional therapy is an important part
of patient care, for surviving viral infec-
tions or other stress-promoting condi-
tions, and for a better and shorter recov-
ery as a result.

In addition, controlling malnutrition
and optimal nutritional supplementa-
tion are essential steps to ensure the Im-
mune System works in the best way pos-
sible.

— Patients with malnutrition are more
likely to belong to poor socio-economic
groups.

Therefore, nutritional supplementation
is important for at-risk groups and frag-
ile individuals such as the elderly with
relatively weak immune systems.
People with a weak immune system are
more prone to bacterial and/or viral in-
fections.

— Early and adequate nutritional supple-
mentation, together with pharmacolog-
ical treatment and clinical collabora-
tion, are essential when it comes to
restoring both the structural and func-
tional balance in health, and promoting
a general state of well-being. |

References

— Arganaraz G.A. et Al. — Phosphatidylserine
inside out: a possible underlying mecha-
nism in the inflammation and coagulation
abnormalities of COVID-19. Cell Commun
Signal. 2020 Dec 27;18(1):190.
doi: 10.1186/s12964-020-00687-7.

— Audo R. et Al. — Phosphatidylserine Outer
Layer Translocation Is Implicated in IL-10
Secretion by Human Regulatory B Cells.
PLoS One. 2017; 12(1): e0169755.

— Ayari H. et Al. — Mutual amplification of cor-
ticosteroids and angiotensin systems in hu-
man vascular smooth muscle cells and
carotid atheroma. J Mol Med (Berl). 2014
Nov;92(11):1201-8.
doi: 10.1007/s00109-014-1193-7. Epub 2014
Aug 5.

- Bermano G. et Al. — Selenium and viral in-
fection: are there lessons for COVID-19? Br
J Nutr. 2021 Mar 28;125(6):618-627.

PHYSIOLOGICAL REGULATING MEDICINE 2022

doi: 10.1017/S0007114520003128. Epub
2020 Aug 6.

Dutta S. et Al. — Before the “cytokine storm”:
Boosting efferocytosis as an effective strat-
egy against SARS-CoV-2 infection and as-
sociated complications. Cytokine & Growth
Factor Reviews 63(10). Jan 2022.

doi: 10.1016/j.cytogfr.2022.01.002
Edwards C. — New Horizons: Does Miner-
alocorticoid Receptor Activation by Cortisol
Cause ATP Release and COVID-19 Com-
plications? J Clin Endocrinol Metab. 2021
Mar; 106(3): 622-635. Published online
2020 Nov 28. doi: 10.1210/clinem/dgaa874.
Erol A. — Importance of Efferocytosis in
COVID-19 Mortality. Infect Drug Resist.
2022 Mar 10;15: 995-1007.

doi: 10.2147/IDR.S348639. PMID: 35299855;
PMCID: PMC8922362.

Gominak S.C. — Vitamin D deficiency
changes the intestinal microbiome reducing
B vitamin production in the gut. The result-
ing lack of pantothenic acid adversely af-
fects the immune system, producing a “pro-
inflammatory” state associated with
atherosclerosis and autoimmunity. Med Hy-
potheses. 2016 Sep; 94:103-7.

doi: 10.1016/j.mehy.2016.07.007. Epub 2016
Jul 14.

Grabiec A.M. & Hussell T. — The role of air-
way macrophages in apoptotic cell clear-
ance following acute and chronic lung in-
flammation. Semin Immunopathol. 2016
Jul;38(4):409-23.

doi: 10.1007/s00281-016-0555-3. Epub 2016
Mar 8.

Hellhammer J. et Al. — A soy-based phos-
phatidylserine/phosphatidic acid complex
(PAS) normalizes the stress reactivity of hy-
pothalamus-pituitary-adrenal-axis in chron-
ically stressed male subjects: a random-
ized, placebo-controlled study. Lipids
Health Dis. 2014; 13: 121. Published online
2014 Jul 31.

doi: 10.1186/1476-511X-13-121.

Kara E. et Al. — Chronic Stress, Cortisol
Dysfunction, and Pain: A Psychoneuroen-
docrine Rationale for Stress Management
in Pain Rehabilitation. Phys Ther. 2014 Dec;
94(12): 1816-1825. Published online 2014
Jul 17. doi: 10.2522/ptj.20130597.

Linani A. et Al. — Exploring Structural Mech-
anism of COVID-19 Treatment with Glu-
tathione as a Potential Peptide Inhibitor to
the Main Protease: Molecular Dynamics
Simulation and MM/PBSA Free Energy Cal-
culations Study. Int J Pept Res Ther 2022;
28(2):55.

doi: 10.1007/s10989-022-10365-6. Epub
2022 Jan 21.

Moghaddam A. et Al. — Selenium Deficiency
Is Associated with Mortality Risk from
COVID-19. Nutrients. 2020 Jul
16;12(7):2098. doi: 10.3390/nu12072098.
Mrityunjaya M. et Al. — Immune-Boosting,
Antioxidant and Anti-inflammatory Food
Supplements Targeting Pathogenesis of
COVID-19. Front Immunol. 2020; 11:
570122. Published online 2020 Oct 7.



PHYSIOLOGICAL REGULATING MEDICINE 2022

doi: 10.3389/fimmu.2020.570122.

- Seale L.A. et Al. — A role for selenium-de-
pendent GPX1 in SARS-CoV-2 virulence.
Am J Clin Nutr. 2020 Aug 1;112(2):447-448.
doi: 10.1093/ajecn/ngaal77.

— ShimuraT. et Al. — Increase in serum levels
of phosphatidylserine-specific phospholi-
pase A1 in COVID-19 patients. Cell Mol Im-
munol. 2021 Sep;18(9):2275-2277.
doi: 10.1038/s41423-021-00744-2. Epub
2021 Jul 28.

— Slyshenkov V.S. et Al. — Pantothenic acid
and pantothenol increase biosynthesis of
glutathione by boosting cell energetics.
FEBS Lett. 2004 Jul 2;569(1-3):169-72.
doi: 10.1016/j.febslet.2004.05.044.

- Sm S. et Al. — Curative role of pantothenic
acid in brain damage of gamma irradiated
rats. Indian J Clin Biochem. 2018
Jul;33(3):314-321.
doi: 10.1007/s12291-017-0683-0. Epub 2017
Aug 7.

— Taylor E.W. & Radding W. — Understanding
Selenium and Glutathione as Antiviral Factors
in COVID-19: Does the Viral M pro Protease
Target Host Selenoproteins and Glutathione
Synthesis? Front Nutr. 2020 Sep 2;7:143.
doi: 10.3389/fnut.2020.00143. eCollection
2020.

— Yahaya M. et Al.— Deficiency of antioxidants
and increased oxidative stress in COVID-19
patients: A cross-sectional comparative
study in Jigawa, Northwestern Nigeria.
SAGE Open Med. 2021 Feb 1;
9:2050312121991246.
doi: 10.1177/2050312121991246. eCollec-
tion 2021.

- Zhang J. et Al. — Selenium and selenopro-
teins in viral infection with potential rele-
vance to COVID-19. Redox Biol. 2020 Oct;
37:101715. Published online 2020 Sep 10.
doi: 10.1016/j.redox.2020.101715.

Dr. Felice Esposito

— Clinical Nutritionist

— Certified Sonographer (Ultrasound
Internist and Doppler)

Borgosatollo (BS), Italy



SUMMARY

The aim of this study is to evaluate the ef-
fects of the administration of Guna Colla-
gen Medical Devices in acute and chronic
pain symptoms associated with Os-
teoarthritis.

The goal of this study is to evaluate how
the administration of district-specific MDs
can modulate pain and improve functional
and motor responses.

- After ascertaining the patient’s clinical
state and requesting, if possible, the sus-
pension of anti-inflammatory, analgesic or
similar drugs, we proceeded with the ad-
ministration of subcutaneous, locoregional
infiltration, according to the Mesotherapy
technique.

The infiltrations were carried out on a
weekly basis (1 session/week x 12 weeks)
in 20 patients suffering from pain related to
their osteoarthritic condition of varying
clinical entity (from moderate to severe).

The 20 patients presented the following
complaints: 5 knee pain, 7 low back pain,
5 neck pain, 3 shoulder-related pain.

The assessment parameters used were the
WOMAC questionnaire for knee pain, the
VAS scale for pain and the VAS scale for
subjective sensation of functional improve-
ment in movement (0-10). The question-
naires were given to the patients before the
start of the therapy (T0) and after the 1st,
2nd, 3rd, 6th and 12th week of treatment.
Therapy involved the use of specific Colla-
gen MDs, administered alone without other
drugs, using 5 ml syringes, 30G x 12mm
needles. At each treatment data were col-
lected according to the WOMAC question-
naire and the two VAS Scales adopted.

At the end of the treatment period, follow-
ing the processing of the collected data and
the observation of the patients for 6 months
after the therapy, it was observed a signif-
icant reduction in perceived and evoked
pain as well as a general improvement in
the functional condition of the joints.

KEY WORDS GUNA COLLA-

GEN MEDICAL DEVICES, MD-NECK, MD-
SHOULDER, MD-LUMBAR, MD-KNEE,
NECK PAIN, SHOULDER PAIN, LOW BACK
PAIN, KNEE PAIN, JOINT PAIN, OS-
TEOARTHROSIS

D. Lepori

PHYSIOLOGICAL REGULATING MEDICINE 2022

GUNA COLLAGEN MEDICAL
DEVICES IN THE TREATMENT
OF PAIN IN OUTPATIENT CASES
OF OSTEOARTHRITIS

OSTEOARTHRITIS PAIN

Pain accounts for a large part of the pro-
fessional life of an outpatient doctor; it
is a common complaint that goes hand
in hand with the most diverse clinical
situations, becoming the reason for the
medical consultation.

In chronic diseases, pain has a signifi-
cant impact on the patient’s quality of
life and can limit, for example, mobility,
the capacity to work, psycho-physical
well-being, and social relationships.

— In osteoarticular diseases, such as Os-
teoarthritis (OA), the pain is often diffi-
cult to bear.

— It is therefore very important to pro-
tect patients from acute pain, and
above all from chronic pain, as much
as possible.

Various methods are used to classify
pain and its extent; that of the IASP (In-
ternational Association for the Study of
Pain) and the WHO, among the most
accepted, both stigmatise the major im-
pact that pain has on the quality of life
of those who suffer from it.

Certain types of pain can be identified
from a classification point of view:
acute, chronic, procedural, movement-
evoked, referred, and spontaneous
pain, etc.

They have in common the nervous
pathway and its physio-anatomical hi-
erarchy: there are a number of medical,
psychological and psychiatric facets to
the pain.

In osteoarticular diseases it is linked to
the overactivation of painful type A
Delta and c nerve fibres.
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These somatic nociceptive fibres are lo-
cated in the periosteum, endosteum,
joint capsule and peri-articular struc-
tures.

It goes without saying that, especially in
chronic diseases, there is also a signifi-
cant psychophysiological-somatomor-
phic component, with major affective-
emotional implications that influence
the perceived pain.

— Most of the painful conditions associ-
ated with osteoarticular pictures present
multifactorial signs and symptoms, of-
ten correlated with chronic degenera-
tive diseases, most frequently OA.

In OA, pain symbolises a vast array of
distressing clinical conditions.

What these situations have in common
is persistent pain that may or may not be
related to disease patterns of inflamma-
tion and degeneration.

— The joints are subject to acute or
chronic inflammatory processes related
to an assortment of problems that devel-
op and accumulate over time.

The most common causes are:

— work-related (tiring, repetitive, or
sedentary jobs, performed with unnatu-
ral postures, etc.)

— morpho-functional disorders (dyspla-
sia, scoliosis, changes in the joint status,
etc.)

— traumatic

— iatrogenic/post-operative

— metabolic/food-related/endocrine.

In recent years, the medical community
is increasingly coming round to the
idea that degenerative processes have a
multifactorial basis, like in the case of
OA, thus abandoning the previous no-
tion which inevitably associated them
with ageing.

What all these conditions have in com-
mon is that they activate inflammatory
processes that are manifested in the
form of damaged ligaments, tendons,
aponeurosis, planking of the joints and
intra-articular cartilage, and affect the
collagen component.

In fact, collagen is the main component
of all structures that make up the joints
(extra and intra).

OSTEOARTHRITIS

OA is defined as degenerative joint dis-
ease; it involves the destruction and po-
tential loss of joint cartilage, damage to
the subchondral bone, which goes into
eburnation, damage to the joint mar-
gins with narrowing of the joint space,
and the development of osteophytes
and geodes on the joint heads.

It is the most common joint disease in
the adult population. It is generally di-
agnosed around the 5th/6th decade of
life and is almost omnipresent in multi-
ple joints by the 8th decade, even if not
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always symptomatic, and can be easily
confirmed by radiological diagnostics.

Below the age of 40, OA has repeat-
ed/chronic traumatic causes and main-
ly affects the male gender.

Normally only half of OA patients have
symptoms, pain being the most promi-
nent.

OA is damage to the joint cartilage tis-
sue, which is primarily made up of col-
lagen.

OA can be primary, often idiopathic, or
secondary (multiple causes that change
the microenvironment, metabolism and
the characteristics of the joint cartilage).

The bone areas affected by OA are:

— Large joints, 95%: spine 54%; knee
27%; hip 7%; shoulder, elbow, hand
and fingers 7%.

— Small joints, 5%: talus calcaneal joint
4%; metatarsophalangeal joint of 1st
finger 1%.

The majority of the joints affected by
OA are subjected to a static load (large
joints), while the minority are subjected
to a dynamic load.

It should be pointed out that, under nor-
mal conditions, the joints do not under-
go enough friction to damage the bone
heads and joint cartilage, whether by
habitual use, overuse or trauma.

—The intra-articular hyaline cartilage is
not vascularised; it is made up of water
and collagen proteins (95%) and chon-
drocytes (5%).

Since cartilage does not have blood or
lymph vessels, the metabolism and
health of joints are related to the
“squeezing” of joints, i.e. the physio-
logical compression and decompres-
sion of hyaline cartilage during move-
ment, which ensures metabolic regula-
tion by diffusion.

The inflammation at the root of OA gen-
erates sclerosis and rigidity, thus creat-
ing a vicious circle that progressively
aggravates the joint damage.

Whatever the cause, one can always



observe a discrepancy between the
physical load and resulting mechanical
stress with the capacity of the joints to
absorb and cushion this work; there is
therefore a progressive thinning of the
joint cartilage, exposure of the bone, in-
flammation of the joint capsules and
oedema in the periarticular soft tissue.

In OA, there is an increasing reduction
in the physiological ability of the joint
components to slide freely over one an-
other.

— The correct functioning of joints de-
pends on the guality of their cartilage
components; if their mechanical and
metabolic properties are preserved, the
joint is less likely to undergo OA and
deterioration, and cause pain.

Over time, many factors contribute to
a reduction in the metabolic capacity
of collagen to maintain the physiolog-
ical dynamics of synthesis and degra-
dation.

Being bedridden for a long time, immo-
bility or mobility that is not sufficient to
provide mechanical stimuli to the joints
give rise to a deficit in the ability to syn-
thesise collagen and therefore in the
physiological regeneration of cartilage
and successful management of joint lu-
brication (primarily hyaluronic acid).
Movement, in fact, is one of the factors
that regulates the metabolism of carti-
lage and collagen based on mechanical
“squeezing” in relation to the static-dy-
namic load on the joint.

OA has long been considered a degen-
erative disease with an age-related ba-
sis; in recent years, however, the disease
tends to be considered within the con-
text of a multifactorial framework that
generates a complex aetiology and
pathogenesis of the joint damage, with
a biochemical-cellular basis involving
the chondrocytes, collagen and carti-
lage.

— It has been observed that one of the
main factors that cause OA is the suffer-
ing of chondrocytes leading to the re-
lease of enzymes and signal molecules,
which gradually induce an abnormal
turnover of the elements that make up
the joint structures.
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THE IMPORTANCE OF COLLAGEN

Collagen represents approximately 7%
of the weight of an adult organism.

It is so abundant in the human body that
it constitutes approximately 30% of the
total proteins; it is found almost every-
where (skin, teeth, bones, tendons, joints,
serous membrane and vessel walls, etc.)
(FIG. 1); it has significant metabolic and
connective support functions and also
performs biochemical functions associ-
ated with tissue homeostasis, such as, for
example, a buffer function.

— As stated above, the importance of
collagen lies in the fact that it is the most
widely-represented, versatile and ubiqg-
uitous protein-based structure in the
body.

Collagen plays an active role, rather
than a passive role as a mere structural
element; this is because it can adapt its
metabolism according to the body
weight and pressure to which it is sub-
jected, e.g. FACIT (Fibril Associated Col-
lagens with Interrupted Triple Helices).

Collagen also has bioconductor and
biosensor characteristics, with piezo-
electric and vector information
transfer properties.

It also interacts with water to gener-
ate ion exchanges: these biophysical
properties give collagen a powerful
metabolic role in the structures
formed from it (FIGS. 2.3, 4).

The basic unit of collagen is tropocolla-
gen, consisting of three laevorotatory
peptide helices; this unit is bonded to
glucose and galactose, which are con-
nected to specific amino acids.

This basic structure gives collagen its
vast range of properties, especially the
repetition of specific amino acid triplets;
each type of collagen has a specific vari-
ation of the amino acid triplets.
Tropocollagen gives rise to procollagen,
which polymerises to form protocolla-
gen outside the cell by means of a self-
catalytic self-assembly mechanism in-
volving certain oxidases.
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The individual units of protocollagen
are ready to self-assemble in turn, giving
rise to mature collagen that has period-
icity (true micro-metamerism) (FIG. 2).

GUNA COLLAGEN MEDICAL
DEVICES: THE NEW THERAPEUTIC
APPROACH TO PAIN IN
OSTEOARTICULAR DISEASES

The Guna Collagen Medical Devices
(MDs) are an effective therapeutic aid,
considering the high concentration of
collagen in the structures involved in
joint diseases such as OA.

The administration of porcine-derived

TAB. 1

collagen has beneficial effects on the
management/reduction of certain lytic
enzymes, the most important being the
MMP-9, MMP-13 metalloproteases and
Cathepsin K.

— Many studies highlight the impor-
tance of MMPs and other lytic enzymes
in the genesis and chronic maintenance
of joint damage on an enzymatic-in-
flammatory basis, where a collagen
metabolism imbalance favours its
degradation rather than neosynthesis.
There are other collagenolytic enzymes
in addition to MMPs, for example other
collagenases and ROS, often in a broad-
er context of low grade inflammation
based on many factors.

GUNA Medical Device

Guna Collagen
Medical Devices.

MD-NECK

MD-THORACIC

— There is considerable evidence in the
medical-scientific literature (over 40 ar-
ticles) concerning the positive results
shown by the intraarticular and/or peri-
articular infiltration of Collagen MDs,
which improve the response of tissue to
MMPs and lead to reparative processes
in the joint and periarticular tissue
(www.collagenmd.guna.com).

— It was therefore decided to use Colla-
gen MDs in selected patients with con-
firmed OA.

Guna Collagen Medical Devices are in-
jectable medical devices based on high-
ly biocompatible collagen of porcine
origin, with the utmost histocompatibil-
ity with human collagen.

The molecular selection is of high quality
due to the use of tangential-flow filtra-
tion, sterilisation of the collagen fibres,
and control of the molecular weight.
The collagen obtained in this way is
highly pure and bioavailable (TAB. 1).

The Collagen MDs also contain ancillary
biological molecules that increase spe-
cific joint tropism and the effectiveness
of collagen on the intended target area.
Their possible uses fall within the con-
text of secondary prevention and ther-

apy.

Collagen + Silica

Collagen + Cimicifuga
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MD-LUMBAR
MD-SHOULDER

MD-HIP

MD-KNEE

MD-SMALL JOINTS
MD-POLY (Multi-articularity)
MD-ISCHIAL (Sciatica)
MD-MUSCLE

MD-NEURAL

MD-MATRIX (Extra-Cellular Matrix)
MD-TISSUE (Soft tissues)

Collagen + Hamamelis

Collagen + Iris

Collagen + Calcium Phosphate
Collagen + Arnica

Collagen + Viola

Collagen + Drosera

Collagen + Rhododendron
Collagen + Hypericum

Collagen + Citrullus

Collagen + Citric acid, Nicotinamide

Collagen + Ascorbic acid, Magnesium gluconate,
Pyridoxine hydrochloride, Riboflavin, Thiamine
hydrochloride



Another reason for deciding to use the
Collagen MDs was the lack of side ef-
fects. They are very safe, easy to handle,
quick and straightforward to use, and
therefore also suitable for an outpatient
setting.

— Moreover, they are well tolerated by
patients according to the literature.

MATERIALS AND METHODS

Twenty patients (13 M and 7 F) suffering
from OA were enrolled in this trial.

All patients were diagnosed in a special-
ist consultation prior to being recruited
for the trial.

—The patients (60-85 years) were divid-
ed into groups according to the area af-
fected by the arthritic damage and pain.

Patients M: 5 with Gonarthrosis, 5 with
Lumbar Spondyloarthritis, and 3 with
Cervical Spondyloarthritis.

Patients F: 3 with Shoulder OA, 2 with
Lumbar Spondyloarthritis, and 2 with
Cervical Spondyloarthritis.

— After signing the informed consent
form (purpose, methods, treatment pro-
cedure and products for the study con-
cerned), all patients underwent infiltra-
tive Mesotherapy treatment on a week-
ly basis for 12 consecutive weeks, at
which times the specific MD for the af-
fected area was administered.

Questionnaires were issued to the pa-
tients on the 1st, 2nd, 3rd, 6th, and 12th

PATIENTS M

* Gonarthrosis Group:

5 patients, average age 70.8 years (min.
60 - max. 82), with previous diagnosis
of confirmed Gonarthrosis.

— Treatment: MD-Knee.

* Lumbar Spondyloarthritis Group:

5 patients, average age 72.4 years (min.
61 - max. 85), diagnosed with Lumbar
Spondyloarthritis with disc problems,
osteophytic processes and straightening
of the lumbar spine.

— Treatment: MD-Lumbar.

e Cervical Spondyloarthritis Group:

3 patients, average age 73.3 years (min.
68 - max. 79), with a diagnosis of con-
firmed Cervical Spondyloarthritis.

— Treatment: MD-Neck.

PATIENTS F

* Scapulohumeral OA Group:
3 patients, average age 68.3 years (min.

68 - max. 72), with a clinical picture
that was variable but attributable to a
process of Scapulohumeral Osteoarthri-
tis.

— Treatment: MD-Shoulder.

* Lumbar Spondyloarthritis Group:

2 patients, average age 67.5 years (min.
66 - max. 69), with a confirmed diagno-
sis of Lumbar Spondyloarthritis.

— Treatment: MD-Lumbar.

e Cervical Spondyloarthritis Group:

weeks.

All the patients filled in 2 VAS (Visual
Analogue Scale) questionnaires, one for
the pain and the other for the assessment
of perceived subjective improvement.
The 5 M patients suffering from Go-
narthrosis also filled in the WOMAC
(Western Ontario and McMaster Uni-
versities Arthritis Index).

To take part in the study, the patients
were asked to discontinue any ongoing
therapies where possible, to avoid af-
fecting the outcome of the results.

2 patients, average age 69 years (min.
67- max. 71), with a confirmed diagno-
sis of Cervical Spondyloarthritis.

— Treatment: MD-Neck.

RESULTS, DISCUSSION AND
CONCLUSION

At the end of the 12 weeks of treatment,
all 20 patients had completed the ther-
apeutic cycle.

The data collected were processed us-
ing the statistical method of mean dis-
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tribution (FIG. 5), a statistical study of
simple modality, effective and highly
suited to an outpatient experiment.

— This statistical study is based on the
average of the values collected in order
to eliminate or reduce errors relating to
min. and max. distribution values; this
enables an objective, fairly reliable as-
sessment of the results obtained in the
population in question.

As shown by the results in TABS. 2 and 3,
there was a gradual, contained improve-
ment in the first 3 weeks of treatment
(reduction in perceived pain, and a
modest improvement in overall subjec-
tive perceived pain).

— The improvement and elimination of
pain are fundamentally different after
the 6th week of treatment by infiltrative
mesotherapy when compared with the
initial conditions; the results obtained
are maintained up to the 12th week,
with further improvements.

Based on the data obtained at the end
of the 12th week, we can confirm that
the treatment had a very positive effect
on the pain and the general well-being
of the patients.

The very low invasiveness and speed of
administration of the MDs also resulted
in almost total adherence to the therapy,
generating good feedback, and satisfac-
tion from the patients.

The infiltrative treatment using Guna
Collagen MDs is certainly of great im-

|
3 -2 -l M+l +243
95%

(> n:ntot)+100

Average distribution of statistical values;
distribution bell curve with summation.
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portance in the treatment of OA and  Medical Devices stand out in terms of ~ They are highly purified products com-

pain. quality and safety. bined with ancillaries that enhance their
therapeutic action; no adverse effects
This area is increasingly appealing to ~ Based on our experience and the litera-  have been reported in 10 years, and
practitioners, since there is a gradual in-  ture, we can confirm that they have  they have a broad range of applications
crease in joint diseases in the popula-  unique characteristics that are ideal for (13 MDs can be combined in various
tion. the treatment and management of OA,  ways, if necessary).
including in an outpatient setting (very ~ — Moreover, their therapeutic effect can
— There are many strategies for manag-  important aspect). be detected after fewer sessions, and
ing OA (viscosupplementation, PRP, last for longer periods, than other ther-
oral collagen, etc.), but, among the in-  Guna Collagen Medical Devices have  apeutic strategies. They can also be ad-
filtrative treatments, Guna Collagen  an excellent formulation profile. ministered to patients with comorbidi-
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TAB. 2

Patients M (13) divided according to disease.

A - Gonarthrosis (5) - from left to right: WOMAC score for Gonarthrosis, VAS for perceived pain and VAS for perceived subjective improvement.
B - Lumbar Spondyloarthritis (5) - left: Perceived pain score on VAS; right: Perceived subjective improvement on VAS.

C - Cervical Spondyloarthritis (3) - left: Perceived pain score on VAS; right: Perceived subjective improvement on VAS.
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ties who are undergoing specific indi-
vidual therapies, depending on the
case. |
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TAB. 3

Patients F (7) divided according to disease.

A - Scapulohumeral Arthritis (3) - left:
Perceived pain score on VAS; right: Perceived
subjective improvement on VAS.
B - Lumbar Spondyloarthritis (2) - left:
Perceived pain score on VAS; right: Perceived
subjective improvement on VAS.
C - Cervical Spondyloarthritis (2) - left:
Perceived pain score on VAS; right: Perceived
subjective improvement on VAS.
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EXOSOMES, THE SHUTTLES OF
INTERCELLULAR COMMUNICATION

- THEIR EMERGING ROLE AND DIAGNOSTIC AND
THERAPEUTIC POSSIBILITIES

THE SHEEP, THE RAT AND
“ALICE IN BLUNDERLAND”

In her historical review article published in Cell, May-June
2005 (Johnstone, 2005), a few years before her death and
about 20 years after her discovery of exosomes and their ex-
pulsion from the plasma membrane of mature sheep reticu-
locytes (Pan & Johnstone, 1983), Rose Johnstone, born
Mamelak, of Polish origin (Lodz-Poland, 1928 — Montréal-
Canada, 2009), ironically defines the entire research journey

When a wise man points at the moon,
the fool looks at the finger.

that led to her crucial discovery as Alice in a “Land of Errors”
(Alice in Blunderland, an Iridescent Dream), referring, in the
first part of the title of a paragraph, to the title of the famous
short story by John Kendrick Bangs (1907), a parody of the
better known “Alice’s Adventures in Wonderland” by Lewis
Carroll (1865).

—The word “blunder” means error, misunderstanding, mis-
step, mistake, to underline the many difficulties and unfore-
seen events she encountered while carrying out of her exper-
iments and those of her young Chinese collaborator BinTao
Pan in the Department of Biochemistry of the Faculty of

A - Rose Mary Johnstone pictured at the time of
her discovery of exosomes in 1983 (McGill
University Historical Archives, Montreal - Canada).

B - Multivesicular body (MVB) containing approx-
imately thirty intraluminal vesicles (ILVs).

The membrane of the MVB fuses with the plasma
membrane of the mother cell, thus releasing ILVs.
- These, having reached the extracellular space,
are termed exosomes (EXO).
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L. Milani, 2021

Medicine at McGill University in Montreal Canada, and to
highlight the fact that, at the time of the discovery and for
many years to follow, exosomes were considered nothing
more than “waste”, “refuse”, cellular “garbage” to be elimi-
nated from the cytoplasm. Surely an unusual, original title for
a paragraph, full of the many inevitable unknowns and errors
involved in lengthy research and a key biological discovery

under the electron microscope (SEM).

— Less than one week [at the very same time (Harding et Al.,
2013)] after Pan & Johnstone’s publication, the Journal of Cell
Biology published a paper by Harding, Heuser & Stahl (1983)
on their research at the University of Washington in St. Louis
USA, in which some tiny vesicles ejected (jettisoned in the
original English = thrown out) into the extracellular space by
the mature reticulocytes of rats are photographed under a
SEM.

* The term “exosome” is mentioned in neither Pan & John-
stone’s article nor that of Harding et Al.; it was coined 4 years
later by Professor Johnstone (Johnstone et Al., 1987), although
the same name had been used 6 years earlier in reference,
however, to some isolated cell membrane fragments in body
fluids (Trams et Al., 1981) which, strictly speaking, had noth-
ing to do with exosomes.

It should be noted that the Johnstone and Stahl research
groups were independent, and that both were conducting ex-
periments on the formation and internalisation of transferrin
receptors in mature reticulocytes.

The discovery of the production of tiny nanoparticles (there-
after termed exosomes) expelled into the extracellular space
by reticulocytes (young erythrocytes) is to be considered com-
pletely unexpected and purely fortuitous.

—Although the paternity (or rather: maternity) of the discovery
of exosomes (EXO) is still debated today (Harding et Al.,
2013), itis generally attributed to Johnstone, for two reasons;
her publication pre-dates that of Harding et Al., even if only
by a few days, and the term “exosome” was revived by the
brilliant Canadian researcher in reference to what she had

discovered 4 years earlier.

* Rose M. Johnstone was the first and only woman to hold the
Chair of Biochemistry in the Faculty of Medicine at the McGill
University of Montreal-Canada.

She is also remembered as a highly active promoter of wom-
en’s rights in the academic and scientific world, a commitment
she maintained with continuity and determination even after
retirement, until her death at the age of 81 years.

—As mentioned above, EXOs were initially considered as by-
products of cellular metabolism and their role went unrecog-
nised: that they had a significant impact even on the cells
close to the mother cell.

In fact, from 1983 (the year of the discovery) to 2000, the
number of publications on EXOs was extremely small; only
in the early years of the new millennium, about 20 years after
their discovery, did researchers focus their attention on EXOs
and interest literally exploded.

* There are now approximately 8500 publications, 2 dedi-
cated scientific societies (American Society for Exosomes and
Microvesicles and International Society for Extracellular Vesi-
cles), a specialised journal [Journal of Extracellular Vesicles
(impact factor 2019: 14.976)], 2 databases (Exocarta and
Vesiclepedia), and one research portal (exRNA).

EXOSOMES
- THE MYSTERIOUS MESSENGERS

EXOs are tiny microvesicles (nanoparticles) that tend to be
rounded or oval shaped, with a diameter of 50-100 nm* gen-
erated by the membrane of the intracellular multivesicular

*1 nanometre (nm) = 1 x 10° m = 1 billionth of a metre = 10 angstrom.

In the past the nanometer was called a millimicron (1/1000 micron).
On average, an exosome is 1000 times smaller than the cell that generates it.
- One million exosomes could fit onto the tip of a pencil.



bodies (see page 33, FIG. B and FIG. 3) through the process of
expulsion into the extracellular space, genuine shuttles car-
rying a load of proteins (Simpson et Al., 2009), lipids (Vidal
etAl., 1989), and nucleic acids (Valadi et Al., 2007; Walden-
strom et Al., 2012) able to “deliver” their contents to the re-
cipient cells they encounter, and reprogramme them.

EXOs are, and represent, a new method of intercellular com-
munication which plays a key role in many cellular process-
es, for example the immune response, the first to be identified
(Raposo et Al.,1996; Greening etAl., 2015), signal transduc-
tion (Gangoda et Al., 2015), antigen presentation (Mittel-
brunn et Al., 2011) and many others (Fernandes et Al., 2020)
(FIG. 1).

— EXOs can be released by virtually all eukaryotic cells (Ruivo
etAl., 2017), cells with a defined nucleus, isolated from the
remaining the cytoplasm by a membrane.

Recently, EXOs have also been photographed after their ex-
pulsion from prokaryotic cells (Kalluri & LeBleu, 2020).

* EXOs are generated by all animal and plant cells; by vary-
ing their load according to the type of cell from which they
are derived, EXOs can provide — among other things — valu-
able prognostic information in a very wide range of diseases,
such as: 1) chronic inflammation (Lesser et Al., 2016; Hessvik
& Llorente, 2018); 2) diseases of the lipid metabolism (Record
etAl., 2014); 3) cardiovascular diseases (Kishore etAl., 2016);
4) liver diseases (Sung et Al., 2018); 5) kidney diseases
(Gonzalez-Calero et Al., 2014); 6) neurodegenerative dis-
eases (Howitt & Hill, 2016); 7) cancer (Salem et Al., 2016),
and others.

EXOs have been isolated from various human body “fluids”,
for example blood (Caby et Al., 2005), urine (Pisitkun et Al.,
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2004), saliva (Ogawa et Al., 2011), sweat (Wu et Al., 2018),
sperm (Ronquist & Brody, 1985; Park et Al., 2011; Aalberts et
Al., 2012), milk (Admyre et Al., 2007), amniotic fluid (Asea et
Al., 2008), cerebrospinal fluid (Vella et Al., 2008), ascitic fluid
(Andre et Al., 2002), and bile (Masyuk et Al., 2010).

—These EXOs, with specific genomic, protein and lipid pro-
files, reflect the cellular origin as “fingerprints” or “signatures”
of the cells that generated them and, as a result, have great
potential use as biomarkers of many diseases (see below).
Although biological fluids are relatively simple to obtain
(“liquid” biopsies) and rich in EXOs, these have not yet been
used as biomarkers in current clinical practice (Zhang et Al.,
2019).

It is only a matter of a few years, since dedicated studies are
developing exponentially all over the world. Having one or
more biomarkers of a disease before it becomes clinically ev-
ident means directing its course and prognosis.

EXOs derived from neoplastic cells contain RNA that can be
incorporated into healthy cells, thus promoting the spread of
the primary tumour (Skog et Al., 2008).

Although most research has been carried out on cells of
mammalian species, some have shown that strains of Leish-
mania and Mycobacterium are also able to generate EXOs
and thus regulate host defence (Silvermann et Al., 2010).
—In a similar way, this “pathway” enables the dissemination
of molecules used by pathogens in an attempt to subvert the
host's immune response and enable infections/infestations to
persist or make them difficult to resolve.

In humans, as in parasites, the proteins contained in the ex-
osomal cargo and transported some distance away remain
intact and maintain their catalytic activity like the native

EXOSOMES MICROVESICOLES ECTOSOMES MEMBRANE EXOSOME-LIKE APOPTOTIC
PARTICLES VESICLES VESICLES
ENDOSOMES PLASMA PLASMA PLASMA INTERNAL ND
MEMBRANE MEMBRANE MEMBRANE COMPARTMENTS
m 50-100 nm 100-1000 nm 50-200 nm 50-80 nm 20-50 nm 50-500 nm
SEDIMENTATION  [RToO0No 0K 10,000 g 160,000-200,000g  100,000-200,000g 175,000 g 1,200 g, 10,000 g
or 16,000 g
LIPIDIC CHOLESTEROL EXPOSED CHOLESTEROL ND DO NOT CONTAIN ND
COMPOSITION SPHINGOMYELIN PHOSPHATIDYLSERINE  pjAGYL-GLYCEROL LIPIDS
(partial) CERAMIDES

EXPOSED
PHOSPHATIDYLSERINE

MAIN TETRASPANINS INTEGRINS, SELECTINS PROTEQOLYTIC
PROTEIN (CD63, CDY)
MARKERS ALIX

TSG 101

TAB. 1

ENZYMES NO CD63

EXPOSED
PHOSPHATIDYLSERINE

NO CD63 TNF RECEPTOR HISTONES
(TNFR1)

Physical and chemical characteristics of different types of vesicles discovered in the extracellular milieu.

- Apoptotic vesicles are only found in the extracellular milieu following apoptosis of a cell; ND = not defined.

— Adapted from Javalet, 2016, adapted from Théry, 2009 (see References).
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| FIG. 2| o

Microvesicles (1), ectosomes MICROVESCICLES ECTOSOMES MEMBRANE EXOSOMES
(2), and membrane particles -100-1000 nm - -50-200 nm - P_ASI:LIS:T‘I::‘E_S -50-100 nm -

(3) result from a budding
(exvagination) of the cell
membrane and mainly contain
the cytosol of the cell that
generated them.

o

Exosomes (4) are - instead -
released directly into the
extracellular space thanks to
an invagination of the cell

membrane, passing - as a
result - through a gap in the
cell membrane which,
subsequently, closes again.

- Each exosome, like 1, 2, and

3, has a double membrane.

2 3 L
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ones (they are the same!), modifying the physiology and fate
of the recipient cells (Colombo et Al., 2013; Kalra et Al.,
2016).

e This intercellular communication physiologically enables
the harmonious coordination of an organism’s cellular func-
tions as a whole, and thus promotes broader functional
homeostasis as per Cannon (Cannon, 1929) and the allostatic
state as per Sterling & Eyer (Sterling & Eyer, 1988).

BIOGENESIS OF EXOSOMES

To clarify the terminology and correct a few mistranslations
or dubious interpretations, it is important to specify that cells
secrete different types of extracellular vesicles: the first 3 are
formed from a budding of the plasma membrane (microvesi-
cles, ectosomes, and membrane particles) (TAB. 1: FIG. 2).

* On the other hand, EXOs have an intracellular origin and
are released into the extracellular space by fusion of a mature
multivesicular body with the cell membrane which, after ex-
pelling the EXOs, closes.

It never requires a continuous solution between the cyto-
plasm and extracellular “fluid”.

There are also some recent descriptions of so-called EXO-like
structures (see TAB. 1) of intracellular origin, whose function
has still not been clearly defined (Fernades et Al., 2020; Lu &
Huang, 2020).

— Briefly and chronologically, the formation of EXOs basically
takes place in 4 stages (FIG. 3):

e Stage 1: formation per internal budding of the cellular
membrane of a small endocytic vesicle.

e Stage 2: enlargement of the endocytic vesicle, forming an
endosome that generates a few small intraluminal vesicles
(ILV) inside it.

e Stage 3: formation of a multivesicular body (MVB).

MVBs are therefore formed during the maturation of the en-
dosome (see Stage 2), a process through which the ILVs (see
Stage 2) are generated by invagination of the bordering mem-
brane. MVBs had already been observed precisely 20 years
before the discovery of EXOs (Fuchs, 1963; Policard et
Al.,1963) but, again, no biological significance had been at-
tached to them.

— At this point, the MBVs can meet 2 fates: either they 3a)
merge with a lysosome, a cell organelle containing lytic en-
zymes that can break down organic components (digestive
system of the cell) or they 3b) migrate towards the cell mem-
brane. The proteins and/or lipoprotein complexes necessary
to the transport of MVBs inside the cell have recently been
identified (Hurley & Hanson, 2010; Hanson et Al., 2012;
Henne et Al., 2012).

e Stage 4: fusion of the MVBs with the cell membrane and
release of ILVs into the extracellular space; from this point on,
the ILVs are defined as EXOs.

From Endosome to EXOs, progressive invaginations of the
plasma membrane, forming more and more, and smaller and
smaller elements, are performed by the so-called ESCRT (En-
dosomial Sorting Complex Requiring for Transport) machin-
ery, which is made up of 4 multiprotein complexes (0-1-11- 111)
(FIG. 4).

Intracellular Calcium is the true regulator of the fusion of
MVB to the cell membrane, leading to the expulsion of EXOs
(Savina et Al., 2003; 2005). This role is aided by the ALIX
protein (Baietti et Al., 2012), whose three-dimensional struc-
ture has been determined (Fisher et Al., 2007; Larios et Al.,
2020).



— This dynamic model, whose main points were formulated
and published by Harding, Heuser & Stahl in 1983, has with-
stood the test of time, as claimed by one of the 3 authors,
Philip Stahl “a distinguished plenary speaker” who had co-
ordinated the experiment at the time, in a 2014 Congress or-
ganised by ISEV (International Society for Extracellular Vesi-
cles) in Rotterdam The Netherlands and, more recently, con-
firmed in one of his publications (Stahl & Raposo, 2019).

EXOSOMES - THE CARGO

At each stage, from endocytic vesicle to EXO, selected quan-
tities of various types of RNA, proteins and lipids are loaded
into it.

Approximately 4400 proteins, 200 lipids, 1700 types of mes-
senger RNA (mRNA) and 800 microRNA (miRNA) have so
far been identified in the various EXOs examined (Math-
ivanan et Al., 2012; Kim et Al., 2013).

— Of particular interest is the role played by RNAs, powerful
gene regulators. Indeed, RNA contained in EXOs can modify
the gene expression of the recipient cells (Valadi etAl., 2007;
Nolte-'t Hoen et Al., 2012).

The various types of RNA are not coding inside EXOs, but
they certainly interfere with the RNA of the recipient cells.
This is how tumours metastasise remotely (Minciacchi et Al.,
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2015). This is how EXOs produced by the healthy cells of a
specific organ regenerate diseased cells of that organ in a pa-
tient (exosomal regenerative therapy).

EXOs basically contain 5 types of miRNA:

1) MicroRNAs (miRNA) - which consists of 20-22 nu-
cleotides. These miRNAs have been proposed as non-invasive
biomarkers, for example of cholangiocarcinoma (Puik et Al.,
2017), small cell lung cancer (Hu et Al., 2020) and non-small
cell lung cancer (Grimolizzi et Al., 2017).

miRNAs represent 76% of all map readings; they are trans-
ferred to the recipient cells, resulting in a transient or persis-
tent phenotypic modification (Mittelbrunn et Al., 2011), and
genotypic modification through RNA-dependent DNA poly-
merase = reverse transcriptase = retrotranscriptase.

2) IncRNA - consisting of 200 nucleotides involved in the reg-
ulation of cell differentiation, the cell cycle and epigenetics
(Hu et Al., 2015), angiogenesis, metastasis, and neoplastic
growth (Hewson & Morris, 2016).

3) CirRNA (circular RNA), a biomarker with diagnostic, prog-
nostic, predictive properties.

4) Messenger RNA (mMRNA).
5) other types of RNA (long non-coding RNA; piwi interact-

ing RNA, transfer RNA, small nuclear RNA, small nucleolar
RNA).

MICROVESICLES

1 - ENDOCYTIC
VESICLE
VESCICOLE
INTRALUMINAL

' \ (ILV)
5

2 - ENDOSOME

3 - MULTIVESICULAR
BODY MVB

4 - EXOSOMES

LYSOSOME

Generation of exosomes and
microvesicles.

B o . - Multivesicular bodies (MVB)

6‘?:‘im;5\;1m i (3) are formed during the

7. maturation of endosomes (2),

a process through which the
intraluminal vesicles (ILV) are

> generated by invagination of

the bordering membrane of
the endosome.

MVBs can fuse with lysosomes
(3a) in order to break down
their contents, or (3b) fuse
with the cell membrane,
releasing ILVs which, once
they have crossed the limit
imposed by the cell
membrane, take the name of
exosomes.

- Exosomes are miniaturised
“fingerprints” of the cells that
generated them.

L. Milani, 2021
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— In addition to RNA, EXOs can also contain fractionated
DNA (Sharma & Johnson, 2019; Spada et Al., 2020).

In addition to RNA, EXOs contain proteins such as the 4
tetraspanins involved in the penetration of EXOs into re-
cipient cells and fusion events, the Heat Shock Proteins
(HSPs) involved in presentation, antigen binding and the
formation of MVB (release of EXO), and Cell Adhesion Pro-
teins.

The EXO cargo is also rich in lipids such as cholesterol, sph-
ingomyeline, ceramides, phosphatidyl-serine, and arachidon-
ic and phosphatidic acids.

—The typical composition of an EXO is shown in FIG. 5.

INTERCELLULAR COMMUNICATION

Cells normally communicate with neighbouring cells through
direct contact (gap junctions, surface proteins), or remotely
(hormones, chemokines, cytokines), or via electrical and
chemical signals (nucleotides, short-chain peptides and
lipids).

— EXOs have completely different, peculiar ways of commu-
nicating: from parent cell to recipient cells they penetrate di-
rectly into them, near or far. Once they have penetrated the
recipient cells, they stimulate them using ligands located on

L. Milani, 2021

Schematic graphics of the ESCRT (Endosomial Sorting Complex
Requiring for Transport) machinery, made up of IV protein subunits in
line (0, I, II, Ill), which “manufactures” the invaginations and “welds”
the membranes from endosome to EXO.

Like a robotic arm, ESCRT-I pulls ESCRT-0 towards itself by “curling”
the plasma membrane, while ESCRT-Il pushes it down. When an
endovesicle has formed, ESCRT-Ill approaches the 2 lipoprotein neck
flaps of the parent membrane.

* ESCRT is an ancient phylogenetic mechanism. It also found in the
Archaea that appeared on Earth 3.5 billion years ago, the prokaryotes
that can survive in extreme environmental conditions.

Nature loves patterns and repeats them.

— Adapted from Raiborg & Stenmark, 2009 (see References).

their surface, transfer the activated receptors, and epigeneti-
cally reprogramme them by delivering their cargo.

A true... home delivery.

—This unique, emerging behaviour in Biology and Medicine
accounts for, for example, their enormous importance in im-
munology, such as activation, suppression, immune toler-
ance, and antigen presentation (Raposo etAl., 1996; Zitvo-
gel et Al., 1998; Clayton et Al., 2011; Zhang et Al., 2011;
Smyth et Al., 2013; Okoye et Al., 2014); EXOs derived from
mesenchymal stem cells have shown enormous potential in
reducing the extent of myocardial infarction (Lai et Al.,
2010; Liu et Al., 2017), in renal infarction (van Koppen et
Al., 2012), in the healing of wounds (Zhang et Al., 2015),
in liver disease (Tan et Al., 2014; Jiang et Al., 2018), in the
protection of neurons (Xin et Al., 2012), in the reduction of
retinal damage caused by laser surgeryr (Yu etAl., 2016), in
addition to the control of viral pathogenicity, and the treat-
ment of premature ageing, to name the just most striking ex-
amples.

EXOSOMES AND LIVER DISEASES

The therapeutic efficacy of EXOs from mesenchymal stromal
stem cells (MSCs) and hepatocytes has been studied in animal
models in vitro and in vivo.

Below is an updated and exhaustive list of the most signif-
icant bibliographic references, in ascending chronological
order:

1. HEPATIC FIBROSIS - Masyuk et Al., 2013; Charrier et Al.,
2014; Hyun et Al., 2015; Chen et Al., 2016; Nojima et Al.,
2016; Lou et Al., 2017; Shen et Al., 2017; Qu et Al., 2017;
Chen et Al., 2018 a; Mardpour et Al., 2019; Povero et Al.,
2019; Rong et Al., 2019; Fiore et Al., 2020; Bruno et Al.,
2020 a;b.

2. HEPATIC CARCINOMA - Kogure et Al., 2011; Fonsato et
Al., 2012; Sun et Al., 2018; Li et Al., 2020.

3. HEPATITIS, DRUG-INDUCED HEPATOTOXICITY - Li et
Al., 2013; Lemoinne et Al., 2014; Tan et Al., 2014; Abbas &
Hamideh, 2014; Brigstock, 2015; Cai et Al., 2017; Chen et
Al., 2018 b.

4. NON-ALCOHOLIC STEATOHEPATITIS (NASH) - Bruno
etAl., 2020 b.

5. LIVER REGENERATION AFTER PARTIAL HEPATECTOMY
- Herrera et Al., 2010.

6. BIOMARKER OF LIVER DISEASES - Wang et Al., 2017;
Barile & Vassalli, 2017.
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Typical composition of an exosome. The cargo.

These data from the most recent scientific literature empha-
sise the major therapeutic impact offered by EXOs in the
treatment of liver diseases, their antidegenerative, antispas-
modic effects, and their potential use as biomarkers of liver
diseases.

P In this context, we should mention Epatoguna (Guna Lab-
oratories - Milan, Italy), a food supplement based on hepatic
lyophilisate processed intact from healthy young swine ac-
cording to the Neorland® method, choline and green tea.

— The hepatic lyophilisate in Epatoguna is a source of well-
preserved exosomes that are biologically active on human
stem cells, as can be clearly seen in the results of the exper-
iment conducted by the research group coordinated by Prof.
C. Ventura — CNR, Bologna, ltaly (Ferroni et Al., 2019).

— | quote the authors (from the discussion in the article):
1) “Neorland® swine’s liver contains exosomes; 2) these are
internalised by human cells and are biologically active”.

Neorland® hepatic lyophilisate is found exclusively in Epato-

guna.

— Choline is a lipotropic substance that prevents the deposi-
tion of lipid in the liver parenchyma.

Diets with a low choline content favour NAFLD (Non-Alco-
holic Fatty Liver Disease), the current, more correct definition

of the “old” hepatic steatosis.

The nutraceutical intake of choline boosts the synthesis of
very low density lipoproteins (VLDL), thus facilitating the
transport of triglycerides outside the cell and avoiding their
accumulation in the cytoplasm of the hepatocytes (Lombardi
et Al., 1968; Yasuda et Al., 2020).

— Green tea [(Camellia sinensis (L.) Kuntze] (titrated at 95%
in epigallocatechin-3-gallate) protects the liver parenchyma
and reduces inflammatory markers; it lowers hepatic triglyc-
erides (Xu et Al., 2020), ALT (Yu et Al., 2017), and regulates
insulin resistance (Pham et Al., 2014).

THE BOTTLE ON THE BEACH

The discovery
that  lympho-
cytes also have
receptors  for
hypothalamic
hormones (CRF,
GHRH, LHRH),
hormones (cor-
tisol, prolactin,
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GH, melatonin), neuroendocrine peptides (enkephalins,
B-endorphin, somatostatin, NGF, ACTH, substance P, CGRP),
neurotransmitters (adrenaline, noradrenaline, acetylcholine,
dopamine) which, in turn, release neuroendocrine peptides,
and that immune function is also affected by some hormones,
neurotransmitters and other messengers (in Milani, 2018)
strongly suggests that there is a powerful information ex-
change between P, N, E and I.

Each one of the 4 “performers” in the PNEI superSystem is
only effective if it is interconnected at the same time as the
other 3, thus ensuring “true” psycho-organic homeostasis.
None other.

— Each of these 4 “performers” acts remotely through electro-
chemical mechanisms, synapses, ligands, etc. or modifica-
tions of its own cells or those of the recipient, not necessarily
target cells.

— Everything in Nature is information.
The Whole itself is information, in formation.

Networks and networks of networks are the guarantors of
alignment of the expressions of Life.
They oversee the domains of coherence.

— A single hypo/hyper imbalance between them alerts the en-
tire individual in a compensatory attempt to restart the
jammed, highly complicated clock.

* A 5th has recently been added to these 4 Systems: the ex-
osomal/microvesicular system which, through short and long
range intercellular communication, transfers microRNA and
messenger RNA that affect the recipient cells along their own
“journey”, carried in bodily fluids, reaching their destination
as... beached messenger bottles - Neptune’s treasure.

— Studies on EXOs have literally exploded exponentially in
the last 5 years, opening up new, unexpected, fascinating op-
portunities in early diagnostics (biomarkers) (Simpson et Al.,
2009; Heubner et Al., 2015; Fais et Al., 2016) and in therapy
as drug delivery systems (El Andaloussi et Al., 2013; Johnsen
etAl., 2014; Vader etAl., 2016; Batrakova et Al., 2016; Ingato
et Al., 2016) or as EXOs processed from healthy animal or
plant tissue that are biocompatible with human tissue.

—The therapeutic effect of stem cells is most likely mediated
by the release of the EXOs they produce: these have the
ability to recapitulate the effect of stem cells and — conse-
quently — bring further life to their practical applications...
regenerative medicine, the dream — now more and more
tangible — of every doctor and every patient. [ |
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SUMMARY

Chronic Liver Diseases are a global health
problem, accounting for 2 million deaths per
year. In this context, many efforts have been
made to identify new treatments able to re-
store, but in particular to preserve, liver
function in the lifetime. Epatoguna is a food
supplement, rich in choline and green tea
extract, mainly composed of swine-
lyophilized liver Neorland®. It’s well known
that liver contains a great amount of micro-
and nano-vesicles, exosomes, arising from
all the cell types contained in the organ.

- In this paper, we present our preliminary
results regarding exosome isolation from
lyophilized liver and their biological action
on human stem cells. Exosomes from Neor-
land® lyophilized liver were immune-sepa-
rated and quantified with ELISA. After that,
human mesenchymal stem cells were treat-
ed with isolated exosomes. Human stem
cells were able to internalize swine exo-
somes, as highlighted by BODIPY staining,
and moreover exosome-treated cells dis-
played a cell cycle arrest, not later than 24
hours after exosome administration.

These preliminary data pave the way for
new experiments, aimed at a comprehen-
sive understanding of the role played by
swine-lyophilized liver-derived exosomes in
preserving a healthy liver in humans.

KEY WORDS EPATOGUNA,

LYOPHILIZED SWINE LIVER-DERIVED EXO-
SOMES, HUMAN MESENCHYMAL STEM
CELLS, UPTAKE
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- SWINE-LYOPHILIZED LIVER
NEORLAND® IS THE SOURCE
OF WELL-PRESERVED
EXOSOMES, BIOLOGICALLY
ACTIVE ON HUMAN STEM

CELLS

INTRODUCTION

Chronic liver diseases (CLDs) constitute
a global health problem.

— Despite considerable advances in
their understanding and management,
millions of people still suffer from
chronic diseases associated with this vi-
tal organ.

It is currently estimated (and probably
underestimated) that 844 million people
are carriers of CLDs, with a mortality of
2 million patients per year (1).

— These diseases present a worldwide
clinical problem, comparable with that
of other chronic diseases such as dia-

betes (422 million patients; 1.6 million
deaths per year), lung diseases (650 mil-
lion patients; 6.17 million deaths per
year) and cardiovascular diseases (540
million patients; 17.7 million deaths per
year) (2).

— The liver reflects an individual’s state
of health; the progression of a patholog-
ical state towards a chronic condition
is determined by a combination of dif-
ferent factors [infections (HBV and
HCV), alcohol abuse, genetic factors,
etc.]. CLDs are not often recognised at
an early stage, because the symptoms
are initially scarce and generic; even
abnormalities that can be detected by
biological examinations are limited (2).
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It is therefore essential to implement pre-
vention programmes, and identify thera-
peutic strategies that prevent the progres-
sion of liver diseases.

- Epatoguna is a food supplement
based on lyophilized swine liver,
choline and green tea.

Neorland® lyophilized swine liver is ob-
tained through a controlled lyophiliza-
tion process specially designed to in-
crease bioavailability and prevent the
possible denaturation of the active in-
gredients, obtained from the fresh intact
liver of young swine.

— This special procedure ensures the
bioavailability of specific natural nutri-
ents, for example the complete vitamin
pool (especially group B vitamins), min-
erals (e.g. Iron) and essential amino
acids, which help support and regulate
hepatic metabolic processes.

It has also been hypothesised that the
liver has a significant micro/nanovesicle
content, notably exosomes, which are
derived from all components of the an-
imal’s liver, including particularly nu-
merous stem cells in young swine.

* Out of all the components of Epatogu-
na, we decided to study the microvesicle
content, particularly exosomes, and
their action in in vitro models.

— The cells that make up an organism are
not entities in their own right; they must
be able to both perceive and relate to the
surrounding environment and pass “in-
formation” to the outside. There are
many different mechanisms by which
cells exchange information, and they
vary according to the type of cell, but the
secretion of signalling molecules, which
make up the so-called cellular “secre-
tome”, is common to all cells.

The cellular “secretome” is made up
of “naked” (cytokines,
chemokines, growth factors, etc.), and
various types of extracellular vesicles
(EVs), such as microvesicles, micropar-
ticles, nanovesicles, and exosomes.

molecules

Eukaryotic cells contain compartments
surrounded by membranes, called en-
dosomes, which have various functions.

One particular subclass of these, called
the Multivesicular Bodies (MVBs), in
turn contains vesicles with membranes.
These can undergo various fates, includ-
ing that of being released into the extra-
cellular space, hence the name of exo-
somes.

Exosomes are a distinct population of
extracellular vesicles with a diameter
ranging between 30 nm and 150 nm.
They have specific features (3) and
specific endosomal proteins on the
membrane, including CD9, CD63,
CD81 and others, not found on other
types of secreted vesicles which, by
contrast, are formed by evagination
from the plasma membrane (4).

Although the exosomes have been ex-
tensively studied, the exact mechanism
by which they are secreted and the reg-
ulation of this process are still not well-
defined (5).

Exosomes have been isolated in vivo
from various biological fluids, e.g.,
blood, and in vitro from various types of
cultured cells.

Exosomes mediate interaction be-
tween cells through nucleic acids
(coding and non-coding RNA) and
the proteins they contain, which can
be transferred to neighbouring cells
by endocytosis processes mediated
by membrane antigens (6-9).

The mechanism by which exosomes are
internalised by the recipient cells has al-
so yet to be clarified.

This is because extracellular vesicles
can be incorporated by various mecha-
nisms, including phagocytosis, endocy-
tosis, pinocytosis and fusion of the plas-
ma membrane.

As mentioned, exosomes are secret-
ed by cells specifically to mediate in-
tercellular communication, since
they are able to transfer various types
of molecules to recipient cells, in-
cluding proteins and different types
of coding and non-coding RNA.

— This enables them to play a funda-
mental role in the regulation of both
physiological and pathological pro-
cesses, modifying the regulatory net-
works of the cell (10).

Exosomes are secreted by various types
of cells and tissues. One part of the
molecules they contain is always the
same and is essential to the structure
and sorting of the vesicles; however,
they are partially differentiated in rela-
tion to cell-specific proteins and RNA,
which probably reflect both their own
biological function and that of the cell
from which they originated (11).

The function of most of the proteins
contained in exosomes is not well un-
derstood; however, many studies show
that they clearly differ from those found
in all other microvesicles secreted by
cells (12).

Nucleic acids (MRNA and miRNA) are
not active within the exosome, but be-
come active when internalised by the
recipient cell.

The study of exosomal miRNA has re-
vealed a remarkable specificity accord-
ing to the cell from which it origins, and
has highlighted major differences, for
example between different types of can-
cer cells (13,14).

— This pronounced variability of content
suggests a selective process for the in-
ternalisation of miRNA, mediated by the
cell that generates the exosome.

Many studies have investigated the
mechanisms by which exosomes, with-
in the same species, enter the recipient
cells, release their contents (cargo) and
mediate physiological and pathological
processes.

On the other hand, the way in which
they facilitate communication between
cells of different species has not been
well-researched (15), although it is
known, for example, that approximately
80% of the proteins found in the exo-
somes of mice and humans are con-
served (homologous) between the two
species (16).
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In vivo study of exosome uptake.

- Photomicrographs of human mesenchymal cells isolated from foetal membranes obtained from full term deliveries (WRFM-MSCo), taken 3 hours (A)

and 24 hours (B) after the following treatments: Ctrl- = untreated cells; Epatoguna Exosomes = cells placed in contact with exosomes stained with

BODIPY; Ctrl+ = positive control consisting of cells placed in contact with BODIPY dye only.

The images were acquired using a Nikon Ti-E microscope and analysed with Nis (Nikon) software.

— Mouse exosomes can be transferred
into human mast cells, and the RNA
within them is translated into murine
proteins in the recipient cell (17).
Some studies have also been conducted
on exosomes found in milk (18).

There is some evidence that the exoso-
mal cargo of bovine milk, particularly
the nucleic acids (RNA), is transported
to circulating immune cells.

— Some types of miRNA and mRNA ap-
pear to be able to regulate the expres-
sion of human genes or be translated in-
to biologically active proteins, respec-
tively (19).

P The aim of the work we have carried
out is to investigate the presence of ex-

osomes in Neorland® lyophilized swine
liver and, if they are found, to determine
whether these nanovesicles could be bi-
ologically active on human cells, partic-
ularly stem cells.

MATERIALS AND METHODS

One milligramme of lyophilized swine
liver is resuspended in Ringer-lactate
buffer (Krebs-Ringer Solution, Alfa Ae-
sar) for 1 hour, and kept under constant
agitation.

Collagenase IA (Sigma-Aldrich) at a
concentration of 0.5 mg/ml is then
added, and the mixture is kept at 37°C
for a further hour, with constant stirring.

At the end of this time, scalar filtrations
are carried out, using a cell-grinder (Sig-
ma-Aldrich) and cell strainer (Falcon).
A further 3 filtrations are carried out us-
ing syringe filters, until a pore size of 0.2
pm is reached.

— The eluate is added to Exo-Quick-TC
(System Biosciences, LLC) and stored
overnight at 4°C.

The following morning, the preparation
containing the exosomes is centrifuged
at 3000 x g for 15 minutes, according to
the protocol, and the pellet is resus-
pended in PBS buffer.

The sample is treated with Rab5b Exo-
Flow Capture Kit (System Biosciences,
LLC), according to the protocol.
Magnetic beads carrying the Rab5b ex-
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osomal antibody are then added to the
sample.

Using a magnetic support, the beads
with the bound exosomes are held still
while the sample is subjected to succes-
sive washings.

On completion of the process, the exo-
somes are released from the beads and
eluted in 200 pl of the elution buffer
provided in the kit.

Quantification is performed using an
ELISA kit (Porcine CD81 antigen ELISA
Kit, MyBioSource).

The uptake of porcine exosomes in hu-
man cells is investigated using Mes-
enchymal Stem Cells isolated from
foetal membranes (FM-MSCs), by view-
ing them under a fluorescence micro-
scope (Nikon Ti-E).

The exosomes are stained with BODIPY

1 TR ceramide (Molecular Probes™,
Life Technologies, Carlsbad, CA, USA),
according to the protocol, and purified
from the excess dye by means of
columns (Exosome Spin Columns, MW
3,000; Invitrogen, Life Technologies).
The exosomes stained with BODIPY are
added to the culture medium.

The cells are identified by vital staining
of the nuclei using NucBlue™ Live
ReadyProbes™ Reagent (Thermo Fisher).
The proliferation is assessed using the
MTT method (Thiazolyl Blue Tetrazoli-
um Bromide, Sigma Aldrich).

The cells are added with MTT, left to in-
cubate at 37°C for 2 hours, the dye sol-
ubilised in a lysis buffer, and the ab-
sorbance determined using a spec-
trophotometer (MultiskanGO, Themo
Fisher) at 570nm.

A statistical analysis is carried out using
the one-way ANOVA method, with
Tukey correction.

p<0.05 data are considered significant.

RESULTS

The lyophilized swine liver preparation
is resuspended in a neutral buffer,
Krebs-Ringer Solution, and subsequent-
ly digested with collagenase IA in order
to release the nanovesicles trapped in
the collagen, a protein that occurs ex-
tensively in the liver.

Since exosomes are nanovesicles with a
diameter of a few nanometres (30 to
150 nm), the digestate undergoes sever-
al filtration steps, initially using large-
pore filters to remove all coarse compo-

A
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0.4+ 1.0 T |
a a
(o] (o]

0.2 05+
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C+ C- exosomes 20 40 60 80
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TAB. 1

Cell growth analysis.

A-B-C - On the abscissa axis: C+ (positive control) = cells cultured in standard FBS; C- (negative control) = cells cultured in exosome-free FBS;

exosomes = cells cultured in exosome-free FBS with the addition of exosomes derived from swine liver.
On the ordinate axis: absorbance (0.D. - Optical Density) measured at 24hrs (A), 48hrs (B) and 72hrs (C). * = significant differences where p<0.05.

D: XY representation of values shown in A, B, C.




nents, then increasingly selective filters,
thus enriching the solution in nanovesi-
cles as much as possible.

— Exosomes can be isolated by various
methods, for example ultracentrifuga-
tion, microfluidics, and many others.
For the purpose of this work, we made
use of the ability of some molecules to
polymerise, such as polyethylene glycol
(PEG), embedding the microparticles
present in the solution to make them
heavier.

The polymer is added to the solution
from which the microvesicles are to be
isolated, left to incubate for at least one
night at 4°C, and centrifuged the follow-
ing day.

The sediment (pellet) that formed after
centrifugation, containing the exo-
somes, is washed and resuspended in a
sterile isotonic buffer (PBS).

— Exosomes are nano-vesicles that pre-
sent specific proteins on the membrane
that surrounds them (including, for ex-
ample, CD9, CD81, HSP70, etc.).

The purification method we use is based
on magnetic beads, which bind anti-
bodies directed towards one of these
proteins, specifically Rab5b.

The beads are placed in contact with
the solution that virtually contains exo-
somes, so that the antibody present on
the bead can bind to the exosome to be
isolated.

A magnet is used to remove the beads
from the solution containing all the oth-
er particles co-precipitated by the poly-
mer. Once the beads have undergone
several washings, the exosomes are re-
leased using the Elution Buffer and re-
main resuspended in it.

— Once isolated by magnetic separa-
tion, the exosomes are quantified in an
ELISA assay. The ELISA test is based on
specific antigen-antibody recognition.

The kit uses an antibody found on exo-
somes, CD81, an alternative to Rab5.

This stratagem, i.e. using two different
antibodies to isolate and quantify the
exosomes, enables us to eliminate the
possibility of also isolating free proteins

with the beads, those not bound to the
microvesicles.

In fact, if no exosomes were present, the
ELISA would be completely negative for
CD&81, since there be no single CD81
proteins in solution as they would have
been lost during the purification pro-
cess.

Once the presence of nanovesicles was
detected, we investigated whether or
not they had a potentially biologically
active role.

— To determine whether or not the exo-
somes derived from lyophilized swine
liver were recognised and internalised
by human cells, we used mesenchymal
stem cells (MSCs) isolated from a hu-
man placenta during a full term birth
(kindly donated by Prof. Laura Bonsi
and Prof. Francesco Alviano, University
of Bologna).

Foetal membrane-derived MSCs (FM-
MSCs) are particularly plastic cells and
have all the stem cell markers required
to define a population as “mesenchy-
mal” (20).

MSCs can also differentiate into many
cell types, including osteblasts, chon-
droblasts, adipocytes and hepatocytes
(21).

For the purpose of these experiments,
human mesenchymal cells were cul-
tured in exosome-depleted serum (Exo-
some-depleted FBS one shot, Gibco), in
order to avoid confusing them with the
swine exosomes administered in culture.

The first matter to be investigated was
whether or exosomes isolated from
lyophilized swine liver could be recog-
nised by human cells and internalised
by them.

— To test this hypothesis, we used a dye
with a high affinity for lipophilic mem-
branes, belonging to a class of fluores-
cent dyes whose basic structure consists
of 4,4-difluoro-4-bora-3a,4a-diaza-s-in-
dacene, i.e. the BODIPY 1 TR ceramide,
using a published method already prac-
tised in our laboratory (22).

More specifically, the exosomes are
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stained with BODIPY 1 TR ceramide
and, after removing the excess dye, i.e.
the dye not bound to the exosomes,
thanks to the purifying columns (Exo-
some Spin Columns, MW 3,000; Invitro-
gen, Life Technologies), they are added
to the culture medium.

The cells are viewed under a microscope
after 3 and 24 hours.

— As can be seen in FIG. 14, after 3 hours
the cells (highlighted by the blue colour
of the nuclei) treated with the exosomes
begin to turn red, and already a signifi-
cant difference between these and both
the negative control (without dye) and
positive control (dye only) can be seen.

The positive control is treated with a dye
solution, with no exosomes, and under-
goes the same purification as the sample
with exosomes, through the Exosome
Spin Columns. This proves that the
staining of the analysed sample is only
caused by the BODIPY retained by the
exosomes, and not by the possible con-
tamination of free dye.

The cells are once again observed 24
hours after the process (FIG. 1B).

The images show a striking result: the
staining of the cells treated with exo-
somes (stained with BODIPY) is evident,
whereas the two controls, positive and
negative, appear the same as the previ-
ous day.

e The result of this experiment pro-
vide evidence that human cells, in
this case stem cells, are able to
recognise and internalise exosomes
of porcine origin, completely eluding
the problem of species diversity.

— Having clarified this very important
point, we asked ourselves if, in addition
to entering the cells, exosomes had any
effect on them.

The first test carried out (many others
are currently in progress) assessed the

impact on cell growth.

The growth of the cells was assessed us-
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ing MTT; MTT is a colorimetric assay
that relies on the ability of mitochondri-
al enzymes to reduce 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium
(MTT) to formazan, a blue coloured
substance.

This test is commonly used to assess the
toxicity of substances on the mitochon-
dria.

If the substance to be tested has no di-
rect effect on the mitochondria, then,
with some approximation, the number
of mitochondria can be correlated to the
number of cells.

Based on this assumption, the MTT as-
say is commonly used in the assessment
of cell growth.

As in TAB. 1A, the cells treated with a
single dose of exosomes show no sig-
nificant difference when compared
with the positive control (cells kept in
non-exosome-depleted FBS) and nega-
tive (cells kept in FBS purified of exo-
somes) after 24 hours.

— By contrast, after 48 hours (TAB. 1B),
the growth of mesenchymal cells treated
with exosomes begins to stop, with an
effect that continues for up to 72 hours
(TAB. 1C).

As deduced from the graph in TAB. 1D,
exosomes have no toxic effect on cells.
In fact, the absorbance values (OD) in-
crease steadily, revealing an overall in-
crease in the number of cells in all three
samples.

DISCUSSION

The preliminary data presented here
provide two very important pieces of
information:

1. Neorland® lyophilized swine liver
contains exosomes; 2. these are in-
ternalised by human cells and are
biologically active.

Recent studies have investigated the ef-
fect of lyophilized on the preservation
of exosomes, so that they can be biolog-

ically active even after a period of stor-
age.

Exosomes are normally stored at -80°C
(23), but there is some evidence that this
is not an optimal condition for long-
term storage.

This is because after 4 days of storage at
this temperature, the exosomes are
found to be morphologically different to
those freshly isolated (24).

— Even storage at 4°C to 37°C changes
the morphology of these vesicles, mak-
ing them smaller, which possibly has a
significant effect on their biological ac-
tion (25).

Lyophilization is a process commonly
used to preserve many types of organic
material, from proteins to plasma, as it
increases long-term stability (26).

In relation to the storage of exosomes,
lyophilization has been found to be a
technique of choice. Studies have con-
firmed that this procedure preserves in-
tegrity and functionality (27).

Our preliminary data confirm that
exosomes are not destroyed by the
Neorland® lyophilization procedure,
and remain intact and biologically
active.

The cells used in this study are human
mesenchymal cells isolated from full
term placenta (20).

Mesenchymal stem cells are adult cells
that can be isolated from various tissues,
since they are found in almost all or-
gans.

They are defined as such by the pres-
ence of some surface markers (CD29,
CD44, CD73, CD90, CD105) and the
absence of others (CD14, CD34, CD45
and HLA-DR), and also their ability to
differentiate into other cell types (osteo-
cytes, chondrocytes, and adipocytes).
In addition to their differentiation poten-
tial, they also have an intrinsic im-
munomodulating capacity.

Their function within the organs from
which they are obtained is not always

known, but the potential demonstrated
in vitro makes them particularly inter-
esting, not only because of their use in
autologous transplant, but above all the
possibility of identifying treatments that
could improve the regenerative capacity
of the organ to which they belong.

The liver also has mesenchymal stem
cells (liver-derived human MSCs LHM-
SCs) which possess specific features that
differ from those isolated from other or-
gans; for example greater secretion of
protective factors (28).

These cells can differentiate into mature
hepatocytes; however, the mechanism
by which this occurs in vivo is still un-
known, although it is clear that they are
involved in various physiological and
pathological processes (29).

— In this context, it is particularly inter-
esting that exosomes derived from
swine liver are able to terminate the
growth of mesenchymal stem cells.

Several studies are in progress in our
laboratory to investigate this fact.

— Firstly, an assessment of the dose-de-
pendence of this action is taking place.

Moreover, we are analysing the changes
in gene and protein expression of the re-
cipient cells, with a view to understand-
ing whether, in addition to the termina-
tion of a cycle, there is a differentiation
stimulus. It has already been shown that
the addition of exosomes extracted from
differentiated cells can change the fate
of mesenchymal stem cells, and switch
the phenotype from adipocytic to osteo-
cytic and vice versa (30).

Regulation could also occur through the
miRNA found in the exosome, as al-
ready demonstrated in other models,
where it was observed that exosomes
derived from hematopoietic cells can
facilitate the differentiation of embryon-
ic cells in vitro by inhibiting a specific
pathway (31). [
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SUMMARY

Chronic Venous Insufficiency (CVI) is due to
a state of prolonged venous hypertension in
the skin and subcutaneous tissue, predomi-
nantly in the lower limbs; the bicuspid ve-
nous valves are responsible for directing
blood from the superficial veins of the lower
limbs to the heart via the deep venous sys-
tem, from the bottom up, against the force of
gravity.

In CVI, these valves are unable to perform
this task, so there is a reversal of the flow
(reflux) of blood from the Deep Venous Sys-
tem to the Superficial Venous System, which
creates a continuous pressure on the walls
of the veins that can lead, in an advanced
phase of the disease, to the wearing out and
dilation of the wall itself (varices) and to the
leakage of fluid into the surrounding tissues
(oedema).

- The aim of this clinical study is to verify
whether the combined treatment with PRM
medicines and Guna Collagen Medical De-
vices can provide more important and lasting
clinical results than the treatment with phle-
botonic drugs.

KEY WORDS CVI, MD-MUSCLE,

MD-TISSUE, ANTI AGE VEIN, GUNA MATRIX,
GUNA LIVER

L. Cristaldi

TREATMENT

PHYSIOLOGICAL REGULATING MEDICINE

OF CHRONIC VENOUS
INSUFFICIENCY WITH GUNA

COLLAGEN MEDICAL DEVICES

AND PRM THERAPY

VENOUS DISEASE IN MEDICINE

Venous disease is one of the oldest,
most widespread medical conditions
that affect humans. The first description
of the disease appears in the Ebers Pa-
pyrus, considered to be the first Treatise
on surgery and dating back to approxi-
mately 1550 BC (18" dynasty of Egypt).

— The first description of varicose vein
surgery is attributed to Aulus Cornelio
Celsus (1% century AD).

The only one of his four-part work Artes
that has survived intact is De Medicina,
in which the author gives a detailed dis-
cussion of Diet, Pharmacological Ther-
apy and Surgery.

- In 1628, William Harvey (1578-
1657), following the teachings of his
master Gerolamo Fabrici d’Acquapen-
dente (1533-1619), published the vol-
ume Exercitatio Anatomica de Motu

Telangiectasia

Varicose
veins

Hematomas

Dermatitis

Supra-malleolar
ulcerous zone

Oedema

Varicose lower limb
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Truncal varicosis

— Failure of the great saphenous vein
and consequent varicosis of the branch
in the anterior region of the leg.

Reticular varicosis

Telangiectasia
— Intracutaneous ectasia.

Cordis et Sanguinis in Animalibus, in
which he identified the structure and
function of the venous valves and de-
fined the physiological mechanisms of
blood circulation.

WHAT IS CVI

Chronic Venous Insufficiency (CVI) is
the result of prolonged venous hyper-
tension in the skin and subcutaneous
tissue, mainly affecting the lower limbs.

Under normal conditions, the venous
bicuspid valves are responsible for di-
recting blood upwards: from the super-
ficial veins of the lower limbs towards
the heart via the Deep Venous System,
against the force of gravity.

—In CVI, these valves are unable to per-
form this task, so there is a reversal of
the flow (reflux) of blood from the Deep
Venous System to the Superficial Ve-
nous System, leading to superficial ve-
nous hypertension.

As a consequence, blood stagnates in
the veins of the lower limbs and creates
continuous pressure on their vein walls.
In the advanced stages of the disease,
CVI can lead to vein wall wear out and
dilation (varicose veins) and to fluid
leakage into the surrounding tissues
(oedema), causing endothelial damage.
CVI can be subdivided into:
— organic, caused by an actual disease
of the veins (varicose veins, the re-

sults of venous thrombosis, etc.)

— functional, an expression of func-
tional overload in the veins which,
although normal, are stimulated to
overwork (disorders of the sural
pump due to problems with posture,
lymphoedema, etc.) (FIG. 1).

CVI - EPIDEMIOLOGY AND RISK
FACTORS

The prevalence of CVI is 10-15% in
adult men and 50-55% in women.

— In the age range that goes up to 50-60
years old, the disease primarily affects
females, while beyond this age-group
there is no significant difference be-
tween men and women.

CVI is more common in individuals of
Caucasian ethnicity due to a genetic
predisposition associated with various
environmental and social factors that
lead to, or exacerbate, venous hyperten-
sion [(e.g. pregnancy, constipation, oral
contraceptives, incorrect footwear, un-
suitable clothing, a sedentary lifestyle,
obesity, alcohol, smoking) and/or or-
thopaedic abnormalities (high arches or
flat feet, postural disorders of the lumbar
spine and/or knee)].

The phenomenon is increasing in highly
urbanised and heavily industrialised
populations.

CVl is a chronic progressive disease; in
addition to the unquestionable aesthetic

implications, it must be considered a
true social phenomenon, which causes
ever-increasing costs for healthcare fa-
cilities.

CVI - CLASSIFICATION AND
STAGING

In classifying and staging CVI, reference
is made to the acronym C.E.A.P., which
was introduced in 1996 and later be-
came established in literature.

— C.E.A.P. stands for components of ve-
nous disease: C = Clinic: clinical signs
(grade 0-6); E = Etiology: etiological dis-
tinction into congenital, primary, sec-
ondary; A = Anatomy: vein segments af-
fected, perforating veins, superficial
veins, deep veins; P = Pathophysiology:
pathophysiological dysfunction, reflux,
obstruction, reflux, and obstruction.

e The clinical classification is as fol-
lows:

COs: no visible or palpable clinical signs
of venous disease

C1: telangiectasia (small intracutaneous
reticular varicose veins <1 mm) and
reticular (varicose veins hypodermic <3
mm)

C2: varicose veins; subcutaneous >3
mm

C3: oedema; fluid retention

C4a: dystrophic lesions of venous origin
(dyschromia, eczema, hypodermatitis)
C4b: dystrophic lesions of venous origin




(hypodermatitis, lipodermatosclerosis,
atrophie blanche)

C5: C4 + healed ulcer

C6: C4 + open ulcer.

CVI - CLINICAL SIGNS

Varicose veins are the most common
manifestation of superficial venous dis-
ease.

From a morphological point of view, the
following types of varicose can be dis-
tinguished (FIG. 2):

* Truncal varicosis

Great saphenous vein, small saphenous
vein

— Complete truncal varicosis: venous re-
flux starts from the first valve, at the
junction of the venous trunk (crosse).

— Incomplete truncal varicosis: insuffi-
ciency of the main venous trunk with
sufficient crosse, and venous reflux af-
fecting another vessel.

— Collateral varices: inflow through in-
sufficient lateral branching.

—Varices from perforating vein: insuffi-
cient inflow through a perforating vein.
* Reticular varicosis

Subcutaneous tortuous vein which be-
longs to neither the main trunk nor the
collateral branches; diameter: <3 mm.
¢ Telangiectasia, Intracutaneous ectasia.

PHLEBOEDEMA

A slight swelling of the limbs in the
evening is not uncommon.
After a long day of work, the volume of
the leg can increase by up to 100 ml; af-
ter a long flight, with no movement, this
can be as much as 200 ml.

Oedema that does not disappear spon-
taneously within a few hours, or after a
walk, is considered pathological.
Bilateral and poorly symptomatic types
of oedema are mostly systemic (cardiac,
renal, hepatic).

Phleboedema is always associated with
disorders and/or clinical signs such as
dilated superficial veins, varicose veins,
and cutaneous dystrophy.

Chronic phleboedema is only partially

reversible. It results in an induration that
can be detected on palpation and af-
fects all structures in the integument, a
condition defined as lipodermatoscle-
rosis (LDS).

LDS can develop into atrophy.

The leg has the appearance of an up-
side-down bottle of champagne.

In some cases, a secondary lymphoede-
ma develops (FIG. 8), presenting acral
thickening of the epidermal fold, hyper-
keratosis and papillomatosis.

CUTANEOUS DYSTROPHIES

Cutaneous dystrophy mainly refers to
damage caused by chronic venous hy-
pertension, or failure to lower the pres-
sure in the veins when walking.

It is localised in the area of the primary
varices, particularly in regions with in-
sufficient perforating veins, in the leg
and the distal foot.

—The clinical picture becomes rapidly
dominated by secondary disorders: al-
lergic inflammation and irritation in the
case of chronic oedema and loss of epi-
dermal barrier function, microvascular
thrombosis, local ischaemia and reper-
fusion, intoxication due to accumula-
tion of Iron, etc.

The pathophysiology can be recognised
from the clinical picture: dermo-epider-
mitis, hypodermatitis, hyperpigmenta-
tion, and ulceration. Reorganisation of
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the epidermal vessels can partly be
thought of as a consequence of the
reparative response: telangiectasia of
the thighs, retromalleolar and paraplan-
tar varices, and loss of capillaries in at-
rophic areas with capillary expansion.
Atrophie blanche is a result of capillari-
tis alba and eventually of an acute, in-
tensely painful circumscribed is-
chaemia, associated with inflammation
or microvascular thrombosis.

The ulcus cruris occurs spontaneously
due to minor traumas which often go
unnoticed. Some ulcers can be healed
by compressive therapy, while others
persist for years (FIG. 4).

JOINT DYSFUNCTIONS

Joint dysfunction is an inevitable conse-
quence of CVI.

Of particular importance is the func-
tional limitation in the mobility of the
ankle joint, initially associated with




PHYSIOLOGICAL REGULATING MEDICINE 2022

pain, then subsequently aggravated by
a narrowing of the joint capsule. This
leads to the so-called phlebological
equinism, with a resulting difficulty in
walking (FIG. 5).

Patients normally compensate for the
problem by wearing high-heeled
shoes.

The lesion causes a vicious circle, in
which the pump function of the calf
muscles is severely compromised.

ACUTE VENOUS DISEASES
- CLINICAL SIGNS

VARICOSE HAEMORRHAGE

The rupture of varicose veins is a dra-
matic, albeit harmless, complication of
a particular form of varicosis: thin-walled
intracutaneous venous aneurysms can
develop painless fissures due to minor
trauma.

The raised venous pressure, lack of mus-
culature in the vascular walls, and small
size of the opening often result in exten-
sive bleeding.

The acute phase can be resolved by el-
evating the lower limb and applying a
compression bandage.

—The most effective treatment for these
varicose veins is sclerotherapy with ef-
fective eccentric compression.

PHLEBITIS

The term phlebitis (FIG. 6) refers to a se-
ries of disease patterns that differ from a
nosological and clinical point of view.

The occurrence of a reddish thrombus in
a varicose vein is inevitable in cases of
varicose thrombosis, with little inflam-
mation in the venous wall but intense in-
flammation in the surrounding area.
The inflammation of a superficial non-
varicose vein affects the entire vascular
wall, and the surrounding area to a
much lesser extent; the thrombus is re-
duced or absent.

In varicothrombosis, a thrombus tends
to grow and become stratified, with pos-
sible development in the Deep Venous
System; phlebitis in a non-varicose vein
tends to migrate, occasionally passing
into a different venous segment (migrat-
ing phlebitis).

The autonomous development of deep
vein thrombosis and oligosymptomatic
pulmonary embolism are not uncom-
mon in both forms of venous inflamma-
tion.

- Frequent ultrasound examinations are
prescribed in both cases.

In the case of varicothrombosis, re-
moval of the thrombus by incision or
heat procedure on the varicose veins
generally leads to rapid improvement.

DEEP VENOUS THROMBOSIS

The signs of acute venous thrombosis
depend on the patient’s situation and
the extent of the thrombosis itself.

— In bedridden patients, the signs are so
subtle that diagnosis is often delayed.



Typical warning signs are cyanosis, di-
lated superficial veins and raised skin
temperature.

Ambulatory patients rapidly show signs
of compartment syndrome: hardening
of the affected parts (sole of the foot,
calf), tenderness in the muscles, re-
duced mobility, pain when placing the
foot on the ground, walking, or during
active or passive flexion and extension
of the foot.

Obvious oedema, i.e. a difference be-
tween the circumference of the calf and
that of the contralateral of >3 c¢m, is on-
ly to be expected in cases of ascending
thrombosis (FIG. 7) if the thrombosis has
reached the common femoral vein.
On the other hand, descending throm-
bosis typically causes rapid, major
swelling, and is not generally charac-
terised by compartment syndrome in
the calf.

MATERIALS AND METHODS

The patients in our case study were ex-
amined from a clinical and instrumental
point of view both at the start and end
of treatment.

— The following criteria were consid-
ered in the assessment:

gender, age, weight, height, family his-
tory of CVI, family history of venous
thromboembolic disease, oestrogen-
progestin therapy, hormone replace-
ment therapy, pregnancy, work activity,
weight gain, history of deep vein
thrombosis (DVT) or superficial vein
thrombosis (SVT).

The objective assessment was carried
out through careful analysis of the lower
limbs (condition of the skin, examina-
tion, palpation).

The subjective assessment was carried
out using a VAS representing the pain
level, on which the patient places a
point corresponding to the degree of
pain.

The Trendelemburg manoeuvre enables
the formulation of a clinical diagnosis of
insufficiency of the large and small

- ST
~ THROMBOSED VEIN

saphenous veins in the region of the
valves at the crosse of the perforating
veins.

A haemodynamic study using colour
doppler echocardiography is per-
formed to assess the level of venous in-
continence and the reduced rate of
flow in the iliac, femoral, and popliteal
veins.

* Nineteen patients with a C.E.A.P. clas-
sification, 13 female and 6 male, were
enrolled in the study. 2-3.

The patients, aged between 35 and 55
years old, were monitored from March
to June 2021.

— Inclusion criteria: F and M patients
with a clinical and instrumental diag-
nosis of CVI, C.E.A.P. 2-3.

— Exclusion criteria: pregnancy; breast-
feeding; current or previous DVT within
one year of diagnosis; destructive or ab-
lative treatment of the saphenous axis;
other ongoing therapies for the same
disease.

All the patients were given the following

therapy:

— Outpatient treatment: MD-Muscle
1-2 vial(s) + MD-Tissue 1-2 vial(s).
Treatment by injection in acupoints
M5, M6, M9, M10 (see page 60)
and parallel to the varicose vessel
using 30G x 4 mm needles, 1/week.

— Home therapy: Anti Age Vein, 5 pel-
lets x 2/day; Guna Liver, 5 pellets/day;
Guna Matrix, 30 drops/day diluted
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in 1.5 litres of drinking water
throughout the day for 90 days.

— 18-21 mm/Hg elastic-compression
stocking.

Patients were also monitored from the
nutritional point of view.

They were encouraged to consume
foods rich in substances recommended
for this disease: cherries, berries, blue-
berries, blackberries, and currants (rich
in proanthocyanidins, anthocyanidins
and bioflavonoids that boost the resis-
tance of small vessels, counteracting the
permeability of the capillaries and in-
flammatory reactions in the connective
tissue).

Buckwheat, a source of flavonoids, was
also included in the diet.

This food is rich in rutin, a glycoside of
quercetin, which has properties that
strengthen the capillary wall.

Foods containing rutin can prevent the
onset of bleeding and improve microcir-
culation, with pronounced anti-inflam-
matory, antioxidant properties. In addi-
tion to rutin, buckwheat contains other
flavonoids (vitexin and isovitexin).

— Chilli, ginger, garlic, and onion were
also recommended.

Due to their ajoene and adenosine con-
tent, garlic and onion are particularly ef-
fective as thromboxane inhibitors.
Apples, oranges, grapefruit, and lemon
were also recommended for their rutin
content, and fresh pineapple, rich in
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bromelain, as an ingredient that sup-
ports fibrin metabolism.

The diet also included natto, a soy-
based food rich in probiotics, vitamin
K2 and nattokinase, an enzyme that re-
duces the formation of blood clots and
dissolves those already formed, and
omega-3 fatty acids, which lower
cholesterol and stimulate the release of
blood thinning enzymes.

Finally, grape seed oil, rich in polyun-
saturated fatty acids (which have a lax-
ative and cholesterol-lowering effect);
associated with the anthocyanosides in
leaves, it helps protect the blood vessels
and improves elasticity in the tissues
due to its ability to stabilise elastin and
collagen.

— Foods whose consumption was re-
duced or ruled out included pepper,
aubergines, tomatoes, potatoes, dairy
products, and red meat (saturated fats),
to avoid overloading the liver and
strengthen the integrity of the connec-
tive tissue and the muscle components
of the venous walls.

THERAPEUTIC PROPERTIES OF
THE PRM MEDICINAL PRODUCTS
USED

— Anti Age Vein is the PRM medicinal
product indicated in venous stasis, ve-
nous varices, thrombophlebitis, phle-
bothrombosis, and haemorrhoids.

TAB. 1

— Guna Matrix is a medicinal product
specifically formulated for its pro-
nounced detoxification effect on the
ECM (extra-cellular matrix).

Its composition facilitates a coordinated
action targeted at the deactivation,
cleavage, and centrifugation of ECM
toxins.

The primary effect of the medicinal
product is exerted on the ECM, with a
secondary effect on the kidneys (where
it channels the toxin load removed by
the ECM).

— Guna Liver is an effective medicinal
product in diseases affecting the organs
of the digestive system; it is a co-adju-
vant in the treatment of liver disorders.
Guna Liver contains active ingredients
that help relieve gastroenteritis, mete-
orism, liver disease, and chronic vomit-

ing.

- Guna MD-Muscle and Guna MD-Tis-

sue are injectable medical devices

made with Type | collagen of porcine

*  MD-Muscle contains Collagen, Hy-
pericum, NaCl, and Water for injec-
tion.

° MD-Tissue Collagen,
Ascorbic Acid, Magnesium Glu-
conate, Pyridoxine hydrochloride,
Riboflavin, Thiamine hydrochloride,
NaCl, and Water for injection.

contains

Guna Collagen Medical Devices - 10 Strong points

= Efficacy

m Mechanism of action

= Biocompatibility

= Innovation

= Safety

= High tolerability

= High degree of compliance

= Broad spectrum of application
Ease of use

u Versatility

WHY USE
GUNA COLLAGEN MEDICAL
DEVICES

The advantages of the Guna Collagen
Medical Devices are (TAB. 1):

- Efficacy: they restore and strengthen
damaged anatomical structures; im-
proving mobility and function, and act-
ing directly on pain.

— Mechanism of action: they perform
supportive actions in their specific areas
of use.

- Biocompatibility: total compatibility
between type | collagen of porcine ori-
gin and human collagen.

— Innovation: the collagen used is the
outcome of innovative production pro-
cesses developed in the Guna Labora-
tories.

— Safety: chemical and physical proper-
ties that ensure safety in clinical use.

- High tolerability: no side effects, al-
lergic reactions, or problems due to
drug interactions have been recorded so
far.

- High degree of compliance: due to
the mechanism of action and the ab-
sence of side effects, the treatment is
well tolerated and satisfies patient ex-
pectations.

- Broad spectrum of application: they
can be used in the treatment of various
diseases in various fields of medicine.
— Ease of use: they can be used for sub-
cutaneous, intra-dermal, local intramus-
cular, peri- and intra-articular injec-
tions.

- Versatility: they can be administered
individually or in combination with
one another; they are not contraindi-
cated in patients receiving drug ther-
apy, before or after surgery.

MD-Muscle and MD-Tissue were used
in this study to manage the repair and
remodelling of the venous vessels, es-
sential to the functional recovery phase.
The main difference between the venous
and the arterial wall are that the former
has more elastin and less collagen.

— Collagen Medical Devices act as bio-
scaffolds.



The deposition of newly synthesised
collagen fibrils in the damaged region,
secondary to the loco-regional infiltra-
tion of Collagen Medical Devices, pro-
duces a significant improvement in the
mechanical qualities of the injured tis-
sue; the anisotropic properties of the tis-
sue are particularly well-restored.

Anisotropy is a mechanical property of
collagen that describes the ability of its
fibres to propagate the tensile forces to
which they are subjected in a single pre-
ferred direction.

—This property, which is fundamental to
many biological functions, is gradually
lost when the collagen fibres are dam-
aged due to ageing, wear, or trauma,
particularly when the H+ bonds be-
tween the collagen fibres, essential to
their orientation, are distorted.

The optimal formation and distribution
of collagen fibre is not only essential to
structural integrity and functionality; it
also plays a central role in transmitting
tensile forces to the fibroblasts.

RESULTS

All patients reported heaviness in the
lower limbs, which disappeared within
3 weeks after starting treatment.

At the start of the treatment, one male
patient reported a sense of tension and
weight in the calves, particularly after
long periods sitting or standing, with an-
kle oedema in the evenings, itching and
noticeable varices.

— After one month of treatment the pain
and swelling disappeared; after 3
months the varices were much less ev-
ident.

All the 13 female patients, had pain,
swelling, reticular varices and notice-
able varices.

— After only 1 month of treatment the
pain and swelling disappeared; 3
months after the start of treatment the
varicose veins were much less evident.
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Start of the treatment.

End of the treatment.

Male patient before the treatment (A) and
after the treatment (B).

CONCLUSIONS

This clinical study showed a clear im-
provement in symptoms (pain, swelling,
and heaviness); the reduced size of the

Female patient before the treatment (A) and
after the treatment (B).

varices was also appreciated.

— Moreover, owing to the observance of
dietary instructions, the patients lost 10-
20% of their body weight.

Due to the synergistic combination of
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Female patient. VGS before the treatment (A)
and after the treatment (B).

PRM medicinal products - Guna Colla-
gen Medical Devices, the treatment pro-
posed here proved effective in treating
the symptoms of CVI in patients with a
C.E.AP. classification 2-3 (FIGS. 8-12). B
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