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Abstract. – Integrative Medicine Research 
Group (IMRG) presents a new conference scene 
about the “Ageing and osteoarticular system for 
healthy ageing” within a multidisciplinary ap-
proach of Integrative Medicine.
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Introduction

Aging refers to the physiological changes 
that occur in the human body from adulthood 
attainment and ending in death. These changes 
involve a decline of biological functions and 
are accompanied by psychological, behavioral, 
and other changes. Some of these changes are 
quite obvious, while others are subtle as bone 
decay.

Bones undergo a lifelong remodeling pro-
cess – mature bone tissue is removed, and new 
bone tissue is formed. Bone remodeling is a 
highly regulated process that maintains a bal-
ance between bone resorption and formation, 
thus maintaining skeletal integrity.

This balance changes with increasing age, 
resulting in loss of bone tissue. The ageing 
bone has reduced mineral content and is prone 
to osteoporosis – a condition in which bones 
are less dense, more fragile, and prone to frac-
tures.

Another aspect involving the integrity of the 
osteoarticular system is cancer disease due to 
the presence of bone metastases, that are re-
sponsible for high morbidity in patients1.

The aim of this Conference scene within 
Integrative Medicine Research Group (IMRG) 
is to focus on the use of complementary med-
icine2-8 as support to ageing and osteoarticular 
system for healthy aging and in the context of 
Integrative Medicine9.

Here, we highlight the most relevant discussion 
presented by speakers in the conference “Ageing 
and osteoarticular system for healthy ageing”, 
with the aim to improve the knowledge about this 
topic within a multidisciplinary approach includ-
ing Integrative Medicine.

Oral Session

Curcumin Boswellia and Osteoarthritis 
Monica Montopoli, Ph.D, Dipartimento di Sci-

enze del Farmaco, Scuola di Medicina Università 
degli Studi di Padova: monica.montopoli@unipd.it

Natural compounds, such as curcumin and Bo-
swellia serrata, have been studied for their anti-
oxidants and anti-inflammatory properties show-
ing benefits in the treatment of osteoarthritis10. 

Turmeric took its origin from the plant Cur-
cuma longa (Zingiberaceae family), in particular 
from its rhizoma11. It is a golden spice contain-
ing active compounds called curcuminoids, such 
as curcumin, demethoxycurcumin and bisdeme-
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thoxycurcmin12. Turmeric demonstrated antioxi-
dant activity in several in vitro and in vivo models. 
Curcumin, which is the main active compound, 
is able to reduce oxygen radical species (ROS), 
such as superoxide anion (O2−), hydroxyl radicals 
(OH), H2O2, singlet oxygen, nitroxide, peroxyni-
trite, and peroxyl radicals (ROO). It has also 
been shown to reduce the expression of several 
pro-inflammatory cytokines, including TNF-α, 
Vascular Endothelial Growth Factor (VEGF), and 
interleukins 1, 2, and 613. Several clinical studies 
on the effect of curcumin in osteoarthritis have 
been performed demonstrating the ability to alle-
viate the symptoms14. 

Boswellia serrata gum resin extracts have al-
so shown anti-inflammatory properties in tissue 
levels of TNF-α and IL-1β in experimental mod-
els15. The active components responsible for the 
anti-inflammatory action are six major boswel-
lic acids, namely keto-β-boswellic acid (KBA), 
3-O-acetyl-11-keto-β-boswellic acid (AK-
BA),  α-boswellic acid (α-BA),  β-boswellic acid 
(β-BA), 3-O-acetyl-α-boswellic acid (α-ABA), 
and 3-O-acetyl-β-boswellic acid (β-ABA). 
LI13019F1 is a formulation containing both the 
acidic and non-acidic fractions of Boswellia ser-
rata gum resin. Results demonstrated the anti-in-
flammatory properties of this compound by the 
inhibition of 5-LOX activity, the leukotriene B4, 
and the prostaglandin E2 production16. A random-
ized clinical trial reported that the administration 
of patients with Boswellia serrata for eight weeks 
was able to reduce the pain in the osteoarthritis 
of the knee17.

Therefore, both Boswellia serrata and turmer-
ic in various in vitro and in vivo studies have 
shown anti-inflammatory activity at the osteoar-
ticular level. However, curcumin is unstable and 
easily degraded or metabolized into other forms 
posing limits to its clinical development. Pharma-
cokinetic studies revealed that curcumin is poorly 
absorbed and rapidly eliminated18. Thanks to new 
delivery systems such as phytosome, we are able 
to improve bioavailability by increasing their 
effectiveness. In particular, phytosomal technol-
ogy could overcome the limitations of traditional 
delivery systems and it has been shown to in-
crease curcumin absorption and bioavailability. 
Phytosomal curcumin has a chemical formula-
tion different from liposomes, allowing a better 
oral absorption and stability profile. Results of a 
randomized clinical trial showed that total cur-
cuminoid absorption from Meriva (phytosomal 
curcumin) was 29 folds higher compared with the 

non-phytosomal curcuminoid mixture19,20. In ad-
dition, both the safety and efficacy of phytosomal 
curcumin have been studied in several diseases, 
such as inflammatory disorders or cancer20. Bo-
swellia serrata is another natural compound with 
low oral absorption. Thus, the use of phytosome 
delivering Boswellia serrata could be a good 
strategy. A new delivery system based on leci-
thin (Casperome) has been developed and results 
reported a higher absorption and higher system-
ic availability of Boswellia serrata compared 
with the Boswellia serrata alone. In particular, 
Casperome has been studied for inflammatory 
conditions, such as musculoskeletal pathologies. 
Results showed diminished pain and enhanced 
function21,22. 

The Role of Nutraceutics in the Control 
of Osteoarticular Inflammaging

Daniele Santagà, Osteopath, Kinésithérapeute 
(MFT): vardan@libero.it 

Inflammaging is a low-grade chronic inflam-
matory process that increases with advancing 
age and much faster when the person does not 
implement a correct lifestyle in its fundamental 
aspects. They are proper nutrition, proper physi-
cal activity, and stress management. The rhythms 
imposed on us by the current lifestyle do not 
facilitate these activities; furthermore, the envi-
ronment in which we live is a source of further 
stress, just think of atmospheric, environmental, 
electromagnetic pollution, etc. to which we are 
subjected. All these conditions lead to a chronic 
inflammatory state, a source of cellular oxida-
tive stress, an altered neurotransmitter response 
with excess adrenaline and noradrenaline and 
relative activation of the orthosympathetic system 
with consequent inhibition of the parasympathet-
ic system, which is fundamental in controlling 
inflammation. This is followed by a response of 
the hormonal system with excess cortisol and a 
state of insulin resistance and its consequences, 
overweight, metabolic syndrome, etc. A tran-
scription factor, the NF-kB, was highlighted as 
responsible for initiating the proinflammatory 
response23. It is involved in the activation of a 
huge number of genes in response to situations of 
stress, infections, and inflammation. It is respon-
sible for activating soluble endothelial adhesion 
molecules such as ICAM 1 and VCAM 1, which 
are ligands for leukocyte integrins, responsible 
for the mechanisms of adhesion and migration 
of leukocytes in the extracellular matrix and 
tissues during the inflammatory process. It also 



M. Montopoli, D. Santagà, P. Rossi, A. Scorba, M. Berretta, S. Cazzavillan, N. Gentile

2350

stimulates macrophages and endothelial cells to 
produce chemokines such as Interleukin-18 (IL-
18), which stimulates the migration of leukocytes 
from blood to tissues and is found in high quan-
tities in the tissues and synovial fluids of patients 
with rheumatoid arthritis (RA) and stimulates 
angiogenesis24.

In particular, NF-kB stimulates some cyto-
kines highlighted as major responsible for the 
chronic inflammatory state such as Interleukin-6 
(IL-6) and Tumor Necrosis Factor-alpha (TNF-a) 
in addition to Interleukin-1, (IL-1), Interleukin-2 
(IL-2), and Interleukin-12 (IL-12).

IL6 and TNF-a are predictors of a chronic in-
flammatory state which, if present in high quan-
tities in the elderly, are associated with disease, 
disability and increased mortality25. In addition, 
IL-6 activates osteoclasts and thus predisposes 
to a state of early osteoporosis, activates PCR 
and consequently VES, which are found high in 
rheumatoid arthritis (RA), in systemic lupus ery-
thematosus (SLE) and in scleroderma.

TH2 innate immunity induces differentiation 
of B lymphocyte cells into plasma cells for the 
production of IG, activates the TH17 system and 
inhibits the Treg system (TGF-b). Furthermore, 
a dysregulation or overproduction of the TH17 
system leads to autoimmune diseases such as 
multiple sclerosis (MS) and rheumatoid arthritis 
(RA)26.

As a result of all this, there is, therefore, an 
inflammatory state which, if not countered, will 
lead to tissue and organic damage. We think of 
an inflammation and premature wear of the car-
tilages, at the origin of osteoarthritis processes 
and inflammation of the soft tissues, like tendons, 
ligaments, joint capsule in capsulitis, bursitis, etc. 
and their wear. Early sarcopenia, osteopenia and 
early osteoporosis are also linked to inflamma-
tory phenomena. In addition to the fundamental 
rules for restoring a correct lifestyle, the main 
and indispensable road to pursue, nutraceuticals 
offer numerous aids to limit this inflammatory 
state and the subsequent oxidative stress that un-
derlies degenerative phenomena.

Another fundamental element in the control 
of inflammation and its consequences must be 
aimed at controlling the bacterial proliferation of 
intestinal origin, endotoxemia. The gram-nega-
tive intestinal bacteria, in their cell wall contain 
lipopolysaccharides (LPS) which following their 
breakdown are released into the circulation and 
are intercepted by some innate immunity re-
ceptors capable of recognizing even non-protein 

structures such as LPS. In particular, Toll Like 
Receptor 4 are specific for bacterial LPS (endo-
toxin) which, once coupled, stimulates the tran-
scription factor NF-kB which in turn activates the 
pro-inflammatory cytokine cascade. A nutritional 
and microbiota rebalancing is required, and it 
may be useful to support glutathione with nutra-
ceutical remedies. All enteric circulation, which 
may contain LPS, passes through the liver before 
entering the systemic circulation. here the LPS 
can be intercepted thanks to hepatic glutathione 
which must be supported by specific nutrients 
such as N acetylcysteine, S adenosyl Methionine, 
Zinc and induced by specific substances of vege-
table origin such as Silymarin from Sylibum Mar-
ianum and Curcumin from Curcuma Longa11. N 
acetyl cysteine ​​also has a direct role in inhibiting 
TNF-triggered NF-kB activation and suppresses 
induction of IkappaB phosphorylation, degrada-
tion and nuclear translocation of NF-kappaB27. 
On the existing inflammatory state and its con-
sequences, nutraceuticals allow to act on nu-
merous etiological agents such as the reduction 
of the impact of environmental and atmospheric 
pollution. Numerous substances that we breathe 
every day such as Pm10 and especially Pm2.5, 
heavy metals, etc., they are able to penetrate into 
our body and trigger a particularly damaging 
inflammatory response even in the osteoarticular 
structures28. Also, for the elimination of these 
substances it is essential to keep the levels of the 
substances that eliminate them correctly through 
the Phases I, II, and III of the liver. Basically, 
the Glutathione Phase, the Sulphation phase, the 
Glucuronation phase, and the Methylation phase. 
The nutrients necessary for the conjugation of 
environmental and atmospheric pollutants as well 
as heavy metals are the precursors of glutathione 
as already seen for LPS, and another important 
substance is alpha lipoic acid (ALA). ALA con-
tains the SH group which also has an intracellu-
lar chelating action of xenobiotics and is also an 
inhibitor of the proinflammatory transcription 
factor NF-kB. ALA has proven useful in joint in-
flammation such as rheumatoid arthritis29 and in 
chondroprotection30. ALA also plays a powerful 
antioxidant role both intra and extracellular use-
ful in the prevention of tissue damage induced by 
inflammatory phenomena.

Also, worth mentioning is Zingiber officinalis, 
a plant with anti-inflammatory properties, inhib-
itor of COX2 and 5 Lipoxygenase, of the produc-
tion of PGE2, IL-1, IL-2, IL-6, IL-12, TNF-a and 
which inhibits the function of NF-kB31. It also has 
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an anti-allergic action, modulates the Mast cells 
and inhibits the release of histamine, stimulates 
the hepatic Phase II enzymes (Nrf2), has antihy-
pertensive action, hypoglycemic action, anti-nau-
sea action and is also an “herbal biohenancer”, 
which improves the bioavailability of substances 
that are taken simultaneously (drugs, vitamins, 
minerals, phytotherapeutic products). It has prov-
en useful in arthritis, osteoarthritis, rheumatoid 
arthritis, muscle pain, asthma, diabetes mellitus. 
Therefore, proper vitamin-mineral integration 
and the use of herbal extracts offers valuable and 
valuable help for the osteoarticular system.

Nutrition and Ageing: the Role of 
“Hericium Erinaceus”

Paola Rossi, MD, Ph.D; Department of Biolo-
gy and Biotechnology “L. Spallanzani”, Universi-
ty of Pavia, Italy: paola.rossi@unipv.it 

The properties of Hericium erinaceus (H. eri-
naceus) on the central nervous system have been 
investigated thanks to a collaboration among the 
Department of Biology and Biotechnology of the 
University of Pavia, the Department of Preven-
tive Medicine of the IRCCS Fondazione Poli-
clinico di Milano and the Department of Earth 
and Environmental Sciences of the University 
of Pavia. We focused on the effects of H. erina-
ceus standardized extracts on cognitive aspects, 
mood disorders, such as anxiety, depression and 
sleep disorders. Starting from a preclinical mod-
el of wild-type mice, applying a translational 
approach, we arrived at overweight and obese 
patients. 

Hericium Erinaceus
H. erinaceus (Bull.:Fr.) Pers. (Hericiaceae, 

higher Basidiomycetes) is one of the edible and 
medicinal mushrooms distributed in Asia, Eu-
rope and North America. The nutritional and 
medicinal properties of H. erinaceus grown in 
low temperature conditions are well known and 
documented in Europe, China and Japan32.

H. erinaceus  consists of several components, 
including polysaccharides, proteins, lectins, er-
inacol and terpenoids, some of whose biologi-
cal activities have been studied. Hericenone and 
erinacine have been isolated from the fruiting 
body and mycelia of H. erinaceus, respectively, 
and hericenone C-H and erinacine A-I have been 
shown to stimulate nerve growth factor (NGF) 
synthesis in cultured astrocytes33. Thanks to a 
collaboration with Professor Hirokazu Kawagishi 
of the Research Institute of Green Science and 

Technology of the Shizuoka University, we were 
able to quantify the contents of erinacine A, heri-
cenone C and D in our extract34. 

The potential neuroprotective effects of H. er-
inaceus in neurodegenerative diseases, including 
dementia and motor dysfunction, have attracted 
considerable attention because both hericenone 
and erinacine are low-molecular weight, relative-
ly lipid soluble compounds that are able to pass 
the blood-brain barrier.

Effect on Hippocampal Neurotransmission
We recorded in hippocampus CA3 pyramidal 

cells spontaneous and evoked glutamatergic ex-
citatory post-synaptic currents in mice treated for 
two months with oral supplementation or with 
dextrin (as placebo control) or with H. erinaceus 
by using whole-cell voltage-clamp technique35,36. 
In treated mice, a statistically significant increase 
in the frequency and amplitude of both sponta-
neous events was recorded37. As regards evoked 
synaptic currents, mossy fiber-CA3 synapse syn-
aptic excitatory current (EPSCs) in treated mice 
were increased in amplitude. Paired pulse ex-
periments suggest that the synaptic mechanism, 
responsible for these changes, was an increase in 
presynaptic mechanism of release37.

Effects on Recognition Memory
Researchers have long been interested in the 

mechanisms underlying recognition memory, one 
of the main features of the human personality. 
Current consensus agrees that recognition mem-
ory is the sum of two distinct cognitive processes, 
knowledge and remember. Knowledge can be de-
fined as the process used to identify when some-
thing (i.e., object, person, environment) has been 
encountered previously; remember is the spatial 
and temporal context of the event (Figure 1).

However, it remains debatable whether knowl-
edge and remember reflect anatomically and 
functionally distinct, dissociable memory pro-
cesses (i.e., the dual-process model) or whether 
these processes constitute a single expression 
of memory traces of different strengths in the 
context of a unitary declarative memory system 
(i.e., the unitary strength model). Answering this 
question is pivotal to understanding recognition 
memory function38.

H. erinaceus improved recognition memory 
and increase the novelty exploration behavior of 
a new environment37,38. H. erinaceus does not af-
fect object location function so the mushroom has 
no effect on the spatial working memory. There-
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fore, the results obtained support the hypothesis 
that recognition memory can be modeled as a du-
al process. Specifically, in this model perirhinal 
cortex is involved in the recognition of individual 
items encountered previously (familiar object), 
while hippocampus recollected associations and 
relationships between stimuli38.

Then, we evaluated the effects of the H. 
erinaceus supplementation in a physiological 
preclinical model of aging in wild-type mice. 
Specifically, we addressed how the mushroom 
can influence cognitive and locomotor frailty 
in elderly. Frailty is a syndrome associated with 
cognitive impairments and locomotor dysfunc-
tions that lead to a poor quality of life and neg-
ative health outcomes36. Using spontaneous be-
havioral test such as Novel Object Recognition 
(NOR) and the Emergence tests, we evaluated 
locomotor activity and knowledge component of 
recognition memory of wild type mice from 11 
months (adult stage) to 23.5 months (senescence 
stage). Locomotor activity and recognition 
memory were evaluated on the base of different 
locomotor and cognitive parameters and were 
monitored during the physiological aging of the 
mice. Starting from 21.5 months old (senescence 
stage) the frailest mice were treated for two 
months with H. erinaceus. We demonstrated 
that H. erinaceus partially recover recognition 
memory in frail mice by inducing hippocampal 
and cerebellar neurogenesis36. 

Effects of H. erinaceus on Mood and 
Sleep Disorder In Humans

Many articles described the bidirectional re-
lationship between obesity and mood disorders. 

Obesity patients have a greater risk to develop 
major depressive disorder, sleep disorders and 
anxiety than normal weight people; however, on 
the other hand, depressed patients have a higher 
risk of overweight or obesity. Our translational 
approach applied to H. erinaceus studies, allow 
us to apply our knowledge to a human clinical 
trial. Vigna et al39 demonstrated that oral supple-
mentation with a standardized extract of H. eri-
naceus for eight weeks in overweight or obesity 
patients improved moods and sleep disorders. 

Our data demonstrate that oral supplementa-
tion with a standardized extract oral of H. eri-
naceus increases recognition memory, partially 
reverts cognitive decline during aging, and im-
proves moods and sleep disorders in overweight 
obese patients.

Role of Intestine in Chronic 
Inflammatory Process and in 
Aging-Related Disease

Alessandro Scorba, MD; Medical Clinic “Al-
tramedicina”, Malnate (VA), Italy: alessandro.
scorba@gmail.com

Ageing is a complex process that combine 
genetic, epigenetic and environmental factors. 
A chronical phlogosis status represents a risk for 
the morbidity and the mortality in the elderly40. 
Chronical inflammation is related to cellular 
ageing (inflammaging) that, if perpetuated, can 
led to an uprising of a series of pathological 
conditions such as sarcopenia, characterized by 
a progressive and generalized loss of mass and 
muscular skeletal strength, strictly related to a 
physical impairment and poor quality of life41.

Figure 1. The figure illustrates the two components of recognition memory: knowledge and remember.
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In this context the intestine and, in particular 
microbiota, have a primary role. Intestinal micro-
biota is a complex system than can modulate the 
host physiology in general, but in particular the 
skeletal muscular tissue42. Intestinal microbiota 
is the complex of the microorganisms (bacteria, 
viruses, fungus and protozoa) which live inside 
a host, meanwhile the microbiome or metage-
nome represents his genetic heritage. Intestinal 
microbiota comprises several microbial species 
(estimated today at least 1500) in different vari-
able proportions and in steady-dynamic balance. 
Its composition is strongly influenced by the 
host lifestyle, nutrition, health condition and the 
environment in which it lives, the medicine it 
takes, especially in the first three years of life. 
An altered balance with predominance of useless 
stock, pathogenic microorganisms, and reduction 
of biodiversity, characterizes the intestinal dysbi-
osis, which if becomes persistent and chronic can 
led to an onset and a subsistence of a low chron-
ical inflammation43. 

The geriatric population is frequently affect-
ed by an intestinal microbial dysbiosis, which 
contributes to a local inflammation status of the 
intestine and a reduction of protective mucus and 
tight junction damage with increasing of epithe-
lium permeability. As a consequence, it occurs 
a transition in the systemic circulation of food 
macromolecules and antigens, usually present in 
the intestinal lumens, among which the LPS (part 
of the external membrane of the Gram-bacterial), 
a bacterial endotoxin, able to activate and sustain, 
in the tissues where it goes, a chronic phlogistic 
process44. A non-balanced nutrition can influence 
the intestinal microbic population, leading to an 
onset of dysbiosis and to the consequent local 
and systemic phlogistic reaction. Recent research 
demonstrated that feeding young mice with an 
inflammatory diet with high fat level, lead to the 
uprising of a low-grade chronic inflammation, 
identified by the elevation of TNF-a and IL-645. 
Another experiment estimates the increasing of 
circulating levels of LPS, up to 3 times higher 
in the mice fed with high fat level diet in com-
parison with the ones belonging to the control 
group46.

Inflammation aged-related has an important 
role in the uprising of the muscular pathology, 
because it seems to be associated to muscular 
mass reduction and functional impairment of 
the skeletal muscle. Inflammatory and high fat 
diet can directly compromise the tight junction, 
other than the mechanism sustained by dysbiosis. 

Obesity is often related to an intestinal dysbiosis 
in which is possible to observe an altered compar-
ison Bacteroidetes-Firmicutes and a progression 
of sarcopenia because increases the inflammato-
ry load and oxidative stress damaging DNA and 
altering immunity and endocrine processes47.

An extreme model of inflammation induced by 
bacterial endotoxins is represented by sepsis, that 
can be deadly but also cause a serious muscular 
atrophy caused by the growing proteolytic deg-
radation and by the protein synthesis reduction. 
In a context of skeletal muscular inflammation in 
the aged patient, we can observe, as seen before, 
an increase of TNF-a and IL-6, induced by the 
LPS circulating48. It has been demonstrated that 
the TNF-a, produced by macrophages, induces 
proteins degradation and promotes cellular apop-
tosis, while the macrophagic IL-6 represses the 
protein synthesis. These researches demonstrate 
that high levels of bacterial LPS could change the 
already precarious balance of protein synthesis – 
degradation in geriatric patient causing a muscu-
lar mass reduction. As a confirm of the ability of 
the intestinal microbiota to influence the skeletal 
muscular size, Bindels et al49 in 2012 showed 
an intestinal dysbiosis in mice with neoplastic 
cachexia that reduced Lactobacillus spp. With 
a selective integration through an oral formula-
tion of Lactobacillus gasseri, it was observed a 
reduction of inflammatory cytokine, especially 
IL-6 and MCP-1, with a muscular mass growing 
of the anterior tibial muscle. These effects seem 
to be bacterial specific. As a matter of fact, same 
results haven’t been found with the administra-
tion of an oral formula made of Lattobacillus 
acidophilus, not able to change the inflammatory 
and atrophic markers49.

Valuated altogether, those studies on mouse 
models suggest a possible correlation between the 
Lactobacillus species and the size of the skeletal 
muscle. Microbiota is involved in the intestinal 
absorption process of the nutrients and the conse-
quent synthesis of the aminoacids, necessary for 
the wellness of the muscular tissue, is not of less 
importance.

Several investigations describe the strict rela-
tionship between the intestinal dysbiosis and the 
metabolic imbalance that confirm the important 
role of microbiota in the digestive process and 
in nutrient absorption. It’s possible to suppose a 
correlation between the intestinal microbiota and 
the low-grade chronic inflammation, because a 
growing number of investigations confirms that 
some species could promote it; instead others, 
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through different mechanisms, could contrast it. 
Recent research demonstrates how an overrepre-
sentation of bacterial species such as Roseburia, 
Akkermansia, and Faecalibacterium, through the 
production of fat short-chain acids (acetate, lac-
tate, butyrate, propionate), is capable of promot-
ing health. 

To conclude, the link between fitness and micro-
biota is still uncertain, because of several factors 
among which diet, physical exercise, pharmaco-
therapy and concomitant pathologic conditions. 
The relationship between intestinal microbiota and 
skeletal muscle remains very interesting. 

The researches on mouse models, designed to 
manipulate microbial ecology to reach the skele-
ton muscular health, are finalized to improve the 
geriatric patient quality of life. This goal can be 
reach by modifying the food habits and admin-
istering specified formulation based on prebiotic 
and probiotic. The objective of research is to find 
a medical integrative strategy which considers 
the geriatric patient and his fragilities, which sar-
copenia remains one of the most important and 
invalidating problem. 

Ageing and Osteo-Oncology
Massimiliano Berretta, MD, Ph.D; Depart-

ment of Clinical and Experimental Medicine, 
University of Messina, Messina Italy. berretta-
ma@gmail.com

The discovery of cellular senescence in 1961 
by Hayflick and Moorhead50 represented a 
groundbreaking finding since it was the first 
demonstration that normal cells are not immortal, 
as believed at the time, and provided the basis 
for a scientific demonstration of the evolutionary 
theory of ageing initiated by Peter B. Medawar in 
1952. Cellular senescence can impact on multiple 
physiological and pathological processes such as 
wound healing, fibrosis, cancer and ageing. We 
can consider ageing process and cancer disease 
as two sides of the same coin. To date, due to 
the improvement made in cancer diagnosis and 
treatment, the survival of cancer patients has dra-
matically increased in all setting, type and stage 
of disease51-55. In this context, for example, the 
approach to bone metastasis (BMs) is growing so 
much that today we talk about “Osteoncology”. 
Bone is the third most common site of metastasis 
after liver and lung. In the USA, about two thirds 
of patients who die from cancer each year have 
evidence of bone disease56,57. It is now clear that 
the incidence of BMs is distributed differently 
among primary cancer types: in particular, breast 

and prostate cancers represent the majority of tu-
mors that metastasize to bone tissue. As well de-
scribed in literature, BMs can manifest with two 
different kinds of lesions58. Specifically, breast, 
lung, melanoma and kidney cancers generally 
cause osteolytic lesions where osteoclast activity 
is increased leading to disruption of tissue archi-
tecture; whereas, prostate cancer is usually linked 
to osteoblastic lesions in which “activated osteo-
blasts” alter the physiological bone formation/
resorption turnover. The skeletal related events 
(SREs) about BMs are various and include pain 
(75% of patients), pathological fractures, spinal 
cord compression, and hypercalcemia59, all symp-
toms that influence negatively prognosis and 
quality of life. The treatment approach to BMs is 
always multidisciplinary involving a team of spe-
cialists in the areas of oncology, palliative care, 
radiotherapy, orthopedics, nuclear medicine, ra-
diology, and physiatrics with the aim to obtain an 
effective management in this setting of patients. 
More recently, according to English literature, an 
integrative approach (IA) is also contemplated, 
suggesting treating cancer patients3. The IA is 
based on practices and substances that are used 
together with conventional medicine (CM) and 
recent data on use of integrative approaches have 
demonstrated that around 49% of cancer patients 
combined these remedies with their cancer treat-
ment and that in 67% of cases the interventions 
are self-prescribed60-62. Discussion on IA inter-
ventions and guidance on potentially beneficial 
therapies and potential toxicities is a task that 
physicians should undertake. Extensive research 
is required to assess actual IA use in different 
patients and to work towards an integrated model 
of healthcare provision, which could also inform 
appropriate EU legislation. 

Protection of Osteoarticular System by 
Cordyceps spp and Cordycepin 

Stefania Cazzavillan, B.Sc., Genetics, Univer-
sity of Pavia: steffyc5@gmail.com

Parasitic Cordyceps fungi, such as Cordyceps 
sinensis and militaris, is a parasitic complex of 
fungus and caterpillar, which has been used for 
medicinal purposes for centuries particularly in 
China, Japan and other Asian countries. 

The most know is caterpillar fungus Cordy-
ceps sinensis (Ophiocordyceps sinensis, Hirsute-
lla sinensis), a fungus parasitizing on a range of 
ghost moth larvae of the Thitarodes (Hepialus 
armoricanus) genus, which lives in alpine grass-
land ecosystems of the Tibetan Plateau and the 
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Himalayas in an altitude between 3300 to 5000 
meters beyond the tree line, during the asexual 
cycle. It is a club-shaped fruiting body, which 
use and collection dates back at least a thousand 
years in Tibet where it is called Yartsa Gunbu. 
The earliest known written documentation of 
Yartsa Gunbu is found in a Tibetan text authored 
by Nyamnyi Dorje (a Tibetan physician and la-
ma who lived from 1439 to 1475), “An Ocean 
of Aphrodisiacal Qualities — A special work 
on Yartsa Gunbu” which has been translated by 
Jakob Winkler (http://mushroaming.com/Nyam-
nyi_Dorje_on_Cordyceps)63. 

In Traditional Chinese Medicine (TCM), 
Cordyceps sinensis is commonly known as “dong 
chong xia cao” meaning “winter-worm sum-
mer-grass”. The Latin name of the mushroom 
Cordyceps sinensis means “Chinese club head” 
(cord = “club”, ceps = “head”, and sinensis = 
“from China”). Similar properties are described 
for a related mushroom, Cordyceps militaris, 
which is much easier to cultivate artificially. 

The medicinal value of both Cordyceps mili-
taris and sinensis has been recognized for more 
than 2000 years in Tibet, China and the Orient. 
Oriental folklore calls for their potency, strength 
giving effect, plus willpower and stamina. In a 
recent treatise on Tibetan medicine, Ophiocordy-
ceps sinensis (referred to as Yartsa gunbu) is 
placed in the category of tsi men, the “medicinal 
essences”, which includes several tonics64. 

Cordyceps sinensis and Cordyceps militaris 
contain a great number of bioactive compounds 
such as sterols, alkaloids, polysaccharides, nucle-
osides, cordycepin, ergosterol, mannitol, adenos-
ine, amino acids, inorganic elements, vitamins, 
fatty acids, ketones, aldehydes, ether, phenols and 
other minor compounds65.

Cordycepin, a derivative of the nucleoside ad-
enosine that lacks an oxygen in the 3’ position of 
its ribose moiety, is the main bioactive compound 
studied in Cordyceps both sinensis and militaris66. 

The isolation of Cordycepin (3’-deoxyadenos-
ine) dates back to 1950 and was first discovered 
in Cordyceps militaris67. 

A large body of literature indicates that cordy-
cepin indeed has biological activities and phar-
maceutical potential. In tissue culture, anti-in-
flammatory properties and anti-tumor effects are 
especially well established68,69. In addition, it has 
been shown to be effective in numerous animal 
models of disease, including models for osteoar-
thritis, inflammatory lung disease, cerebral isch-
emia, kidney failure and cancer69-77. 

The production of cordycepin in Cordyceps is 
coupled with the production of pentostatin, an 
adenosine deaminase inhibitor71, by a single gene 
cluster. Pentostatin protects cordycepin from de-
amination to 3-deoxy-inosine. Dual production 
of these two adenosine analogs is following a 
bacterial-like protector-protégé’ strategy of pu-
rine metabolism. The safeguarded cordycepin 
can be deaminated to 3-deoxyinosine once the 
former reaches a self-toxic level in fungal cells. 
The co-production of cordycepin and pentostatin 
is the result of the evolutionary pressures on this 
insect-infecting fungus. 

As for cordycepin bioavailability, little is 
known about the absorption pathways of ade-
nosine and its analogues following oral admin-
istration. Recently, it has been discovered thar 
3′-deoxyinosine, considered to be inactive, is 
absorbed into the systemic blood circulation and 
that cordycepin 5′-triphosphate, the active metab-
olite of cordycepin, can be formed not only from 
cordycepin, but also from 3′-deoxyinosine. This 
novel nucleoside rescue metabolic pathway might 
be responsible for therapeutic effects of cordy-
cepin following oral administration. 

Cordycepin is a polyadenylation inhibitor that 
has been shown to inhibit inflammation72. 

Cordycepin has been studied in models of os-
teoarthritis proving that it acts as a novel type 
of anti-inflammatory painkiller, reducing pain 
and osteoarthritis progression in animal models. 
Cordycepin treatment reduced monosodium iodo-
acetate-induced changes in pain behavior and me-
chanical allodynia, reduced synovial macrophage 
infiltration, thus reducing established knee joint 
pain and synovial inflammation. It also reduced 
induced subchondral bone changes, showing a 
protective effect on cartilage, also by inhibiting the 
expression of cartilage proteolytic enzymes. 

The mechanisms by which cordycepin atten-
uates pain behavior are a result of an inhibition 
of inflammatory signaling, and/or direct effects 
on the primary afferent nociceptors. Cordycepin 
mediated prevention of the activation of a range 
of pro-inflammatory mRNA translation which 
may contribute to the effects of cordycepin on os-
teoarthritis pain responses. The data demonstrate 
that cordycepin is orally effective and functions 
as a polyadenylation inhibitor. 

Cordycepin reduced pain behavior, synovial 
inflammation and joint pathology in osteoar-
thritis models, and it may hold promise as a 
compound for a novel class of orally available 
anti-inflammatory and analgesic drugs in patients 
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with high synovial inflammation, and potentially 
also for other conditions associated with pain and 
inflammation. 

However, if we take into account that the 
evolution of natural compounds is likely to have 
led to synergistic mixtures, there appears to be a 
case for initially testing mixtures rather than pure 
compounds, as activity may be lost by purifica-
tion of single compounds. 

Nutritional and Supplementation 
Strategies for Prevention and 
Recovery in the Sportsmen Injuries

Natale Gentile, MD; Performance Area FIGC 
Nutritional Coach and FC International Nutrition 
Area, Milan, Italy: natale.gentile1970@gmail.com

The pathogenesis of the injuries on the sports-
men is multifactorial and related to both external 
causes (weather conditions, game surface, kind 
of shoes, etc.) and intrinsic causes (age, postural 
aspects, training, stress, lifestyle, and diet). The 
majority of the injuries are muscular, followed 
by stress fractures, ligamentopathies and tendi-
nopathies73. 

For a perspective focused on the sportsman 
with the purpose of reducing the risk of his 
muscular injury, we should consider several as-
pects such as the hydration status, micronutri-
ents deficiencies, vitamin D levels, and oxidative 
stress74-78.

It’s strongly recommended to avoid reduc-
ing the caloric intake under certain limits. Low 
caloric intake enhances the fatigue, has immu-
nosuppressive effect and sets up the injuries. 
Caloric restriction can cause deficiencies of mi-
cronutrients, some of which – iron, calcium and 
D vitamin, are very common on sportsmen and 
athletes, especially on the female ones. It’s pivotal 
to guarantee a correct hydration: it does exist a 
straight correlation between the weight reduction 
caused by dehydration and deterioration of the 
performance, other than an increasing risk of 
muscular injuries79,80.

The contemporary western nutrition is charac-
terized by omega 6 and omega 3 ratio biased to-
ward the first, causing, as a consequence, a major 
production of proinflammatory molecules effect. 
For the sportsmen is necessary to rebalance this 
relation by focusing on the food habits and avoid-
ing the excessive use of food rich in omega 6, 
preferring the omega 3, both through the diet and 
the supplementation81.

An integration with antioxidant aimed to re-
duce muscle damage effect caused by training 

is only suggested for people with a proved defi-
ciency of one micronutrient, for people in caloric 
restriction for a long-time interval, in subjects 
that personally decided to limit or totally exclude 
food that provides vitamins. In all other cases, it 
is more advisable to revisit the food habits with 
a good number of fruits and vegetables. Even in 
case of injuries recovery, as during the immobi-
lization phase than the rehabilitation phase, it’s 
possible to increase nutritional and supplemen-
tation strategies aimed to accelerate the coming 
back to the sport practice.

Conclusions

We believe that ageing and osteoarticular sys-
tem for healthy ageing represent a new challenge 
in all area of medicine and a multidisciplinary and 
integrative approach is the right interpretation to 
improve the clinical results and quality of life in 
our patients. In the next future, our wish is to 
propose and organize prospective studies, within 
IMRG, with the aim to improve the knowledge in 
these setting of patients, treated within a program 
of multidisciplinary and integrative approach. 

Conflict of Interest
Dr. Stefania Cazzavillan, Dr. Alessandro Scorba and Dan-
iele Santagà are scientific consultant for AVD Reform.

Acknowledgements
The authors of the abstracts thank A.V.D. Reform (Noceto, 
Parma, Italy) for the organization of the Webinar and for the 
contribution in editing of English text and IMRG for scien-
tific support.

Scientific Manager of the Event
Prof. Massimiliano Berretta, Department of Clinical and 
Experimental Medicine, University of Messina, Messina It-
aly and Dr. Pier Paolo Zanello Ph.D. AVD Reform Scientif-
ic Manager, Noceto, Parma Italy.

References

  1)	 Bongiovanni A, Recine F, Fausti V, Foca F, Casa-
dei R, Falasconi MC, Oboldi D, Sansoni E, Fabbri 
L, Micheletti S, Severi S, Matteucci F, Zavoiu V, 
Mercatali L, Amadori D, Ibrahim T. Ten-year expe-
rience of the multidisciplinary Osteoncology Cen-
ter. Support Care Cancer 2019; 27: 3395-3402. 

  2)	 Berretta M, Della Pepa C, Tralongo P, Fulvi A, 
Martellotta F, Lleshi A, Nasti G, Fisichella R, Ro-



Ageing and osteoarticular system for healthy ageing on behalf of IMRG

2357

mano C, De Divitiis C, Taibi R, Fiorica F, Di Fran-
cia R, Di Mari A, Del Pup L, Crispo A, De Paoli P, 
Santorelli A, Quagliariello V, Iaffaioli RV, Tirelli U, 
Facchini G. Use of Complementary and Alterna-
tive Medicine (CAM) in cancer patients: an Italian 
multicenter survey. Oncotarget 2017; 8: 24401-
24414.

  3)	 Berretta M, Rinaldi L, Taibi R, Tralongo P, Fulvi A, 
Montesarchio V, Madeddu G, Magistri P, Bimonte 
S, Trovò M, Gnagnarella P, Cuomo A, Cascella M, 
Lleshi A, Nasti G, Facchini S, Fiorica F, Di Francia 
R, Nunnari G, Pellicanò GF, Guglielmino A, Dano-
va M, Rossetti S, Amore A, Crispo A, Facchini G. 
Physician attitudes and perceptions of Comple-
mentary and Alternative Medicine (CAM): a multi-
centre Italian study. Front Oncol 2020; 10: 594. 

  4)	 Inci H, İnci F. Complementary and alternative 
medicine awareness in cancer patients receiving 
chemotherapy. WCRJ 2020; 7: e1752.

  5)	 Del Buono A, D’Orta A, De Monaco A, Di Paolo M, 
De Blasio G, Di Martino S. Alkaline water modules 
the expression of inflammation genes: in vitro mod-
el for cancer prevention. WCRJ 2020; 7: e1681. 

  6)	 Şimşek Sezer E. N, Uysal T. Cytotoxic and apop-
totic effects of Vinca L. Extracts on multiple my-
eloma cell lines. WCRJ 2020; 7: e1609.

  7)	 Khazaei M, Khazaei M. R, Pazhouhi M. An over-
view of therapeutic potentials of Rosa canina: a 
traditionally valuable herb. WCRJ 2020; 7: e1580. 

  8)	 Dehghan M, Ghaedi Heidari F, Malakoutikhah A, 
Mokhtarabadi S. Complementary and alterna-
tive medicine usage and its determinant factors 
among Iranian patients with cancer. WCRJ 2019; 
6: e1382.

  9)	 Berretta M, Di Francia R, Cazzavillan S, Rossi 
P, Scorba A, Sciacca PG, Santagà D. Integrative 
Medicine in Oncology, Milan October 19th, 2019. 
WCRJ 2019; 6: e1400.

10)	 Cameron M, Chrubasik S. Oral herbal therapies 
for treating osteoarthritis. Cochrane Database 
Syst Rev 2014; 22: 5. 

11)	 Tanvir EM, Hossen MdS, Hossain MdF, Afroz R, 
Gan SH, Khalil MdI, Karim N. Antioxidant proper-
ties of popular turmeric (Curcuma longa) varieties 
from Bangladesh. Journal of Food Quality 2017; 
3: 1-8. doi: 10.1155/2017/8471785.

12)	 Boroumand N, Samarghandian S, Hashemy SI. 
Immunomodulatory, anti-inflammatory, and anti-
oxidant effects of curcumin. J Herbmed Pharma-
col 2018; 7:211-219.

13)	 Ak T, Gülçin İ. Antioxidant and radical scavenging 
properties of curcumin. Chemico-Biological Inter-
actions 2008; 174: 27-37.

14)	 Daily JW, Yang M, Park S. Efficacy of turmeric ex-
tracts and curcumin for alleviating the symptoms 
of joint arthritis: a systematic review and me-
ta-analysis of randomized clinical trials. Journal 
of Medicinal Food 2016; 19: 717-729.

15)	 Siddiqui MZ. Boswellia serrata, a potential anti-
inflammatory agent: an overview. Indian J Pharm 
Sci 2011; 73: 255-261.

16)	 Alluri VK, Kundimi S, Sengupta K, Golakoti T, Ki-
lari EK. An anti-inflammatory composition of Bo-
swellia serrata resin extracts alleviates pain and 
protects cartilage in monoiodoacetate-induced 
osteoarthritis in rats. Evid Based Complement Al-
ternat Med 2020; 2020: 7381625.

17)	 Kimmatkar N, Thawani V, Hingorani L, Khiyani 
R. Efficacy and tolerability of Boswellia serrata 
extract in treatment of osteoarthritis of knee – A 
randomized double-blind placebo-controlled trial. 
Phytomedicine 2003; 10: 3-7.

18)	 Dei Cas M, Ghidoni R. Dietary Curcumin: correla-
tion between bioavailability and health potential. 
Nutrients 2019; 11: 2147.

19)	 Mirzaei H, Shakeri A, Rashidi B, Jalili A, Banika-
zemi Z, Sahebkar A. Phytosomal curcumin: a re-
view of pharmacokinetic, experimental and clini-
cal studies. Biomed Pharmacother 2017; 85: 102-
112.

20)	 Cuomo J, Appendino G, Dern AS, Schneider E, 
McKinnon TP, Brown MJ, Togni S, Dixon BM. 
Comparative absorption of a standardized cur-
cuminoid mixture and its lecithin formulation. J 
Nat Prod 2011, 74: 664-669.

21)	 Hüsch J, Bohnet J, Fricker G, Skarke C, Artar-
ia C, Appendino G, Schubert-Zsilavecz M, Ab-
del-Tawab M. Enhanced absorption of boswellic 
acids by a lecithin delivery form (Phytosome®) 
of Boswellia extract. Fitoterapia 2013; 84: 89-
98.

22)	 Riva A, Allegrini P, Franceschi F, Togni S, Gia-
comelli L, Eggenhoffner R. Casperome® in the 
management of musculoskeletal disorders: a re-
view. Eur Rev Med Pharmacol Sci 2017; 21: 5258-
5263.

23)	 Salminen A, Huuskonen J, Ojala J, Kauppinen A, 
Kaarniranta K, Suuronen T. Activation of innate 
immunity system during aging: NF-kB signaling 
is the molecular culprit of inflamm-aging. Ageing 
Res Rev 2008; 7: 83-105.

24)	 Volin MV, Koch AE. Interleukin-18: a mediator of 
inflammation and angiogenesis in rheumatoid ar-
thritis. J Interferon Cytokine Res. 2011; 10: 745-
751

25)	 De Martinis M , Franceschi C, Monti D, Ginaldi 
L. Inflamm-ageing and lifelong antigenic load as 
major determinants of ageing rate and longevity. 
FEBS Lett 2005; 10: 2035-2094.

26)	 Kimura A, Kishimoto T. IL‐6: regulator of Treg/
Th17 balance. Eur J Immunol 2010; 7: 1830-1835.

27)	 Oka S, Kamata H, Kamata K, Yagisawa H, Hira-
taH. N-acetylcysteine suppresses TNF-induced 
NF-kappaB activation through inhibition of Ikap-
paB kinases. FEBS Lett 2000; 472: 196-202.

28)	 Ti Peng K, Liu JF, Chiang YC, Chen PC, Chiang 
MH, Shih HN, Chang PJ, Lee CW. Particulate 
matter exposure aggravates osteoarthritis severi-
ty. Clin Sci Lond 2019; 133: 2171-2187. 

29)	 Mirtaheri E, Gargari BP, Kolahi S, Dehghan P, 
Asghari-Jafarabadi M, Hajalilou M, Novin ZS, 
Mesgari Abbasi M. Effects of alpha-lipoic acid 



M. Montopoli, D. Santagà, P. Rossi, A. Scorba, M. Berretta, S. Cazzavillan, N. Gentile

2358

supplementation on inflammatory biomarkers and 
matrix metalloproteinase-3 in rheumatoid arthritis 
patients. J Am Coll Nutr 2015; 34: 310-317. 

30)	 Wang J, Huijun S, Zhuodong F, Mozhen L. Chon-
droprotective effects of alpha-lipoic acid in a rat 
model of osteoarthritis. Free Radic Res 2016; 50: 
767-780.

31)	 Hwa YL, Sun HP, Misoon L, Hye-Jin K,Shi Yong 
R, Nam Doo K, Bang Yeon H, Sang-Bae H, 
Youngsoo K. 1-Dehydro-[10]-gingerdione from 
ginger inhibits IKKβ activity for NF-κB activation 
and suppresses NF-κB-regulated expression of 
inflammatory genes. Br J Pharmacol 2012; 167: 
128-140.

32)	 Wong KH, Naidu M, David RP, Bakar R, Sa-
baratnam V. Neuroregenerative potential of lion’s 
mane mushroom, Hericium erinaceus (Bull.: Fr.) 
Pers. (higher Basidiomycetes), in the treatment of 
peripheral nerve injury (review). Int J Med Mush-
rooms 2012; 14: 427-446.

33)	 Kawagishi H, Shimada A, Hosokawa S, Mori H, 
Sakamoto H, Ishiguro Y, Sakemi S, Bordner J, 
Kojima N, Furukawa S. Erinacines E, F, and G, 
stimulators of nerve growth factor (NGF)-synthe-
sis, from the mycelia of Hericium erinaceum. Tet-
rahedron Lett 1996; 37: 7399-7402.

34)	 Ratto D, Corana F, Mannucci B, Priori EC, Cobel-
li F, Roda E, Ferrari B, Occhinegro A, Di Iorio C, 
De Luca F, Cesaroni V, Girometta C, Bottone MG, 
Savino E, Kawagishi H, Rossi P. Hericium erina-
ceus improves recognition memory and induces 
hippocampal and cerebellar neurogenesis in frail 
mice during aging. Nutrients 2019; 11: 715.

35)	 Andreescu CE, Prestori F, Brandalise F, D’Erri-
co A, De Jeu MT, Rossi P, Botta L, Kohr G, Per-
in P, D’Angelo E, De Zeeuw CI. NR2A subunit of 
the N-methyl D-aspartate receptors are required 
for potentiation at the mossy fiber to granule cell 
synapse and vestibulo-cerebellar motor learning. 
Neuroscience 2011; 176: 274-283.

36)	 Rossi P, D’Angelo E, Taglietti V. Differential 
long-lasting potentiation of the NMDA and non-
NMDA synaptic currents induced by metabotropic 
and NMDA receptor coactivation in cerebellar 
granule cells. Eur J Neurosci 1996; 8: 1182-1189.

37)	 Brandalise F, Cesaroni V, Gregori A, Repetti M, 
Romano C, Orrù G, Botta L, Girometta C, Gug-
lielminetti ML, Savino E, Rossi P. Dietary sup-
plementation of Hericium erinaceus increases 
mossy Fiber-CA3 hippocampal neurotransmis-
sion and recognition memory in wild-type mice. 
Evid Based Complement Alternat Med 2017; 
2017: 3864340. 

38)	 Rossi P, Cesaroni V, Brandalise F, Occhinegro A, 
Ratto D, Perrucci F, Lanaia V, Girometta C, Or-
rù G, Savino E. Dietary supplementation of Lion’s 
Mane Medicinal Mushroom, Hericium erinaceus 
(Agaricomycetes), and spatial memory in wild-
type mice. Int J Med Mushrooms 2018; 20: 485-
494.

39)	 Vigna L, Morelli F, Agnelli GM, Napolitano F, Rat-
to D, Occhinegro A, Di Iorio C, Savino E, Girom-

etta C, Brandalise F, Rossi P. Hericium erinaceus 
improves mood and sleep disorders in patients 
affected by overweight or obesity: could circulat-
ing pro-BDNF and BDNF be potential biomark-
ers? Evid Based Complement Alternat Med 2019; 
2019: 7861297.

40)	 Sanad F, Taniyama Y, Muratsu Y, Otsu R, Shimizu 
H, Rakugi H, Morishita R. Source of chronic in-
flammation in aging. Front Cardiovasc Med 2018; 
22: 5-12.

41)	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, 
Bruyère O, Cederholm T, Cooper C, Landi F, Rol-
land Y, Sayer AA. European Working Group on 
Sarcopenia in Older People 2 (EWGSOP2); Ex-
tended Group for EWGSOP2. Sarcopenia: re-
vised European consensus on definition and di-
agnosis. Age Ageing 2019; 48: 16-31.

42)	 Ticinesi A, Lauretani F, Milani C, Nouvenne A, Ta-
na C, Del Rio D, Maggio M, Ventura M, Meschi T. 
Aging gut microbiota at the cross-road between 
nutrition, physical frailty, and sarcopenia: is there 
a gut-muscle axis? Nutrients 2017; 9: 1303-1315.

43)	 Biragyn A, Ferrucci L. Gut dysbiosis: a potential 
link between increased cancer risk in ageing and 
inflammaging. Lancet Oncol 2018; 6: 305-316.

44)	 Thevaranjan N, Puchta A, Schulz C, Naidoo A, 
Szamosi JC, Verschoor CP, Loukov D, Schenck 
LP, Jury J, Foley KP. Age-associated microbial 
dysbiosis promotes intestinal permeability, sys-
temic inflammation, and macrophage dysfunc-
tion. Cell Host Microbe 2017; 21: 455-466.

45)	 Cani PD, Amar J, Iglesias MA, Poggi M, Knauf 
C, Bastelica D, Neyrinck AM, Fava F, Tuohy KM, 
Chabo C, Ferrie J, Gibson GR, Casteilla L, Del-
zenne NM, Alessi MC. Metabolic endotoxemia 
initiates obesity and insulin resistance. Diabetes 
2007; 56: 1761-1772.

46)	 Guo S, Al-Sadi R, Said HM, Ma TY. Lipopoly-
saccharide causes an increase in intestinal tight 
junction permeability in vitro and in vivo by induc-
ing enterocyte membrane expression and local-
ization of TLR-4 and CD14. Am J Pathol 2013; 
182: 375-387.

47)	 Turnbaugh PJ, Hamady M, Yatsunenko T, Can-
tarel BL, Duncan A, Ley RE, Sogin ML, Jones 
WJ, Roe BA, Affourtit JP, Egholm M, Henrissat B, 
Heath AC, Knight R, Gordon JI. A core gut micro-
biome in obese and lean twins. Nature 2009; 457: 
480-484.

48)	 Frost RA, Nystrom GJ, Lang CH. Lipopolysac-
charide regulates proinflammatory cytokine ex-
pression in mouse myoblasts and skeletal mus-
cle. Am J Physiol Regul Integr Comp Physiol 
2002; 283: 698-709.

49)	 Bindels LB, Beck R, Schakman O, Martin JC, de 
Backer F, Sohet FM, Dewulf EM, Pachikian BD, 
Neyrinck AM, Thissen JP, Verrax J, Calderon PB, 
Pot B, Grangette C, Cani PD, Scott KP, Delzenne 
NM. Restoring specific lactobacilli levels decreas-
es inflammation and muscle atrophy markers 
in an acute leukemia mouse model. PLoS One 
2012; 7: 1-10.



Ageing and osteoarticular system for healthy ageing on behalf of IMRG

2359

50)	 Hayflick L, Moorhead PS. The serial cultivation of 
human diploid cell strains. Exp Cell Res 1961; 25: 
585-621.

51)	 Zanet E, Berretta M, Benedetto FD, Talamini 
R, Ballarin R, Nunnari G, Berretta S, Ridolfo A, 
Lleshi A, Zanghì A, Cappellani A, Tirelli U. Pan-
creatic cancer in HIV-positive patients: a clini-
cal case-control study. Pancreas 2012; 41: 1331-
1335.

52)	 Fiorica F, Cartei F, Carau B, Berretta S, Spartà D, 
Tirelli U, Santangelo A, Maugeri D, Luca S, Leot-
ta C, Sorace R, Berretta M. Adjuvant radiotherapy 
on older and oldest elderly rectal cancer patients. 
Arch Gerontol Geriatr 2009; 49: 54-59.

53)	 Berretta M, Cappellani A, Fiorica F, Nasti G, 
Frustaci S, Fisichella R, Bearz A, Talamini R, 
Lleshi A, Tambaro R, Cocciolo A, Ristagno M, 
Bolognese A, Basile F, Meneguzzo N, Berretta S, 
Tirelli U. FOLFOX4 in the treatment of metastat-
ic colorectal cancer in elderly patients: a prospec-
tive study. Arch Gerontol Geriatr 2011; 52: 89-93.

54)	 Di Benedetto F, Berretta M, D’Amico G, Montalti 
R, De Ruvo N, Cautero N, Guerrini GP, Ballarin R, 
Spaggiari M, Tarantino G, Di Sandro S, Pecchi A, 
Luppi G, Gerunda GE. Liver resection for colorec-
tal metastases in older adults: a paired matched 
analysis. J Am Geriatr Soc 2011; 59: 2282-2290.

55)	 Mundy GR. Metastasis to bone: causes, conse-
quences and therapeutic opportunities. Nat Rev 
Cancer 2002; 2: 584-593.

56)	 Hosono N, Yonenobu K, Fuji T, Ebara S, Ya-
mashita K, Ono K. Orthopaedic management of 
spinal metastases. Clin Orthop Relat Res 1995; 
(312): 148-159.

57)	 Coughlin TR, Romero-Moreno R, Mason DE, 
Nystrom L, Boerckel JD, Niebur G, Littlepage LE. 
Bone: a fertile soil for cancer metastasis. Curr 
Drug Targets 2017; 18: 1281-1295.

58)	 Coleman RE. Clinical features of metastatic bone 
disease and risk of skeletal morbidity. Clin Can-
cer Res 2006; 12(20 Pt 2): 6243s-6249s.

59)	 Tirelli U, Cirrito C, Pavanello M, Del Pup L, Lleshi 
A, Berretta M. Oxygen-ozone therapy as support 
and palliative therapy in 50 cancer patients with 
fatigue - A short report. Eur Rev Med Pharmacol 
Sci 2018; 22: 8030-8033.

60)	 Berretta M, Bignucolo A, Di Francia R, Comello F, 
Facchini G, Ceccarelli M, Iaffaioli RV, Quagliari-
ello V, Maurea N. Resveratrol in cancer patients: 
from bench to bedside. Int J Mol Sci 2020; 21: 
2945.

61)	 Cocetta V, Quagliariello V, Berretta M, Monto-
poli M. Resveratrol as chemosensitizer agent: 
state of art and future perspectives. Int J Mol Sci 
2021; 22: 2049. Available at https://www.mdpi.
com/1422-0067/22/4/2049.

62)	 Berretta M, Quagliariello V, Maurea N, Di Fran-
cia R, Sharifi S, Facchini G, Rinaldi L, Piezzo 
M, Manuela C, Nunnari G, Montopoli M. multi-
ple effects of ascorbic acid against chronic dis-
eases: updated evidence from preclinical and 

clinical studies. Antioxidants (Basel) 2020; 9: 
1182.

63)	 Winkler D. Caterpillar fungus (Ophiocordyceps 
sinensis) production and sustainability on the Ti-
betan plateau and in the Himalayas. Asian Medi-
cine 2009; 5: 291-316.

64)	 Winkler D. Yartsa Gunbu (Cordyceps sinensis) 
and the fungal commodification of Tibet’s rural 
economy. Economic Botany 2008; 62: 291-305.

65)	 Li SP, Lai CM, Gong YX, Kan KKV, Dong TX, Tsim 
KW, Wang YT. Simultaneous determination of er-
gosterol, nucleosides and their bases from natural 
and cultured Cordyceps by pressurised liquid ex-
traction and high-performance liquid chromatogra-
phy. J Chromatogr A 2004; 21: 239-243.

66)	 Huang L, Li Q, Chen Y, Wang X, Zhou X. Deter-
mination and analysis of cordycepin and adenos-
ine in the products of Cordyceps spp. African J 
Microbiol Res 2009; 3: 957-961.

67)	 Cunningham KG, Manson W, Spring FS, Hutchin-
son SA. Cordycepin, a metabolic product isolated 
from cultures of Cordyceps militaris (Linn.) link. 
Nature 1950; 166: 949.

68)	 Wang XA, Xiang SS, Li HF, Tan ZJ, Lu W, Wang 
P, Liu YB . Cordycepin induces S phase arrest 
and apoptosis in human gallbladder cancer cells. 
Molecules 2014; 19: 11350-11365.

69)	 Kim H, Naura AS, Errami Y, Ju J, Boulares AH. 
Cordycepin blocks lung injury-associated inflam-
mation and promotes BRCA1-deficient breast 
cancer cell killing by effectively inhibiting PARP. 
Mol Med 2011; 17: 893-900.

70)	 Zhang P, Huang C, Fu C, Tian Y, Hu Y, Wang B, 
Strasner A, Song Y, Song E. Cordycepin (3’-de-
oxyadenosine) suppressed HMGA2, Twist1 and 
ZEB1-dependent melanoma invasion and metas-
tasis by targeting miR-33b. Oncotarget 2015; 6: 
9834-9853.

71)	 Xia Y, Luo F, Shang Y, Chen P, Lu Y, Wang C. 
Fungal cordycepin biosynthesis is coupled with 
the production of the safeguard molecule pento-
statin. Cell Chem Biol 2017; 24: 1479-1489.

72)	 Kondrashov A, Meijer HA, Barthet-Barateig A, 
Parker HN, Khurshid A, Tessier S, Sicard M, 
Knox AJ, Pang L, De Moor CH. Inhibition of 
polyadenylation reduces inflammatory gene in-
duction. RNA 2012; 18: 2236-2250.

73)	 Tarantino D, Palermi S, Sirico F, Corrado B. Achil-
les tendon rupture: mechanisms of injury, princi-
ples of rehabilitation and return to play. J Funct 
Morphol Kinesiol 2020; 17: 95-99.

74)	 Stoffel NU, Cercamondi CL, Brittenham G, Zed-
er C, Geurts-Moespot AJ, Swinkels DV, Moret-
ti D, Zimmermann MB. Iron absorption from oral 
iron supplements given on consecutive versus al-
ternate days and as single morning doses versus 
twice-daily split dosing in iron-depleted women: 
two open-label, randomised controlled trials. Lan-
cet Haematol 2017; 4: 524-533.

75)	 Maldonado-Araque C, Valdés S, Lago-Sampe-
dro A, Lillo-Muñoz JA, Garcia-Fuentes E, Pe-



M. Montopoli, D. Santagà, P. Rossi, A. Scorba, M. Berretta, S. Cazzavillan, N. Gentile

2360

rez-Valero V, Gutierrez-Repiso C, Goday A, Ur-
rutia I, Peláez L, Calle-Pascual A, Castaño L, 
Castell C, Delgado E, Menendez E, Franch-Na-
dal J, Gaztambide S, Girbés J, Ortega E, Ven-
drell J, Chacón MR, Chaves FJ, Soriguer F, Ro-
jo-Martínez G. Iron deficiency is associated with 
hypothyroxinemia and hypotriiodothyroninemia 
in the Spanish general adult population: Di@bet.
es study. Sci Rep 2018; 8: 6571.

76)	 Malczewska-Lenczowska J, Sitkowski D, Surała 
O, Orysiak J, Szczepańska B, Witek K. The as-
sociation between iron and Vitamin D status in 
female elite athletes. Nutrients 2018; 10: 167.

77)	 Shuler FD, Wingate MK, Hunter Moore G, Gi-
angarra C. Sports health benefits of vitamin D. 
Sports Health 2012; 4: 496-501. 

78)	 Cheuvront SN, Kenefick RW, Montain SJ, Saw-
ka MN. Mechanism of aerobic performance im-
pariment with heat stress and dehydration. J Ap-
pl Physiol 2010; 109: 1989-1995.

79)	 Loucks A, Kiens B, Wright H. Energy availability 
in athletes. Sports Sci 2011; 29 Suppl 1: S7-15. 

80)	 Harty P, Cottet ML, Malloy JK , Kerksick CM. 
Nutritional and supplementation strategies to 
prevent and attenuate exercise-induced muscle 
damage: a brief review. Sports Med Open 2019; 
7: 1. Doi: 10.1186/s40798-018-0176-6.

81)	 McAnulty SR, Nieman DC, Fox-Rabinovich M, Du-
ran V, McAnulty LS, Henson DA, Jin F, Landram 
MJ. Effect of n-3 fatty acids and antioxidants on 
oxidative stress after exercise. Med Sci Sports 
Exerc 2010; 42: 1704-1711.


