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Nutraceutici in medicina dello sport

Modulare la risposta infiammatoria

• L’inattività è uno stato infiammatorio low-grade

• La risposta infiammatoria è necessaria nel processo di guarigione

Bosutti A et al. Calorie restriction modulates inactivity-induced changes in the inflammatory markers C-reactive protein and pentraxin-3. 

J Clin Endocrinol Metab 2008; 93:3226-3229.

Tipton KD. Nutrition for Acute Exercise-Induced Injuries. Ann Nutr Metab 2010;57 (Suppl. 2):43-53 

Processo di guarigione delle lesioni

Fase Infiammatoria

Fase Proliferativa

Fase di Rimodellamento





Sports Med. 2007;37(10):827-36.
Metabolic consequences of exercise-induced muscle damage.
Tee JC, Bosch AN, Lambert MI.

loss of Ca2+ homeostasis in SERCA

the activation of number of Ca2+ 
dependant proteolytic and
phospholipolytic pathways, which 
degrade structural and contractile 
myofibre proteins as well as the
myofibre membrane.

Phagocytic phase  during 
which the inflammatory 
response allows the removal 
of damaged tissue, and the 
regenerative phase, during 
which the damaged muscle 
fibres rapair

level of ATP could decrease to concentrations 
sufficiently low to induce muscle damage, particularly 
in the presence of severe glycogen depletion.

Metabolic Stress 
Model



Representation of the interaction between oxidant stress and inflammation. IkB, 
inhibitory subunit of NF-kB; IL, interleukin; NF-kB, nuclear factor k B; PG, 

prostaglandin; TNF, tumor necrosis factor.

Oxidant stress and inflammation



Various dietary components including long chain v-3 fatty acids, antioxidant 
vitamins, plant flavonoids, prebiotics and probiotics have  the potential to 
modulate predisposition to chronic inflammatory conditions and may have a 
role in their therapy.

mechanisms including 
decreasing inflammatory 
mediator production through 
effects on cell signaling and 
gene expression (w-3 fatty 
acids, vitamin E, plant 
flavonoids), reducing the 
production of damaging 
oxidants (vitamin E and other 
antioxidants), and promoting 
gut barrier function and anti 
inflammatory responses 
(prebiotics and probiotics).Concept of how nutrients might act in 

an anti-inflammatory manner.
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J Hum Nutr Diet. 2003 Apr;16(2):97-109.
Nutritional management of rheumatoid arthritis: a review of the evidence.
Rennie KL1, Hughes J, Lang R, Jebb SA.

Supplementation with long-chain n-3 
polyunsaturated fatty acids (PUFA) 
consistently demonstrates an 
improvement in symptoms and a 
reduction in NSAID usage. Evidence 
relating to other fatty acids, 
antioxidants, zinc, iron, folate, other B 
vitamins, calcium, vitamin D and 
fluoride are also considered. The present 
evidence suggests that RA patients 
should consume a balanced diet rich in 
long-chain n-3 PUFA and antioxidants.



Foods containing compounds with anti-inflammatory and analgesic properties, that may 
help ease the symptoms of osteoarthritis as well as improve the overall health of patients.

Version 3. F1000Res. 2014 May 23 [revised 2016 Jan 6];3:116. 
Post-operative rehabilitation and nutrition in osteoarthritis.
Musumeci G1, Mobasheri A2, Trovato FM3, Szychlinska MA1, Imbesi R1, Castrogiovanni P1
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alterations in gut microbiota, increased intestinal permeability, and metabolic 
endotoxemia likely play a role in the development of a chronic low-grade 
inflammatory state in the host that contributes to the development of obesity 
and associated chronic metabolic diseases 

JPEN J Parenter Enteral Nutr. 2011 Sep;35(5 Suppl
Gut microbiota, intestinal permeability, obesity-induced inflammation, and liver injury.
Frazier TH1, DiBaise JK, McClain CJ.



Figure 1 

Immunity 2014 40, 833-842DOI: (10.1016/j.immuni.2014.05.014) 

Major Points where Dietary or
Bacterial Metabolites Intersect with 
the Immune System



Muscle remodeling involves 
myogenesis, reinnervation, and 

revascularization and is regulated by 
multiple biochemical pathways, 

including those initiated by 
inflammatory cytokines, growth factors.  

Muscle repair coincides with injury-
induced inflammation, and some 

inflammatory cytokines, such as IL-4, 
LIF, TGF-β, IL-6, and TNF-α regulate 
myogenic potential (Tidball, 2005).

Damaged muscle produces monocyte and 
macrophage chemoattractants, and blockade
of inflammatory cell infiltration impairs
muscle regeneration (Chazaud et al., 2003; 
Jejurikar and Kuzon, 2003; Lescaudron et al., 
1999), possibly due to a reduction in 
macrophage-secreted factors inducing
myoblast proliferation (Bondesen et al., 2004; 
Robertson et al., 1993).

Cell. 2005 Sep 9;122(5):659-67.
Cellular and molecular signatures of muscle regeneration: current 
concepts and controversies in adult myogenesis.
Wagers AJ, Conboy IM.

FANS 
(exc. COX2 inib).



can be considered to have two main 
stages, either of which may be 

influenced by nutrition.

Stage 1: 
Tissue Repair, Immobilization 

and Atrophy

Stage 2: 
Rehabilitation and Hypertrophy



Immediately following a 
severe injury, an 
inflammatory response 
is initiated. The 
inflammatory response 
is necessary for proper 
healing

muscle loss is a 
decrease in the rate 
of muscle protein, 

particularly 
myofibrillar protein 

synthesis. 
Interestingly –

perhaps unexpectedly 
to many – protein 
breakdown also 

decreases, at least in 
humans



Sports Med. 2007;37(10):827-36.
Metabolic consequences of exercise-induced muscle 
damage.
Tee JC, Bosch AN, Lambert MI.

Carbohydrate ingestion 
during early recovery from 
exercise-induced muscle 
injury may promote 
proinflammatory reactions 
within skeletal muscle

J Interferon Cytokine Res. 2010 May;30(5):329-37.

Cytokine responses to carbohydrate ingestion during
recovery from exercise-induced muscle injury.
Ross ML, Halson SL, Suzuki K, Garnham A, Hawley JA, 
Cameron-Smith D, Peake JM.



delay in the restoration of muscle glycogen is 
likely due to a decrease in insulin sensitivity. 
Eccentric exercise causes damage to the 
sarcolemma and it is likely that this alteration in 
membrane integrity decreases the rate of insulin-
stimulated glucose transport.

muscle requires a 
prolonged period of time 
to recover from damage 
and that athletes should 
be cautious about 
competing too soon after 
an event that may have 
caused damage.

High dietary 
carbohydrate for 3 days 
after eccentric exercise 
did increase 
intramuscular 
carbohydrate storage.

carbohydrate 
administration has little 
or no effect in 
attenuating signs and 
symptoms of muscle 
damage.



The anti-inflammatory 
effects of caloric restriction 
or ketogenic diets may be 
mechanistically linked to 
BHB-mediated inhibition of 
the NLRP3 inflammasome, 
and point to the potential 
use of interventions that 
elevate circulating BHB 
against NLRP3-mediated 
proinflammatory diseases.



Increased synthesis of myofibrillar
proteins in response to resistance 
exercise will lead to hypertrophy 
of atrophied muscles. Moreover, 
tendon collagen synthesis is 
increased during rehabilitation 
from immobilization Since, the 
energy cost of muscle protein 
synthesis is high, energy 
requirements will increase

Primary nutritional goal 
will be to support muscle 

growth and increased 
strength with 

rehabilitation and training



Appl Physiol Nutr Metab. 2009 Jun;34(3):403-10.
Physiologic and molecular bases of muscle hypertrophy and atrophy: impact of 
resistance exercise on human skeletal muscle (protein and exercise dose effects).
Phillips SM.

J Sports Sci. 2004 Jan;22(1):65-79. Protein and amino acids for 
athletes. Tipton KD, Wolfe RR.

the notion that dramatically increasing protein intake results in a 
proportional increase in muscle size and function is not supportable

Appl Physiol Nutr Metab. 2009 Jun;34(3):403-10. Physiologic and 
molecular bases of muscle hypertrophy and atrophy: impact of 
resistance exercise on human skeletal muscle (protein and exercise
dose effects).   Phillips SM.

The high-quality protein dose that appears to 
maximally stimulate muscle protein synthesis 
is close to 20–25 g; above this point protein 
synthesis is not additionally stimulated,



Eccessiva 
introduzione 
di proteine e 

di energia



J Appl Oral Sci. 2015 Mar-Apr;23(2):135-44..
Evaluation of protein undernourishment on the condylar process of the Wistar
rat mandible correlation with insulin receptor expression.
Cavalli MA1, Gonçalves A1, Pereira JN1, Silva JB1, Boldrini Sde C2, Liberti EA2.

Osteoarthritis Cartilage. 2015 Mar;23(3):370-8. The association between vitamin K status and 
knee osteoarthritis features in older adults: the Health, Aging and Body Composition Study.
Shea MK1, Kritchevsky SB2, Hsu FC3, Nevitt M4, Booth SL5, Kwoh CK6, McAlindon TE7, 
Vermeer C8, Drummen N8, Harris TB9, Womack C10, Loeser RF11; Health ABC Study.

our results suggest vitamin K is implicated in progression of 
several distinct pathologies of OA affected joint tissues.



Increased protein intake may support 
increased protein turnover, but the 
amount necessary may not be as 
high as many believe … A recent 
study suggested that increased 
protein intake enhances recovery 
from immobilization but other 
results are somewhat equivocal

J Orthop Res. 2006 Nov;24(11):2114-23. The effect of protein and carbohydrate
supplementation on strength training outcome of rehabilitation in ACL patients.
Holm L, Esmarck B, Mizuno M, Hansen H, Suetta C, Hölmich P, Krogsgaard M, 

Kjaer M.

within total energy requirements and does not restrict the 
amount of carbohydrate or essential fat intake, then elevating 
protein intake may not be a problem. There seems little reason 
to increase protein intake with the goal of increasing tendon 
collagen synthesis. Neither muscle nor tendon collagen synthesis 
responds to provision of amino acids

how much protein?
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NO riduce Ca2+ cycling e 
rallenta “cross-bridge 
cycling kinetics” 

sarcoplasmic 

reticulum 

Ca2+-ATPase 

(SERCA) as 

the plausible 

site 

downstream 

of  dietary 

nitrate 



Calcium

Vitamin D

Zinc

Vitamin C Vitamin A

antiossidanti

Vitamin K



Glucosamine - Chondroitin Methyl-Sulfonyl-Methane

Boswellia Serrata Superox Dismutase

Omega 3 Arginine

Curcumin



results suggest that curcumin may 
be a potentially useful drug to 
prevent loss of muscle mass,

previous observations provide strong 
evidence that NF-kB is involved in 
muscle wasting during different 
catabolic conditions and that NF-kB
inhibitors may be efficacious in the 
management of muscle-wasting 
conditions. Of note, inhibition of NF-
kB activity is an important 
mechanism by which curcumin may 
exert beneficial effects.Curcumin (diferuloylmethane), a component 

of the spice turmeric (Curcuma longa) and
responsible for the yellow color of curry



a growing body of evidence clearly indicates that dietary supplementation or 
intravenous administration of Arg is beneficial in improving reproductive, 
cardiovascular, pulmonary, renal, gastrointestinal, liver and immune functions, as 
well as facilitating  wound healing, enhancing insulin sensitivity, and maintaining 
tissue integrity. 

Amino Acids. 2009 May;37(1):153-68. Epub 2008 Nov 23.
Arginine metabolism and nutrition in growth, health and disease.
Wu G, Bazer FW, Davis TA, Kim SW, Li P, Marc Rhoads J, Carey Satterfield M, 
Smith SB, Spencer TE, Yin Y

Arginine degradation occurs via multiple 
pathways that are initiated by arginase, 
nitric-oxide synthase, Arg:glycine
amidinotransferase, and Arg
decarboxylase. These pathways produce 
nitric oxide, polyamines, proline, 
glutamate, creatine, and agmatine with 
each having enormous biological
importance. 
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Molecular cascade of events after a mild traumatic brain injury.

The w-3 FA 
DHA has been 
shown to 
address 
several of the 
hallmark 
pathologic 
features of 
this injury, 
such as 
excitotoxicity, 
oxidative 
stress, 
antinflammat
ion.





Il solfato di condroitina è un glicosaminoglicano (GAG) 

solfato, composto da una catena alternata di zuccheri (N-
acetilgalattosamina e acido glucuronico). Si trova normalmente 
associata a proteine, a formare un proteoglicano. Una catena di 
condroitina può avere oltre 100 zuccheri, ognuno dei quali può 
legare ioni solfato in posizione e quantità variabili. Il solfato di 
condroitina è un importante componente strutturale della 
cartilagine, dandogli la quasi totalità della resistenza alla 
compressione

La glucosammina è un amminomonosaccaride (o 

glicosammina) e uno dei principali precursori della 
sintesi delle proteine glicosilate e dei lipidi. È uno dei 
maggior componenti del guscio dei crostacei e di altri 
artropodi, nei funghi e molti organismi superiori. È uno 
dei componenti del lipopolisaccaride dei batteri Gram-
negativi. Non è un monosaccaride in senso stretto del 
termine, in quanto la sua formula molecolare non 
corrisponde alla formula generale Cn(H2O)n.





Use of glucosamine and  chondroitin supplements  is  associated  with  lower 
concentrations of hsCRP and PGE-M. This study offers an important piece of 
evidence to suggest that these supplements might have anti-inflammatory 
potential.



This is the first study investigating the effect of glucosamine supplementation on 
rehabilitation outcomes in athletes who underwent ACL reconstruction. It was found that  

glucosamine-sulfate (1000 mg/day, for 8 weeks) did not positively  affect  the  rehabilitation  
outcomes.





PLOS ONE February 26, 2015

Glucosamine and chondroitin supplementation 
may lower systemic inflammation





The mechanisms of action of neither CS nor GlcN in cartilage and subchondral bone 
tissues affected with osteoarthritis still not fully determined

Nevertheless, it is a challenging task to understand how a carbohydrate-based 
compound with high molecular weight like CS (20–50 kDa) could be absorbed 
after oral administration and then remain sufficiently undegraded

necessity of a precise and detailed determination of the chemical structures of the CS
and GlcN present in these pharmaceutical preparations to support clinical and preclinical 

studies



Nutraceutici in medicina dello sport

• Epidemiologically,  vit D is linked to decr risk of cancer, multiple sclerosis, flu, 
hypertension, diabetes, & mood disorders. 

• Most human diets contain little vit D, unless wild-caught fatty fish is eaten.

• Age, latitude, time of day, season of the year, use of sunblock,  and 
pigmentation can dramatically affect the production of vit D in the skin.

• If vit D affects athletic performance, then measurements of physical 
performance should peak in the late summer, start to decline in early 
autumn, and reach their nadir in late winter. Guess what…?

Google: Vitamin D Council, Vitamin D 
Society

Main Benefits:
• Strengthens bones 
• Helps prevent/treat cold & flu
• Inhibits tumor proliferation
• Protects against CVD
• Enhances NM function






