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Etimologia

Arginine 4

Dietary nutrients l - Citrulline

“dpyuvpoc” (argyros) = argento

Amminoacido essenziale in certe condizioni (es. bambini

ASS in fase di accrescimento, traumi, ustioni, ulcere da

ASL .
v pressione)

Proteoly5|s

Arglnme
Principali fonti di arginina nella dieta:

Protein Arglnme
synthesis methylation frutta ?ecca
- legumi

Arginine  Arginine Arginine  Arginine  Arginine - alile
- pesce

Citrulline Guanidinoacetate

Arginase |l ASS = argininosuccinate synthetase;

ASL = argininosuccinate lyase;

NO—nitric oxide;

NO Urea Ornll.thme ':glma:rl\ri‘r? Creatine NOS—nitric oxide synthase;
Proline olyamines ADC—arginine decarboxylase;
Glutamate AGAT—arginine:glycine amidinotransferase.

Nutrients 2020, 12, 1300; d0i:10.3390/nu12051300
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Arginina e anabolismo muscolare: meccanismi

Stimolazione secrezione GH

Bo-adrenergic receptor
Free fatty acids

Glucose )
Glucocorticoids

Serotonln
Acetylcholine
Ghrelin

Pituitary
gland

Hypothalamus

ay-adrenergic receptor
Galanin

GABA
’®/ Ghrelin

Somatos;catip/ GHRH

Sex steroids

Ghrelin

Nat. Rev. Endocrinol. 9, 265-276 (2013)

Thyroid hormones
Glucocorticoids

Methionine

ATP
MAT2
PP+ P,

SAM

SAM
SAMTOR Release
\ik‘TOFH

Attivazione segnali anabolici

Leucine Arginine AMP

T

Leucine Leucine Arginine AMP
Release SAR1B/A SESTRIN2/1 | Release CASTOR1  Release AMPK
GATO&/ jTO R2 \G/A‘TORZ

( SSKl
Protein synthesis

4E BP1)

4

TFEB — Lysosme activity/
autophagy

Lysosome

Nature Reviews Molecular Cell Biology | Volume 24 | May 2023 | 355-374
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Ossido nitrico e performance fisica ~ Brain

Increased perfusion
in frontal lobe white
matter

Skeletal muscle

Exercise
Enhan ntraction
nhanced contractio performance
Increased muscle
blood flow

Reduced platelet

aggregation ex vivo .
Hypertension

i p((j) v / Mitochondria
cidosis @ Improved efficiency Pulmonary
- —> m (P/O ratio) hypertension
Haemoglobin ' Reduced proton leak COPD
Myoglobin
XOR p =
NOS Blood

€) Salivary = i
microbiome ‘j -/

i hY

Vasculature

Decreased blood
pressure

Increased flow
- mediated dilation
Preservation of
endothelial function

Improved vascular
compliance

Peripheral artery
disease
Bone marrow

Mobilization of
. circulating
. angiogenic cells Heart failure

doi:10.1038/nrcardio.2017.224
Cell 185, August 4, 2022
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DIETARY NITRIC OXIDE PRECURSORS
AND EXERCISE PERFORMANCE Lansley et al. (2011b) untrained, acute
Sports Science Exchange (2016) Vol. 29, No. 156, 1-6

Lansley et al. (2011b) untrained, acute

Murphy et al. (2012) untrained, acute

Wilkerson et al. (2012) trained, acute

J pO, g
Acidosis 4 Peacock et al. (2012) trained, acute
( .
ui{i?l%%l;bm Bescos et al. (2012) trained, 3 d
XOR
NOS Cermak et al. (2012b) trained, acute

Cermak et al. (2012a) untrained, 6 d

Salivary

A . A
microbiome Muggeridge et al. (2013b) trained, acute,
\ hypoxia

Muggeridge et al. (2013a) trained, acute :I

v Christensen et al. (2013) trained, 6 d

0 1 2 3
Change in Performance (%)

Figure 2: Effects of dietary nitrate supplementation vs. placebo on time trial performance.
Black bars represent a significant improvement in performance and grey bars represent no
significant change in performance.




cgcresso S| G G

Ritorno al futur

o

FIRENZE, 13-16 DICEMBRE 2023
CONGRESSI

PALAZZO DEI

Effects of Arginine Supplementatlon on Athletic
Performance Based on Energy Metabolism:
A Systematic Review and Meta-Analysis

Anaerobic performance (>VO,max)

Std. Mean Difference
Study or Subgroup  Weight IV, Random, 95% CI

Std. Mean Difference

Aerobic performance (<VO,max)

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% CI

Alvares 2012 35% -0.04 [-1.06,0.97]

Alvares 2012 3.5% -0.10[-1.12,0.81]

Bailey 2015 4.7% 0.02[-0.86, 0.90) |
Bailey 2015 4.7% 0.00[-0.88,0.88] _—1
Birol 2019 4.0% 0.85[-0.10,1.80] &
Campbell 2006 7.8% 0.49(-0.19,1.18) =
Campbell 2006 75% 0.74[0.04,1.43]

Campbell 2006 7.8% 0.51[0.17,1.19] T
Campbell 2006 8.0% 0.00-0.67,0.67) S B
Greer 2011 5.6% -0.10[-0.90,0.70] —_—
Greer 2011 56% -0.04 [-0.84,0.76] —i
Greer 2011 56% 0.00 [-0.80, 0.80] —_—
Hurst 2014 35% 0.67 [-0.35,1.88] =

Hurst 2014 3.3% 0.85[-0.18,1.89]

Hurst 2014 3.4% 0.77 [-0.26, 1.80]

Hurst 2014 3.7% 0.00[-0.98, 0.98]

Meirelles 2018 5.6% 0.07 [-0.73,0.87] T
Meirelles 2018 56% 0.09-0.71,0.89] I [CE—
Mor 2018 6.6% -0.01 [-0.75,0.73] | I—
Total (95% CI) 100.0% 0.24[0.05, 0.43] <>
Heterogeneity: Tau*= 0.00; Chi*= 11.96, df= 18 (P = 0.85); F=0% -lb ;I ) 1'

Test for overall effect: Z= 2.50 (P = 0.01) Favours Placebo Favours Arginine

Study or Subgroup  Weight IV, Random, 95% CI IV, Random, 95% CI

Abel 2005 6.8% 0.00 [-0.87, 0.88) ——

Abel 2005 6.8% 0.09 [[0.78, 0.97) T

Alvares 2014 6.6% -0.31 [1.34,0.71) —

Bailey 2015 6.8% -0.36 [-1.25, 0.53) ==

Camic 2010 6.4% 3.70[2.59, 4.82) e
Camic 2010 5.7% 5.23(3.72,6.74) —_—
Campbell 2006 71% 0.05[-0.62,0.72) ==

Da Silva 2014 6.6% -0.59 [-1.63, 0.46) ——

Hurst 2014 6.7% 0.15[-0.83,1.14) N

Hurst 2014 6.6% 0.50 [-0.50, 1.50] —_—

Hurst 2014 6.6% 0.27 [-0.72, 1.26) -1

Hurst 2014 6.6% 0.58 [-0.43,1.59) ==

Pahlavani 2017 6.9% 3.25(2.41,4.10) ——
Vanhatalo 2013 71% 0.01 [-0.71,0.72) -

Yavuz 2014 6.7% 0.87 [-0.11,1.85) =

Total (95% CI) 100.0% 0.84 [0.12, 1.56] <>

Heterogeneity: Tau®=1.78; Chi*=125.60, df= 14 (P < 0.00001); F= 89%

Test for overall effect: Z=2.29 (P=0.02)

4 -2 0 2 4

Favours Placebo

Favours Arginine

Nutrients 2022, 14, 4984. https:/ /doi.org/10.3390/nu14234984
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a) [Arg] plasmatica e intracellulare >> della sua Km per
eNOS =—=) saturazione enzima

b) Supplementazione (sia orale che EV) di Arg stimola
produzione NO

Possibile spiegazione:

- supplementazione bypassa il blocco da parte degli
inibitori di NOS (es. ADMA) o controbilancia
I'aumentata conversione in urea e L-ornitina per
iperattivazione dell’enzima arginasi (es., infiammazione) ADMA - Cllline L-Omithine

Clinica Chimica Acta 543 (2023) 117306
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Paradosso dell’arginina

Bioarginina = L-arginina (1.66g) + vitamina C (500mg)

o,
L-Arg
Asc Lare
os &
eNOS-Th r‘l‘:s e N e
eNOS-Ser f un Ct'i ont S-nitrosylated eNOS m
Asc
K 95_ 2
t‘eel\'l“é)ss-STe':ﬁ”-g l Denitrosylated eNOS m
' N O Cellular redox balance, optimal
- substrate and cofactor availability
Vasorelaxation

BH4 = tetraidrobiopterina

A. Mortensen, J. Lykkesfeldt / Nitric Oxide 36 (2014) 51-57

L-Arg + O o
=
L-Cit +NO BH,
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e REDUCTASE

OXYGENASE
BH4 \ _ L-Cit +NO
M

=
L-Arg + O,

o
.L

REDUCTASE

OXYGENASE

Cellular & Molecular Biology Letters (2023) 28:21
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(Bio)Arginina: le 5 «W»

Sedenary aging decreases Decreased NO may impact| | tEfvtgﬁttiz "Rlzyacgc:::g:g:::i B
NO bi ilabili key physiological Rl :
ioavailability Alhotons decline in exercise
performance

T
B

T4t

-+

Mitochondrial
biogenesis and function
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/ Skeletal muscle blood flow

=\

Skeletal muscle function

NO bioavailability
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Development of a novel Ultra Performance Liquid Chromatography
Tandem-Mass Spectrometry (UPLC-MS/MS) method to measure L-arginine
metabolites in plasma

Lavinia Santucci®, Sara Lomuscio °, Aniello Primiano®, Riccardo Calvani?, Silvia Persichilli »°,

. . . * . *
Federica Iavarone ", Anna Picca‘, Francesca Canu®, Andrea Urbani®", Jacopo Gervasoni *

NH o]
Protein-R __---~ o NH,
-CHs ~, L-Arginine
i
HoN 7~ NH,
Urea
+
o}
NH;
ADMA L-Citrulline L-Ornithine
“NH
\H \N/\/\(EOH
NH,
SDMA

Clinica Chimica Acta 543 (2023) 117306
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Markers biodisponibilita NO:

- L-arginina

- ADMA

- L-arginina/ADMA

- L-arginina/ornitina (attivita arginasi)

- GABR (Global Arginine Bioavailability Ratio) =
L-arginina/(L-citrullina + L-ornitina)
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Effects of L-Arginine Plus Vitamin C Supplementation on
L-Arginine Metabolism in Adults with Long COVID:
Secondary Analysis of a Randomized Clinical Trial

Long COVID

L. Healthy Controls
Characteristic L-Arginine + Vitamin C Placebo (n=11)
(n =23) (n=23)
Age, years 47.3 £10.7 484+ 8.0 48.8 £11.1
Women, 1 (%) 15 (65.2) 15 (65.2) 6 (55.5)
BMI, kg/m? 25.6+5.6 25.6 £4.0 258 £4.7
Glucose, mmol /L 4.8+ 0.6 48 +0.6 50+0.3
Total Cholesterol, mmol /L 544+1.1 53+1.1 46+0.5
Albumin, mmol/L 0.66 = 0.05 0.65 & 0.04 0.67 = 0.05
Creatinine, pmol/L 69.7 £ 164 68.2 + 149 64.0 +11.7
CRP, nmol/L, median (IQR) 33.3 (80.9) 33.3 (22.9) 33.1(18.4)
Hemoglobin, g/L 143+15 142 +14 143 +1.2
—White Blood Colls, 1091 6118
L-arginine, pM 192.7 £ 74.1 196.6 &+ 80.6 221.6 £31.3 l
Citrulline, pM 41.41+132 41.6 £119 301£75
Ornithine, pM 122.5 + 43.6 124.9 + 56.6 829 + 125
ADMA, uM 0.60 + 0.14 0.64 +0.19 0.48 + 0.02 I
MMA, uyM 0.13 £0.05 0.14 £ 0.06 0.10 £ 0.02
SDMA, uM 0.71 £ 0.15 0.77 £0.25 0.53 +0.11
Arginine/ADMA 320.9 +97.0 316.5 +103.2 462.8 + 31.3 l
Arginine/ornithine 1.8 +1.0 1.8 £ 09 2704
GABR 13+06 1.3+06 20£03 |
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Long COVID
ADMA = 125 ng/mL
SDMA =150 ng/mL

P ClevelandHeartLab®

Know your risk.

ADMA
(ng/mL)
<100 »123
Low High
SDMA
(ng/mL)

73-135 Low >135 High

Int. J. Mol. Sci. 2023, 24, 5078. https:/ /doi.org/10.3390/ijms24065078
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Effects of L-Arginine Plus Vitamin C Supplementation on
Physical Performance, Endothelial Function, and Persistent
Fatigue in Adults with Long COVID: A Single-Blind
Randomized Controlled Trial

PALAZZO DEI CONGRESSI

Intervento: 2 flaconi/d Bioarginina vs. placebo
per 28 giorni

A [L-Arg] sierica dopo trattamento

300 - o
200 -
100 - "
E i* S
o
o j —e——
QO00
-100 - T
—200 -
L]
Placebo L-arginine + vitamin C

L-Arg/ADMA dopo trattamento

Differenza media Bioarg vs. placebo= 62.4 uM;
effect size =0.72; p =0.02

450 — {

400 —

L-arginine/ADMA
O

350 —

300 —

| I [
Placebo L-arginine + Controls
vitamin C

Nutrients 2022, 14, 4984. https:/ /doi.org/10.3390/nu14234984
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Effects of L-Arginine Plus Vitamin C Supplementation on
Physical Performance, Endothelial Function, and Persistent
Fatigue in Adults with Long COVID: A Single-Blind
Randomized Controlled Trial

A distanza test 6 minuti A Handgrip A FMD
200 - o 5
o 20 -
100 - 10 4 20 -
g I : g _ * $ =]
7] - ]
10 - C)
= -10 4
L]
-100 - I
T ~20 1
L 0 -
Plac;ebo L-arginine + vitamin C Plac;ebo L-arginlneil- vitamin C Plat':ebo L-arginine + vitamin C
Differenza media Bioarg vs placebo= 50m; Differenza media Bioarg vs placebo= 3.4Kg; Differenza media Bioarg vs placebo= 3.4%;
effect size = 0.56; p = 0.001 effect size =0.37; p=0.03 effect size = 0.66; p = 0.03

Nutrients 2022, 14, 4984. https:/ /doi.org/10.3390/nu14234984
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Effects of Arginine Supplementation on Athletic
Performance Based on Energy Metabolism:
A Systematic Review and Meta-Analysis

Somministrazione in acuto per attivita aerobica/anaerobica

- 0.15g [L-Arg]/Kg 60-90 min prima dell’attivita

Somministrazione cronica per attivita aerobica/anaerobica
- Attivita Aerobica: 1.5-2 g [L-Arg]/d per 4-7 settimane

- Attivita Anaerobica: 10-12 g [L-Arg]/d per 8 settimane

Nutrients 2022, 14, 4984. https:/ /doi.org/10.3390/nu14234984
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Conclusioni

La supplementazione con (Bio)Arginina
- puo aumentare la biodisponibilita di NO e la performance fisica

- puo essere indicata in soggetti con aumentato fabbisogno di L-arginina (es., anziani malnutriti, post-
infezione virale, soggetti con condizioni caratterizzate da disfunzione endoteliale)

- specifici test ematici possono essere utili per individuare coloro che necessitano della supplementazione
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