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RIASSUNTO

Introduzione: La sindrome metabolica € un cluster di anomalieabwiche, che
comprende insulino-resistenza, alterata regolazial® glucosio, ipertensione,
dislipidemia, obesita e aumentato rischio di melattardiovascolare. L'insulino-
resistenza (IR) é stata collegata ad alterati indiiaigenerazione vascolare, infatti,
molti dati mettono in relazione la resistenza imsch al ridotto numero e funzionalita
delle cellule endoteliali progenitrici (EPC). Framolteplici meccanismi molecolari
implicati vi sono la riduzione dell'attivita e bimgbonibilita dell'ossido nitrico (NO) e
laumento dello stress ossidativo. Questi aspetthos legati sia all'anormale
attivita/produzione di fattori di crescita e chemioe che all’alterato signaling
intracellulare. L’insulino-resistenza altera la Vvi®@I3K/Akt/eNOS stimolata
dall'insulina che sappiamo essere coinvolta neffiagenesi, giocando un ruolo
importante nella riparazione del danno vascolaratti, € stato dimostrato che I'IR,
attraverso la down regulation della via del segiRdB#Akt, causa un decremento della
produzione di NO, il quale regola la motilita cédiee e la mobilizzazione delle cellule
staminali dal midollo osseo. L'ossido nitrico dirid@zione endoteliale, potente
vasodilatatore endogeno, viene sintetizzato daliea ossido nitrico sintetasi
endoteliale in una reazione multistep a partird@aginina. E stato dimostrato che la
L-arginina, potenzia l'uptake di glucosio mediatdl'thsulina incrementando il flusso
sanguigno. Alla luce dei dati ottenuti con la seppkntazione orale di L-arginina,
abbiamo pensato ad una diversa somministraziomgi@st’amminoacido, sottoforma
di prodotto alimentare, molto piu gradito ai patiedbbiamo pertanto creato un
biscotto contenente L-arginina (10%), completamémnbelisponibile (> 99%), con un
basso contenuto di carboidrati. Il biscotto € stdtenuto combinando L-arginina con
fiocchi di cereali misti, riso soffiato, noccioleseorza di arancia candita, mediante un
processo innovativo di aggregazione (sotto breyeitassemblamento/sagomatura del
prodotto. Ogni biscotto (circa 10 g) contiene alméry di L-arginina. Dati precedenti,

ottenuti in uno studio pilota su soggetti sani, fmMmostrato che nel biscotto la



biodisponibilita di L-arginina & del 100% e chepilodotto alimentare ha un effetto
benefico sulla funzione endoteliale e vascolare emiando I'ossido nitrico e il suo
secondo messaggero, il cGMP.

Scopo: Questo progetto & uno studio crossover in doppoocicondotto su soggetti
obesi con alterata tolleranza al glucosio (IGT)nell®me metabolica (SM), al fine di
valutare gli effetti della L-arginina contenuta féscotti, rispetto ai biscotti senza L-
arginina, sulla funzione endoteliale, sul signajlimsulinico e sulla mobilizzazione
delle EPCs.

Disegno dello studio e metodi: Lo studio, durato sette settimane, € stato cdodut
guindici soggetti obesi con IGT e MS e consistegh ¢consumo giornaliero di 6
biscotti (arricchiti con L-arginina o placebo) divin due snack, mattina pomeriggio. Il
peso e la massa corporea sono stati valutati @mpedenziometria. All'inizio e dopo
ciascun periodo di intervento nutrizionale, sonatiseseguiti 'OGTT e prelievi
ematici, a digiuno, per I'esecuzione di saggi biogbi e per la separazione di cellule
endoteliali progenitrici (EPC). Il flusso ematicelithvambraccio (FBF) e I'iperemia
reattiva (vasodilatazione endotelio-dipendente) éatas misurata con la
pletismografia a strain-gauge. Le EPC sono staletata mediante citofluorimetria.
L'espressione genica e stata valutata tramite R@RtIMe.

Risultati

Nel gruppo trattato con biscotti arricchiti con tgmina & stata riscontrata una
riduzione del peso corporeo, accompagnata da gn#isativa riduzione della massa
grassa, con livelli di NOx, cGMP e del flusso saggao post-ischemico
significativamente aumentati rispetto al gruppdtata con biscotti placebo. Inoltre, il
trattamento con L-arginina ha promosso un incremsra dei livelli di espressione
genica di eNOS e Akt (nelle EPC), sia dei livellagmatici di SDF-t;, VEGF,
MMP-9, SCF, ed una riduzione dei livelli plasmatciADMA.

Conclusioni:

| risultati dello studio rivelano che il consumoldscotti arricchiti con L-arginina, per
14 giorni é utile per migliorare la funzione endiate e vascolare, il metabolismo del

glucosio, la diminuzione del peso e della massasgr in soggetti con IGT e MS. La



forza di questo studio e che la perdita di pesmrifata e stata ottenuta senza l'aiuto di
un programma di attivita fisica strutturata neiorghri sedentari. Inoltre € stato
dimostrato che i biscotti arricchiti con L-arginirsono in grado di aumentare
I'espressione genica di Akt e di eNOS e di miglierka mobilizzazione e le proprieta
di differenziazione cellulare, aumentando sia dmecnarker periferici sia il numero

di EPC circolanti.

ABSTRACT

Introduction: Metabolic syndrome is a cluster of metabolic abradities, which
includes impaired glucose regulation, insulin resise, hypertension, dyslipidemia,
obesity and increased cardiovascular disease Iniskilin resistance (IR) has been
linked with altered indices of vascular regeneratidlbundant data also link the insulin
resistance with reduced endothelial progenitor ¢EPCs) number and function.
Among many molecular mechanisms involved, thereradeiced nitric oxide (NO)
bioavailability and oxidative stress, which aretblimked with abnormal growth factor
and chemokine activity and altered intracellulagnaling. Insulin-stimulated
PI3K/Akt/eNOS signaling, which is involved in angienesis, playing an important
role in vascular repair, is impaired in insulinisg@nce. In fact it has been demonstrate
that IR, through the down regulation of the sigmglpathway PI3K/Akt, causes a
decrease of NO production, which regulates cellilityoand stem cells mobilization
from bone marrow.

The endothelium-derived nitric oxide is a potenti@genous vasodilator that plays a
major role in vascular tone; it is synthesized by enzyme endothelial nitric oxide
synthase (eNOS) in a multistep reaction from L4airgt. It has been previously
demonstrated that L-arginine potentiates insulihated glucose uptake by increasing
blood flow.

In light of these data obtained with L-arginine lsapplementation, we considered a
new way of administration of this aminoacid, thatuld be more acceptable by

patients, through an innovative food product canitej L-arginine (at least 10%),



completely bioavailable (>99%), with a low conteritcarbohydrates. Recently we
developed a food product containing L-arginine,aabiscuit. L-arginine enriched
biscuits were manufactured in a single batch by linmg L-arginine with other
ingredients (mixed cereal flakes, puffed rice, hazts, candied orange peel) by means
of an aggregation/shaping innovative process (updéenting) based on sonication.
Each biscuit (about 10 g) contained at least 1 g-afginine. Previous data, obtained
in a pilot postprandial study in healthy subjectbowed a quite complete bio-
availability of L-arginine in the biscuit and berogl effect on endothelial and
vascular function by increasing nitric oxide arglsecond messenger, cGMP.

Aim: This project is a double-blind crossover study @enied in obese subjects with
impaired glucose tolerance (IGT) and metabolic syme (MS), in order to evaluate
the effects of the L-arginine-enriched biscuitsmpared with placebo biscuits, on
endothelial function, insulin signalling and EPGbilization.

Study design and methods: The study consisted of a 14-day randomized doulixhel-b
placebo-controlled crossover intervention trialwhich 15 obese subjects with IGT
and MS consumed 6 biscuits (enriched with L-argndr placebo) divided into two
shacks, in the morning and in the afternoon..Atelias and at the end of each
treatment period blood samples were collected aterovernight fast and during
OGTT for EPC separation and serum/plasma biochaessand body weight and
composition were evaluated by bioimpedenziomettye Torearm blood flow (FBF)
and reactive hyperemia (endothelium-dependent viasod) were measured with
strain-gauge plethysmography. EPCs were evaluatedfldw cytometry. Gene
expression was evaluate by real time PCR.

Results: In the group receiving L-arginine-enriched bissuite found a body weight
reduction, accompanied by a significant reductiofat mass, higher L-arginine, NOx
and cGMP levels and post-ischemic blood flow sigaiitly increased compared with
the group receiving placebo biscuits. Moreover gi#@ne enhanced both eNOS and
Akt mRNA expression levels (in EPCs) and SOF-IVEGFa, MMP-9, SCF

plasmatic levels, while reduced ADMA plasmatic leve



Conclusion: The study results reveal that consumption of girane-enriched biscuits
for 14 days was safe and useful for improving ehelal and vascular function,
glucose metabolism, decreasing body weight anangss in subjects with IGT and
MS. The strength of the present study is that wdags was achieved without the help
of a structured physical activity program in thelesgtary volunteers. Moreover, we
demonstrated that the L-arginine-enriched bisciais &ble to increase Akt and eNOS
gene expression and to improve cell mobilizatiod differentiation properties, by

increasing both the specific peripheral markerstaechumber of circulating EPCs.



1. PREFACE

1.1. METABOLIC SYNDROME
Definition and brief history

The metabolic syndrome is a heterogeneous climnéty, represented by a
cluster of multiple abnormalities, affecting obggsiespecially abdominal obesity,
insulin resistance, impaired glucose toleranceljplgemia (high triglycerides and low
HDL cholesterol) and high blood pressure. The genee of these alterations is
different between the genders at different agesadiferent ethnic groupsS here are
still few problems related to the definition andgliosis of metabolic syndrome: the
proposed components are continuous variables afat as is necessary to establish a
cut-off, there is not yet a consensus on the spedgidues to establish the diagnosis of
each component; these variables are certainlyratéeed, but the pathophysiology of
their relationship is not yet clearly understoodd astill debated whether or not to
include insulin resistance and diabetes among timaponents of diagnostic and
whether to include other variables (such as thodlated to inflammation or
coagulation)lt was called plurimetabolic syndrome (Avogaro igtabolic syndrome
(Haller H), syndrome X (Reaven GM), deadly quafkaplan NM), insulin resistance
syndrome (De Fronzo RA), The description of theahbelic syndrome and the attempt
to standardize the diagnostic criteria have a tydtwat dates back to the early '600, but
that still keeps the lively debate. It was Nicoldedp (1593-1674) first, in Amsterdam,
to describe a case of syndrome hypertriglyceridgiaialens DW). Tulpestablished
the link between hypertriglyceridemia and ingestbsaturated fatty acids ("pure milk
in the blood"), obesity and bleeding tendency. dldy that, he suggested a therapeutic
approach correctly indicating a reduction in thatabution of saturated fatty acids, he
also recognized the association between early @dblerosis and sudden death. About
250 years later, Morgagni described very clearly #ssociation between visceral

obesity, hypertension, hyperuricemia, atheroscieremd obstructive sleep apnea



syndrome, long time before the metabolic syndron the syndrome of obstructive
sleep apnea were defined (Morgagni GB). The fregsénultaneous presence of
obesity, hyperlipidemia, diabetes and hypertensias described in 1977 by Haller et
al., who first uses the term "metabolic syndromed describes the association with
atherosclerosis (Haller H). Reaven in 1988 intreduthe concept of Syndrome X to
identify the group of disorders relating to the atetism of glucose and insulin,
dyslipidemia and hypertension. Reaven suggestedrtbalin resistance, which causes
hyperinsulinemia, characterizes this group of dlsess and is an important
cardiovascular risk factor in itself (Reaven GM)should be noted that Reaven, in his
description, had not included among the componehtthe syndrome overweight
and/or obesity. In 1991, Ferrannini et al. alsogested that this set of disorders was
determined by insulin resistance and use the tamaulin resistance syndrome"
(Ferrannini E). A definition of the metabolic syodie was given by the "WHO
Working Group on diabetes" in 1998, then amendetBi®n, with a list of criteria for
clinical diagnosis.

There were different criteria for the definition mitabolic syndrome, in 2001,
"United States National Cholesterol Education PapgrAdult Treatment Panel I
(ATPIII) report" proposed a set of criteria similar those proposed by the WHO,
except for the fact that the key component of viscebesity and insulin instead
resistance. The ATP Ill does not find enough ew#eto recommend the routine
measurement of insulin sensitivity or the doselatase to two hours post- load, but
simply includes the determination of fasting bloghicose (NCEP, 2001).This
definition of metabolic syndrome requires havindgeasst 3 of the following 5 factors:

-increased waist circumference 102 cm in men ang88 cm in women),

-hypertriglyceridemiaX150 mg/dl ),

-low HDL cholesterol (<40 mg/dl in men and <50 mgfdwomen),

-hypertensionX130/85 mmHg or treatment for hypertension)

-fasting glucose>110 mg/dl (or>100 mg/dl, as suggested by the panel of

experts American Diabetes Association in 2003).



In addition, ATP 1ll recommends a number of optiomeasures, such as C-reactive
protein as a marker of proinflammatory state, aitinfogen, as a marker of a
prothrombotic state. However, the 5 criteria anttaftivalues and the proposed by
NCEP -ATP Ill panel have some problems as wellhascriteria of the WHO. These
criteria represent a consensus of experts and defiect a process of evidence-based
field data, ie observations of epidemiological @ake into account the influence for
example of the breed and the age even more, theidodl components of the
metabolic syndrome. In addition, it is possiblet tih& current criteria undergo changes
when there will be more evidence on the role ofiffibgen or C-reactive protein,
which could then be included as diagnostic critdriggeneral, studies performed using
the definitions proposed by WHO and ATP Il showttthey identify individuals with
metabolic syndrome with good overlap (Ford ES). Eesv, in 2009 there was an
update of ATPIII in which fasting glucose leveldamaist circumference were lower:
fasting glucose>100 mg/dl and waist circumferenee94 cm in men and80 cm in
women (Alberti KG).
Insulin resistance

The first definition of insulin resistance (IR) wdsrmulated in 1922 by
Banting and Best, the two researchers that idedtifisulin, according to which it was
to be considered an insulin-resistant subject itha¢eded to produce more than 200
units of insulin per day to maintain an acceptabletabolic control (Rosenfeld L).
Only with the acquisition of the measurement teghes of insulin, the IR has
acquired a pathophysiological characterized mooarrately. Berson and co-workers
first, in the 70s, began to indicate hyperinsulireeas marker of a condition in which
they are required higher concentrations of instdmevoke a physiological response
(Yalow RS). The concept of IR was further expanded a result definition of
molecular biological and pathophysiological actiafisnsulin. Eventually '70s, Kahn
defined the IR as any condition in which physiotagiinsulin concentrations produce
a biological response lower than normal (Kahn AR3ulin resistance may involve
several organs and tissues (liver, skeletal musiete adipose tissue) or a single cell

type (for example, the skeletal muscle cell) (Withe Roden M).
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The gold standard for defining insulin resistanedhie euglycemic hyperinsulinemic
clamp technique. The hyperinsulinemic euglycemgng is the reference method for
measuring tissue sensitivity to exogenous insulihis complex test is based on
amount of insulin infusion, for 120 minutes, such ta bring blood levels of the
hormone, at a constant level of 100 microU/ml. Megg the amount of glucose
required to maintain normal blood glucose levelsleates the ability of glucose
uptake in the tissues by exogenous insulin. Sihce test is difficult to apply on
epidemiological studies and very expensive, theeeother methods of assessment of
insulin resistance such ddomoeostasis Model Assessment of Insulin Resistance
(HOMA-IR), an index based on a mathematical model that cerssitie steady-state
serum concentrations of fasting glucose and insdatculated as: HOMA index =
(glucose mmol/L*insulin mU/L)/22.5. (Matthews DR)

In a single individual the phenomenon may extenchany biological processes, such
as the glucose regulation, lipid and protein mdtaihy or to be limited to a few
hormonal actions, such as regulation of glycogenhssis and/or glucose oxidation.
Glucose metabolism is the cornerstone of the métahctions of insulin, then the IR
was related to reduced ability of insulin to proentite glucose uptake and a reduced
lipolysis suppression. The resulting increase e ffatty acids, through a defined
competition substrate mechanism, even more inhibésutilization of glucose. This
creates a vicious cycle that is able to worsenlimsesistance (the Randle cycle)
(Randle PJ). According to studies carried out it has been depedloby Reaven a
further definition of IR as a reduced ability todute consumption of glucose in
skeletal muscle (44 Reaven GM, 2000). The skeietaicle, in fact, is responsible for
70 % of the consumption of glucose in the post-oghis/e. Later it was proposed
additional definitions of IR. In 1991, Flier defuhdR as a state in which a given
concentration of insulin is associated with a subab response of glucose metabolism
(Moller DE). In physiological conditions, insulirtimulates the glucose uptake into
insulin-dependent target tissues, binding to itseptor on the cell membrane. This
binding promotes phosphorylation of three tyrosiasidues of the insulin receptor

substrate (IRS-1) located in the cytoplasm. Thesphorylated peptide converts the
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glicerofosfolipide phosphatidylinositol-4,5-bisplpbste (PIP2) in phosphatidylinositol
-3,4,5-triphosphate (PIP3) by the enzyme phospylatwsitol-3-kinase (PI3K), which
activates in turn the Akt insulin-sensitive protestso known as protein kinase B. The
activation of Akt promotes, in metabolic tissuelse ttranslocation of the glucose
transporter (GLUT 4) to the membrane with consetjugracellular glucose uptake,
while in endothelial cells the activation of thiatpway results in phosphorylation of
endothelial nitric oxide synthase (eNOS). This emeycatalyzes the production of
nitric oxide (NO) which plays a key role in enddthkvasodilation. Therefore, insulin
resistance is often associated with endothelial futhgdion with impaired
production/activation of eNOS and NO.
M etabolic syndrome and cardiovascular risk

Metabolic syndrome affects one in five people, prelvalence increases with
age. Some studies estimate the prevalence in the 1d0Sbe nearly 25% of the
population (Park YW)Subjects with metabolic syndrome have high riskdéwelop
type 2 diabetes mellitus and have greater risk oftatity for cardiovascular disease
(Lakka HM). Several epidemiological studies haveeniified an increased
cardiovascular disease risk in individuals with NISomaa B). Insulin resistance,
metabolic disorders and vascular alterations aengiresent in individuals affected by
visceral obesity: this condition, therefore, givés these individuals an high
cardiovascular risk (Lebovitz HE). Metabolic synah® is gradually asserting, among
the factors that can promote atherosclerosis, as a@nthe leading causes for
cardiovascular events, the primary cause of deathindustrialized countries.
Cardiovascular diseases are among the chronic degere diseases with the highest

morbidity and a leading cause of disability.

Recent epidemiological studies have shown the s@vibity of risk, ie the possibility
of reducing or delaying the onset of events throtigh reduction of risk factors.
Mortality and disability that can cause these diesaare the reasons why people
devote a large space for public health to prevest

1.2 ENDOTHELIAL PROGENITOR CELLS
Definition

12



The endothelial progenitor cells (EPCs) are a patpu of circulating cells, derived
from bone marrow, functionally and phenotypicallgtohct from adult endothelial
cells, with clonal expansion ability (ability ofangle cell to multiply), proliferative
and differentiative capacity. They play an impottaathophysiological role: in fact
they increase angiogenesis through the secretiggrafth factors, constitute a rich
source of circulating progenitor cells, are invalva the processes of tissue ischemia,
in atherosclerosis, in endothelial dysfunction aid the tumor vasculature.
In 1997, Asahara and collaborators identified fbe ffirst time a population of
circulating cells with properties similar to thosé embryonic angioblasts, however
able to differentiateex vivointo an endothelial phenotype. These cells wefaeid
Endothelial Progenitor Cells (Asahara T).

The importance of this discovery lies in exceedihg paradigm that postnatal
neovascularization is mediated exclusively by theliferation and remodeling of
mature endothelial cells from pre-existing vesskisfact, the work of Asahara et al
has confirmed the crucial role of EPCs in the naiahce of endothelial function of
blood vessels through a continuous process of dethelialization and
neovascularization (Heiss C). This process consisteveral stages characterized by
the production of specific molecular factors: miaition of EPCs from bone marrow,
adhesion and transmigration in the endotheliummaiaxis - migration - invasion and
differentiation into mature endothelial cells. Tladure/dysfunction of one or more of
these stages causes a decreased or absent autiZidCs. However, the normal range
for the number of circulating EPC in healthy sutgebas not yet been defined.

There are two different approaches for the idesaiion and characterization of EPCs:
the flow cytometric technique and the cell cultures

The flow cytometric technique is based on the idieation of EPCs through the
evaluation of the surface antigen expression: stath and mature endothelial
differentiation markers. This method has the adagatof being able to select a more
homogeneous population of cells and to be abledémtify multiple cell subsets
simultaneously, but it is, however, complicatedly absence of unique and restrictive

markers to the alleged EPCs, given the co-expressicurface antigens than those
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expressed on the circulating hematopoietic celld @mdothelial cells. Another
important restriction of the flow cytometric meth@the lack of information of the
functional type. The=x vivoapproach (cell cultures), in contrast, not onlpwas the
identification and the evaluation of EPC numbett, &lso provides information of the
functional type. This method is based on the ER&ai®n from the circulating
mononuclear cells from peripheral blood and theesm®ent of their proliferative
capacity (ability to form colonies, CFU), and driatiative ability into mature
endothelial cells.

Origin and differentiation of EPCs

EPCs derived from the bone marrow hematopoietim stells (HSCs) and therefore
express specific surface markers characteristgtash cell such as CD133 and CD34.
In the process of differentiation EPCs acquire yeahdothelial markers such as
vascular endothelial growth factor receptor-2 (VERGE), also known as kinase insert
domain receptor (KDR) Progressively there is a lo6CD133, earlier stem cell
marker, which leads to a subpopulation of EPCs thighphenotype CD34/KDR.

There are different phenotypes (CD34/CD133/KDR, GBKDR and CD34/KDR)
that identify the population of EPCs, they havershalf-lives, so they are transient
and detectable even at the same time in the blcaufst

The differentiation process gradually leads todb#ine Circulating Endothelial Cells
(CECs) characterized by the expression of matudetéelial markers such as CD31
(or PECAM-1, platelet cell adhesion molecule-1), -V&ad (vascular endothelial
cadherin) and the vonWillebrand factor (vWF) accampd by the loss of stem cell
markers. In the processes of differentiation of GECmature endothelial cells (ECs),
we are witnessing a high expression of all the ifpemarkers of endothelial cells
which line: VE -cadherin, vWF, endothelial nitricide synthase, CD146 and E -
selectin.

Insulin resistance and vascular repair

Insulin resistance is a metabolic disorder whickults in the impaired glucose
homoeostasis, encountered in several conditiomfyding obesity, pre-diabetes and

Type 2 diabetes mellitus. Insulin resistance ioeased with impaired downstream
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signal transduction when insulin binds to its reoepso reducing glucose uptake in
metabolic tissues. However, the metabolic effedtshese molecular abnormalities
have wider implications than disordered blood gheccegulation alone: dyslipidaemia,
inflammation and a pro-thrombotic tendency are diafimarks of insulin-resistant
states (Hsueh W). The combined effect of theseofadn insulin-resistant subjects
results in a significantly increased risk of caxdiscular events (Booth GL, Cubbon
RM, Grundy SM).

Although many questions remain regarding the nhtuskory of atherosclerosis, it is
commonly accepted that dysfunction of the vascertaothelium represents the earliest
manifestation of the disease (Ross R). A closelyplad relationship between insulin
resistance and endothelial dysfunction is now stpddoy a wealth of observational
and mechanistic studies. In health, the damagifegtsfincurred through exposure to
risk factors are mitigated by endogenous procesgbigh regenerate damaged
endothelium and preserve the structural and funationtegrity of the endothelial
monolayer (Dimmeler S). Mature endothelial cebsédn a finite proliferative capacity
and have limited potential for repair. The discgvef EPCs by Asahara et al.
stimulated intense interest in the role of thesks deoth in terms of new vessel
formation and in the regeneration of damaged emtioth. Mobilization of EPCs from
the bone marrow into the circulation occurs in oese to growth factors and
cytokines, including VEGF (vascular endothelialwgtio factor) and SDFd. (stromal-
cell-derived factor-d), (Aicher A). Both VEGF and SDFelup-regulate bone marrow
MMP-9 (matrix metalloproteinase-9) activity.

The correct process of EPC mobilization/prolifesatcomprises a cascade of different
signals, the key role is played by the PI3K\Akthyedy as the phosphorylation of Akt
leads to activation of eNOS in the stromal cellsh® bone marrow resulting in the
production of nitric oxide. It promotes the transfiation of MMP-9 from the inactive
to an active form; causing the detachment of the &&=m cell factor, also known as
Kit-L, tyrosine-kinase receptor) from the membrgmit-L) to form the soluble SCF
(sKit-L). It acts at the niche of the bone marrowene there are the endothelial

progenitor cells and promotes their mobilizatiod diffusion in the blood vessels.
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After mobilization into the circulation, EPCs honoe migrate toward regions of
endothelial injury, where they adhere and proliferéacilitating vascular repair.
Chemokine signalling plays a major role in diregticirculating progenitor cells to
sites of injury. Up-regulation of SDFalin ischemic tissues is driven largely by tissue
hypoxia (Ceradini DJ). Interaction between SOFFdnd CXCR4 (CXC chemokine
receptor 4) then facilitates homing of EPCs tossité injury. EPCs contribute to
endothelial repair by two principal mechanisms: proliferating to form new
endothelial cells, or by releasing an array of angiogenic cytokines and growth
factors which stimulate the proliferation of otlt&#?Cs or local mature endothelial cells
(Hur J; Sieveking DP).

Disorders of glucose regulation are associated waithormalities in EPC biology,
including reduced circulating numbers of EPCs, ci&éfe mobilization from bone
marrow and impaired functional properties of EP@wlicit to their capacity to
mediate endothelial repair. Flow cytometric andl eeilture analyses demonstrate
consistently fewer circulating EPCs across the tspet of insulin-resistant states.
Individuals with Type 2 diabetes have reduced &l circulating EPCs, which are
correlated with disease severity (Tepper OM, Egé&h Eadini GP, 2005; Kusuyama
T). Hyperglycaemia may partially explain this asabon, as Fadini et al. (Fadini GP,
2007) demonstrated reduced numbers of EPCs inichdils with impaired glucose
tolerance compared with those with normal glucespilation. EPCs were negatively
correlated with glucose levels after a glucose lehge. EPCs were, however,
negatively correlated with components of the mdtatgyndrome and with HOMA-
IR, in a separate study of subjects across a veidger of cardiovascular risk (Fadini
GP, 2006). EPCs were also found to be lower infarattudy of obese men with the
metabolic syndrome compared with non-obese heaitmgrols (Westerweel PE). In
that study, EPCs were associated with BMI (bodyaniradex) and correlated inversely
with components of the metabolic syndrome, but linstesistance was not studied
separately. Reduced circulating EPCs may be atafibe to a number of factors,
including defective mobilization, decreased protiteon and shortened survival in the
circulation (Aicher A, 2003; Aicher A, 2004; Hristd/). As discussed in further detail
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below, insulin resistance is closely associatett wiinormalities in NO bioavailability
and PI3K/Akt signalling, both of which play a cracrole in EPC mobilization from
the bone marrow (Aicher A, 2003; Hristov M; Dimmet Thum T; Werner C; Urao
N). EPCs from humans and animals with Type 2 dedbdiave multiple functional
defects in vitro, including impaired migration to chemotactic stlimureduced
proliferative potential and diminished ability torfn vascular-like structures, which
are likely to limit their regenerative capacity pper OM; li M). These functional
deficits appear to be biologically relevantvivo, as li et al. (li M) have demonstrated
that re-endothelialization following endotheliumadeling injury was impaired in mice
with Type 2 diabetes (li M). Unfortunately, sucludies do not allow the effects of
insulin resistance to be considered separately frase of hyperglycaemia and other
metabolic derangements characteristic of diabétesiing of EPCs to sites of vascular
injury is dependent on an interaction between lggatoduced chemokines and the
CXCR4 receptor on EPCs. Diabetes is associated avilecreased expression of the
chemokine SDF- in injured tissues (Badillo AT) and reduced expi@s®f CXCR4
in peripheral mononuclear cells (Egan CG), whichy rimibit recruitment of EPCs
from the circulation.
1.3ENDOTHELIAL FUNCTION
Endothelium

The endothelium is a ubiquitous organ responsille the regulation of
hemodynamic and metabolic processes and it isialgsdved in the synthesis and
inflammatory processes. The endothelial cells ogcup important position between
the blood and the tissues; this location facilgatbeir involvement in numerous
physiological processes; these cells are very ahioh closely linked to each other, so
that the endothelial surface does not present &@uopitinuity (except for sinusoids);
typically, they assume an elongated shape towdnds direction of blood flow,
especially in the arterial vessels of greater eajiin the capillaries, they are
characterized by the extreme thinness. The endaothés not a simple inner lining of
the vessels but it is considered a real organ ceetbby one trillion cells that together

weigh as the liver. The endothelium can be coneiflean autocrine and paracrine
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organ able to secrete, in response to a largetyansfesignals, numerous chemical
mediators that influence either the same cells phatiuced them that those nearby.
The result is a modulation of vascular tone anddl8ow in response to nervous,
humoral and mechanical stimuli. The endothelialctions are several and very
complex (and even more numerous are the mediatodsiged by its cells):

» Barrier function: the endothelium is similar tosami-permeable membrane that
controls the passage of substances from the eltriacdluid to bloodstream and vice
versa,

* Regulation of coagulation, fibrinolysis and plateaggregation; blood fluidity
balance

« Control of leukocyte adhesion and infiltration

« Control of the proliferation of smooth musclelsealf the tunica media; modulation of
tone, vascular permeability and structure; it playsnajor role in the remodeling
observed in hypertension, in re-stenosis afterytan@ous coronary intervention and
in the atherosclerosis

» Formation of new blood vessels (angiogenesis)

 Oxidation of LDL and regulation of inflammatoryqeesses

The chemical mediators produced by the endotheltan be distinguished in
vasodilators, which increase the lumen of the \ssegth anti-proliferative, anti-
thrombotic and anti-atherogenic action, and vassitmtors, which instead have
opposite function.

Nitric oxide (NO) is the most important mediatorrairmal endothelial function: it is a
potent vasodilator and it inhibits platelet activat smooth muscle cell migration and
proliferation, and leukocyte adhesion and activatiGonsequently, the altered nitric
oxide production has been associated with vasditsrases such as atherosclerosis,
diabetes or hyperlipidemia. Endothelial dysfunctisncharacterized by an irregular
secretion of nitric oxide and a resistance in stateabnormal insulin resistance.

Nitric Oxide
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The nitric oxide is a bioactive product produced bgveral types of
mammalian cells, with the lowest molecular weigimoag all cellular mediators
known (Nathan C).

It is an intra and extracellular mediator virtuallipiquitous involved in several
pathophysiological processes such as neurotransmissflammatory response and
immune vascular homeostasis. It is produced by neefiytypes, including endothelial
cells, monocytes, macrophages and neurons. Themmednt effect of nitric oxide
depends on the site production, the magnitudesafutput and the type of target tissue.
The biological half-life is a function of oxygennson and the superoxide anion
concentration and caries directly with the gas eatration in the solution. We
consider that a NO concentration of 10-50 nm hdwl&life of 3-5 sec, while a
concentration of 300 nm has a half-life of 30 s@sofignarro LJ). Currently, nitric
oxide is used as a mediator of numerous cell fansti including the following:
(Sheferd JT; Stuehr DJ)

-vascular and intestinal smooth muscle, arteridl\anous vasodilation,

peristalsis inhibition

- platelet aggregation and adhesion inhibition

- cell proliferation inhibition

- immunomodulatory and cytotoxic effect of macrogés, polymorphonuclear

cells, lymphocytes and other cells involved immome defence

- neurotransmission

- mutagenicity

Mechanisms of action of Nitric Oxide

The vasodilation, antiaggregant and neuromodulasmtyons of NO are due to the
stimulation of a soluble guanatocyclase in the gimomuscle vascular cells, in
platelets, neurons and other cells. The bindinguenylyl cyclase cause a change in its
conformation with activation of catalytic site whifollows an increase of ATPasi Na-
K activity and an increase of cGMP synthesis froomrpsintriphosphate. Two
guanylyl cyclase isoforms are present, one cytoswlisoluble, activate by NO and the

other one bind to the membrane, activate by atrédtiuretic peptide. The soluble
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guanylyl cyclase is an eterodimeric protein of Xba, containing a heme mole and
one Cu" for dimero molglgnarro LJ). The nitric oxide affinity constardrfheme is
3000 times greater than oxygen. Paramagnetic N@shiith high affinity to the Fé
heme hemoprotien, forming a nitrosil-heme adductenstable than NO (Nathan C).
On the other side, NO rapidly reacts with oxygenl dree radicals derivates, as
superoxide anion: this explains the protective ctfief superoxidedesmutase on NO
activity. NO binding the heme of soluble guanylyclase, forms a ternary complex
enzyme nitrosyl-heme, determining an increase pym@e activity of 50-200 times.

Nitric oxide synthases

Nitric oxide is synthesized from guanidine nitrogenL-arginine, which then gives
rise to nitric oxide and L-citrulline. This reaatigs catalyzed by a family of enzymes
called NO synthase (NOS) (Forstermann U). Nitriddexsynthase can be present in
plasma membrane, cytoplasm, nucleus, rough endojasticulum and mitochondria
of cells. There are three isoforms of the NOS: nN@fe 1 NOS), which was first
discovered in neuronal tissues; iINOS (type 2 N@®jch was originally found to be
inducible under certain conditions in macrophagus leepatocytes and eNOS (type 3
NOS), which was first identified in endothelial lselThese NOS isoforms are encoded
by three different genes, and their nucleotide erges are 51-57% homologous
(Alderton WK). In general, eNOS, nNOS and iNOS laealized primarily in plasma
membrane and cytoplasm, mitochondria and cytoplasrd, cytoplasm, respectively;
NNOS and eNOS are expressed constitutively at émegl$ in a variety of cell types
and tissues, whereas iNOS is normally not expreasedsignificant level in cells or
tissues (17 Wu G). When induced by certain immugickld stimuli (including
inflammatory cytokines or bacterial endotoxin), i@ highly expressed in many cell
types and produces a large amount of NO. Due tagts affinity for calcium and tight
binding with calmodulin, iNOS is fully active in éhabsence of exogenousCar
calmodulin. All of the NOS isoforms can be induagader certain stimuli through
transcriptional and translational mechanisms (Wu1@98). Structurally, all NOS
isozymes are homodimers. In functional NOS, the@iinal reductase domain of one
monomer (with binding sites for NADPH, FMN, and FAI3 linked to the N_terminal
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oxygenase domain of the opposite monomer. This enxgge domain carries a
prosthetic heme group. The oxygenase domain alsdsbthe tetrahydrobiopterin
(BH4), molecular oxygen, and the substrate L-arginiln a first step, NOS
hydroxylates L-arginine to Whydroxy-L-arginine. In a second step, NOS oxidizes
N®-hydroxy-L-arginine to citrulline and NO, (image (Griffith OW).

. . OH
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Image 1: Schematic representation of the NO sgigheaction (Daff S Nitric Oxide
23,2010)

Compelling evidence shows that NO synthesis isladégd not only by the amount
and/or phosphorylation of the NOS protein, but ddgothe availability of cofactors

(particularly NADPH, BH4 and C& and Arginine (image 2). (Wu G, 2002).
Although the Km values of NOS for Arginine are 3 20 uM, depending on its

isoform, increasing extracellular Arginine concatibns from 0.05 to 5 mM dose
dependently increases NO synthesis in a varietycelfs, including activated

macrophages and endothelial cells (Wu G, 1998j.dtear that Arginine increases the
transcription of INOS in macrophages and BH4 sysithan endothelial cells (Shi W)

whereby Arginine stimulates NO production in bodtl types.
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Image 2: endothelial nitric oxide synthase with istibstrate and cofactors.
(Forstermann U Eur J Physiol 459, 2010)

L-arginine

L-arginine (2-amino-5-guanidino-pentanoic acid)aisconditionally essential,
proteinogenic amino acid that is a natural constitwf dietary proteins. L-arginine is a
basic amino acid (AA) in physiological fluids. Bédss its role in protein metabolism, L-
arginine is involved in various metabolic pathwagsch as synthesis of creatine, L-
ornithine, L-glutamate, and polyamines. Decarbdigne of L-arginine can produce
agmatine, a biogenic amine metabolite. L-arginiise also involved in protein
degradation by the ubiquitin-proteasome pathwaybidlogically important pathway
involves L-arginine as the substrate of a family esfzymes named nitric oxide
synthases. The reaction mechanism of NO synthasek/es a 2-electron transfer from
molecular oxygen via a number of cofactors to Lirarg, resulting in the release of
NO and L-citrulline (Wu G, 2009).
Its content is relatively high in seafood, wateromejuice, nuts, seeds, algae, meats,
rice protein concentrate, and soy protein isolkied DE), but low in the milk of most

mammals (including cows, humans, and pigs) (Wu @94). Results of the third
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National Health and Nutrition Examination Survedigate that mean Arginine intake
for the US adult population is 4.4 g/day, with 2%) and 10% of people
consuming<2.6 (suboptimal), 5-7.5, and>7.5 g/despectively (King DE).
Substantial amounts of orally administered Arginide not enter the systemic
circulation in adults, because 40% of dietary Amgnis degraded by the small
intestine in first pass metabolism (Wu G, 2009)Ithdugh it is often stated that
Arginine is formed in the mammalian liver, there@net synthesis of Arginine via the
hepatic urea cycle because the liver contains aaeghngly high Arginase activity to
hydrolyze Arginine into urea plus ornithine (Wu @&998). Indeed, Arginine
concentrations in hepatocytes are very low (0.0B#tM), compared with 0.5-10 mM
for other aminoacids (Li P). In adults, endogenswysthesis of Arginine involves the
intestinal-renal axis (Wu G, 1998). Namely, citindl is synthesized from glutamine,
glutamate and proline in the mitochondria of entgtes, released from the small
intestine, and taken up primarily by kidneys fogiine production. Interestingly, the
uptake of citrulline by liver is negligible and shbrgan is not active in extracting
Arginine from the circulation (Wu G, 2007). Theredfpnearly 100 and 90% of the gut-
derived citrulline and Arginine, respectively, bggathe liver in pigs (Wu G, 2007).
Similar patterns of citrulline and Arginine metaisal have recently been reported for
humans (Van De Poll FW). Pyrroline-5-carboxylat®@ synthase, proline oxidase,
and N-acetylglutamate (NAG) synthase are the ttkey regulatory enzymes of
intestinal citrulline synthesis (Wu G, 1998). Theezocyte is the only mammalian cell
type that expresses all three of these enzymeisaiimt an essential role for the gut in
whole-body homeostasis of citrulline and Arginirldygn E). In mammals, when
dietary levels of Arginine are high, intestinal #yesis of citrulline from glutamine and
glutamate may be inhibited for sparing of glutamamel glutamate for other metabolic
pathways. Besides the kidney, citrulline is readiyverted into Arginine in nearly all
cell types, including adipocytes, endothelial gedisterocytes, macrophages, neurons,
and myocytes (Wu G, 1998).

Studies with macrophages and endothelial cells dstmated that citrulline is

transported into cells by the N system which i®aile for aminoacids with a side-
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chain amide group (e.g., glutamine and asparagimsjde cells, conversion of
citrulline into Arginine via Argininosuccinate syr@se and lyase is the only pathway
for citrulline utilization (Wu G, 1998).

Arginine transport by cells involves the systei(a high-affinity, Na-independent
transporter) and Nadependent transporters (e.g.,,dB0", and yL) in a cell-specific
manner (Grillo MA). The system'yis the principal high-affinity cationic amino acid
transport (CAT) system expressed in NO-producirils ¢eat transports arginine from
the blood circulation into cells. Besides systeimsystems L, b0", and BO have
been characterized for transport of a wider rarfggubstrates including cationic and
neutral amino acids.

In endothelial cells, transport of L-arginine arttier cationic amino acids is mediated
principally via the N&independent cationic amino acid transport systghad y L,
with negligible entry mediated by Ridependent or Nandependent transport systems
BO" or b{, respectively, or passive diffusion.

Within the y system, 4 related CAT proteins are identified (QAA® CAT4), with 2
variants of CAT2, namely CAT2A and CAT2B. The CA3oforms are the main
transporters of L-arginine across the cell memhr&#T-1, CAT-2A, and CAT-2B
are located in the plasma membrane, with CAT-1dekpressed ubiquitously (except
for adult liver hepatocytes), CAT-2A being predoamtly expressed in the liver, and
CAT-2B usually induced under inflammatory condisom various cells. CAT-3 is
specifically expressed in the brain, whereas CAS3-designated by a cDNA in human
placenta. In a quiescent state, intracellular amgirtransport is mostly through the
CAT-1 transporter. Arginine uptake in activated nopbhages is increased through
induction of the CAT-2 transporter once inside selhere are multiple pathways for
Arginine degradation to produce NO, ornithine, ungalyamines, proline, glutamate,
creatine, and/or agmatine (Wu G, 1998). These matbvare initiated by Arginase,
three isoform of NOS, Arginine:glycine amidinotréarase, and Arginine
decarboxylase. Quantitatively, 1-2% of metaboliz&dginine are utilized for
polyamine synthesis and constitutive NO productiespectively, in mammalian cells

(Li H, 2001). In mammals, the Arginase pathway usutfitatively most important for

24



Arginine catabolism. Type-l Arginase is expressbdmalantly in hepatocytes (Morris
SM) and to a limited extent, in extrahepatic cells;luding enterocytes of post
weaning mammals, endothelial cells, mammary epétheglls, macrophages, and red
blood cells (only in primates) (Li H, 2001). In domst, type-Il Arginase is widely
expressed at relatively low levels in virtually alltochondria-containing extrahepatic
cells (including neuronal, renal, vascular, and cteusells) and plays an important role
in regulating the synthesis of NO, proline and patynes (Li H, 2002). Large amounts
of Arginine (2.3 g/day in a 70 kg man) are utilized the production of creatine via
the interorgan cooperation of kidneys, pancreasy kind skeletal muscle.

There is a complex compartmentalization of Argindegradation at cellular, tissue,
and whole-body levels, and dietary Arginine supm@atation may be a necessary
strategy to maintain Arginine homeostasis for gbedlth and body functions under
many physiological and pathological conditions (&u2009). Arginine metabolism is
regulated by multiple factors that include dietapoymponents (e.g., lysine, manganese,
n-3 fatty acids), hormones (e.g., glucocorticoigspwth hormone, and leptin),
cytokines, endotoxins, and endogenously generatbstances (e.g., creatine, lactate,
ornithine, P5C, and methylarginines).

Lysine competes with Arginine for entry into ceflad also inhibits Arginase activity
(Wu G, 1998). Therefore, the dietary Arginine:lysimatio is a critical factor
influencing the effect of Arginine supplementatidwnder normal feeding conditions,
the total amount of Arginine in the diet should bet150% greater than that of lysine
(namely, Arginine/lysine<2.5). It is of interest taotice that these two dibasic
aminoacids have a rate of entry into the brain priognal to its own concentration in
the blood throughout a range of normal levels. He@wvevhen the blood concentration
of either of these aminoacids was raised aboveiglogscal levels the rate of entry
ceased to be proportional to the blood concentradim increased less rapidly than at
lower levels. In addition there is an inhibitiontbe entry of L-arginine into the brain
if the concentration of I-lysine is raised to levelbove the physiological and in the

same way when L-arginine concentration rises up.
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Modulation of endothelial cell L-arginine transport

L-arginine transport could be modulated by oxidaiiv modified low-density
lipoproteins (LDL) and lysophosphatidylcholine (LPCAt physiological plasma
concentrations, entry of L-arginine is mediatedfgnentially via a CAT system.
Endothelium-derived NO synthesis and/or bioavadlilgbis impaired in atherogenic
vessels. Lysophosphatidylcholine and oxidized l@nsity lipoproteins (oxLDL) were
proposed by Kikuta et al. (314) to inhibit NO pratlan in endothelial cells by
inhibiting a high-affinity transport system for lrganine. Increasing extracellular L-
arginine concentrations partially restores NO sgsi) with transport of L-arginine
mediated preferentially via a low-affinity but higlpacity transport system(s). This
model proposes that impaired eNOS activity candseored by increased transport of
L-arginine via a low-affinity carrier.

Role of caveolae

Caveolae are specialized invaginations of the pasrambrane (50-100 nm diameter)
also known as “lipid rafts” formed as a result @fdlized accumulation of cholesterol,
glycosphinogolipids, and structural proteins. Thiscdvery of highly organized
signalling molecules localized to membrane cavedladuding system y_ (CAT-1),
eNOS, argininosuccinate synthase, receptors faliims provides an opportunity for
investigating the role of caveolin-1 in modulatiige L-arginine-NO signalling
pathway in vascular endothelium.

It is possible to postulate a potential role ofspia membrane caveolae in modulating
cationic amino transport in vascular endothelidiscé\s shown before in endothelial
cells uptake of L-arginine is mediated principably systems y+ and y+L, and these
transporters may be sequestered near or in plasmeakecaveolae and that systems
y+L and y+ mediate high-affinity transport of L-&rme. Co-localization of eNOs and
the systems Y+ in caveolae in part explains thgiféme paradox” related to the
phenomenon that in certain disease states eNO8es@un extracellular supply of L-

arginine despite having sufficient intracellulaatginine concentrations.
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2.STATE OF THE ART

Recently we have published a study to determinetiveinesucrose-induced insulin
resistance could increase the expression of candgaax metalloproteinases (MMPs),
indices of matrix remodelling, and whether the #ddi of 1.25 g day (-1) of L-
arginine (ARG) to a sucrose diet could prevent kb#h sucrose-induced metabolic
abnormalities and elevated cardiac expression dfixnanetalloproteinases in an
insulin resistant stage that precedes frank tymBaBetes. 38 male Sprague-Dawley
rats were involved, 16 rats maintained a standaosivdiet (ST), 12 rats were switched
to a sucrose enriched diet (SU) and 10 rats taceose plus L-arginine (1.25 g day (-
1)) enriched diet (SU + ARG) for a period of 8 weekfter 8 weeks of different diets,
an intravenous glucose tolerance test (IVGTT) wagopmed. At the end of the study,
retroperitoneal fat, heart weight/body weight ratiasting plasma glucose, serum

insulin, and serum triglyceride levels and integdainsulin area after IVGTT were
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significantly higher in SU than in SU + ARG and $All these parameters were
comparable between SU + ARG and ST animals. FFAIdewere significantly
different among groups, with highest levels in St dowest levels in ST. Fasting
plasma c-GMP levels and the integrated c-GMP aftea BYGTT, an index of nitric
oxide activity, were significantly lower in SU tham SU + ARG and ST, the result
was similar in SU + ARG and in ST; MMP-9 proteinpeassion increased 10.5-fold,
MMP-2 protein expression increased 2.4-fold andetkgression of tissue inhibitors of
metalloproteinase (TIMP-1) increased 1.7-fold in @Bits as compared to ST animals.
This was accompanied with a significant increase azrdiac triglyceride
concentrations. SU rats developed insulin resistamd hyperlipidaemia, accompanied
with increased fat deposition in the heart and robd MMP protein expression.
Conversely, ARG supplementation prevents thesebuktaabnormalities and restored
MMP/TIMP-1 balance (Monti LD, 2008).

In humans, the intravenous infusion 0.5 g/min oérinine but not D-Arginine
increased whole body glucose disposal, and bloma fh normal subjects (Paolisso
G). McConnell et al. performed similar amount ofilginine infusion in endurance
trained males during exercise test (McConell GKhey found that L-arginine
determined a significant increase of the whole bgidgose disposal, a decrease of free
fatty acid levels while insulin levels remained banged as compared to saline control
study. These data strongly suggest that L-argimfesion improved muscle glucose
utilization modulating free fatty acid concentratiduring exercise. Insulin sensitivity
and insulin-mediated vasodilation were also impdotsg infusing lower doses of L-
arginine (0.52 mg kimin) in healthy, obese and type 2 diabetic subjectastver
TC).

These effects were confirmed by a double-blind eiréreatment of L-arginine (9 g
daily) in non obese type 2 diabetic patients. Aftee month of L-arginine therapy
peripheral and hepatic insulin sensitivity werengigantly improved and cyclic-GMP
levels and insulin-mediated vasodilation were ndized (Piatti PM). Recently our
group has published a clinical trial regarding gpecific effect of L-arginine on

adiposity in humans. This was a 21-day randomipéakebo-controlled trial in 33
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hospitalized middle-aged, obese (mean BMI = 393#@/nf) subjects with diet-
controlled Type 2 diabetes mellitus. During thedgtyperiod, each patient received a
low-caloric diet (1000 kcal/day) and a regular ex@-training program (4 min twice a
day for 5 days/week). They were randomized to 8.8rgjday (approximately 80
mg/kg body weight per day) or placebo. As expedteth the low caloric diet, both
groups of subjects exhibited reductions in bodyghtifat mass, waist circumference,
circulating levels of glucose, fructosamine anduiims Moreover, increase in
antioxidant capacity and circulating levels of amipctin were observed for these
patients. Importantly all improvements were sigwafitly greater in arginine group
than in the placebo group. Additionally fat freesmavas maintained in the L-arginine
group but reduced by 1.6 kg in the placebo grodqusT Arginine supplementation to
obese subjects promoted fat reduction and spasdtdedy mass during weight loss
(Lucotti P, 2006).

We evaluated also the effects of long-term oralrdirdne treatment on endothelial
dysfunction, inflammation, adipokine levels, gluedslerance, and insulin sensitivity
in no diabetic patients with stable cardiovasculeease (coronary artery disease).
Sixty-four patients with cardiovascular disease vimesly submitted to an
aortocoronary bypass and not known for type 2 desbenellitus had an oral glucose
load to define their glucose tolerance. Thirty-tpatients with non diabetic response
were eligible to receive, in a double-blind randped parallel order, L-arginine (6.4
g/d) or placebo for 6 months. An evaluation of lirsgensitivity index during the oral
glucose load, markers of systemic nitric oxide B#@kability and inflammation, and
blood flow was performed before and at the endhef treatment in both groups.
Compared with placebo, L-arginine decreased asynundimethylarginine levels
(p<0.01), and increased cyclic guanosine monoplaieplp<0.01), L-arginine to
asymmetric dimethylarginine ratio (p < 0.0001), amdctive hyperemia (p<0.05).
Finally, L-arginine increased insulin sensitivitpdex (p <0.05) and adiponectin
(p<0.01) and decreased interleukin-6 and monodytnoattractant protein-1 levels.
In conclusion L-arginine seems to have anti-inflaatwny and metabolic advantages in

these patients (Lucotti P, 2009). An anabolic effefcL-arginine on muscle gain is
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achieved independent of changes in serum concemgabf insulin or growth
hormone. Dietary arginine supplementation enhamtgdin sensitivity and amplifies
its signalling mechanisms on protein synthesis el &s the metabolism of glucose
and fatty acids. So Arginine supplementation regglahe repartitioning of dietary
energy to favour muscle over fat gain in the bdigcently Monti LD et al. performed
a mono-centre, randomized, double-blind, paraltelig, placebo-controlled, phase Il
trial (named l-arg trial). In this study, 144 indiuals, affected by impaired glucose
tolerance (IGT) and metabolic syndrome (MS), reeei%.4g/day of L-arginine, or
placebo for 18 months plus a 12-month extendeavialip period after study drug
termination, in order to prevent or delay type abdites and to normalize glucose
tolerance in individuals at high risk for type 2abietes. The results showed that the
supplementation of L-arginine for 18 months doeg significantly reduce the
incidence of diabetes but does significantly inseeaegression to normal glucose
tolerance (NGT). (Monti LD, 2012).

In light of these data obtained with L-arginine lasapplementation, we considered a
new way of administration of this amino acid, tltuld be more acceptable by
patients, through an innovative food product canitgj L-arginine (at least 10%) with

a low content of carbohydrates.
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3. AIM

The use of L-arginine as oral food supplement twanal diet, in relatively
large doses, has been proved to have a salutagt effi cardiovascular diseases as
extensively described in literature, both in aniraatl in humans studies. L-arginine
was found to be bioavailable and effective in thevpntion of impairment of glucose
metabolism and endothelial dysfunction, improving@thelial-mediated blood flow.

In light of these data obtained with L-argininel®applementation, we formulated a
new food product containing L-arginine, designedtie form of biscuit, as an
alternative to a pharmacological approach; thisiped containing 10% of L-arginine
and low levels of glycemic carbohydrates appeatsetanore palatable and acceptable
by the subjects with IGT and metabolic syndromevius data, obtained in a pilot
postprandial study in healthy subjects, showedithtite biscuit enriched of L-arginine
(6.6 gr in 6 biscuits), the L-arginine bio-availiliis >99% and promotes a beneficial
effect on endothelial and vascular function by éasing nitric oxide and its second
messenger, cGMP. This PhD project is a double-kdirmdsover study performed in
obese subjects with impaired glucose tolerance XI&M metabolic syndrome (MS),
in order to evaluate the effects of the L-argingmeiched biscuits consumpticom
endothelial function, glucose metabolism and onngka in body composition
Moreoverwe assessed vitro, the effect of L-arginine on endothelial progenitells
via Akt-eNOS pathway, both as gene expression angr@tein expression of the two
molecules. New peripheral markers of the benefiefiect of L-arginine on the

modulation of endothelial progenitor cells wereoadsaluated.
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4. RESULTS AND DISCUSSION

41 MATERIALSAND METHODS

4.1.1 Formulation of the biscuit

L-arginine-enriched biscuits were manufactured isirggle batch by combining 20%
L-arginine Kyowa (Eurosup, Castello D'Agogna, P¥ly) with 26 % mixed cereal
flakes (corn, oat, whole wheat), 18% puffed ricé%lhazelnuts, and 17% candied
orange peel. Biscuits were produced by mixing afjrédients with a minimum of
water (about 4-8 % of total weight) to support hgewization. Then an
aggregation/shaping process (patented) was perfobyesonication of the mixture,
using a prototype of sonotrode in titanium (20-49zk Branson); the process was
conducted at low temperature range, which preuvhietslegradation of the amino acid
by Maillard reactions or other heat dependent nigatibns. A cylindrical mould was
used to achieve the shape of the food product pfbeess was maintained for 20-2000
milliseconds at a starting temperature of 25-40nMithout temperature changes at the
inner of the product till the end of the sonicatimocess. To increase the shelf life of
the food product, its water content was successiegluced by a batch drying process,
at a temperature less than 60 °C in a static oVka.food product, ready to eat, was
then conveniently packed and stored at room tertyreraThe resulting product was
storage stable under normal conditions for an elddrperiod of time. One single unit
weight was about 10 g and comprises at least 1 g-afginine; as evaluated by
appropriate analogic scale, the product had pléas@anoleptic properties and no
undesirable after taste has been pointed out. Bddmecuits without the addition of L-
arginine were similarly formulated and obtainedwifie same technological process.
4.1.2 Subjectsand study design

This 7-week study enrolled 15 obese subjects v@th &and MS (8 men/7 women, aged
62.5:3.5 years) in a randomized double-blind placebo-coledotrossover design. A
baseline evaluation and oral glucose tolerance west performed to recruit only
patients with IGT and MS. The latter was definedoading to ATP Ill, metabolic

syndrome requires having at least 3 of the follgnbrfactors:
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-increased waist circumference 102 cm in men ang88 cm in women),

-hypertriglyceridemiaX150 mg/dl ),

-low HDL cholesterol (<40 mg/dl in men and <50 mdfdwomen),

-hypertension £130/85 mmHg or treatment for hypertension),

-fasting glucose>110 mg/dl (or>100 mg/dl, as suggested by the panel of

experts American Diabetes Association in 2003).
Namely in the presence of one or more risk factorstype 2 diabetes, including
overweight (body-mass index [BMI] >25 kg/m?, familistory of type 2 diabetes (first
degree relatives of patients with type 2 diabete®), cardiovascular disease. Diagnosis
of IGT was based on a fasting plasma glucose {ER&T) result of less than 7.0
mmol/L (less than 126 mg/dl) and a plasma glucadeevof 7.8 mmol/L (140 mg/dl)
or more, but less than 11.1 mmol/L (200 mg/dl) after the 75 g oral glucose load
(OGTT). OGTTs were also repeated at the end of edehvention period.

Clinical and metabolic variables of involved sulbgeare reported in Table 1.

Age (years) 62.5+3.5
Gender M:F 8:7
Weight (kg) 845+4.2
BMI (kg/m2) 30.3+15
Fat Mass (FFM, kg) 29.6+3.0
Free Fat Mass (FM, kg) 62.5+£3.5
Waist (cm) M: 108.8 +4.0/ F: 102.0 + 4.3
Systolic Blood Pressure (mmHg) 121.3+4.0
Diastolic Blood Pressure (mmHg) 76.0£2.0
Fasting glucose levels (mg/dl) 113.2+35
Fasting insulin levels (uU/ml) 9.4+20
Total cholesterol levels (mg/dl) 160.0+9.1
HDL cholesterol levels (mg/dl) 43.4+3.1
Trigliceride levels (mg/dl) 96.3+13.4
NOX (umol/l) 17.9+2.38
cGMP (pmol/mL) 74+0.9
Basal forearm blood flow (ml/100 ml/min) 2.98+0.24
Post-ischemic forearm blood flow (ml/200 ml/min) 5470.63

Table 1: Clinical and metabolic characteristics of the &ftigipants of this study
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Patients were randomized into two groups. One gomsumed 6 biscuits containing
a total amount of 6.6 g of L-arginine divided iteo snacks (in the morning and in the
afternoon) for 2 weeks, followed by the consumptidlé placebo biscuits for 2 weeks,
with a 2-week washout between the two study peridde other group consumed
these food preparations types in reverse sequence.

During each two-week intervention period the amoohtenergy derived from the
biscuits (180kcal) was included in a 1600cal batdanbypo caloric diet containing
55% carbohydrate, 25%—30% fat and 15%-20% proi&ining the washout period, a
free diet was allowed. A complete 3-day food diaeonsisting of two working days
and one holiday was kept three days before anchgiuthie last three days of the
intervention periods to assess volunteer diet campé. Food diaries were elaborated
with dedicated software to decode foods (Nutrigbitro 2.5, Axial System, Stafford,
Texas), modified introducing the L-arginine congnobtained from INRAN and
USDA database, in about 800 different foods itenms.table 2 is showed the
composition of the diet in the subjects of the gtud

Table 2

Composition of the diet in 15 volunteers affected by Obesity, Metabolic Syndrome and Impaired Glucose

Tolerance during the treatment (L-arginine enriched biscuits ) and control (placebo biscuit) periods of the
study measured by a 3 day food diary (two working days and one holiday day).

L-Arg enriched Biscuit Placebo Biscuit P value
keal/d 1603£80 160678 0.89
Energy Intake (MJ/d) 6.70+£0.3 6.72+0.3 0.89
Protein (% of energy) 16.4+4.6 18.8+3.7 0.18
L-arginine (g/d) 3.4+£1.3 4.1+1.2 0.17
Carbohydrate (% of energy) 53.2+13.3 50.3x14.6 0.63
Fiber (g/d) 20.0£9.5 18.7£8.6 0.70
Fat (% of energy) 33.4£10.6 32.2£10.0 0.72
SFA (% of energy) 10.1+4.0 9.6+3.5 0.75
MUFA (% of energy) 11.4+5.8 12.4£7.0 0.68
PUFA (% of energy) 6.8+3.9 7.5+3.9 0.66
Cholesterol (mg/d) 255.8+47 232.3+80 0.67

All data are mean+SD. SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.
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Overnight fasting and during OGTT blood samplesensrllected at baseline and at
the end of each intervention periods for serumrfpéadiochemistries. In particular,
samples for the evaluation of glucose, insulin, N&xd L-arginine levels were
evaluated at 0, 30, 60, 90, and 120 minutes. c-GM&s were evaluated at 0, 60, 90
and 120 minutes. Further, samples for the measurteafigolasma glucose and serum
insulin levels were drawn at 0, 30, 60, 90, and fr#utes and fasting proinsulin,
ADMA, MMP-9, VEGF-a, SCF (sKit-L), SDF-tr levels were also evaluated.

Basal blood pressure was taken in supine posifign 10 min of rest, arttie mean of
two measurements was used as the value. Foreaau fhov (FBF) was measured by
strain-gauge venous occlusion plethysmograpefjore any measurement was taken,
the hand circulation was occludesing a wrist cuff inflated to 240 mmHg. Baseline
blood flow was calculateds the mean of at least three values. Reactiver&gpia
(endothelium-dependentasodilation) was measured after the release ofnain5
arterialocclusion, produced by inflating a standard sphymarmometeicuff on the
upper arm to 100 mmHg above systolic blood presé€siBe). These measurement
were performed at basal and every 60 min untileihe of the study. Body weight, fat
mass and fat free mass distribution was evaluatedibimpedenziometry using

TANITA body fat analyzer (Tanita, Tokyo, Japan).eTstudy design is reported in

figure 1.
BISCUITS Wash-out (14 days) BISCUITS
A +L-ARGININAGOGRX | +L-ARGININA 6.6 GR X
et 14DAYS 14DAYS
BASAL -
EVALUATION "Unin(35day9
________ - BISCUITS BICUITS
_—

X 14DAYS X 14 DAYS

Wash-out (14 days)

) ) )

OGTT OGTT OGTT

Biochemical analyss Biochemical analyss Biochemical analysis
Cdlislation Cdlislation Cell isolation
RNA/protein extraction RNA/protein extraction RNA/proten extr action
Endothelial evaluation Endothelial evaluation Endothdial evaluation
Vasaular evaluation Vascular evaluation Vascular evaluation
Body composition Body composition Body compoasition

Figure 1. study design
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4.1.3 Endothelial progenitor cell isolation and culture

Circulating EPCs were enumerated by flow cytometsypositive cell population to
CD34and KDR expression markers using a hierarchicahgagtrategy to count cells
negative for CD45 marker or expressing only very levels (CD48™). Briefly, 100
uL peripheral blood was incubated with the followingonoclonal antibodies: PE-
conjugated anti-human CD34 (BD, Franklin Lakes,, Ndlpophycocyanin-conjugated
anti-human KDR (R&D Systems, Minneapolis, MN), aR&-Cy7-conjugated anti-
human CD45 (Beckman Coulter, Brea, CA). After iratign, 100uL Flow-Count
beads (Beckman Coulter) was added to the stainedevidtood. To avoid the loss of
cells and/or counting beads, a lyse-no-wash tecdnigvas used as follows:
erythrocytes were lysed with ammonium chloride buf155 mmol/L ammonium
chloride, 10 mmol/L potassium bicarbonate, andrrol/L EDTA), and the sample
was analyzed immediately on a FACSCanto Il flowooytter, equipped with
FACSDiva software (BD Biosciences, San Jose, CA)e Tdata analyses were
processed with FCS Express (De Novo Software, Lagefes, CA), and the number of
CD45"™CD34'KDR" was expressed as number of cells per million ehes

The number of colony-forming-units of EPCs was roeas as described by Hill et al.
(Hill IJM, 2003). Peripheral-blood mononuclear cellsre isolated by Ficoll density-
gradient centrifugation. Recovered cells were nesnded in growth medium (M 199
Sigma-Aldrich, St. Louis, MO USA), supplemented lw20% Fetal Bovine Serum
(FBS), 100 U/ml penicillin, 10Qug/ml streptomycin) and plated on endothelial cell
attachment factor coated dishes (ECAF, Sigma-Afdrist. Louis, MO USA) After
48h, the no adherent cells were collected, sedimemy centrifugation, resuspended in
culture medium and reseeded at 1%d@ll in 24-well plates previously coated with
endothelial cell attachment factor. Adherent celdse cultured for 7 days. At the end
of culture, the number of colonies formed in 12Is/&r each sample was counted.
4.1.4 Gene expression

Total RNA was isolated from the colonies formeddaly 7 using the RNeasy Mini Kit
(QIAGEN, Valencia, CA) with on-column DNase | digjes. Next, 2ug total RNA
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from each sample were reverse transcribed usingrsonipt VILO cDNA synthesis kit
(Invitrogen, Carisbad, CA, USA). Quantitative relat real-time PCR was used to
measure the expression of eNOS and Akt genes. Therfix for SYBR Green assay
was prepared using 10 uL SYBR Green PCR Master(Kpplied Biosystems, Foster
City, CA), 1 uL (1 pmol) sense primers, 1 uL (1 gyramtisense primers, and 100 ng
cDNA in a final reaction volume of 20 uL. The re¢mhe PCR was performed in a
Model 7900HT Fast Real-Time PCR System (AppliedsBstems Foster City, CA)
under the universal cycling conditions consistifigoe cycle at 50°C for 2 min, one
cycle at 95°C for 10 min, and 40 cycles at 95°C1fBrs and at 60°C for 1 min. At the
end of the real time PCR & Gralue (cycle threshold) is obtain for each samplee
level of B-actin expression (housekeeping gene), was usadrtoalize the amount of
cDNA added to each reaction to obtai@; value (difference between gene target C
value and3-actin G value). Then the difference betwet@:; of each sample antiCy

of the endogenous contr(hACy) is used in the final formula2*“" to calculate gene
expression levels.

4.1.5 L aboratory measurements

Glucose, total cholesterol, HDL-cholesterol andlygeride levels were measured with
spectrophotometric methods adapted to the Coba®\MBtg commercial kits (ABX,
Rome, ltaly) Insulin, proinsulin, SCF (sKit-L), MMP-9, ADMA, SD&a and VEGF-

o levels were assayed by ELISA commercial kitsulimsELISA, Mercodia, Uppsala,
Sweden;  Proinsulin ELISA, DRG, Marburg, Germany;MRL9, Amersham
Biosciences, Freiburg Germany; ADMA, Diagnostika B Hamburg Germany,
SDF-1o and SCF (sKit-L) R&D Systems Abingdon UK; VEGK-eBioscience,
Vienna, Austria ). NOx levels were evaluated byabetic end product measurement;
i.e., nitrite and nitrate, using enzymatic cataysoupled with the Griess reaction. The
c-GMP levels were measured by ELISA (Cyclic GMPs#&gsDesigns, Ann Arbor, M,
USA). L-argininewas extracted from plasma samples using cationaggsh Strata
SCX 100-mg columns (Phenomenex) and assayed by-peigbrmance liquid
chromatography (Pi, J).
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4.1.6 Chemical analysis

Biscuits’ proximate composition was assessed by &O0Aethods (AOAC, 1975);
soluble and insoluble dietary fiber was assessedthgy enzymatic—gravimetric
procedure (Prosky L, 2000), and carbohydrates vesauated as simple sugars
(Zygmunt LC, 1982) and total starch (Champ M, 1992@rginine content was
assessed by HPLC (Cunico R, 1986).

4.1.7 The softwar e to decode foods

Several softwares to decode foods are presentwbutould not find appropriate
software that could decode the micronutrients atnten particular the aminoacids
contents. Therefore we decide to customize wellAmeoftware (Nutritionist Pro 2.5,
Axial System, Stafford, Texas) by introducing tlmients of all amino acids for more
than 800 different foods, obtained from INRAN an8A database items. When the
modified software was ready, we analyzed the caraém-arginine in our patient’s
diet. This software gives the possibility to analyhe food daily composition of diet,
through this application we could known the eneigtake, the composition of
macronutrients and micronutrients.

4.1.8 Statistical analysis

All values are expressed as MeantSD at each titeevad. The patients’ response to
the biscuit intervention was quantified as theatghce between the values obtained at
the end versus the beginning of the each food paépa intervention period. The
groups were defined by the sequence of biscuit @mdiration; i.e., the group that
received the L-arginine-enriched biscuits firstidaled by the placebo biscuits was
compared with the group that was fed the biscuitsraverse order. Differences
between groups were evaluated by paired data dtdidest; ap value of less than
0.05 was taken to indicate a significant differen&k analyses were performed using
Statistical Package for Social Science (SPSS) aerdi5.0 software (SPSS Inc.,
Chicago, lllinois).
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4.2.1 Proximate composition

In the following table (Table 3) is reported theximate composition (% wet weight)

of the products administered during the study.

(Yoww) Arginine Placebo
enriched Biscuit Biscuit
Water 17.8 18.4
Ash 13 14
Protein 6.4* 74
Starch 34.8 39.8
Sugars 6.9 8.7
Fat 125 14.6
Dietary fiber 7.2 7.4
Arginine 11.3 nd
Energy (Kcal) 305 350
(KJ) (1276) (1486)

Table 3: proximate composition of tested biscuits.
*protein content has been estimated from total hteot minus N from Arginine.
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During a test, the subjects consumed a 60g (180 kwation of the L-arginine-
enriched biscuits containing 6.6g L-arginine, 2&.€arbohydrates, 3.8 g protein, 7.5 g
fat and 4.3 g dietary fiber.

4.2.2 Metabolic variables

In the group receiving L-arginine-enriched biscuii@sting L-arginine levels were
quite double compared to the group receiving biscabon containing L-arginine
(117.8+26.9 vs59.3+21.6umol/l; p<0.001) (Figure 2A), while the plasmatiwéds of
ADMA were lower in the group receiving the biscuitentaining L-arginine as
compared to the group receiving the biscuits nattaiaing L-arginine (ADMA
0.27+£0.07 vs 0.32+0.06 pmol/l; p< 0.004) (Figure).2®/e, also, calculated the L-
arginine/ADMA ratio and we found that it was higherthe group receiving biscuits
containing 6.6 g of L-arginine than in the gro@geiving biscuits non containing L-
arginine (436.3 17.7 vs 185.3 27.9; p<0.001). (Feq2C).
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Figure 2: A. Fasting L-arginine levels in subjects receiving tharginine-enriched biscuits
(black histograms) and in subjects receiving placklscuits (white histogram)B. Fasting
ADMA levels in subjects receiving tHe-arginine-enriched biscuitélack histograms) and
in subjects receiving placebo biscuits (white hgsémn).C. Ratio of L-arginine/ADMA levels
in subjects receivingL-arginine-enriched biscuitgblack histograms) and in subjects

receiving placebo biscuits (white histogram). Datta presented as Mean+SD.
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The evaluated increase of L-arginine availabilitytieated subjects corresponded to a
significant increase in nitric oxide (NOx) and cGM#¥els during OGTT. In particular,
nitric oxide (NOx) and cGMP plasma levels were Higantly higher in the group
receiving biscuits with L-arginine as comparedhe group receiving placebo biscuits
(Figures 3A and 4A). Area under the curve (AUC) amcitemental area under the
curve QAUC), calculated geometrically for NOx and cGMP pedtively, were also
evaluated. AUC NOx (1250+200 vs 730+185 pmol/L* I#th; p<0.05) anddAUC
cGMP (24951329 vs 1742+155 pmol/mL* 120 min; p<Q.0&ere significantly

increased when compared to the group receivingptabiscuits (Figure 3B and 4B).
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Figure 3: A. Patterns of plasma NOXx levels during OGTT in sulsjgeceivingL-arginine-
enriched biscuitgblack circles) and in subjects receiving placeiszuits (white circles)B.
Comparison of the areas under the curve for NOxQANIOX) during the OGTT in subjects
receivingL-arginine-enriched biscuit&lack histograms) and in subjects receiving giace
biscuits (white histogram), calculated using thapé&zoidal rule. Data are presented as
Mean=SD.
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Figure 4: A. Patterns oplasma cGMP levels during OGTT in subjects recgjirarginine-
enriched biscuits (black circles) and in subjeetseiving placebo biscuits (white circle8.
Comparison of the incremental areas under the darveGMP QAUC cGMP) during OGTT

in subjects receiving L-arginine-enriched biscylitack histograms) and in subjects receiving
placebo biscuits (white histogram), calculated gghre trapezoidal rule. Data are presented as
Mean+SD.
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Post-ischemic blood flow significantly (p<0.01) cieased in the group receiving L-
arginine enriched biscuits as compared to the gregpiving placebo, suggesting a
functional effect of the amino acid added to thedfproduct (Figure 5).
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Figure 5: Incremental increase from basal levels in postastb blood flow in subjects
receiving the two different treatment conditionst®are presented as Mean+SD.
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The endothelial progenitor cells, evaluated as B@R/CD34 circulating cells than as
colony-forming units at the end of the cell cultunesre higher in the group receiving
the biscuits containing L-arginine as comparechtdroup receiving placebo biscuits
(KDR/CD34 291.6+134.7 vs 162.9+81.4; p<0.001; CR&t6.2 vs 2.9+2.3; p<0.01)

(Figure 6A and B).
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Figure 6: A. KDR/CD34 circulating cells in subjects receivihgarginine-enriched biscuits
(black histograms) and in subjects placebo bisquitéte histogram)B. Colony-forming-units

(CFUs) in subjects receiving L-arginine-enrichedchits (black histograms) and in subjects
receiving placebo biscuits (white histogram). Dat& presented as MeantSD.
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Very interesting, the molecules involved in the EP@obilisation and homing,
evaluated both as peripheral plasmatic levels andjeme expression levels, were
higher in the group receiving L-arginine-enricheschits than in the group receiving
placebo biscuits. In particular VEGFwas 51.5+17.2 vs 38.1+10.9 pg/ml; p<0.05;
SCF (sKit-L) 1179.1+161 vs 1140.1£163 pg/ml: p< H.MMP-9 29.2+12.9 vs
19.4+7.7 ng/ml; p<0.01; SDFel 2931.2+510 vs 2561.3+349 pg/ml; p<0.01,
respectively (Figure 7A-D). While the expressioh Akt and eNOS genes were
2.1+2.2 vs 1.6£2.27\Act; p<0.01 and 3.3+2.9 vs 1.1+0M\ct; p<0.05 respectively
(Figure 8A and B).
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Figure 7: A. Fasting VEGFa levelsin subjects receiving L-arginine-enriched bisc\iitack
histograms) and in subjects receiving placebo bs¢white histogram)B. Fasting SCF (sKit-
L) levels in subjects receiving L-arginine-enrichi@idcuits (black histograms) and in subjects
receiving placebo biscuits (white histogra@).Fasting MMP-9 levels in subjects receiving the
L-arginine-enriched biscuits (black histograms) andsubjects receiving placebo biscuits
(white histogram).D. Fasting SDF-& levels in subjects receiving the L-arginine-eneidh

biscuits (black histograms) and in subjects reogiplacebo biscuits (white histogram). Data
are presented as Mean+SD.
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Figure 8: A. Akt gene expression levels (calculated with themiula 2*2°T; see materials and

metods 4.1.4) in subjects receiving L-arginine-gmed biscuits (black histograms) and in
subjects receiving placebo biscuits (white histagtaB. eNOS gene expression levels in
subjects receiving L-arginine-enriched biscuitsa¢ll histograms) and in subjects receiving
placebo biscuits (white histogram). Data are priestas Mean+SD.
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Interestingly glucose levels and AUC of glucoseensignificantly lower in the group

receiving the biscuits containing L-arginine as paned to the group receiving the

Placebo biscuits, even if insulin levels were nghisicantly different (Figure 9 A-D).
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Figure 9: A. Patterns of plasma glucose levels during OGTT bjesiis receiving L-arginine-
enriched biscuits (black circles) and in subjeetseiving placebo biscuits (white circle8.
Comparison of the areas under the curve for glu¢d4¢C glucose) during the OGTT in
subjects receiving L-arginine-enriched biscuitsa¢ll histograms) and in subjects receiving
placebo biscuits (white histogram), calculated gighre trapezoidal ruleC. Patterns of plasma
insulin levels during OGTT in subjects receiving thrarginine-enriched biscuits (black circles)
and in subjects receiving placebo biscuits (whiteles). D. Comparison of the areas under the
curve for insulin (AUC insulin) during the OGTT Bubjects receiving L-arginine-enriched
biscuits (black histograms) and in subjects reogivplacebo biscuits (white histogram),
calculated using the trapezoidal rule. Data arseted as MeanSD.
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In the group receiving L-arginine enriched bissuitody weight was reduced by
2.57+0.33 kg as compared to a body weight reduaioh.37+0.34 assessed after 14
days biscuits without L-arginine (p<0.05). Intenegly, during the 14 days of food

intervention with L-arginine, quite all the body igiet changes related to a reduction of
fat mass (2.02+0.52 kg vs 0.70£0.50 kg ; p<0.0nversely, no differences were

demonstrated in the loss of fat free mass betwseito groups (figure 10).
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Figure 10: Changes in body weight, fat mass and fat free ragssompared to baseline in
subjects receiving L-arginine-enriched biscuitsa¢ll histograms) and in subjects receiving
placebo biscuits (white histogram). To evaluatenges in body weight compositions, patients’
response to food interventions was calculated agliffierence between the values obtained at
the end and at the beginning of the each food patipa intervention period. Data are
presented as Mean+SD.
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4.3 DISCUSSION
In the present study, a new food product, in forfiradiscuit obtained by a novel
technological process (aggregation by sonicatiotowt temperature), comprising a
high content in L-arginine and a low content inansgand proteins, was used in obese
subjects with impaired glucose tolerance and métabgndrome.
It is noteworthy that the present L-arginine-eneidhbiscuit composition is in
accordance with current dietary guidelines.
Regarding total carbohydrates content, the foodiyrbappears interesting not only
for its low carbohydrate content, but also for thelity of carbohydrate itself. In fact,
in line with current dietary guidelines supportiadimited sugars intake up to 12% of
daily energy in favour of complex carbohydratearn@@t), L-arginine-enriched biscuit
contains low amount of sugars (about 6.9 % ww)maathly starch from whole cereals
(35 % ww).This feature is favourable in the light of the pdial low glycemic impact
induced by whole-grain cereal starch and it isipaldrly advantageous since the
present food preparation was used in subjectgatrigk of cardiovascular disease.
The interesting results on an amelioration of enel@l function, insulin sensitivity
and reduction of adipose tissue are in line withvfmus results. Fu et al. studied
Zucker Diabetic fatty rats submitted to a dietamp@ementation of drinking water
containing L-arginine (1.51%) or alanine (2.55%nisrogenous control) for 10 weeks.
Arginine supplementation significantly reduced weigof retroperitoneal and
epididymal adipose tissue by 45 and 25%, respdgtias well as circulating levels of
glucose by 25%, triglycerides by 23%, free fattidady 27%, homocysteine by 26%,
ADMA by 18-21% and leptin by 32%. Further, in tmsanuscript results of the
microarray analysis indicated that Arginine sup@atation increased adipose tissue
expression of key genes responsible for fatty aomi glucose oxidation, NO synthase-
1, AMP-activated protein kinase and peroxisome ifen@itor-activated receptor
gamma coactivator-1 alpha (Fu WJ).
In the same line the results of amelioration ofathdlium-dependent vasorelaxation
were previously reported. Hayashi et al. demoretratibbits fed a high-cholesterol

diet that an 12 weeks oral administration of L-aimg plus L-citrulline, either alone or
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in combination with antioxidants, caused a markegbrovement in endothelium-
dependent vasorelaxation and blood flow, dramatiycassion in atheromatous lesions,
and decrease in superoxide production and oxidagositive gene expression
(Hayashi T). In healthy young subjects L-arginiméusion at 10, 20, 40, and 60
mg/min increase forearm blood flow dose dependentigreover this effect was
amplified by the simultaneous infusion of acetylam® ( Imaizumi T). Also Bode-
Boger et al. investigated healthy volunteers aedeffiect of an intravenous infusion of
L-arginine (a dose of 30 g for 30 min) on bloodgsue; they showed that L-arginine
reduced blood pressure and that this effect wésrgily evident for diastolic pressure
(Boger RH).Creager et al. demonstrated that in hypercholdstaio patients an acute
administration of L-arginine (10 mg/kg/min i.v.) svable to induce an improvement of
L-arginine blood vessels endothelium-dependentdiksin (Creager MA). Egashira
et al. examined the effect of L-arginine on enditinedependent coronary
vasodilation in patients with microvascular angitteoughout an intracoronary
infusion of L-arginine (50 mg/mm) on acetylcholimegluced coronary vasomotion. L-
arginine was able to improve endothelium-dependeasodilation of coronary
microcirculation in these patients (Egashira K). &cute infusion of low dose of L-
arginine infusion (0.125 g/min) at dose not ablestomulate the insulin-induced
endothelial dependent vasodilation, increased forddood flow, cyclic-GMP forearm
release and decreased endothelin-1 levels in lyesdihjects. As shown by our group,
in patients affected by microvascular angina siméenount of L-arginine infusion
increased forearm blood flow, circulating NOx anorebirm cGMP release and
decreased endothelin-1 levelsd systolic andiastolic pressure. Moreover, the pre-
infusion of low-dose of L-arginine restored the etielin-1, NOx, forearm cGMP
release responses after insulin bolus in thesergat(Piatti P).

In addition, when endothelial function is impairasl in healthy very old age
subjects, oral L-arginine supplementation was abde improved endothelial
vasodilation (Bode-Boger SM). Clarkson et al. foutitht L-arginine addition
improved endothelium-dependent vasodilation conaéweplacebo in a double blind

cross over study with 4 weeks L-arginine supplemgmm (7 g three times a day) or

56



placebo in hypercholesterolemic young adults (GankP). Hambrecht et al. studied
the effect of L-arginine (8 g daily) and physicakgcise in patients with chronic heart
failure. After 4 weeks both L-arginine than physieaercise were able to improve
endothelium dependent vasodilation, but when asasstil-arginine plus exercise
produced an additive beneficial effects on endathel dependent vasodilation
(Hambrecht R). Finally, Palloshi et al. demonsutédteat a chronic administration of L-
arginine (4 weeks, 6 g daily) in patients with hgpasion and microvascular angina
determined an improvement of endothelial functiod a significant amelioration of
symptoms (Palloshi A).

In 1992, Vallance et al. first described the preseaf asymmetridimethylarginine
(ADMA) as an endogenous inhibitor of eNOS in hunmasma and urine (Vallance
P). ADMA inhibits vascular nitric oxide productiomithin the concentration range
found in patients with vascular disease. Elevat&d/A concentrations are present in
patients with hypercolesterolemia, hyperhomocistaiia, diabetes mellitus, insulin
resistance, atherosclerosis and hypertension,aasiular disease and chronic heart
failure (Abbasi F). In the present study, the adstiation of L-arginine was able to
decrease ADMA levels, increasing L-arginine/ADMAvé¢s.

A quite important and new result of the presentlgtwas that we were able to
demonstrate, for the first time, that L-arginineielmed biscuits increased the number
of endothelial progenitor cells evaluated both msutating peripheral cells and as
colony-forming-units after cell culture. One possibxplanation could be related to a
decrease in glucose levels and to an improvemeirtsofin sensitivity and secretion
in subjects receiving L-arginine enriched bisceasnpared to placebo. In fact, it has
been demonstrated that disorders in glucose regulagre associated with
abnormalities in EPC biology, including their reddccirculating number, defective
mobilization from bone marrow and impaired functbrproperties such as their
capacity to mediate endothelial repair. Fadiniletia 2006, showed a reduced number
of EPCs in individuals with impaired glucose tolera compared with those normal
glucose regulation and in a different study thegpliiyed that EPCs negatively

correlated with components of metabolic syndrome waith HOMA-IR, a score of
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insulin resistance. (Fadini GP 2006). EPCs were #isind to be lower in another
study of obese men with the metabolic syndrome eoeth with non-obese healthy
controls (Westerwell PE). Thus, reduced circulatElCs may be attributable to a
number of factors, including defective mobilizatiodecreased proliferation and
shortened survival in the circulation (Aicher A3 Aicher A, 2004; Hristov M).
Another explanation which could concur with altematin glucose metabolism/insulin
resistance is that reduced NO bioavailability imp&PC mobilization and function in
experimental models. (Balletshofer BM; Duncan ERjéatcroft SB; Steinberg HO).
Insulin resistance is closely associated with atmadities in NO bioavailability and
PI3K/Akt signalling, both of which play a cruciable in EPC mobilization from the
bone marrow (Aicher A; Hristov M; Dimmeler S; ThimWerner C; Urao N) through
the activation of eNOS. This is related to the fiett insulin resistance impairs the
insulin binding to its receptor, impairing the cade of protein phosphorilation,
involving the signalling intermediates (IRSs, PI2iKd Akt). The alteration of the
pathway results in both, altered traslocation ofUFl to the cell membrane, which
mediates glucose uptake, and reduced phosphonladf eNOS culminating in
increased NO production.

The results of increased expressions of eNOS didyénes in EPCs from subjects
receiving L-arginine enriched biscuits are, in ainion, of particular interest,
suggesting that L-arginine is able to enhance Hpeession levels of genes involved,
non only in metabolic and endothelial function, lalgo in EPCs mobilization and
function. Physical exercise, statins also mobilERCs from the bone marrow via a
partially NO-dependent mechanism, which is abotishy concomitant treatment with
the NO synthase inhibitor -NAMBENG-nitro-l-arginine methyl ester) (Laufs U, 1998;
Laufs 2004). Fadini et al. reported that DDp-4 lair, Sitagliptin, was able to
increase EPCs cells by the role of SOF-{Fadini GP, 2010). Also in the present
study, SDF-1t levels increased suggesting that L-arginine céalldw, at least in part,
the same pathway of DPP-4 inhibitor in increasiRLE levels.

Finally, we were able to demonstrate that L-argngnriched biscuits is able to
increase VEGKx, MMP-9 and SCF (sKit-L), which are peripheral menk of EPCs
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mobilization. In fact, mobilization of EPCs frorinet bone marrow into the circulation
occurs in response to growth factors and cytokinesluding VEGF (vascular
endothelial growth factor), SDFal(stromal-cell-derived factored (Aicher A, 2005).
Both VEGF and SDFd up-regulate bone marrow MMP-9 (matrix metallopnotesie-

9) activity, which cleaves the progenitor cell mear®-bound kit ligand, allowing
mobilization of progenitors into the bone marrowseaar zone (Aicher A, 2005).
Nitrosylation of MMP-9 by NO, released from bonerroa stromal cells, is required
for VEGF-stimulated EPC mobilization (Aicher A, Z0Chemokine signalling plays
a major role in directing circulating progenitotlseo sites of injury.

An interesting result of this study, conducted bege subjects with IGT and MS, was
the significant decrease of body weight in the groeceiving the biscuits added with
L-arginine which was quite completely accountedablpss of fat mass. These results
corroborates previous data in which oral adminigtmaof L-arginine added to a
structured physical activity and hypo caloric regimfor 21 days was able to decrease
body weight mainly as a reduction of fat mass spgfat free mass in obese type 2
diabetic subjects (Lucotti P, 2006). The strendtthe present study is that the loose of
body weight was achieved without the help of acdtmed program of physical activity
in patients quite sedentary. Moreover, the obebgests admitted to take the biscuits
with L-arginine loosed more weight and fat masg th@ same subjects taking the
biscuits without the addition of L-arginine. RedgnMonti LD et al. performed a
mono-centre, randomized, double-blind, parallebgroplacebo-controlled, phase Il
trial (named l-arg trial). In this study, 144 indiuals, affected by impaired glucose
tolerance (IGT) and metabolic syndrome (MS), reegig.4g/day of I-Arg, or placebo
for 18 months plus a 12-month extended follow-upqukeafter study drug termination,
in order to prevent or delay type 2 diabetes andidonalize glucose tolerance in
individuals at high risk for type 2 diabetes. Thesults showed that the
supplementation of l-arg for 18 months does natiigantly reduce the incidence of
diabetes but does significantly increase regressicNGT. (Monti LD, 2012).

The results of the present study are particulargresting mainly on the action of L-
arginine on EPCs, Akt/eNOS activation, EPCs incratmand cytochine/chemokine
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modulation. Interestingly, the results are similes those obtained with a
pharmacological approach using a DPP-4 inhibitdagBptin in patients with type 2
diabetes mellitus. Since in the long-term studyargimine had no adverse events, as
demonstrated by Monti et al.(2012), it is possitdesuggest the use of this food
product in subjects with glucose intolerance andiosascular disease, in addition to a
usual standard care. The results of this study nedsk reproduced in an increased
number of subjects for a prolonged period of tir®wever, if these results are
replicated a new nutritional approach could belgashieved, which is safe, cost-

saving and could be utilized by a large numbeubjects.
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5. CONCLUSION

In conclusion the study results reveal that congionpf L-arginine-enriched biscuits
with low sugar content for 14 days was safe anduli$er improving endothelial and

vascular function, insulin sensitivity and body smasmposition.

As a new hypothesis of our study, we evaluateddteeof endothelial progenitor cells
in state of insulin resistance and after a nutrélointervention. In particular, we
evaluated Akt/eNOS pathway in EPCs and we demdssiréhat L-arginine added
biscuit was able to restore EPC mobilization arftedntiation properties. Moreover,
L-arginine-enriched biscuits improved glucose meliain, blood flow and decreased

body weight and fat mass in subjects with IGT arsl M
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APPENDIX 1
Oral communication at congress SID Torino 23-26 May 2012

VARIANTI DI ENOSE PREVALENZA DI DIABETE TIPO 2 IN UNA
COORTE DI SOGGETTI NORMALI AD ALTO RISCHIO PER DIABETE

E. Galluccio® B. V. FontandS. CostaP. Lucottf E. SetolaA. RossodivitAA. Cappelletti A.
Dei Ca$ L. Franzin? A. Margonatd O. Alfieri? E. Bost |. Zavaroni P. Piattt L. Monti*

!Divisione di Scienze Metaboliche e CardiovascolrDipartimento di Medicina Interna e
Specialistica, Istituto Scientifico San Raffaeldlavio

“Dipartimento Cardio-Toraco-Vascolare, Istituto $tiico San Raffaele, Milano
3Dipartimento di Medicina Interna e Scienze BiomédicUniversita di Parma, Parma

Precedentemente abbiamo riportato un’associazienetiga fra 2 SNPs di eNOS con
diabete tipo 2 (DMT2) e sindrome metabolica in patii diabetici di tipo 2. Nel
presente studio, abbiamo valutato I'effetto di 4PSNJi eNOS sulla regolazione del
metabolismo glucidico e sulla secrezione insulinicasoggetti ad alto rischio di
sviluppare la patologia, first degree relatives FDdi DMT2. La popolazione
consisteva di 1274 soggetti (M 813 e F 461) conmnadia 57.5£11.5 anni. Circa |l
50% dei soggetti presentava uno o piu fattori disgni per sindrome metabolica.
Variabili cliniche e metaboliche sono state miserat basale e durante OGTT. La
discriminazione allelica e stata valutata su 4 SNIRsNOS: rs1799983 sull’'esone 7,
rs753482 sull'introne 18, rs743506 sull'introne 49s373001020 sull’introne 20. La
presenza dei quattro alleli mutati associava comeatati livelli di glicemia e di
insulinemia durante OGTT, con un incremento di HOMRAe una riduzione del
Matsuda e Disposition Index. La prevalenza di DME&Ba significativamente
aumentata nei portatori di alleli mutati rispettgartatori di alleli non mutati; con un
OR per DMT2 di 2.55 (Cl 95%:1.78-3.66) per l'alletautato di rs1799983 e di 3.42
(Cl1 95%: 2.32-5.05) per l'allele mutato di rs75348dno stati definiti quattro aplotipi
maggiori (GAAT, TCGC, TAAT e GCGC). Haplo TCGC awewna frequenza
maggiore in soggetti con impaired glucose regulati@GT+DMT2 allOGTT),
mostrando livelli glicemici e insulinemici durant®GTT significativamente piu
elevati, un aumentato HOMA-IR e ridotti Matsuda spasition Index rispetto agli
altri aplotipi. In conclusione, la presenza di 4P3Ndi eNOS sembra essere associata
con una maggiore prevalenza di impaired glucoselaégn in una coorte di soggetti
non diabetici noti, FDR di DMT2
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Il background genetico che causa diabete melfi 2i e insulino resistenza non é stato
ancora completamente definito. Il nostro gruppaipartato un’associazione genetica
fra 2 polimorfismi di eNOS (GIlu298Asp rs1799983GeTs753482-A>C) con diabete
mellito tipo 2 e sindrome metabolica in una piccotmrte di pazienti diabetici. Nel
presente studio, abbiamo valutato I'effetto di 4PSNdi eNOS sulla suscettibilita di
presentare un’alterata regolazione del metaboligiooidico (alterata tolleranza ai
carboidrati o diabete mellito di tipo 2 dopo carim@le di glucosio (OGTT) e sulla
secrezione insulinica in soggetti ad alto rischisvduppare la patologia, i.e. parenti di
| grado di soggetti diabetici di tipo 2, non diabenoti. La popolazione consisteva di
1274 soggetti (M 813 e F 4619 con eta media 57.5&tafni, BMI 27.61£4.8 kg/m2,
pressione sistolica 127+15 mmHg e pressione diaat@b+9 mmHg. Circa il 50% dei
soggetti presentava uno o piu fattori diagnost®i sindrome metabolica. Variabili
metaboliche, di sensibilita e di secrezione inscéine di funzione endoteliale sono
state misurate al basale e durante OGTT. La digwaizione allelica e stata valutata su
4 SNPs di eNOS (rs1799983 in posizione 150327044°{Bsp) sullesone 7,
rs753482 (A/C) in posizione 150337316 sull'intrd® rs743506 (A/G) in posizione
150337848 sull'introne 19 e rs373001020 (T/C) isipone 150338348 sull'introne
20. La presenza dei quattro alleli mutati assocsigaificativamente con aumentati
livelli di glicemia e di insulina durante OGTT, can incremento dei livelli di HOMA-
IR e un riduzione della sensibilita insulinica duea OGTT (Matsuda Index), e
un’alterata secrezione insulinica valutata com& fahase insulin secretion/HOMA-IR
ratio. La prevalenza del diabete mellito tipo 2 significativamente aumentata con
valori fra il 18.5 e il 20.5% nei portatori di dilanutati rispetto al 5.5-7.3% per i
portatori di alleli non mutati; con un OR di presr diabete mellito tipo 2 dopo
OGTT di 2.553 (Cl 95%:1.782-3.656) per l'allele tamo di rs1799983 e di 3.419 (ClI
95%: 2.316-5.047) per l'allele mutato di rs753482no stati definiti quattro aplotipi
maggiori (GAAT, TCGC, TAAT e GCGC)mentre altri aplotipi rari (frequenza
inferiore al 3%) sono stati raggruppati determiranrt% del totale mentre i due
aplotipi haplo.GAAT e haplo.TCGC, determinavano %80el totale. Haplo.TCGC ha
dimostrato un aumento di 2 volte nella prevalenzalidbete di tipo 2 rispetto a
haplo.GAAT con un OR di 2.100 (Cl 95%: 1.725-2.5%% 2.8 x 109. I livelli
glicemici e insulinemici durante OGTT erano sigrafivamente piu elevate nei
soggetti con haplo.TCGC rispetto a haplo.GAAT araghlh. TAAC (p<0.001), in
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presenza di aumentato HOMA-IR e ridatti livellidiatsuda index e first phase insulin
secretion/HOMA-IR ratio rispetto a haplo.GAAT (p801). In conclusione, la

presenza di 4 SNPs di eNOS sembra essere assommtama maggiore prevalenza di
diabete mellito tipo 2 in una coorte di soggettnribabetici noti ma ad alto rischio di
sviluppare la patologia, i.e. parenti di | gradsdggetti diabetici di tipo 2.
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Nitric oxide (NO) plays a key role in vascular hastsis and is produced by
endothelial NO synthase (eNOS), encoded by NOS8.g#&fe previously reported the
genetic association between NOS3 rs753482-A>C paighism on intron 19 and
coronary artery disease (CAD). In the attempt affening functional implication to
the rs753482-A>C polymorphism, we investigated itgluence on transcript
maturation.

We identified three alternatively spliced NOS3 @afis lacking exon 20 or 21 or both.
All these alternative splicing events caused a &amft and a premature stop codon
insertion. Interestingly, one of the resulting tated isoform, the transcript variant
skipping exons 20-21, is translated in a novelstalle truncated form of eNOS (D20-
21 eNQOS). This truncated eNOS displays increased! IO production, is insensitive
to calcium stimulation, and, upon heterodimerizatiwith the full-length eNOS
protein, exerts a dominant-negative effect on N©dpction. The D20-21 eNOS
isoform is prevalent in carriers of the rs753482l@le. Interestingly, CAD patients
and healthy subjects carriers of the rs753482-Cotyee are characterized by
increased NO basal levels in peripheral blood datklets, and negatively respond to
oral glucose load by failing to increase NO synthe®llowing insulin wave.
Furthermore, forearm vasodilation after reactivpdrgmia is dramatically impaired in
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rs753482-C carriers. Therefore, we propose thatecarof the rs753482-C genotype
are subjects at risk for the broad group of disardeiginating from dysfunctional
endothelium. These data open to new intriguing pemtsves for different diseases
involving vasculature response to NO, though théemdar mechanisms of action and
regulation of the D20-21 eNOS both in CAD patiesmsl in 82C healthy subjects need
further investigation.
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Our group is mainly involved in the -Genetic of ¢y@ diabetes mellitus (T2DM), -
Inflammation and -Nutrition. We have a strict cobaation with the
CardioThoracoVascular, Neurology, Translational @emes Depts. We demonstrated
that NOS382A/C polymorphism generates a novel and stablecated eNOS with
increased basal NO synthesis activity, failing égpond to calcium-ionomycin and
insulin stimulation. We propose that the polymosphj acting through the truncated
isoform, gives endothelial dysfunction (ED) notyim cardiovascular (CV) patients
but also in healthy subjects (HS). In the lighpadvious results, we evaluated a cohort
of more than 1000 first degree relatives of T2DMmanstrating that subjects carrying
the polymorphism had a high degree of IR gidell dysfunction and increased risk to
develop T2DM. Since, it remains unclear whethad&with normal glucose tolerance
(NGT) different degrees of insulin resistance (B®sociates with a variation in the
number of circulating EPCs, we demonstrated thdiiged EPCs correlated with the
cluster of abnormalities linked to the IR, suggesgta possible role for EPCs as early
markers of glucose intolerance and CV risk. In hapstudy, we observed that patients
with limb ischemia carrying the polymorphism had #ntreased risk of major
cardiovascular events that correlated with lowecutating EPCs. A translational
aspect of our research is the evaluation of thectffof L-arginine, a precursor of nitric
oxide by eNOS. In subjects with IGT and MS, the of6.4 g L-arg daily when added
to lifestyle intervention for 18 months significgntameliorated glucose metabolism,
reverting IGT to NGT. The consumption of L-arginiadded in biscuits with a low
content in sugars and proteins for 14 days imprd&@dIR and insulin secretion in HS
with IGT and MS. Therefore, L-arginine enriched domay have a role in the dietary
management of individuals at risk of T2DM and G\.in all, our data demonstrate
that an eNOS polymorphism seems to have a fundteifext giving increased ED and
IR while L-arginine supplementation demonstratesneffieial effects on IR,
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inflammation and ED. In both cases EPCs seem ta lmpredominant effects.
Molecular mechanisms are actually under evaluation.
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