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Rezumat

Vindecarea pligilor este un proces esential pentru
recuperarea intreqului organism. Factorii care asigurd o
comunicare intercelulard adecvatd in toate fazele de
vindecare a plagilor cutanate (faza inflamatorie, faza
proliferativd, faza de remodelare tisulard) nu sunt
cunoscuti in totalitate. Dovezi experimentale, obtinute atit
din studiile la animale cdt si la om, sugereazd cd
dimetilargininele ar putea juca un rol cheie in repararea
plagilor cutanate. Cunoasterea mecanismelor moleculare
care declanseazi si perpetueazd pligile cronice ar putea
reprezenta un mijloc de manipulare a metabolismului in
directia restaurdrii rapide a integrititii cutanate.
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Summary

Wound healing is an essential process for whole body
recovery. The factors that support an adequate intercellular
communication in all wound healing phases (inflammatory,
proliferative, tissue remodelling) are not fully known.
Experimental evidence from research in both animals and
humans suggest that dimethylarginines may have a key role
in cutaneous wound healing. Knowledge of molecular
mechanisms that initiate and promote chronic wounds may
represent a way of manipulating the metabolism into fast
restoration of skin integrity.
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Introducere

Progresele recente obtinute in vindecarea
plagilor cutanate si tratamentul acestora au aratat
cd o plaga acutd se vindeca repede, vindecarea ei
este bine controlatd de cétre organism cauzand
pierderi functionale minime, pe cand o plaga
cronicd nu se vindecd, raméane blocatd in faza

Introduction

Recent progress in cutaneous wound healing
and treatment showed that an acute wound heals
rapidly, its healing well controlled by the
organism and with minimal functional loss,
while a chronic wound does not heal, remain-
ing stuck in the inflammatory phase [1].
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inflamatorie [1]. Identificarea factorilor care ar
putea impiedica sau favoriza vindecarea plagilor
cutanate reprezintd un obiectiv major al comu-
nitdtii medicale din intreaga lume. Numeroase
lucrari experimentale din ultimele doud decenii
au evidentiat cd procesul de vindecare a plagilor
cutanate implica trei faze interconectate in timp si
spatiu:

a) faza inflamatorie;

b) faza proliferativa;

¢) faza de remodelare tisulara [1].

Réaspunsul inflamator este o reactie imediata
de apédrare a organismului la actiunea factorilor
nocivi (leziuni, infectii). Faza inflamatorie (elimi-
narea agentilor patogeni si curdtarea plagii) se
caracterizeaza prin:

a) inflamatie neurogend cutanats;

b) hemostaza.

Aceste evenimente timpurii implicd partici-
parea celulard, modificdri vasculare, alterdri ale
matricei extracelulare, sintezd a numerosi factori
biochimici care actioneazd ca pro- si antioxidanti,
modificand sau contribuind la intretinerea foca-
rului inflamator.

Monocitele din sidngele periferic si macro-
fagele rezidente tisulare sunt celulele inflamatorii
dominante care orchestreaza initierea, evolutia si
rezolvarea fazei inflamatorii in procesul de
vindecare a plagilor [1-10].

Faza proliferativd (granulatie) este identifi-

catd prin:

a) fibroplazie (proliferarea fibroblastelor si
diferentierea in miofibroblaste, depu-
nerea matricei extracelulare, contractia
plagii);

b) reepitelizarea si interactiunea epitelial-
mezenchimald intre keratinocite si fibro-
blaste);

¢) angiogeneza (proliferarea si formarea de
noi vase);

d) repararea nervilor periferici. Macrofagele
sunt celulele inflamatorii dominante care
orchestreazd faza proliferativd a repara-
tiei plagilor cutanate [1-10].

Faza de remodelare (restaurarea integritatii
pielii) este concretizata in:
a) diminuarea treptatd a tesutului de gra-
nulatie;
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Identification of factors that could hinder or
foster cutaneous wound healing is a major
objective of the medical community worldwide.
Numerous experimental studies over the past
two decades showed that the process of
cutaneous wound healing involves three phases,
interconnected over time and space:

a) inflammatory phase;

b) proliferative phase;

c) tissue remodelling phase [1].

Inflammatory response is an immediate
defence reaction of the body against the action of
harmful factors (lesions, infections). The inflam-
matory phase (removal of pathogens and wound
cleansing) features:

a) cutaneous neurogenic inflammation;

b) haemostasis.

These early events include cellular involve-
ment, vascular changes, extracellular matrix
alterations, synthesis of many biochemical factors
acting as pro- and antioxidants, by modifying or
promoting the inflammatory focus.

Monocytes in the peripheral blood and
tissue-resident macro-phages are the dominant
inflammatory cells that orchestrate the initiation,
evolution and resolution of the inflammatory
phase in the wound healing process [1-10].

The proliferative (granulation) phase is

identified through:

a) fibroplasia (fibroblast proliferation and
differentiation into myofibroblasts, extra-
cellular matrix deposition, wound con-
traction);

b) reepithelialisation and epithelial mesen-
chymal interactions between keratino-
cytes and fibroblasts;

c) angiogenesis (proliferation and formation
of new blood vessels);

d) peripheral nerve repair. Macrophages are
the dominant inflammatory cells that
orchestrate the proliferative phase in the
wound healing process [1-10].

The remodelling phase (skin integrity
restoration) consists of:
a) gradual reduction of granulation tissue;




b) remodelarea epidermului, vascularizatiei
dermice, terminatiilor nervoase si mio-
fibrilelor, cu formare de tesut functional
[1-10].

Modificarea procesului normal de vindecare
a pielii conduce la complicatii, precum:

a) fibroza;

b) plagi cronice cutanate [1-10].

Fibroza este caracterizatd prin producerea
excesivd de matrice extracelulard. La nivel
cutanat, fibroza este recunoscutd prin keloid,
cicatrice atroficd si cicatrice hipertrofica. Cica-
tricile atrofice sunt subdenivelate si determina o
depresiune la nivel cutanat. Cele hipertrofice
sunt proeminente si se remit in timp. Cicatricile
keloide sunt tumori nonmaligne formate din
tesut fibros care depdseste limitele leziunii
initiale, sunt supradenivelate, expansive si
continud sd creascd. Majoritatea tipurilor de
leziuni ale pielii se pot vindeca prin dezvoltarea
unor cicatrici keloide. Dintre acestea amintim:
acneea, arsuri, varicela, piercing in ureche, incizia
chirurgicald, vaccinarea.

Plagile cronice cu pierdere de tesut, care nu se
vindecd spontan, sunt identificate ca ulcere
venoase si arteriale, ulcere de decubit, ulceratii
ale piciorului diabetic [1-10]. Aparitia lor este
favorizata de prezenta unor tulburari circulatorii
sanguine, diabet, boli inflamatorii ale pielii,
varstd [1]. Cunoasterea proceselor metabolice
care declanseaza si perpetueaza plagile cronice ar
putea reprezenta un mijloc de manipulare a
metabolismului in directia solutionarii acestor
afectiuni.

Statusul oxidului nitric in vindecarea
plagilor cutanate

Dovezi experimentale, obtinute atat din
studiile la animale cat si la om, indica faptul ca
oxidul nitric (NO) joacd un rol cheie in repararea
plagilor cutanate necomplicate. NO este implicat
in evenimente celulare si moleculare ale vinde-
cdrii pldgilor, precum vasodilatatie, angiogeneza,
inflamatie, proliferare celulard, depunerea ma-
tricei, fibroza tisulard, rdspunsuri imune si re-
modelare [11,12]. Importanta NO a fost de-
monstratd prin vindecarea intarziatd a plagilor la
animale cu sintezd de NO afectatd genetic. In
plus, terapia cu NO este eficientd in vindecarea
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b) remodelling of the epidermis, dermal
vascularity, nerve endings and myo-
fibrils, with formation of functional tissue
[1-10].

Changes in the normal skin healing process
leads to complications, such as:

a) fibrosis;

b) cutaneous chronic wounds [1-10].

Fibrosis is described as excessive production
of extracellular matrix. On the skin, fibrosis is
recognized as keloid, atrophic and hypertrophic
scar. Atrophic scars are depressed and take the
form of a sunken recess in the skin. Hypertrophic
scars are prominent and remit with time. Keloid
scars are non-malignant tumours consisting of
fibrous tissue that cross the limits of the initial
lesions, are elevated, expansive and continue
growing. Most of the skin lesions can heal
through keloid development. Among these, we
mention acne, burns, chickenpox, ear piercing,
surgical incisions, vaccination.

Chronic wounds with tissue loss, that do not
heal spontaneously, are identified as venous and
arterial ulcers, decubitus ulcers, diabetic foot
ulcers [1-10]. Their occurrence is promoted by
circulation disorders, diabetes, inflammatory
skin diseases, age [1]. Knowledge of metabolic
processes that initiate and promote chronic
wounds may represent a way of manipulating
the metabolism into solving these afflictions.

Nitric oxide status in cutaneous wound
healing

Experimental proof for both animal and
human studies indicate that nitric oxide (NO)
plays a key part in the healing of uncomplicated
skin wounds. NO is involved in cellular and
molecular events concerning wound healing,
such as vasodilation, angiogenesis, inflam-
mation, cell proliferation, matrix deposition,
tissue fibrosis, immune responses and remodell-
ing [11,12].

The importance of NO was demonstrated
through delayed wound healing in animals with
genetic impairment of NO synthesis. In addition,
NO therapy is efficient in ischemic and diabetic
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ulcerelor ischemice si diabetice la animalele
experimentale prin inducerea reepitelizarii,
angiogenezei si sintezei de colagen [1,11-15]. S-au
descris numerosi factori care moduleaza nivelul
si biodisponibilitatea NO 1in procesul de
vindecare a plidgilor cutanate. Dintre acestia
enumeram: substrate enzimatice, inhibitori
enzimatici, mediatori inflamatori si imunitari
[1,11].

Oxidul nitric si pielea

La mamifere, sinteza NO este catalizatd de
NO-sintetaza (NOS, E.C.1.14.13.39). NOS catali-
zeazd oxidarea aminoacidului nonproteinogenic
L-arginind la citrulina si NO. Clonarea mole-
culard a evidentiat existenta a trei izoforme NOS
diferite: NOS neuronalda (nNOS), NOS endo-
teliala (eNOS) si NOS inductibild (iNOS). Toate
cele trei NOS sunt proteine homodimerice, a
cdror activitate depinde de cofactori esentiali
(NADPH, flavine reduse, hemoproteine cu fier,
6 (R) 5,6,7,8-tetrahidrobiopterina). Izoformele
NOS exprimate in mod constitutiv in piele sunt
activate prin cresterea nivelului de Ca2+/calmo-
dulind. Expresia nNOS a fost observata in
keratinocite si melanocite, expresia eNOS a fost
detectatd in keratinocitele stratului epidermic
bazal, fibroblaste dermice, capilare endoteliale si
glande eccrine, in timp ce iNOS poate fi indusa in
keratinocite, fibroblaste, celule Langerhans si
celule endoteliale. Asadar, NO ar putea regla
melanogeneza mediatd de ultravioletele B si
mentinerea barierei de protectie. In general,
expresia iNOS a fost descrisd in boli inflamatorii
ale pielii (psoriazis, lupus eritematos, dermatita
atopicd, dermatita de contact, sclerodermie,
pemfigus vulgar, sindromul Sjogren, sindromul
Stevens Johnson) [1,11-13].

Oxidul nitric ca agent antimicrobian

NO exercitd activitate antimicrobiana in mod
bimodal, dependent de concentratie [11-15]. La
concentratii scdzute, stimuleaza sistemul imu-
nitar prin imbunatatirea proliferarii, diferentierii
si apoptozei celulelor imune, sinteza de citokine
si sinteza matricei extracelulare. In schimb, iNOS,
ca o componentd a sistemului imunitar Inndscut,
produce cantitati mari de NO atunci cand este
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ulcer healing in experimental animals, by
inducing reepithelialisation, angiogenesis and
collagen synthesis [1,11-15]. Numerous factors
that modulate NO level and bioavailability in the
cutaneous wound healing process were
described. Among them: enzyme substrates,
enzyme inhibitors, inflammatory and immune
mediators [1,11].

Nitric oxide and the skin

In mammals, NO synthesis is catalysed by
NO synthase (NOS, E.C.1.14.13.39). NOS catal-
yses the oxidation of non-proteinogenic amino
acid L-arginine to citrulline and NO. Molecular
cloning highlighted the presence of three NOS
isoforms: neuronal NOS (nNOS), endothelial
NOS (eNOS) and inducible NOS (iNOS). All
three NOS are homodimer proteins, their activity
depending on essential cofactors (NADPH,
reduced flavins, haemoproteins, 6 (R) 5,6,7,8-
tetrahydrobiopterin). Constitutive NOS isoforms
expressed in the skin are activated by an
increased level of Ca2+/calmodulin. nNOS
expression was observed in keratinocytes and
melanocytes, eNOS expression was detected in
keratinocytes of the basal layer of the epidermis,
in dermal fibroblasts, endothelial capillaries and
eccrine glands, while iNOS can be induced in
keratinocytes, fibroblasts, Langerhans and endo-
thelial cells. Thus, NO may regulate melano-
genesis mediated by ultraviolet B radiation, and
maintenance of the skin barrier.

Generally, iNOS expression was described in
skin inflammatory diseases (psoriasis, lupus
erythematosus, atopic dermatitis, contact der-
matitis, scleroderma, pemphigus vulgaris,
Sjogren syndrome, Stevens-Johnson syndrome)
[1,11-13].

Nitric oxide as an antimicrobial agent

NO shows bimodal antimicrobial activity,
depending on concentration [11-15]. At low
concentrations, it stimulates the immune system
by improving proliferation, differentiation and
apoptosis of the immune cells, cytokine synthesis
and synthesis of extracellular matrix. On the




activat de polizaharide si endotoxine bacteriene,
precum si de citokine proinflamatorii. La
concentratii mai mari de 1 pM, utilitatea NO in
combaterea agentilor patogeni derivd in mare
masurd din capacitatea sa de a reactiona cu
intermediarii de oxigen reactiv pentru a genera
specii reactive de oxid de azot (RNOS). Peroxi-
nitritul (OONO-), cel mai reactiv si citotoxic
RNOS, se formeaza atunci cand NO interactio-
neazd cu superoxidul. RNOS detine numeroase
proprietati antimicrobiene prin inducerea stresu-
lui nitrosativ si oxidativ, inactivarea enzimelor
esentiale, epuizarea depozitelor intracelulare de
fier, deteriorarea ADN-ului microbian (prin gene-
rarea de agenti de alchilare si peroxid de hidro-
gen si inhibarea reparatiei ADN-ului), dezorga-
nizarea membranei celulare microbiene prin
peroxidarea lipidelor. Soarecii knockout iNOS
demonstreazda o susceptibilitate crescutd la
infectia cu virusul herpes simplex, precum si o
eliminare redusd a virusului latent. Soarecii
tratati cu un inhibitor iNOS s-au dovedit mai
vulnerabili la infectiile cu bacterii intracelulare
[14,15].

ADMA / SDMA si plagile cutanate

Activitatea enzimelor NOS este reglementata
de derivatii metilati ai argininei, dintre care
dimetilarginina asimetrici (ADMA) si dimetil-
arginin simetrica (SDMA) sunt reglatori ai
activitatii enzimatice [16,23]. Desi sunt stereo-
izomeri, ADMA si SDMA se diferentiaza prin
comportamentul biologic si semnificatia clinicd
(tabelul 1). in primul rand, ADMA este inhibitor
competitiv puternic al NOS, iar SDMA este
inhibitor competitiv slab al transportatorilor de
aminoacizi cationici (CAT). In al doilea rand,
ADMA si SDMA concureazd cu L-arginina pen-
tru transportatorii sdi si, prin urmare, acumularea
lor scade productia de NO prin diminuarea
disponibilitatii L-argininei pentru NOS. ADMA
si SDMA sunt reglate la nivelul sintezei de
protein-arginin-metiltransferaze diferite (PRMT).
ADMA este catabolizatd In cea mai mare parte la
L-citrulina si dimetilamind (DMA), prin dimetil-
arginind  dimetilaminohidrolaze (DDAHs).
SDMA este excretatd in mod preferential prin
urind.
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other hand, as a component of the innate immune
system, iNOS produces large quantities of NO
when activated by polysaccharides and bacterial
endotoxins, as well as proinflammatory cyto-
kines. At concentrations larger than 1 pM, the
utility of NO against pathogen agents derives
largely from its capacity of reacting with reactive
oxygen intermediates in order to generate
reactive nitrogen oxide species (RNOS).
Peroxynitrite (ONOO-), the most reactive and
cytotoxic RNOS, is formed when NO reacts with
superoxide. RNOS have many antimicrobial
properties, through inducing nitrosative and
oxidative stress, inactivating essential enzymes,
depleting intracellular iron deposits, damaging
microbial DNA (by generating alkylating agents
and hydrogen peroxide, and by inhibiting DNA
repair), disrupting microbial cellular membrane
by peroxidation of lipids. iNOS knockout mice
show increased susceptibility to herpes simplex
virus infection, as well as decreased elimination
of latent virus. Mice treated with an iNOS
inhibitor proved more vulnerable to intracellular
bacterial infections [14,15].

ADMA / SDMA and cutaneous wounds

The activity of NOS enzymes is regulated by
methylated arginine derivatives, of which
asymmetric dimethylarginine (ADMA) and
symmetric dimethylarginine (SDMA) are of
enzyme activity regulators. (16-23). Despite being
stereoisomers, ADMA and SDMA have different
biological behaviour and clinical significance
(Table 1). Firstly, ADMA is a strong competitive
inhibitor of NOS, while SDMA is a weak
competitive inhibitor of cationic amino acid
transporters (CAT). Secondly, ADMA and SDMA
compete with L-arginine for its transporters, thus
their accumulation decreases NO production by
decreasing L-arginine availability for NOS.
ADMA and SDMA syntheses are regulated by
different protein arginine methyltransferases
(PRMTs). ADMA is mainly catabolised to
L-citrulline and dimethylamine (DMA), by
dimethylarginine dimethylaminohydrolase
(DDAHSs). SDMA is excreted through urine by
choice.

73



DermatoVenerol. (Buc.), 65(2): 69-78

Tabel 1 - ADMA si SDMA metabolism si implicatii fiziopatologice [16-23]

Provenientd

Eliminare

D. Conversia ADMA si SDMA prin butilare si metilare.

Activitatea biologica

B. ADMA si SDMA afecteazd productia NO:

de NO;
e ADMA accelereaza sinteza ROS.

g

Efect asupra lipoproteinelor:

e ADMA afecteaza oxidarea LDL-colesterolului.

T o

A. Sinteza posttranslationala intranucleara mediatd de PRMTs (E.C.2.1.1.125)
ADMA se obtine prin dimetilarea NG-asimetricd a resturilor de L-Arg din proteine sub actiunea PRMT tip 1 (PRMT-1, -3,-4,
-6, -8), urmata de proteolizd; este eliberatd si preluatd de organe tintd via CAT.
SDMA se obtine prin dimetilarea NG-simetrica a resturilor de L-Arg din proteine, reactie mediatd de PRMT tip 2 (PRMT-5, -
9), urmata de scindarea proteolitica; este transportata extracelular.

B. Absorbtia exogena din produse alimentare bogate in lipide si colesterol.

A. Excretia renald reprezintd calea secundard de eliminare a ADMA (sub 10% ) si calea majora pentru SDMA (peste 90%).

B. Degradarea intracelulard a ADMA, insd nu SDMA, prin conversie la citrulina si dimetilamind (peste 90%), sub actiunea DDAH
(E.C. 3.5.3.18), enzima exprimata in rinichi, creier, pancreas, ficat, celule imune.

C. Transaminarea ADMA si SDMA la DMGYV, sub actiunea AGTX2 (E.C.2.6.1.44), enzima exprimatd preferential in rinichi.

A. ADMA si SDMA produc activarea NFkB cu inducerea expresiei citokinelor proinflamatorii.

® Compusii NG-metilati inhiba activitatea NOS (E.C. 1.14.13.39) MMA>ADMA>SDMA;
* ADMA si SDMA sunt inhibitori ai absorbtiei celulare de L-Arg via CAT.
C. ADMA si SDMA sunt inductori ai stresului oxidativ si inflamatiei:
e Stimulare reciproca ADMA - ROS prin cresterea activitatii PRMT1, reducerea DDAH, sciderea CAT;
e SDMA creste productia ROS in monocite stimulate cu fMLP prin modularea influxului de calciu via SOC;
e SDMA induce cresterea productiei endoteliale de ROS, efect asociat cu reducerea absorbtiei de Arg si inhibitia productiei

. ADMA si SDMA exercitd efect toxic asupra sistemului imun.

® SDMA produce modificiri adverse asupra HDL cu activarea TLRs;
F. ADMA si SDMA sunt aminoacizi neproteinogenici, toxine uremice hidrosolubile, cu greutate moleculard scizuta (sub
0.5KDa), usor de indepartat prin dializd, cu efecte asupra organismului incomplet demonstrate.

. ADMA este mediator al disfunctiei endoteliale, SDMA este factor sensibil al functiei renale.
. ADMA si SDMA moduleaza biodisponibilitatea NO si influenteaza vindecarea plagilor cronice cutanate.

Rezultate recente [16,23] au aratat cd la
pacientii cu pldgi cronice au crescut atat
concentratiile ADMA céat si SDMA, comparativ
cu persoanele sandtoase si pacientii cu boli
cardiometabolice fard pldgi cronice. Cresterea
ADMA este asociata cu factorii de risc cardio-
vascular. Explicatia acestui fenomen este urma-
toarea: ADMA interfereazd cu sinteza NO prin
inhibarea enzimelor NOS si prin reducerea
disponibilitatii de arginind, concurand pentru
transportatorii sai de membrana. in plus, afec-
teazd semnalizarea NO prin inhibarea fosforilarii
eNOS. De asemenea, ADMA a fost crescuta la
pacientii cu ulceratii ale extremitdtilor semni-
ficativ mai mult decat la pacientii cu diabet fard
neuropatie. SDMA afecteaza in mod negativ
disponibilitatea argininei prin inhibarea trans-
portului membranar, dar nu a castigat la fel de

Recent results [16,23] showed an increase in
both ADMA and SDMA concentrations, as com-
pared with healthy people and cardiometabolic
patients without chronic wounds. The increase in
ADMA is associated with cardiovascular risk
factors. The explanation of this phenomenon is
the following: ADMA interferes with NO syn-
thesis by inhibiting NOS enzymes and by
reducing arginine availability, competing for its
membrane transporters. In addition, it affects NO
signalling by inhibiting eNOS phosphorylation.
Furthermore, ADMA increases in patients with
limb ulcerations significantly more than in
diabetic patients without neuropathy. SDMA
negatively affects arginine availability by inhibit-
ing, but does not spark the same interest as
ADMA because it is only a weak inhibitor of
NOS. There is little information about SDMA in
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Table 1 - ADMA and SDMA - metabolism and pathophysiology implications [16-23]

Origin

A. Intranuclear posttranslational synthesis mediated by PRMTs (E.C.2.1.1.125)
ADMA is obtained by NG-asymmetric dimethylation of L-Arg residues in proteins, under the action of type 1 PRMT
(PRMT-1, -3,-4, -6 , -8), followed by proteolysis; it is released and taken up by target organs via CAT. ;
SDMA is obtained by NG-symmetric dimethylation of L-Arg residues in proteins, reaction mediated by type 2 PRMT
(PRMT-5, -9), followed by proteolysis; it is transported outside the cell

B. Exogen absorption from lipid and cholesterol-rich foods.

Elimination

A. Renal excretion is the secondary excretion route for ADMA (less than 10%) and the main route for SDMA (over 90%);

B. Intracellular degradation of ADMA, but not SDMA, by conversion to citrulline and dimethylamine (over 90%), by action of
DDAH (E.C. 3.5.3.18), enzyme expressed in kidneys, brain, pancreas, liver, immune cells;

C. Transamination of ADMA and SDMA to DMGYV, by action of AGTX2 (E.C.2.6.1.44), enzyme expressed by choice in the

kidneys;

D. Conversion of ADMA and SDMA by butylation and methylation.

Biological activity

A. ADMA and SDMA generate NFkB activation, through induction of proinflammatory cytokine expression;

B. ADMA and SDMA impact NO production:

® NG-methylated compounds inhibit NOS activity (E.C. 1.14.13.39) MMA>ADMA>SDMA;
e ADMA and SDMA are inhibitors of cell absorption of L-Arg via CAT.
C. ADMA and SDMA are activators of oxidative stress and inflammation:
e Mutual stimulation ADMA - ROS by increasing PRMT1 activity, reducing DDAH, decreasing CAT;
® SDMA increases ROS production in fMLP-stimulated monocytes, by modulating calcium influx via SOC;
e SDMA induces the increase in endothelial production of ROS, associated with a decrease in Arg absorption and inhibition

of NO production;
e ADMA accelerates ROS synthesis.

™o

Effect on lipoproteins:

® SDMA causes adverse changes in HDL with TLR activation;

e ADMA impairs oxidation of LDL-cholesterol.

F.  ADMA and SDMA are non-proteinogenic amino acids, hydro soluble uremic toxins, with low molecular weight (less than
0.5KDa), easy to remove through dialysis, with incompletely demonstrated effects in the body.

ADMA is a mediator of endothelial dysfunction, SDMA is a sensitive indicator of renal function.

. ADMA and SDMA modulate NO bioavailability and have an impact on the healing of chronic cutaneous wounds.

G.
H

ADMA and SDMA have a toxic effect on the immune system.

multad atentie ca ADMA, deoarece este doar un
inhibitor slab al NOS. Informatiile privind SDMA
in plagile cronice sunt reduse. in plus, datele
obtinute din metaanalize care leagdi SDMA de
riscul de mortalitate in boli cardiovasculare sunt
contradictorii. Mai mult, studiile functionale au
aratat cd SDMA elimind proprietatile anti-
inflamatorii si antiaterogene ale HDL. in conse-
cintd, SDMA a fost revendicat a fi un marker al
disfunctiei HDL [23]. Alte evaludri aratd ca
nivelurile ADMA si SDMA au fost crescute,
raporturile Arg/ADMA si Arg/SDMA au fost
semnificativ reduse la pacientii cu pldgi cronice,
ceea ce indicd o disponibilitate redusd de NO si,
respectiv, arginind. Caracterul pldgilor pare sa
aibd un impact asupra biodisponibilitatii NO,
deoarece raportul Arg/ADMA a fost redus
semnificativ la pacientii cu ulceratii. La randul

chronic wounds. In addition, data obtained from
metanalyses linking SDMA with mortality risk in
cardiovascular disease are conflicting. Moreover,
functional studies showed that SDMA eliminates
anti-inflammatory and antiatherogenic proper-
ties of HDL. Consequently, SDMA was claimed to
be a marker of HDL dysfunction [23]. Other
evaluations show that ADMA and SDMA levels
were elevated, and Arg/ADMA and Arg/SDMA
ratios were significantly reduced in chronic
wound patients, which indicated low NO and,
respectively, arginine availability. Wound type
seems to have an impact on NO availability,
considering that Arg/ADMA ratio was signifi-
cantly reduced in patients with ulcers. In turn,
wound etiology affected arginine availability, as
venostasis patients had high levels of SDMA and
low levels of Arg/SDMA. ADMA and SDMA
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sdu, etiologia pldgii a afectat biodisponibilitatea
argininei, deoarece pacientii cu stazd venoasa au
avut valori crescute de SDMA si reduse de
Arg/SDMA. Nivelul metabolitilor ADMA si
SDMA este reglementat in principal de ratele de
sintezd ale acestora (PRMTs tip I pentru ADMA si
PRMTs tip II pentru SDMA) si de rata degradarii
lor de cétre enzimele DDAH (pentru ADMA) si
excretia renala (valabild pentru SDMA). PRMTs si
DDAH ar putea fi modificate mai puternic in
randul pacientilor cu plagi cronice decat far,
deoarece sunt pozitiv (PRMT) si negativ (DDAH)
afectate de mediatorii inflamatori [16,23].
Citokinele inflamatorii sunt printre initiatorii
disfunctiei endoteliale si jucdtori cheie in susti-
nerea inflamatiei la nivelul plagilor cronice.
Induc expresia iNOS, dar o inhiba pe cea a eNOS
si contribuie la acumularea ADMA. Recent, s-a
documentat cd pldgile cronice sunt insotite de
cresterea sistemica a IL-1, IL-4, IL-6, IL-8, FGF-2,
MIP-1a, PDGF-BB si VEGF-A. De asemenea, CRP
semnificativ crescut si HDL redus la pacientii cu
pldgi cronice In comparatie cu cei cu sarcind
cardiometabolicd similard indica un grad mai
mare de inflamatie. Concentratiile ADMA au fost
asociate in mod independent si invers cu nivelul
VEGF-A, ceea ce indicd impactul negativ al acu-
mularii de ADMA asupra angiogenezei la pa-
cientii cu plagi cronice. De asemenea, relatia
stransd intre raspunsul inflamator, disponibili-
tatea NO, raportul Arg/ADMA si Arg/SDMA
poate sugera complexitatea evenimentelor impli-
cate in solutionarea pldgilor cronice [23,24].

Concluzii

Datele relatate aratd cd pacientii cu plagi
cronice prezintd alterdri ale homeostaziei NO si
argininei, care rezultd din acumularea ADMA si
SDMA. Nivelurile metabolitilor, ADMA si
SDMA, sunt invers asociate cu biodisponi-
bilitatea NO si argininei. Ca atare, descoperirile
recente nu sustin suplimentarea cu arginind sau
citrulind la pacientii cu pldgi cronice si sugereaza
mai degrabd necesitatea tratamentului care
vizeazd scdderea concentratiilor de ADMA si
SDMA.
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levels are mainly regulated through their rates of
synthesis (type 1 PRMTs for ADMA and type 2
PRMTs for SDMA) and degradation by DDAH
enzymes (for ADMA), and renal excretion (for
SDMA). In patients with chronic wounds, PRMTs
and DDAH could be modified more, because
they are positively (PRMTs) and negatively
(DDAH) affected by inflammatory mediators
[16,23].

Inflammatory cytokines are among the
initiators of endothelial disfunction and key
players in supporting the inflammation in
chronic wounds. They induce iNOS expression
but inhibit eNOS expression and contribute to
ADMA accumulation. Recently, it has been
documented that chronic wounds are associated
with systemic increase of IL-1B, IL-4, IL-6, IL-8,
FGF-2, MIP-1a, PDGF-BB and VEGEF-A. Also,
significantly increased CRP and low HDL in
chronic wound patients, as compared to those
with similar cardiometabolic burden, indicates a
higher level of inflammation. ADMA concen-
trations were independently and inversely
associated with VEGF-A levels, which indicates
negative impact of ADMA accumulation on
angiogenesis in chronic wound patients. In
addition, the tight relationship between inflam-
matory response, NO availability, and Arg/
ADMA and Arg/SDMA ratios may suggest the
complexity of events involved in chronic wound
repair [23]

Conclusions

Reported data show that patients with
chronical wounds present alterations in NO and
arginine homeostasis, resulting from ADMA and
SDMA accumulation. ADMA and SDMA levels
are inversely related with NO and arginine
bioavailability. Thus, recent discoveries do not
support arginine or citrulline supplementations
in chronic wound patients, and rather suggest the
necessity of treatment aiming to lower the
concentrations of ADMA and SDMA.
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