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Stadiul actual al cunoasterii

Alimentatia reprezintd una dintre nevoile biologice umane. Alegerea unui anume stil alimentar este o
alegere proprie, influentata atat de factori individuali, cat si de normele si practicile sociale, care pot reprezenta
un rol decisiv al tipului de dieta sanatoasa sau nesanatoasa. Nivelul educational si venitul sunt determinantii
principali ai alegerii in ceea ce priveste alimentatia cat si al comportamentului care determina o dietda sau
anumite boli legate de dieta. Acest fapt este relevat de o stare de sandtate precara in randul persoanelor cu
venituri reduse, si a grupurilor vulnerabile din tirile care se confrunta cu stiri de inegalitate sociala. In acest
context, este clar ca alegerea alimentatiei nu este doar legata de preferintele individuale si mai degraba
constransa de factori economici si sociali. Persoanele cu un venit redus au tendinta de a avea o dieta
dezechilibrata si un consum redus de fructe. O dietd echilibratd semnifica acces, cunostinte si resurse
financiare. Lipsa acestora a dus la dezvoltarea pietei fast-food si a meselor frugale (snack-ing), accesibile prin
posibilitatea rapida de preparare si a fi luate la pachet, dar sarace in substante nutritive.

Produsele alimentare, pentru a fi obtinute in timp scurt, sunt procesate la temperaturi inalte. Aceste
proceduri implica prdjire, rotisare, gratar, coacere, de multe ori si reincilzire Inainte de consumul propriu-zis.
In timpul productiei lor, se formeazi Maillard compounds [sau AGEs (Advanced Glycation End Products)], o
serie de compusi formati prin reactia de glicozilare non-enzimatica intre glucide cu proprietati reducatoare si
proteine, la care este adaugata si peroxidarea lipidica. Datorita obtinerii facile, a gustului si a aspectului placut,
compusii alimentari cu continut AGEs sunt consumati pe scara larga.

AGEs sunt asociati cu stresul oxidativ, progresia si agravarea bolilor cu caracter inflamator si
degenerativ (ateroscleroza, diabet zaharat, insuficienta renald). Reactie chimicad identificatd cu AGEs este
glicarea. Glicarea are loc In mod spontan intre compusi chimici (aminoacizi, lipide, glucide) si fibrele de colagen,
prin glicozilare non-enzimatica, iar manifestarea clinicd este datd de elastoza (pierderea elasticitatii
tegumentare, afectarea productiei de colagen si imbatranire).

Biodisponibilitatea AGEs a fost investigata in studii pe model animal si uman, Insa exista diferente
majore intre rezultate, in ceea ce priveste procentul de absorbtie (1-10%), depozitare tisulara si eliminare
renala (10-33%) sau fecald (20-33%). Expunerea la AGEs cu provenientd alimentara este completata cu alte
surse exogene (UV, tutun, microunde) sau endogene (stres oxidativ, hiperglicemie). Unul dintre cei mai
reprezentativi compusi AGEs este Ne-(Carboxymethyl)lysine (CML), investigat atat in nutrienti cat si in
organismul uman.

Reactia Maillard, de obtinere a AGEs, este asociata cu aroma si aspectul alimentelor, Insa si cu
producerea stresului oxidativ, alterare celularad cronica, imbatranire precoce prin cross-linkarea fibrelor de
colagen, generarea unei stari de inflamatie cronicd, sau Intretinerea uneia preexistente. Ei sunt corelati cu
dezvoltarea si intretinerea bolilor cunoscute ca fiind parte a sindromului metabolic (hipertensiune arteriala,
dislipidemii, diabet zaharat si obezitate). Odata cu inaintarea in varsta, grosimea dermului scade iar fibrele de
colagen si elastina se atrofiaza, mecanism diferit la persoanele obeze, unde dermul creste in dimensiune iar
reteaua colagenica se dezorganizeaza. Afectarea fibrelor de colagen este evidentiata la nivelul structurilor
cavitatii orale prin afectarea integritatii mucoasei orale mobile si fixe, afectare a gradului lor de regenerare,
cresterea incidentei leziunilor mucozale precum cheilita angular3, afte bucale, mouth burn syndrome. Relatia
dependenta de doza (cantitatea de alimente) si timp, se manifesta prin cresterea friabilitatii smaltului si
dentinei, distrugerea colagenului din fibrele parodontale si activarea osteoclastelor. Astfel, se favorizeaza
pierderea structurilor dure si alterarea celor moi, cu evolutie spre patologie carioasa si boala parodontala.

Colagenul are proprietatea de a fi fluorescent prin componenta tirozing, si astfel poate fi distins ecografic
prin High Frequency Ultrasonography (HFU). Densitatea cutanata poate fi utilizata pentru cuantificarea starii
de sanatate a tegumentului, pentru evaluarea degenerarii si a regenerarii datd de sinteza de novo a fibrelor de
colagen, evidentiatd ecografic prin cresterea ecogenitatii densitatii dermice. Prin evidentierea fibrelor de
colagen, HFU este utild 1n studiul procesului de glicare legate de AGEs, si corelarea procesului de la nivelul
structurilor tegumentare si mucoase cu cele din biofluide si organe.



Ipoteza de lucru/obiective

AGEs au o provenienta variatd (exogena si endogenad). Reactiile de formare a acestor produsi duc la o
stabilitate chimica ridicatd in organismul uman a AGEs. Proprietatile chimice i clasificd dupa caracterul de
cross-link, fluorescent3, capacitatea reducatoare. Odata legati de structurile din matricea extracelulard, dar mai
ales de fibrele de colagen, realizeaza punti cross-link, care dezechilibreaza functia normala celulara. Mai mult,
acesti AGEs induc elastozad (Imbatranire) tegumentara, activeaza mecanismele inflamatorii si sunt un factor
declansator al bolilor legate de dieta. Luand in considerare aspectele mentionate, lucrarea de fatd a urmarit sa
prezinte evidente importante asupra tipurilor de AGEs, ale patogeniei, biodisponibilitatii acestor produsi, a
interrelatiei cu patologiile generale legate de dietd, dar si a celor de la nivelul cavitatii orale. Lucrarea a urmarit
a evidentia fenomenul de imbatranire determinat de dieta si timp prin administrarea de AGEs (CML) pe cale
orala pe model rodent. Studiul pilot pe cohorta umana a pornit de la ideea inovativa de a determina CML in
biofluide cu ajutorul unui biosenzor electrochimic, care ofera date in timp real asupra valorilor produsilor de
glicare. Acumularea AGEs la nivelul tegumentului genereaza elastoza (rigidizarea epidermica, dermica,
scaderea densitatii si a elasticitatii), care poate fi evaluata ecografic. Pornind de la aceasta premiza, s-a urmarit
investigarea asocierii dintre valorile CML in biofluide cu cele obtinute prin evaluarea tegumentului (din
regiunea zigomaticd) asistat ultrasonografic cu ultrasonografie de frecventd inalta. Tehnicile utilizate pot
reprezenta o abordare inovativa si non-invaziva in screening-ul pacientilor cu patologie generala si dentard, in
diagnosticul precoce si rapid al metainflamatiei, care poate fi de ajutor in crearea si implementarea unor
strategii de preventie si tratament a bolilor legate de dieta.

Studiul 1 - Implicatiile AGEs in patologia orala si generala- review al literaturii de
specialitate

Primul studiu reprezinta un review al literaturii de specialitate si a avut ca scop revelarea aspectelor
legate de sursele, mecanismul de actiune, implicarea in bolile sistemice si a celor legate de dietd, implicarea in
procesului de imbatranire a AGEs. Va fi prezentata o abordare inovativa ce are la baza AGEs salivari ca
biomarkeri ai procesului inflamator, precum si metode de reducere a AGEs, testate in vivo sau in vitro.

Sursa de provenienta a AGEs poate fi exogena sau endogena. Provenienta exogena este datd in cea mai
mare parte de consumul de alimente gatite Tn timp scurt si la temperaturi inalte, produse pasteurizate, Fast-
food (Western Diet), produse de patiserie coapte, expunerea la radiatiile Ultraviolete (UV), consumul de tutun,
incalzirea alimentelor la microunde. AGEs de provenientd endogena sunt formate in conditii de hiperglicemie,
stres oxidativ, asociate cu diabetul zaharat. Fumul de tigara, prin continutul de nicotind si nornicoting,
stimuleaza expresia tisulara a AGEs. Datorita timpului scurt de Injumatatire a nicotinei (20-30 min) si a
biodisponibilitatii foarte ridicate dupa consumul inhalator, AGEs se formeaza in decurs de cateva ore,
comparativ cu cei cu provenienta alimentara, formati In decurs de 4-6 saptamani, iar odata ajunsi in circulatie,
se leagd de fibrele de colagen din tesutul conjunctiv, ducand la o rigiditate crescutd a acestora.

Efectele CML sunt receptor-mediate (AGE-R1/0ST-48, AGE-R2/80K-H, AGE-R3/galectin-3), receptori
scavenger (SR-A, SR-B: CD36, SR-BI, SR-E: LOX-1; FEEL-1; FEEL-2). Interactiunea AGE-RAGE activeaza NADPH-
oxidaza, care promoveaza calea inflamatorie NF-kB, urmata de hiperexpresia markerilor de stres oxidativ iNOS
si nivele ridicate de ONOO-.

Se considera ca AGEs au rol in imbatranire deoarece se acumuleaza in fibrele de colagen si elastina din
matricea extracelulard, afectdnd elasticitatea acesteia. AGEs afecteaza functia intracelulara prin glicarea
proteicd, iar prin interactiunea AGE-RAGE activeaza caile inflamatorii. Exista un mecanism endogen de AGEs-
inducere a obezitatii dependent de RAGE. O dietd hipercalorica nu duce doar la obezitate, ci si la afectarea
functiei cognitive si a memoriei.



Indiferent de sursa de provenienta, AGEs ajung la nivelul pulpei dentare prin fluxul sangvin, prin lichidul
crevicular si difuziunea prin structurile de suport dento-parodontal. AGEs actioneaza prin mecanism
inflamator si induce hiperpermeabilitate membranar3, cu efect negative asupra fibrelor de colagen, reducerea
sintezei osteoblastelor, modificari de culoare si duritate a tesuturilor dentare. Din pulpa dentara, AGEs ajung la
nivelul tubulilor dentinari, suprafata intertubulare si predentinara, unde are loc reactia de cross-link-are a
fibrelor de colagen. In fibrele ligamentului parodontal, AGEs duc la disolutia colagenului, pierdere de
atasament, de asemenea activeaza activitatea osteoclastelor si inhibarea osteodiferentierii. Cumularea acestor
mecanisme promoveaza resorbtia osului alveolar. Aditional, mecanismele patogenice ale AGEs implica
indepartarea ionilor de Ca?* din dentina si precipitarea lor in tubulii dentinari. Astfel, fibrele de colagen sunt
ranforsate iar tubulii dentinari obliterati, cu consecinte asupra duritatii tisulare. Lipsa nutrientilor si a fluidelor
datorata pierderii permeabilitatii tubulare duce la o crestere a riscului de fractura. Modificarile de culoare, de
la galben spre maroniu sunt dependente de timp si doza. Aceasta discolorare poate fi asociatd cu un nivel ridicat
de acumulare a AGEs 1n dentina si pierderea grosimii smaltului prin functionalizare sau conditii patologice ale
aparatului dento-maxilar.

Unul din motivele pentru care evaluarea AGEs ofera credibilitate este stabilitatea lor chimica, odata ce
reactiile Maillard au fost incheiate. Sursa, localizarea din punct de vedere anatomic, procentul si nu in ultimul
rind, prezenta patologiilor asociate, au o influenta majora asupra rezultatului tratamentului asupra AGEs.
Directiile curente sunt de a interveni in procesul de glicare in puncte cheie ale mecanismului de producere a
AGESs, cu actiune asupra receptorilor si a cdilor specifice. O dieta restrictiva in ceea ce priveste AGEs cu
provenientd exogena, insa bogata in nutrienti purificati- vitamine si antioxidanti naturali ar putea limita
acumularea produsilor de glicare. Practicarea de activitati fizice de intensitate scazuta sau ridicata pot reduce
acumularea tisularad a AGEs, iar o deprindere constanta poate avea un efect de antiglicare si un rol protectiv in
patologiile generale. Evaluarea si validarea AGEs ca biomarker in diagnosticarea metainflamatiei este
oportund, datorita efectelor si a implicatiilor sale in bolile locale si sistemice.

Studiul 2- Acumularea N-epsilon carboxymethyllysine (CML) in tesuturi si organe
variate in relatie cu procesul de imbatranire. Stadiul actual al cunoasterii si studiu
experimental pe model animal.

Rigiditatea vasculara creste odatd cu varsta si se asociaza cu riscul cardiovascular 1nalt. Aceasta
rigiditate se datoreaza alterarii fibrelor de colagen prin scaderea turnover-ului elastinei si colagenului, cu
acumularea CML (care sustine peroxidarea lipidica si transportul moleculelor metalice redox), mecanism care
duce la crosslink-area fibrelor de colagen tip 1V, laminina. Pe model rodent, imbatranirea duce la o acumulare
a CML 1n cortexul cerebral, mezencefal, hipocamp, corelate cu nivelul de stres oxidativ.

in studiile din literatura de specialitate, CML a fost mai consistent in fibrele de colagen insolubile,
corelate cu varsta si fragilitatea osoasa. Acumularea CML la nivelul colagenului s-a datorat expunerii fibrelor
glucozei si formarea de fibre crosslinked care nu s-au resorbit pe parcursul metabolizarii osoase. In cavitatea
oral3, nivele ridicate de CML au fost gasite in concentratie ridicata in patologii precum periimplantita sau boala
parodontala. Au fost identificate modificari morfofunctionale la nivelul pulpei dentare si a fibrelor de colagen
dentinare, alaturi de o crestere a duritatii dentinare si a fragilitatii, discoloratii galben-maronii ale dentinei.

Imbaitranirea este un proces complex care implici mecanisme patogenice multiple, avand ca finalitate
alterarea functionalitatii si cresterea riscului de dezvoltare a patologiilor generale. Acumularea de substante
nocive in celule si tesuturi, precum AGEs, accelereaza declinul functional asociat cu imbatranirea. Luand in
considerare faptul ca CML, unul din reprezentantii majori ai AGEs, induce modificari ireversibile la nivelul
proteinelor, si este implicat in diverse patologii legate de Tnaintarea in varst3, scopul studiului a fost sa evalueze
expresia CML In tesuturile cavitatii orale si organe interne, pe model animal, asociat cu procesul de Iimbatranire.



Studiul a fost realizat pe model rodent Wistar, subdivizat pe categorii de varsta in soareci tineri si
adulti, femele si masculi. Animalele au fost hranite cu hrana peletata standard (20% proteine, 70%
carbohidrati, 10% lipide) si apa ad libitum. Animalele au fost eutanasiate prin anestezie profunda cu eter si s-
a practicat examinarea imunohistochimica (IHC)- marcarea cu un anticorp primar anti-carboxymethyl lysine
NF-1G (Abcam, ab30917). S-au pregatit probe negative control pentru fiecare specimen, prin inlocuirea
anticorpului primar cu IgG1 (Code X0931, Dako, Denmark).

Tehnica [HC evidentiat o distributie variabila a CML la nivelul tesuturilor si organelor. Expresia IHC a
CML fost observata in citoplasma celulelor epiteliale, a celulelor endoteliale, celulele din tesutul conjunctiv
(fibroblasti si celule inflamatorii) si asociati cu fibrele de colagen. In cavitatea orald, CML a prezentat o expresie
difuza In mucoasa oral3, tesutul dentar si parodontal.

In acord cu literatura de specialitate, expresia difuza si intensa a CML la nivelul structurilor tisulare este
asociata proceselor inflamatorii cronice, diabet, imbatranire. In cazul indivizilor analizati in studiul de fat3,
distributia CML intr-o maniera difuza si intensa a fost datorata varstei inaintate a specimenelor. Studiul a
investigat distributia CML prin IHC pe o perioada de timp determinatd. Rezultatele noastre au indicat o
corelatie semnificativa Intre acumularea CML dependenta de varstd, mai ales la nivelul celulelor epiteliale (p <
0.01) si a fibrelor de colagen (p < 0.001) 1n tegument si mucoasa orala. Ligamentul parodontal a prezentat o
imunopozitivitate CML moderatd, semnificativ mai mare la masculii adulti (p < 0.05) comparativ cu masculii
tineri, probabil datoritd componentei colagenice. Nu s-a gasit o acumulare semnificativd a CML dependent de
timp la nivelul tesuturilor dentare si osului alveolar. Pentru obtinerea de rezultate consistente si pentru a putea
lua 1n considerare ca biomarkeri de precizie AGEs, viitoare studii vor trebui sa demonstreze daca expresia si
acumularea CML la nivelul tesuturilor cavitatii bucale sunt influentate de nivelul salivar al CML.

Studiul 3 - Analiza CML in fluidele biologice asociat evaluarii indirecte a proceselor de
glicare la nivel tegumentar asistat ultrasonografic

Imbaitranirea este un proces fiziologic care are loc in organismul uman, si duce la aparitia senescentei
(manifestarea clinica a Imbatranirii), a declinului functiilor biologice si a capacitatii acestuia de a se adapta la
stresul metabolic. Acest proces are la baza teorii genetice, biologice, imunologice, reactii cross-linked, de
glicare, acumulare a stresului oxidativ. Glicarea este o reactie de glicozilare non-enzimaticd a unui zahar
reducator de o structurad proteicd/lipidica, iar reactia de cross-link apare frecvent la nivelul structurilor
fibrilare (colagen). Aceste reactii sunt direct asociate productiei de AGEs.

Datorita procesului de glicare a fibrelor de colagen, AGEs pot fi vizualizate si cuantificate prin
ultrasonografie (HFU). Conform literaturii de specialitate, a fost investigatd legatura dintre diversi
reprezentanti ai AGEs (CML , CEL, GOLD, MOLD, fructose-lysine) in fluidele biologice si autofluorescenta
tegumentard. Dupa cunostintele noastre, pand in momentul de fata, nu a fost evaluata legatura dintre CML
salivar si a procesului de glicare la nivel tegumentar asistat ecografic prin US de frecventa inalta.

Obiectivul studiului a fost de a evalua procesul de glicare, mai precis legatura dintre CML la nivelul
biofluidelor din organismul uman (urina, saliva recoltata in mod neinvaziv nestimulat si dupa Indepartarea
mecanica a placii dentare) si la nivel tegumentar, prin intermediul ultrasonografiei de frecventa inalta- High
Frequency Ultrasonography (HFU), care permite evaluarea procesului de glicare in structurile in compozitia
cirora intri fibrele de colagen. In studiul pilot au fost inclusi 20 de pacienti. S-a realizat examinarea clinica
exoorala si endoorala. Fiecare pacient a dat o proba de urina in dimineata inrolarii. Au fost prelevate probe
salivare prin mestecarea de bulete sterile din bumbac imbibate cu acid citric (Salivette® Sarstedt AG & Co.,
Niimbrecht, Germany) timp de 2 minute Tnainte de periajul dentar si la 15 minute dupa indepartarea mecanica
a placii dentare. Masuratorile CML au fost realizate prin utilizarea unui potentiostat Autolab PGSTAT 100
(Metrohm, Eco Chemie Netherlands) si un sistem de procesare specific Nova 1.10.4 software.



Acumularea tisulara a CML fost evaluate indirect prin intermediul HFU, utilizarea unui ecograf cu o
frecventa utilizabila de 22 MhZ (DUB® cutis, Taberna Pro Medicum, Im Dorf, L€uneburg).

In ceea ce priveste structurile regiunii zigomatice examinate ecografic, a fost gasita o corelatie ridicata
intre profunzimea epidermului si CML salivar inainte de periaj dentar (r= 0.508*), dupa periajul dentar (r=
0.504*) si in urind (r= 0.507*). A fost gasitd o corelatie medie inversa intre grosimea tesutului celular
subcutanat si si CML salivar inainte de periaj dentar (r= 0.469*) si in urina (r= 0.452*). Nu au fost diferente
legate de sex in ceea ce priveste profunzimea epidermului (p=0.4), numarul de pixeli (p=0.7), sau densitatea %
(p=0.1). A fost identificata o corelatie puternica intre masa musculara si profunzimea dermului imbatranit (r=
0.566**). In ceea ce priveste structurile regiunii zigomatice examinate ecografic, a fost gasita o corelatie
ridicata intre profunzimea epidermului si CML salivar inainte de periaj dentar (r= 0.508*), dupa periajul dentar
(r=0.504%*) siin urina (r= 0.507*).

Expresia CML la nivelul fluidelor biologice si a tesuturilor este asociata proceselor de metainflamatie
subclinica si imbatranire, sindrom metabolic (obezitate, diabet zaharat, tulburari cardiovasculare), senescenta.
Saliva poate reprezenta un fluid accesibil si usor de recoltat pentru evaluare AGEs. Aceasta evaluare poate fi
completata de ecografia de rezonanta inalta ca procedeu repetabil si non-invaziv, pentru evaluarea proceselor
de glicare la nivel tegumentar, cat si mucos.

Concluzii generale

Bolile sistemice creeaza un mediu favorabil pentru productia de AGEs, prin alterarea raspunsului imun
si activarea mediatorilor inflamatori. Western Diet, obiceiurile vicioase, varsta si supraexpunerea la razele UV
cresc si accelereaza productia si depunerea AGEs.

Indiferent de sursa de provenienta, AGEs au asupra tesuturilor umane un efect negativ, dependent de
doza si timp. Prin reactia de cross-link din etapele de formare, CML devin foarte stabili din punct de vedere
chimic. Pana in momentul de fatd, nu este cunoscut timpul 0 al formarii si depozitarii AGEs, important in
intelegerea metabolismului si efectelor produsilor de glicare.

Rolul AGEs in generarea proceselor de metainflamatie demonstreaza implicarea lor in generarea si
agravarea patologiilor locale si generale. Interrelatia dintre AGEs si patologia cavitatii bucale prezinta un
domeniu de cercetare cu potential ridicat. Evaluarea CML la nivel salivar poate reprezenta o metoda de
evidentiere a stdrii de sandtate a structurilor cavitatii orale, dar de asemenea si a Intregului organism.

Datorita legarii fibrelor de colagen, procesul de glicozilare si AGEs pot fi evidentiati prin ecografie de
frecventa Tnalta. Aceasta tehnicd este foarte utila in determinarea proceselor de Imbatranire la nivelul
extremitatii cervico-faciale, atat a structurilor tegumentare, cat si a celor mucoase, endooral.

Strategiile anti-AGEs actuale implicd modificari ale dietei prin modularea metodelor de procesare a
hranei, un stil de viata activ, pentru a creste mecanismele antioxidative, si nu in ultimul rand medicamente care
sa interfereze procesul de glicare.

Prepararea alimentelor la temperaturi scazute, evitarea produselor care necesita fermentare si
consumul de alimente cu proprietdti antioxidative pot aduce beneficii pentru starea de sanatate, printr-o
restrictie non-invaziva a input-ului de AGEs prin sursad exogend, dar si a formarii celor endogene, prin lipsa
substratului si a stimulentului proinflamator.

Datorita stabilitatii lor In fluidele biologice, validarea AGEs ca biomarkeri, inclusiv AGEs salivari, ar putea
reprezenta o noua abordare in diagnosticul precoce si tratamentul bolilor legate de dieta, pentru o terapie
eficienta si de lunga durata.

Evaluarea AGEs in timpul tratamentului stomatologic, prin recoltare non-invaziva a poate reprezenta o
abordare inovativa in diagnosticul patologiilor corelate cu procesele de metainflamatie, si pentru prognosticul
protocoalelor de tratament propuse. Interdisciplinaritatea este imperioasa in design-ul terapiilor eficiente si



de durata. Medicii de medicina generala si dentara pot beneficia de informatiile date de cuantificarea AGEs, si
coroborarea pentru o abordare holistica a ambelor tipuri de patologie.
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Current state of knowledge

Food is one of the human biological needs. Choosing a particular eating style is a choice of its own but
influenced by both individual factors and social norms and practices, which can play a decisive role in the type
of healthy or unhealthy diet. Educational level and income are the main determinants of both the choice of diet
and the behavior that determines a diet or certain diet-related diseases. This is evidenced by the high level of
poor health among low-income people, and vulnerable groups in countries facing social inequality. In this
context, it is clear that the choice of food is not only related to individual preferences and rather constrained
by economic and social factors. People with low incomes tend to have an unbalanced diet and low fruit
consumption. A balanced diet means access, knowledge and financial resources. Their lack has led to the
development of the fast food and snack-ing market, accessible through the rapid preparation and packing, but
poor in nutrients.

Foods, order to be obtained in a short time, are processed at high temperatures. These procedures
involve roasting, rotating, grilling, baking, and often reheating before the actual consumption. During their
production, Maillard compounds (or AGEs (Advanced Glycation End Products))- a series of compounds formed
by the non-enzymatic glycosylation reaction between carbohydrates with reducing properties and proteins, to
which is also added lipid peroxidation. Due to their properties- easy to obtain, taste and pleasing appearance,
food compounds containing AGEs are widely consumed. AGEs are associated with oxidative stress, progression
and aggravation of inflammatory and degenerative diseases (atherosclerosis, diabetes, renal failure). The
chemical reaction associated to AGEs is glycation. Glycation occurs spontaneously between chemical
compounds (amino acids, lipids, carbohydrates) and collagen fibers, by non-enzymatic glycosylation, and the
clinical manifestation is elastosis (loss of skin elasticity, impaired collagen production. The bioavailability of
AGEs has been investigated in animal and human model studies, but there are major differences between
results, in terms of percentage of absorption (1-10%), tissue storage and renal (10-33%) or fecal (20-) 33%).
Exposure to dietary AGEs is supplemented by other exogenous (UV, tobacco, microwave) or endogenous
sources (oxidative stress, hyperglycemia). One of the most representative compounds of AGEs is Ne-
(Carboxymethyl) lysine (CML), investigated both in nutrients and in the human body.

The Maillard reaction (in order to obtain AGEs) is associated with the flavor and appearance of foods,
but also with the production of oxidative stress, chronic cellular alteration, early aging by cross-linking collagen
fibers, generating a chronic inflammation state, or maintaining a pre-existing one. They are correlated with the
development and maintenance of diseases known to be part of the metabolic syndrome (high blood pressure,
dyslipidaemia, diabetes and obesity).

With the process of aging, the thickness of the dermis decreases and the collagen and elastin fibers
atrophy, a different mechanism in obese people, where the dermis increases in size and the collagen network
becomes disorganized. The collagen fibers are affected in the structures of the oral cavity by disrupting the
integrity of the mobile and fixed oral mucosa, their degree of regeneration, expanding the incidence of mucosal
lesions such as angular cheilitis, mouth sores, mouth burn syndrome.

The relationship dependent on dose (amount of food) and time, is manifested by increasing the
friability of the enamel and dentine, the collagen destruction in the periodontal fibers and the activation of the
osteoclasts. Thus, it favors the loss of hard structures and the alteration of the soft ones, with evolution towards
carious pathology and periodontal disease. Collagen has the property of being fluorescent through the tyrosine
component, and thus can be ultrasonically evidenced by High Frequency Ultrasonography. The skin density can
be used to quantify the health of the skin, to evaluate the degeneration and regeneration given by de novo
synthesis of collagen fibers, ultrasonically highlighted by increasing the density of the dermal density. By
highlighting collagen fibers, High Frequency Ultrasonography is useful in studying the glycation process related
to AGEs and correlating the process in the skin and mucosal structures with those in biofluids and organs.

Hypothesis. Objectives

AGEs have a diverse origin (exogenous and endogenous). The production reactions of them lead to
high chemical stability in the human body of AGEs. Once bound to the structures in the extracellular matrix, but
especially to the collagen fibers, it creates cross-link bridges, which disbalance the normal cellular function.
Moreover, AGEs induce skin elastosis (aging), activate inflammatory mechanisms and are a trigger factor for



diet-related diseases. These negative effects are directly proportional to the time and quantity of AGEs. Taking
into account the mentioned aspects, the present paper aimed to present important evidences on the types of
AGEs, of the pathogenesis, the bioavailability of these products, the interrelation with the general pathologies
related to the diet, but also those of the oral cavity. The paper aimed to highlight the aging phenomenon
determined by diet and time by administering oral AGEs (CML) in rodent model. The pilot study on the human
cohort started from the innovative idea of determining CML in biofluids with the help of an electrochemical
biosensor, which provides real-time data on the values of the glycation products. Accumulation of AGEs at the
tegument level generates elastosis (epidermal, dermal stiffening, decreased density and elasticity), which can
be evaluated by means of ultrasound. Starting from this premise, the aim was to investigate the association
between CML values in biofluids with those obtained by evaluating the tegument (from the zygomatic region)
ultrasonographically assisted with high frequency ultrasonography. The techniques used can represent an
innovative and non-invasive approach in the screening of patients with general and dental pathology, in the
early and rapid diagnosis of metainflammation, which may be helpful in creating and implementing strategies
for the prevention and treatment of diet-related diseases.

Study 1 - Implications of AGEs in oral and general pathology - review of the profiled
literature

The first study represents a literature review and aimes to reveal the aspects related to the sources,
the mechanism of action, the involvement in systemic and dietary diseases, the aging process of AGEs. An
innovative approach based on salivary AGEs as biomarkers of the inflammatory process as well as methods of
reducing AGEs tested in vivo or in vitro will be presented.

The source of the AGEs may be exogenous or endogenous. The exogenous provenance is mainly due to
the consumption of cooked foods in the short term and at high temperatures, Fast-food (Western Diet), baked
pastries, exposure to ultraviolet (UV) radiation, tobacco consumption, microwave heating. Endogenous AGEs
are formed under conditions of hyperglycemia, oxidative stress, associated with diabetes. Cigarette smoke,
through its nicotine and nornicotine content, stimulates the tissue expression of AGEs. Due to the short half-
life of nicotine (20-30 min) and the high bioavailability after inhalation consumption, AGEs are formed within
a few hours, compared to those with food origin, formed within 4-6 weeks, and once they are in circulation,
they bind to the collagen fibers in the connective tissue, leading to tissue’s stiffness.

CML effects are receptor-mediated (AGE-R1 / OST-48, AGE-R2 / 80K-H, AGE-R3 / galectin-3),
scavenger receptors (SR-A, SR-B: CD36, SR-BI, SR -E: LOX-1; FEEL-1; FEEL-2), depending on the target tissue.
The AGE-RAGE interaction activates NADPH-oxidase, which promotes the inflammatory pathway NF-kB,
followed by hyperexpression of oxidative stress markers iNOS and levels raised by ONOO-.

AGEs are considered to be biomarkers of the aging process, due to the continuous accumulation in
biological fluids and tissues. It is considered that AGEs play a role in aging because they accumulate in the
collagen and elastin fibers in the extracellular matrix, affecting its elasticity. AGEs affect intracellular function
through protein glycation, and through AGE-RAGE interaction they activate inflammatory pathways. There is
an endogenous mechanism of AGEs-induced obesity-dependent RAGE. A high-calorie diet does not only lead to
obesity, but also affects cognitive function and memory. Considering that AGEs are predominantly derived from
reducing sugars, neurological disorders could be associated with high carbohydrate intake - a form of non-
diabetic hyperglycemia, and instead of these sugars being used as a neural energy substrate, they are
transformed into dAGEs and induce neuronal dysfunction, with negative effects on cognitive functions.
Regardless of the source of origin, AGEs reach the level of the dental pulp through blood flow, through the
shrinkage fluid and diffusion through the dento-periodontal support structures. AGEs act by inflammatory
mechanism and induce membrane hyperpermeability, with negative effect on collagen fibers, reduction of
osteoblast synthesis, color changes and hardness of dental tissues.

From the dental pulp, AGEs reach the level of the dentinal tubules, the intertubular and predentinal
surface, where the cross-linking reaction of the collagen fibers takes place. In the fibers of the periodontal
ligament, AGEs lead to collagen dissolution, loss of attachment, and also activate osteoclast activity and
inhibition of osteodifferentiation. The accumulation of these mechanisms promotes the resorption of the
alveolar bone. Additionally, the pathogenic mechanisms of AGEs involve removal of Ca2 + ions from the dentin
and precipitation in the dentinal tubules. Thus, the collagen fibers are reinforced and the dentinal tubes
obliterated, with consequences on tissue’s hardness. The lack of nutrients and fluids due to the loss of tubular



permeability leads to an increased risk of fracture. Color changes from yellow to brown are time and dose
dependent. This discoloration may be associated with a high level of accumulation of AGEs in dentin and the
loss of enamel thickness through functionalization or pathological conditions of the dento-maxillary apparatus.

One of the reasons why the assessment of AGEs provides credibility is their chemical stability, once the
Maillard reactions have been completed. The source, the anatomical localization, the percentage and last but
not least, the presence of the associated pathologies, have a major influence on the treatment outcome on AGEs.
The current directions are to intervene in the process of glycation at key points of the mechanism of production
of AGEs, with action on the specific receptors and pathways. A restrictive diet for AGEs of exogenous origin, but
rich in purified nutrients - vitamins and natural antioxidants could limit the accumulation of glycation products.
Practicing low or high intensity physical activity may reduce the tissue accumulation of AGEs. Constant physical
activity can have an anti-glycative effect and a protective role in general pathologies. The assessment and
validation of AGEs as a biomarker in the diagnosis of meta-inflammation is appropriate, due to its effects and
implications in local and systemic diseases.

Study 2- Accumulation of N-epsilon carboxymethyllysine (CML) in various tissues and
organs related to the aging process. Current state of knowledge and rodent model
experimental study.

Vascular rigidity increases with age and is associated with high cardiovascular risk. This stiffness is
due to the alteration of the collagen fibers by decreasing the turnover of elastin and collagen, with the
accumulation of CML (which supports lipid peroxidation and the transport of redox metal molecules), a
mechanism that leads to the crosslinking of type IV collagen fibers, laminin. On rodent model studies, aging
leads to accumulation of CML in the cerebral cortex, mesencephaly, hippocampus, correlated with the level of
oxidative stress. In the literature studies, CML was more consistent in insoluble collagen fibers, correlated with
age and bone fragility. The accumulation of CML in the collagen level was due to the exposure of glucose fibers
and the formation of crosslinked fibers that did not resorb during bone metabolism. In the oral cavity, high
levels of CML have been found in high concentrations in pathologies such as peri-implantitis or periodontal
disease.

Aging is a complex process that involves multiple pathogenic mechanisms, with the purpose of altering
the functionality and increasing the risk of developing general pathologies. Accumulation of harmful substances
in cells and tissues, such as AGEs, accelerates the functional decline associated with aging. Considering that
CML, one of the major representatives of AGEs, induces irreversible changes in proteins, and is involved in
various pathologies related to aging, the purpose of the study was to evaluate the expression of CML in the
tissues of the oral cavity and internal organs, on animal model, associated with the aging process.

The study was carried out on rodent model Wistar, subdivided by age categories into young and adult
mice, females and males. The animals were fed standard pelleted feed (20% protein, 70% carbohydrate, 10%
fat) and water ad libitum. The animals were euthanized by deep ether anesthesia and immunohistochemical
examination (IHC) was performed - staining with a primary anti-carboxymethyl lysine NF-1G antibody (Abcam,
ab30917). Negative control samples were prepared for each specimen by replacing the primary antibody with
rodent IgG1 (Code X0931, Dako, Denmark).

The [HC technique revealed a variable distribution of CML at the level of tissues and organs. IHC
expression of CML has been observed in the cytoplasm of epithelial cells, endothelial cells, cells in connective
tissue (fibroblasts and inflammatory cells) and associated with collagen fibers. In the oral cavity, CML showed
diffuse expression in the oral mucosa, dental and periodontal tissue.

According to the literature, diffuse and intense expression of CML at the level of tissue structures is
associated with chronic inflammatory processes, diabetes, aging. In the case of the individuals analyzed in the
present study, the distribution of CML in a diffuse and intense manner was due to the advanced age of the
specimens.

The study investigated the distribution of CML by IHC over a specific time period. Our results indicated
a significant correlation between age-dependent CML accumulation, especially in epithelial cells (p <0.01) and
collagen fibers (p <0.001) in the tegument and oral mucosa. The periodontal ligament exhibited moderate CML
immunopositivity, significantly higher in adult males (p <0.05) compared to young males, probably due to the
collagen component. No significant time-dependent accumulation of CML was found in the dental tissues and
alveolar bone. In order to obtain consistent results and to be considered as precision biomarkers of AGEs, future



studies will need to demonstrate whether CML expression and accumulation in the tissues of the oral cavity
are influenced by the salivary level of CML.

Study 3 - Analysis of CML in biological fluids associated with the indirect evaluation of
the skin processes of glycation ultrasonographically assisted

Aging is a physiological process that occurs in the human body, leading to the appearance of
senescence (the clinical manifestation of aging), the decline of biological functions and its ability to adapt to
metabolic stress. This process is based on genetic, biological, immunological theories, cross-linked reactions,
glycation, oxidative stress accumulation. Glycation is a non-enzymatic glycosylation reaction of a sugar-
reducing protein/lipid structure, and the cross-linking reaction frequently occurs in fibrillar (collagen)
structures . These reactions are directly associated with the production of AGEs.

Due to the process of glycation of collagen fibers, AGEs can be visualized and quantified by
ultrasonography (HFU). According to the literature, the connection between the various representatives of
AGEs (CML, CEL, GOLD, MOLD, fructose-lysine) in biological fluids and tegumentary autofluorescence was
investigated. To our knowledge, to date, the link between salivary CML and the skin ultrasound-assisted
process through US high frequency has not been evaluated.

The objective of the study was to evaluate the glycation process, more precisely the connection

between CML in the level of biofluids in the human body (urine, non-invasively collected saliva unstimulated
and after mechanical removal of the dental plate) and at the skin level, by means of HFU, which allows the
evaluation of the glycation process in the structures in which the collagen fibers enter.
The pilot study included 20 patients. Exooral and endooral clinical examination was performed. Each patient
gave a urine sample in the morning of enrollment. Salivary samples were taken by chewing sterile cotton balls
soaked with citric acid (Salivette® Sarstedt AG & Co., Niimbrecht, Germany) for 2 minutes before teth brushing
(unstimulated saliva) and 15 minutes after teeth brushing. dental. CML measurements were performed using
an Autolab PGSTAT 100 potentiostat (Metrohm, Eco Chemie Netherlands) and a Nova 1.10.4 software-specific
processing system.

Tissue accumulation of CML was assessed indirectly through HFU, using an ultrasound with a usable
frequency of 22 MhZ (DUB® cutis, Taverna Pro Medicum, ImDorf, LEuneburg).

Regarding the structures of the zygomatic region examined ultrasound, a high correlation was found
between epidermal depth and salivary CML before dental brushing (r = 0.508 *), after dental brushing (r =
0.504 *) and in urine (r = 0.507 *). A moderate inverse correlation was found between subcutaneous cell tissue
thickness and salivary CML before tooth brushing (r = 0.469 *) and in urine (r = 0.452 *). There were no gender-
related differences in epidermal depth (p = 0.4), number of pixels (p = 0.7), or density (p = 0.1). A strong
correlation between muscle mass and depth of the aged dermis was identified (r = 0.566 **). Regarding the
structures of the zygomatic region examined ultrasound, a high correlation was found between epidermal
depth and salivary CML before dental brushing (r = 0.508 *), after dental brushing (r = 0.504 *) and in urine (r
=0.507 *). Amean inverse correlation was found between subcutaneous cell tissue thickness and salivary CML
before tooth brushing (r = 0.469 *) and in urine (r = 0.452 *).

CML expression in biological fluids and tissues is associated with subclinical and inflammatory
processes, metabolic syndrome (obesity, diabetes, cardiovascular disorders), senescence. Saliva can be an
accessible and easy-to-harvest fluid for evaluation of AGEs. This evaluation can be supplemented by high-
resonance ultrasound as a repeatable and non-invasive procedure for evaluating the glycation processes at the
skin level, as well as the mucosa.

General conclusions

Systemic diseases create a favorable environment for the production of AGEs, by altering the immune
response and activating inflammatory mediators. Western Diet, vicious habits, age and overexposure to UV
increase and accelerate the production and deposition of AGEs.

Regardless of the source of origin, AGEs have a negative effect, dose and time-dependent on human
tissues. Through the cross-link reaction of the formation steps, CML becomes very stable chemically. So far,
the time 0 of AGEs formation and storage is not known, important in understanding the metabolism and effects
of glycation products.



The role of AGEs in generating the processes of meta-inflammation demonstrates their involvement in
the generation and aggravation of local and general pathologies. The interrelation between AGEs and oral
cavity pathology has a high potential for research.

The CML assessment at the salivary level can be a method of highlighting the health status of the
structures of the oral cavity, but also of the entire organism.

Due to the binding to collagen fibers, the glycosylation process and AGEs can be highlighted by high
frequency ultrasound. This technique is very useful in determining the aging processes at the level of the
cervico-facial extremity, both of the skin and mucosal structures.

Current anti-AGEs strategies involve changes in the diet by modulating food processing methods, an
active lifestyle, to increase antioxidative mechanisms, and last but not least, drugs that interfere with the
glycation process.

Preparing foods at low temperatures, avoiding products that require fermentation and consuming
foods with antioxidative properties can bring health benefits, through a non-invasive restriction of the input of
AGEs through exogenous source, but also from the formation of endogenous ones, by lack of substrate and pro-
inflammatory stimulant.

Due to their stability in biological fluids, the validation of AGEs as biomarkers, including salivary AGEs,
could represent a new approach in the early diagnosis and treatment of diet-related diseases, for effective and
long-term therapy.

The evaluation of AGEs during the dental treatment, by non-invasive harvesting may represent an
innovative approach in the diagnosis of pathologies related to the processes of metainflammation, and for the
prognosis of the proposed treatment protocols.

Interdisciplinarity is imperative in the design of effective and lasting therapies. General and dental
practitioners can benefit from the information provided by quantifying AGEs and collaborating for a holistic
approach to both types of pathology.



