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Ce nu este cunoscut, deocamdata, la subiectul abordat

La ora actualg, In terapia parodontala nu exista niciun algo-
ritm terapeutic de aplicare a ozonului medical 1n tratamentul
complex al parodontitei marginale cronice (PMC). Reducerea
stresului oxidativ joaca un rol critic in tratamentul complex al
bolii parodontale. Rezultatele obtinute in urma aplicarii sis-
temice a ozonului medical la pacientii cu PMC, ar putea servi
drept temei pentru o noud metoda de tratament a bolii paro-
dontale, ceea ce este de o importantd majora.

Ipoteza de cercetare

Nivelul seric crescut al markerului superoxid dismutaza
(SOD) ar putea fi asociat cu parodontita marginald cronic3,
forma grava, iar aplicarea sistemica a ozonului medical ar pu-
tea echilibra statutul antioxidant.

Noutatea adusa literaturii stiintifice din domeniu

Pentru prima datd, a fost efectuata analiza in dinamica a
nivelului seric al markerului SOD la pacientii cu PMC, forma
grava si demonstratd eficienta modularii statutului antioxi-
dant cu ozon medical, aplicat sistemic, argumentata in baza
investigatiilor paraclinice de laborator.

Rezumat

Introducere. Boala parodontalad continud sa reprezinte o
problema majora de sanatate. Cercetdrile recente au scos in
evidenta si rolul factorilor de risc, cum ar fi: formarea radi-
calilor liberi (RL), care provin din mediul interior si din me-
diul exterior. Superoxid dismutaza (SOD) este o metaloenzima
antioxidantd, implicata in sistemul de aparare Impotriva ROS.
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What is not known yet, about the topic

Currently, there is no therapeutic scheme for the use of
medical ozone in periodontal therapy for the complex treat-
ment of chronic marginal periodontitis (CMP). The reduction
of oxidative stress plays a critical role in the complex treat-
ment of periodontal disease. The obtained results after sys-
temic administration of medical ozone in patients with CMP,
may serve as grounds for a new method of treatment of peri-
odontal disease, which is of great importance.

Research hypothesis

The high level of serum of the superoxide dismutase mar-
ker (SOD) may be associated with the severe form of chronic
marginal periodontitis and the systemic administration of
the medical ozone may balance the antioxidant status.

Article’s added novelty on the scientific topic

For this first time a dynamic analysis of the SOD marker in
patients with severe CMP was performed, and the efficiency
of modulation of antioxidant status, with systemic adminis-
tration of medical ozone, was proved and supported by labo-
ratory tests.

Abstract

Introduction. Periodontal disease continues to be a major
health problem. Recent research has also shown the important
role of risk factors, such as the formation of free radicals (FR),
which can be endogenous and exogenous. The superoxide dis-
mutase (SOD) is an antioxidant metalloenzyme involved in the
defense system against reactive oxygen spices (ROS). Together



Prezenta atat in interiorul cat si in afara membranelor celu-
lare, SOD, impreuna cu glutation peroxidaza si catalaza, fac
parte din sistemul primar intern de aparare anti-oxidanta al
organismului si joaca un rol critic in reducerea stresului oxi-
dativ, implicat in dezvoltarea unei game largi de afectiuni de-
generative, ce pun viata in pericol. in acest context, actiunea
antioxidanta a ozonului medical meritd luatd in consideratie.
Actualitatea aplicarii ozonului medical in cazul proceselor
degenerative in regiunea oro-maxilo-faciala este determinata
de dereglarea statusului antioxidant, implicat in dezvoltarea
PMC. Astfel, aspectele utilizarii ozonului medical la pacientii
cu PMC necesita o studiere mai aprofundata.

Material si metode. Pentru acest studiu, au fost selectati
96 de pacienti, femei si barbati, cu varsta cuprinsa intre 41 si
73 de ani, cu diagnosticul de PMC forma grava. Pacientii au
fost divizati in doua loturi - lotul de control (52 de pacienti),
caruia i-a fost administrat un tratament parodontal clasic, ne-
chirurgical (scalarea si planarea radiculara, SRP) si lotul de
studiu (44 de pacienti), caruia i-a fost administrat un trata-
ment parodontal clasic, nechirurgical, complementat cu ozon
medical, aplicat sistemic in forma de autohemoterapie majora
(AHTM). Evaluarea nivelului seric al markerului stresului oxi-
dativ SOD, s-a realizat pe baza analizei sangvine, prin metoda
fotometrica (enzimatica). Examinarea pacientilor s-a efectuat
in dinamica: pana la tratament, dupa tratament si la intervale
de 1, 3 si 6 luni de la tratament.

Rezultate. Numarul pacientilor cu nivelul seric al marke-
rului SOD in norm4, a crescut de la 11% la 84% (p<0,001) ime-
diat dupa tratament sila 95 % (p<0,001) - 1a 1 lund dupa tra-
tament, ajungand la 100% (p<0,001) la 3 luni dupa tratament
si mentinandu-se In norma la 6 luni dupa tratament.

Concluzii. Modularea nivelului seric al superoxid dismuta-
zei a redus stresul oxidativ, implicat in patogeneza parodonti-
tei marginale cronice, forma grava, si a condus la echilibrarea
homeostaziei redox.

Cuvinte cheie: parodontita marginala cronica (PMC), spe-
cii reactive de oxigen (ROS), ozon medical, superoxid dismu-
taza (SOD).

Introducere

Parodontita marginala continud sa reprezinte o problema
majora de sanatate, fiind una din cele mai raspandite si frec-
vente boli ale corpului uman. in patogeneza bolii parodontale,
rolul determinant ii revine factorului microbian si raspunsului
imuno-inflamator al organismului.

Prezenta bacteriilor parodontopatogene a fost demons-
trata in numeroase studii [1, 2]. Susceptibilitatea gazdei in
declansarea bolii parodontale este o conditie obligatorie [3].
Raspunsul imuno-inflamator al organismului la agresiunea
bacteriana este declansat printr-un mecanism specific, care
este influentat de predispozitia genetica a fiecarui individ in
parte [4].

Cercetarile recente au scos in evidenta si rolul factorilor de
risc, cum ar fi: formarea radicalilor liberi (RL) [5, 6, 9], care
provin din mediul interior (fagocitoza, catabolism incomplet,
producere de energie etc.) si din mediul exterior (stresul [7,
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with glutathione peroxidase, ROS is part of the primary anti-
oxidant system of defense of the body, which can be found in-
side and outside the cells’ membranes and has a critical role in
the reduction of oxidative stress that causes the development
of a wide range of degenerative diseases, which endanger life.
in this context, it is important to consider the antioxidative ac-
tion of medical ozone. The relevance of using medical ozone in
degenerative processes of the oral maxillofacial region is de-
termined by the disruption of the anti-oxidative status, which
is involved in the development of CMP. Thus, the use of medi-
cal ozone 1n patients with CMP requires further and thorough
research.

Material and methods. For this study, 96 patients, men
and women, aged 41-73, diagnosed with severe CMP were se-
lected. The patients were divided into two lots - the control
lot of 52 patients, which received a classical non-surgical peri-
odontal treatment (scaling and root planing treatment (SRP);
and the research lot of 44 patients, which received the same
treatment complimented with medical ozone in the form of
major autohaemotherapy (MAHT). Based on blood analysis,
the photometric method was used, in order to evaluate serum
level of the oxidative stress marker SOD. The examination of
patients was carried out by observing the dynamics of the re-
sults before the treatment, after the treatment and at 1, 3, and
6 months after the treatment.

Results. The number of patients having a normal serum
level of the SOD marker, increased from 11% to 84% (p<0.001)
immediately after the treatment, and up to 95% (p<0.001) in
1 month after the treatment, attaining the maximum of 100%
(p<0.001) in 3 months, and still keeping in the same condition
in 6 months after the treatment.

Conclusions. Modulation of the serum level of the super-
oxide dismutase has reduced oxidative stress, involved in the
pathogenesis of the severe chronic marginal periodontitis and
led to the balance of the redox homeostasis.

Key words: chronic marginal periodontitis (CMP), reactive
species of oxygen (ROS), medical ozone, superoxide dismutase
(SOD).

Introduction

Marginal periodontitis continues to remain a major heal-
th problem and it is considered the most widespread and
frequent disease of the human body. The microbial factor and
the body immune / inflammatory response has a major role in
the pathogenesis of periodontal disease.

The presence of the periodontal pathogens bacteria has
been proved in numerous studies [1, 2]. The host’s predisposi-
tion for the development of the periodontal disease must be a
mandatory condition [3]. The immune-inflammatory respon-
se of the body to the bacteria aggressiveness is triggered by a
specific mechanism, which is influenced by the genetic predis-
position of each individual [4].

Recent research has shown the role of risk factors such as
the formation of free radicals (FR) [5, 6, 9], which come from
the internal environment (phagocytosis, incomplete catabo-
lism, production of energy, etc.) and from the external envi-
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8], tabagismul, alcoolismul, aerul poluat, alimentele procesate,
unele tipuri de medicamente etc.)

Radicalii liberi (RL) sunt atomi sau molecule ce contin in
structura lor unul sau mai multi electron liberi, ceea ce le de-
terminad instabilitatea. RL Tncearca incontinuu sa devina sta-
bili, obtinand starea de echilibru prin cuplarea cu alte grupari
electrofile ale altor participanti la reactii, transformandu-i,
astfel, in alti RL [9]. Avand o activitate crescuta, RL distrug
aparatul genetic al celulelor, impiedica functionarea cores-
punzatoare a ADN-ului, atacd structura membranelor celulare,
blocheaza enzimele si perturba functiile fiziologice [9]. Toate
acestea conducand, in final, la dezvoltarea a numeroase boli
degenerative, inclusiv, ateroscleroza, accident vascular cere-
bral, infarct miocardic, afectiuni inflamatorii acute si cronice,
diverse tulburari neurodegenerative, imbatranire prematura
[11]. Datorita prezentei oxigenului in atmosfera si aproape in
toate substantele care compun organismul, interactiunea RL
cu oxigenul este inevitabild, credndu-se, astfel, specii reactive
de oxigen (ROS).

Superoxid dismutaza (SOD) este o metaloenzima antio-
xidantd, implicata in sistemul de aparare impotriva speciilor
reactive de oxigen (ROS). Ea converteste radicalii superoxid in
H,0 si in H,0,, care, apoi, este catalizat 1n 0, si H,0 de GSH-Px
si catalaza [12]. Este un proces cu mai multe etape, care ne-
cesitd un numar de cofactori metalici (“trace metal” - cupru,
zinc, mangan si fier). SOD se produce in organismul uman, dar
scade odatd cu Tnaintarea in varsta. Acest antioxidant enzima-
tic, pana nu demult, nu putea fi suplimentat oral, deoarece mo-
lecula proteicd a SOD este rapid dezactivata de mediul acid si
de enzimele continute in tractul digestiv [13, 14].

Se cunosc mai multe clase de SOD:

m intracelulara

o forma citosolic3, cupru-zinc SOD (Cu-Zn SOD/SOD1);
neutralizeaza RL produsi in urma activitatii metaboli-
ce din citoplasma;

o forma mitocondriala, mangan SOD (Mn SOD/SOD2);
neutralizeaza RL produsi in mitocondrii in urma crea-
rii energiei celulare.

m extracelulard, Cu-Zn SOD (EC SOD/SOD3).

Prezenta atat in interiorul, cit si in afara membranelor
celulare, SOD este unul dintre sistemele primare interne de
apdrare anti-oxidanta a organismului si joaca un rol critic In
reducerea stresului oxidativ, implicat in dezvoltarea diferitor
boli ce pun viata in pericol. Desi beneficiile SOD merg dincolo
de simpla neutralizare a anionilor superoxid, amenintarea de
expunere la superoxid nu ar trebui sa fie subestimata [11].

Studiile au aratat ca SOD poseda un rol critic in reducerea
inflamatiei interne si in diminuarea durerii inflamatorii. De
exempluy, studiile efectuate la Universitatea din Pittsburg au
demonstrat ca supraproductia de ROS este asociata cu dezvol-
tarea unor conditii, implicate intr-o gama larga de afectiuni,
de la boli cardiovasculare, la tulburari neurologice si patolo-
gii pulmonare. Conform acestor studii, SOD este un candidat
ideal pentru prevenirea daunelor celulare si tisulare initiate
de ROS, cum ar fi superoxidul [15]. Un alt studiu a remarcat
ca durerea cronica, asociata cu inflamatia, scade atunci cand
superoxidul este neutralizat [16]. Artrita este o alta conditie
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ronment (stress [7, 8], smoking, alcohol, polluted air, proces-
sed food, some types of medication, etc.).

Free radicals (FR) are atoms or molecules that have in their
structure one or several free electrons, which determine their
instability. FR are constantly trying to become stable and thus
are obtaining the balance status through pairing with other
electrophile groups participating at the reaction and transfor-
ming them into other FR [9]. Due to their high activity the FR
destroy the genetic source of the cells, impeding the appropri-
ate functioning of the DNA and attack the structure of the cells
membranes, blocking the enzymes and disrupting the physi-
ological functions [9], which finally lead, to the development
of numerous degenerative diseases, including atherosclerosis,
stroke, heart attack, acute and chronic inflammatory diseases,
various neurodegenerative disorders, as well as premature
aging [11]. Due to the presence of oxygen in the atmosphere
and 1n almost all the particles of the body the interaction of FR
with the oxygen is inevitable, thus the emergence of reactive
oxygen species (ROS).

Superoxide dismutase (SOD) is an antioxidative metalloen-
zyme, which participates in the defense system against the re-
active oxygen species (ROS). It transforms the superoxide ra-
dicals into H,0 and H,0,, which consequently is catalyzed into
0, and H,0 by the GSH-Px and the catalase [12]. This is a mul-
ti-stage process, which requires a number of metal co-factors
(“trace-metal” - copper, zinc, manganese and iron). It should
be pointed out that the SOD produced by the body decreases
during the aging process. Until recently, it was impossible to
orally supplement this antioxidant enzyme because the SOD
protein molecule was rapidly deactivated by the extremely
acid environment and enzymes located in the digestive tract
[13,14].

Several types of SODs have been identified:

m intracellular

o the cytosolic form, copper-zinc SOD (Co-Zn SOD/
SOD1), neutralizes the FR, which are produced following
the metabolic activities within the cytoplasm;

o mitochondrial form, manganese SOD (Mn SOD/SOD2),
neutralizes the FR, which are produced in the mito-
chondria following the creation of the cell energy.

m cxtracellular, Co-Zn SOD (EC SOD/SOD3).

The SOD is located inside and outside the cell membrane
and it is one of the primary internal anti-oxidant defense sys-
tem of the body, and plays an important role in the reduction of
the oxidative stress, which causes the development of various
life threatening diseases. The benefits of SOD go beyond a sim-
ple neutralization of superoxide anions, although the danger
of exposure to superoxide should not be underestimated [11].

Research has shown that the SOD has a critical role in the
reduction of internal inflammation and in the reduction of pain
caused by this inflammation. For example, studies performed
at the University of Pittsburg have shown that over produc-
tion of ROS is associated with the development of certain con-
ditions ranging from heart disease, to neurological disorders
and pulmonary disease. According to these studies, SOD is a
perfect candidate for preventing the cells’ and tissue’ damages
caused by the ROS, such as the superoxide [15]. Another study
highlighted that chronic pain caused by inflammation decreas-



in care este implicat superoxidul. Cercetatorii coreeni au de-
monstrat ca SOD si GSH-Px sunt semnificativ mai putin active
la pacientii cu poliartrita reumatoida, decat la grupul normal,
de control. De asemenea, aportul alimentar de antioxidanti a
fost mai redus in grupul pacientilor cu artritd, decat in gru-
pul de control [17]. Superoxidul, de asemenea, face ravagii
prin reactia lui cu oxidul nitric (NO), formand peroxinitritul, o
alta molecula extrem de reactiva, care, ulterior, induce daune
celulare si tisulare. Peroxinitritul este implicat in mai multe
boli, inclusiv accidentul vascular cerebral, boala Alzheimer si
ateroscleroza [18]. SOD s-a dovedit a fi foarte eficienta in tra-
tamentul inflamatiei colonice din colita indusa experimental
la soareci [19]. Tratamentul cu SOD scade ROS generate de
stresul oxidativ si, astfel, inhiba activarea celulelor endotelia-
le si interactiunea leucocite-celule endoteliale [12]. Recent, o
echipa de cercetare, a subliniat faptul ca un nivel scazut al SOD
si al statutului total antioxidant poate juca un rol mult mai im-
portant decat cresterea izolata al nivelului total de colesterol
sau de trigliceride in dezvoltarea aterosclerozei [20]. Prin ur-
mare, antioxidantii primari, cum ar fi SOD, sunt prima si cea
mai importanta linie de aparare impotriva RL derivati din oxi-
gen, cu potential distructiv [21]. Astfel, metodele de modulare
a nivelului acestor antioxidanti pot deveni terapii importante
pentru tratamentul bolilor degenerative, dintre care face parte
si PMC.

in acest context, actiunea antioxidanta a ozonului medical
meritd luatd In consideratie.

In conditii normale de temperaturd si presiune atmosfe-
rica, datorita instabilitatii si solubilitatii ridicate, ozonul se
dizolva instantaneu in apa si lichidele biologice, in fluidele
extracelulare, in stratul subtire de apa, care acopera pielea si
cel al mucoasei tractului respirator, intestinal, vaginal etc. Fi-
ind un oxidant puternic, reactioneaza imediat cu un numar de
molecule prezente in fluidele biologice: antioxidanti, proteine,
carbohidrati si, in special, cu acizii grasi polinesaturati (PU-
FAs), de aceea, nu mai ramane in forma gazoasa [22].

Reactia ozonului cu atat de multe molecule implica cateva
procese fundamentale, care se deruleaza simultan:

m pe de o parte, ozonul este consumat, inevitabil, in timpul

oxidarii acizilor ascorbic si uric, gruparilor sulfhidrice
(SH) al glutationului redus (GSH), proteinelor si glico-
proteinelor prezente in apa plasmei [23]. Reactia este
importantd, pentru ca genereaza ROS, care, la randul lor,
declanseaza un lant de reactii biochimice in sange. ROS
sunt neutralizate in primele 30-60 de secunde de siste-
mul antioxidant (SA).

m pe de alta parte, are loc reactia de peroxidare a lipidelor
[24]. In mediul hidrofil al plasmei, un mol al unei olefine
nesaturate (acidul arahidonic, transportat de albuming,
ori prezenta in plasma a trigliceridelor si chilomicroni-
lor) si un mol de ozon, duc la formarea a doi moli de al-
dehide si a unui mol de peroxid de hidrogen (H,0,) [25]:
0, + antioxidanti = ROS;

0, + acid arahidonic (sau trigliceride si chilomicroni) =
HZO2 + LOPs;

Aceste reactii, finalizate in cateva secunde, consuma doza

administratd de ozon si genereaza peroxid de hidrogen, care
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es when the superoxide is neutralized [16]. The superoxide is
the cause of another disease called arthritis. Korean research-
ers have demonstrated that the SOD and the GSH-Px are sig-
nificantly less active in patients with rheumatoid polyarthritis
than for the average control group. Additionally, the dietary in-
take of antioxidants was lower for patients with arthritis than
that of the control group [17]. The superoxide causes serious
damage by reacting with the nitric oxide (NO) and forming
peroxynitrite, which is another extremely reactive molecule
which subsequently damages the cells and tissues. Peroxyni-
trite causes various diseases, including stroke, Alzheimer’s
disease and arteriosclerosis [18]. SOD has been demonstrated
to be very efficient during the treatment of colon inflamma-
tion in experimentally induced colitis Tn mice [19]. The ROS,
which are generated by oxidative stress, is decreased during
the treatment with SOD and thus it inhibits the activity of en-
dothelial cells and the leukocytes-endothelial cells interaction.
Recently, a team of researchers underlined the fact that a low
level of SOD and of the total antioxidant status can have a more
important role than the separated gradual increasing of cho-
lesterol level or of triglycerides during the development of the
arteriosclerosis disease [20]. Consequently, the first antioxi-
dants, such as SOD, are the most important factors for the de-
fense against the oxygen derived FR, which have a destructive
potential [21]. Thus, new methods of modulation of the level
of these anti-oxidants may become important new therapies
in the treatment of degenerative diseases, including CMP.

In this framework, the anti-oxidant action of medical ozone
deserves to be taken into consideration.

Under normal temperature and atmospheric pressure, due
to its instability and high solubility, ozone dissolves instantly
in water, as well as in biological fluids, in extra cells fluids, or
in the thin layer of water, which covers the skin, and the layer
that covers the mucosa of the respiratory, intestinal and vagi-
nal tract etc. Because it is a powerful anti-oxidant it reacts in-
stantly with a number of the molecules that exist in the biolo-
gical fluids: antioxidants, proteins, carbohydrates and mainly,
with the polyunsaturated fatty acids (PUFAs) and it no longer
remains in a gas form [22].

The ozone’s reaction with so many molecules causes seve-
ral main simultaneous processes:

m the ozone is inevitably consumed during the oxidation
of the ascorbic and uric acids, sulthydryl groups (SH) of
reduced glutathione (GSH), proteins and the glycopro-
teins present in the water of plasma [23], an important
reaction that generates ROS, which 1n its turn triggers, a
chain of biochemical reactions in the blood. ROS is ne-
utralized 1n the first 30-60 seconds by the anti-oxidant
system (AS).

m on the other hand, lipid peroxidation reaction takes place
[24]. One moll of an unsaturated olefin (the arachidonic
acid transported by the albumin or the presence of the
triglycerides and the chylomicrons in plasma) and one
moll of ozone lead to the formation of two molls of al-
dehydes and one moll of hydrogen peroxide (H,0,) [25]:
0, + antioxidants = ROS
0, + arachidonic acid (or triglycerides and chy-

lomicrons) = H,0, + LOPs;
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este un oxidant, dar nu o molecula radical (de obicei, inclus
injust In familia ROS), si o varietate de aldehide, cunoscute sub
numele de produsi de oxidare lipidica (LOPs).

Imediat ce ozonul se dizolva in apa plasmatica si reactio-
neaza cu acizii grasi polinesaturati (PUFAs), concentratia de
H,0, incepe sa creasca, dar, la fel de rapid, scade, deoarece
aceasta moleculd neionizata patrunde 1n eritrocite, leucocite
si trombocite, activeaza mai multe procese biochimice si, si-
multan, este redusa la apd, datorita enzimelor intracelulare
antioxidante: glutation-peroxidaza (GSH-Px), catalaza si GSH.
Acest moment important corespunde unui stres oxidativ acut
si tranzitoriu controlat, necesar pentru activarea biologica,
fara vreo toxicitate, dar cu conditia ca doza de ozon este com-
patibilad cu capacitatea antioxidantd a sangelui [26].

In timp ce ROS sunt responsabile pentru efectele biologice
imediate, LOPs sunt importanti prin efectorii tardivi, care pot
ajunge la orice organ, in special, la maduva osoasd, unde, dupa
legarea de receptori In concentratii submicromolare, determi-
nd adaptarea la stresul oxidativ acut repetat - o particularitate
tipica a autohemoterapiei cu ozon [27].

Avand o prezentd tranzitorie in citoplasmd, H,0, (geng-
rat de ozon) actioneaza ca un mesager chimic al ozonului. In
prezent, H,0, este recunoscuta drept o moleculd intracelu-
lara de semnalizare, capabila sa activeze tirozin-kinaza, care
fosforileaza factorul de transcriere nucleara kB (NF-kB), ceea
ce permite sinteza diferitor proteine [28, 29]. Practic, H,0,
functioneaza prin oxidarea cisteinei [30], care, la randul ei,
actioneaza asupra celulelor mononucleare din sange [31, 32],
a trombocitelor [33], a celulelor endoteliale [34] si a eritro-
citelor [35, 25]. Odatd patrunse In celuld, moleculele de H,0,
sunt aproape imediat reduse la ap3, iar lipoperoxizii - la hi-
droperoxizi.

Hidroperoxizii sau ,peroxizii de ozon”, termen propus de
mai multi autori [25, 36], isi asuma rolul de metaboliti de
ozon fiziologic activi. Datorita reactiei selective a ozonului
cu legaturile duble C=C ale acizilor grasi esentiali, ozonoliza
clasicg, descrisa de Criegée, este reactia dominanta in conditii
fiziologice, cu valori ale pH-ului <7,4. Ozonoliza dureaza doar
fractiuni de secundd, formand, in mare parte, lanturi scurte de
hidroxi-hidroperoxizi intr-un mediu apos (peroxizi de ozon),
care sunt, in mod evident, responsabili pentru efectul farma-
cologic in tratamentul sistemic cu ozon medical [36].

Peroxizii de ozon sunt compusi reactivi de oxigen, asociati
membranelor, ce actioneaza ca mesageri secunzi prin in-
termediul reziduurilor de cisteind si/sau prin reducere prin
glutation (GSH). Mecanismul dat este mai putin agresiv decat
cel al radicalilor superoxid 0-0" si H,0,, si preia reglarea anti-
oxidanta fara SOD si catalazd, care, in schimb, sunt implicate
in stresul oxidativ dezvoltat in conditii patologice relevante.
Hidroxi-hidroperoxidul cu lant scurt, cu tendintd scazuta la
reactii radicale, ar putea initia reglarea mecanismelor pro-
tective de antioxidare 1n calitate de semnal redox (de ex., prin
intermediul factorului nuclear Nrf2, in stres, sau prin interme-
diul factorului nuclear NF-kB 1n procese inflamatorii) [36].

intr-un tratament indelungat, activitatea LOPs va culmina
cu reglarea enzimelor antioxidante, cu aparitia proteinelor de
stres oxidativ (OSP) - hemoxigenaza 1 - un marker tipic si,
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These reactions completed 1n a few seconds use the total
amount of ozone, and generate peroxide of hydrogen that is
an oxidant, but not a radical molecule (usually included in the
ROS group) and a wide range of aldehydes, known as lipid oxi-
dation products (LOPs).

Immediately after the ozone dissolves in the water of plas-
ma and reacts with the polyunsaturated fatty acids (PUFAs),
the concentration of H,0, begins to increase, but it immedi-
ately decreases as unionized molecule penetrates quickly in
erythrocytes, leucocytes and thrombocytes, activates several
biochemical processes and is simultaneously subjected to
water reduction, because of the antioxidant glutathione-per-
oxidase intra cells enzymes (GSH-Px), the catalase and GSH.
This crucial moment corresponds to a transitional, controlled
and acute oxidative stress, which is necessary for biological
activation, without any toxicity, provided that the ozone dose
is compatible with the antioxidant capacity of the blood [26].

While the ROS are responsible for immediate biological ef-
fects, the LOPs are important for late effects, which can affect
any organ, especially bone marrow, where, after the connection
of receptors in submicromolar concentrations, determine the
adaptation to the repeated acute oxidative stress, which is a typ-
ical characteristic of major autohemotherapy with ozone [27].

Having a temporary presence in the cytoplasm, the H,0,
(generated by ozone) has a role of a chemical messenger of
ozone. Currently the H,0, is widely recognized as a signaling
intra cell molecule, which is able to activate the tyrosine-ki-
nase that phosphorylates the kB nuclear transcription factor
(NF-kN), which allows the synthesis of a different number of
proteins [28, 29]. Generally, H,0, functions through the oxida-
tion of the cysteine [30], which in turn has an influence over
the mononuclear cells that are located in the blood [31, 32],
the thrombocytes [33], and the endothelial cells [34] and of
the erythrocytes [25, 35]. Once entering the cells, H,0, mole-
cules are almost instantly reduced to water and lipoperoxides
to hydroperoxides.

The hydroperoxides or the so-called “ozone peroxides”, a
term proposed by various authors [25, 36], have the role of
physiological active ozone metabolites. Due to the selective
reaction of ozone with the C=C double bonds of the essential
fatty acids, the classic ozonolysis, described by Criegée, is the
main reaction within the physiological condition where the
pH level is <7.4. The ozonolysis lasts only fractions of seconds,
by developing mainly short chains of hydroxi-hydroperoxides
in a watery environment (ozone peroxides), which are clearly
responsible for the pharmaceutical effect during the systemic
treatment with medical ozone [36].

The ozone peroxides are oxygen reactive compounds as-
sociated to cell membranes, which act as second messengers,
through cysteine residues and/or reduction through gluta-
thione (GSH), in a less aggressive way than the superoxide
radicals 0-O and H,0, and take over regulation of the anti-
oxidants, without requiring the SOD and the catalase, as in the
oxidative stress, developed as a result of certain relevant path-
ological conditions. The short chain hydroxi-hydroperoxide
with decreased tendency to radical reaction could initiate the
regulation of antioxidative protection mechanism, in a form of



probabil, cu eliberarea de celule stem. Raspunsul terapeutic,
obtinut dupa acest stres oxidativ repetat, sugereazd un efect de
preconditionare, capabil, eventual, sa reechilibreze sistemul de
oxido-reducere tisular, modificat de factorii patogeni [25].

Actualitatea aplicarii ozonului medical in cazul proceselor
degenerative in regiunea oro-maxilo-faciala este determinata
de dereglarea statutului antioxidant, implicat in dezvoltarea
parodontitei marginale cronice. Astfel, aspectele utilizarii ozo-
nului medical la pacientii cu parodontite marginale cronice
necesita o studiere mai aprofundata.

Scopul studiului

Evaluarea actiunii ozonului medical, administrat sistemic,
asupra nivelului seric al markerului stresului oxidativ supe-
roxid dismutaza (SOD), la pacientii cu parodontita marginala
cronicd (PMC), forma grava.

Material si metode

Pentru a indeplini scopul propus in acest studiu, au fost
selectati 96 de pacienti de ambele sexe, cu varsta cuprinsa in-
tre 41 si 73 de ani, diagnosticati cu PMC, forma grava. Pacientii
au fost divizati In doua loturi: cel de control (n=52), caruia i-a
fost administrat un tratament parodontal clasic, nechirurgical
(scalarea si planarea radiculard, SRP) si lotul de studiu (n=44),
caruia i-a fost administrat un tratament parodontal clasic, ne-
chirurgical, complementat cu ozon medical, aplicat sistemic,
sub forma de autohemoterapie majora (AHTM).

Toate metodele de tratament cu ozon medical au fost efec-
tuate conform protocoalelor de lucru, elaborate de Societatile
de Ozonoterapie si care au fost incluse in soft-ul generatorului
de ozon medical, fapt care exclude posibilitatea unor erori de
dozare a ozonului [10].

Generatoarele de ozon medical, precum si toate consuma-
bilele (de unica folosinta), au fost conforme cu directiva Uniu-
nii Europene MDD 93/42, referitoare la echipamentele medi-
cale [36].

in acest studiu, generarea ozonului medical s-a efectuat cu
aparatul universal medical Medozon Compact (Herrmann Ap-
paratebau Gmbh, Eslsenfeld, Germania).

Toti pacientii din lotul de studiu au urmat un curs de 6
sedinte de AHTM, o data la trei zile. Avand in vedere ca majori-
tatea pacientilor prezentau un anumit grad de dezechilibru al
statutului antioxidant, concentratia initiala prescrisa de ozon
medical a fost de 25 mg/mL (0,-0,), urmata de o crestere trep-
tatd, cu 5 mg/mL (0,-0,), la fiecare sedintd ulterioard, pana la
o concentratie de 35 mg/mL (0,-0,).

Administrare sistemicd a ozonului medical prin metoda AHTM

Pacientul a fost pozitionat comod, culcat pe spate pe cana-
peaua medicald. A fost prelevat din vena cubitald 50-150 mL
de sange si introdus intr-o sticla vidata sterild, ce continea o
solutie de 3,13% de citrat de sodiu (anticoagulant) si o can-
titate egala de ozon medical de o anumita concentratie, dupa
care sangele era reperfuzat pacientului. Durata totala a proce-
durii a fost de 20-30 min.

Examenul de laborator

Evaluarea nivelului seric al SOD s-a realizat fotometric
(enzimatica). Sdngele venos s-a recoltat a jeun, in recipient de
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a redox signal (e.g., though the stress nuclear factor Nrf2 and
the inflammatory processes nuclear factor NFkB) [36].

During a prolonged treatment, the LOPs activity will cul-
minate in the up-regulation of the antioxidant enzymes, the
development of the oxidative stress proteins (OSP) - hemoxi-
genase-1, a typical marker, and probably the release of stem
cells. The therapeutic response achieved after this repeated
oxidative stress suggests a preconditioning effect that can
eventually rebalance the redox system, which has been modi-
fied through pathogen factors [25].

The relevance of medical ozone application in the case of
degenerative processes development in the oral and maxil-
lofacial area is determined by the dysfunction of the antioxi-
dant status, involved in the development of chronic marginal
periodontitis. Therefore, a deeper and further research of all
the aspects of use of medical ozone in patients diagnosed with
chronic marginal periodontitis is needed.

Purpose of the study

Evaluation of the medical ozone effect in systemic admin-
istration, over the serum level of the oxidative stress marker
- superoxide dismutase (SOD), in patients with severe CMP.

Material and methods

In order to achieve the purpose for this study, 96 patients,
men and women, aged 41-73, diagnosed with severe CMP were
selected. The patients were divided into two lots - the con-
trol lot of 52 patients, which received a classical non-surgical
periodontal treatment (scaling and root planning treatment
(SRP)); and the research lot of 44 patients, which received the
same treatment complimented with medical ozone in the form
of major autohemotherapy (MAHT).

All methods of medical ozone treatment were performed ac-
cording to protocols established by the Ozone Therapy Societies
and are included in the working software of the medical ozone
generator. This fact excludes any error of ozone dosage [10].

Medical ozone generators, as well as all single use consum-
ables, fulfilled the requirements of the EU medical device di-
rectives MDD (Directive 93/42) [36].

The device Medozone Compact (Herrmann Apparatebau
Gmbh, Eslsenfeld, Germany) was used for the generation of
medical ozone in this study.

All patients from the research lot received 6 sessions of
MAHT, once every 3 days. Taking into consideration the fact
that the majority of the patients showed a certain degree of
unbalanced antioxidant status, the initial concentration of the
medical ozone was 25 mg/mL of 0,-0,, followed by a gradual
increase by 5 mg/mL of 0,-0, at every new session until the
concentration of 35 mg/mL of 0,-O,was reached.

Systemic administration of medical ozone through MAHT
method

The patient takes a normal position, laying on his/her back
comfortably on the medical couch. A certain amount of venous
blood (50-150 mL), is taken from the cubital vein into the ster-
ile glass vacuum bottle, in which was initially added 3.13% of
sodium citrate (anticoagulant) and is mixed with an equal
amount of medical ozone, having a certain concentration, and
afterwards this blood is infused back to the patient. The pro-
cedure lasts approximately 20-30 minutes.
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recoltare (vacutainer), ce continea EDTA ca si anticoagulant.
Proba de sdnge era pusa imediat in frigider, la 2-8°C. Valorile
de refernta (normale) pentru SOD au fost considerate 1200-
1800 U/g Hb [12].

Testarea pacientilor s-a efectuat in dinamicg, pana la tra-
tament, imediat dupa tratament si la intervale de 1, 3 si 6 luni
dupa tratament.

Analiza statisticd efectuatd

Analiza seriilor de date a fost efectuata cu ajutorul
aplicatiilor statistice ale programului Microsoft Excel. Datele
sunt prezentate sub forma de valori absolute si relative. Un
p<0,05 a fost coniserat statistic semnificativ.

Rezultate

Loturile nu au prezentat nicio diferenta statistic semnifica-
tiva intre parametri la etapa de pani la tratament. In lotul de
control, pe parcursul supravegherii, nu a fost constatata nicio
schimbare statistic semnificativa a nivelului seric al SOD.

Pe de altd parte, in lotul tratat cu ozon medical, pacientii
cu valori crescute ale SOD au prezentat o scadere semnificati-
va a concentratiilor serice medii dupa tratament, iar la 1 luna
dupa tratament - o normalizare. Respectiv, la pacientii cu ni-
vele scazute ale SOD, s-a constatat o crestere semnificativa ale
concentratiilor serice, pana la normalizare. Astfel, proportia
pacientilor cu nivele normale de SOD a crescut de la 11% la
84% (p<0,001) imediat dupa tratament, la 95% (p<0,001) -1la
1 lund dupa tratament si la 100% (p<0,001) - la 3 luni dupa
tratament, cu mentinerea starii date la 6 luni dupa tratament
(Figura 1).
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Laboratory tests

The evaluation of the serum level of oxidative stress mark-
er (SOD) was performed using the photometric (enzymatic)
method. The venous blood was collected in a vacutainer, which
contained the EDTA as anticoagulant, on an empty stomach.
The blood sample was immediately stored in the refrigerator
at a temperature of 2-8°C [12]. The evaluation of the serum
level of the SOD marker indicators was made according to the
average indicators of 1200-1800 U/g Hb [12].

The dynamic examination of patients was done before the
treatment, after the treatment, at 1, 3, and 6 months after the
treatment.

Statistical analysis performed

Analysis of data series was made with statistical applica-
tions of the Microsoft Excel program. Data are presented in
absolute and relative values. A p<0.05 value was considered
statistically significant.

Results

The data accumulated, before the treatment, did not show
any statistically significant difference between the two lots.
The control lot did not register any evident changes of the ave-
rage value of the serum level of the SOD marker.

On the other hand, the lot treated with medical ozone has
shown that in the patients with higher level of the SOD marker,
had a significant decrease of the average values of the serum
level of the SOD marker after the treatment and in 1 month
after the treatment, a decrease up to normal level indicators.
Consequently, the patients who had low levels of the SOD mar-
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Fig. 1 Analiza comparativa a valorii medii al nivelului seric al SOD, intre loturi pana la tratament, dupa tratament, la 1 luna, la 3 luni si la 6 luni dupa

tratament. Legendd: (A) - PMCG pana la tratament; (B) - PMCG + O, pana la tratament; (C) - PMCG dupa tratament; (D) - PMCG + O, dupa tratament;

(E) - PMCG la 1 luna dupa tratament; (F) - PMCG + O, la 1 lund dupa tratament; (G) - PMCG la 3 luni dupa tratament; (H) - PMCG + O, la 3 luni dupa
tratament; (I) - PMCG la 6 luni dupad tratament; (I) - PMCG + 0, la 6 luni dupa tratament.

Fig. 1 Comparative analysis of the average value of the serum level of the SOD marker, between the lots, before the treatment, after the treatment,
at 1, 3 and 6 months after the treatment. Legendd: (A) - SCMP before treatment; (B) - SCMP + O, before treatment; (C) - SCMP after treatment;
(D) - SCMP + 0O, after treatment; (E) - SCMP at 1 month after treatment; (F) - SCMP + O, at 1 month after treatment; (G) - SCMP at 3 months after
treatment; (H) - SCMP + O, at 3 months after treatment; (I) - SCMP at 6 months after treatment; (I) - SCMP + O, at 6 months after treatment.



Discutii

Prezenta atat in interiorul cat si in afara membranelor ce-
lulare, SOD, impreuna cu glutation-peroxidaza si catalaza, fac
parte din sistemul primar intern de aparare anti-oxidanta al
organismului si joaca un rol important in reducerea stresului
oxidativ [11].

O serie de studii au demonstrat ca nivelele markerelor
stresului oxidativ si leziunile oxidative sunt crescute in boala
parodontald (BP), comparativ cu persoanele sanatoase, exis-
tand corelatii semnificative intre activitatea salivara antioxi-
danti si severitatea BP [37-39]. Intr-un alt studiu, bolnavii de
parodontita generalizata cu PPr cu exudat purulent, au pre-
zentat o mobilizare semnificativ redusa a potentialului bacte-
ricid al mononuclearelor si neutrofilelor, maladia fiind Tnsotita
de intensificarea activitatii enzimelor de protectie antioxidan-
ta (SOD si catalaza), dar care nu reuseau, totusi, sa limiteze
peroxidarea lipidelor [40]. Una din actiunile ozonului medical
asupra patogenezei afectiunilor parodontiului, o demonstrea-
za scaderea activitatii proceselor de peroxidare a lipidelor si
stimularea concomitenta a sistemului de antioxidare [41, 42].

Rezultatul obtinut a demonstrat efectul de modulare al ni-
velului seric de SOD, indus de ozonoterapia sistemica. Modu-
larea SOD si a catalazei de catre ozonul medical a fost descrisa
si In alte studii clinice; aceastda modulare implica, probabil,
expresia genelor [43, 44]. Totalitatea modificarilor date re-
prezinta o adaptare metabolica care contribuie la integrarea
reactiilor homeostatice la diferite nivele, indreptata spre ame-
liorarea proceselor de autoreglare ale organismului [45].

Concluzii

Nivelul seric crescut al superoxid dismutazei este asociat
cu parodontita marginala cronicd, forma grava. Administrarea
sistemicd de ozon medical la pacientii cu parodontita margi-
nala cronicad si-a demonstrat eficienta si reprezinta un element
cheie al terapiei antioxidante. Modularea nivelului seric al SOD
a redus stresul oxidativ, implicat in patogeneza parodontitei
marginale cronice, forma grava si a condus la echilibrarea ho-
meostaziei redox.
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ker value showed a significant increase of the average value
of serum level of SOD marker up to normal one. Therefore,
the patients, having a normal serum level of the SOD mar-
ker, increased from 11% to 84% (p<0.001) immediately after
the treatment and up to 95% (p<0.001) in 1 month after the
treatment, raising up to 100% (p<0.001) in 3 months after the
treatment and maintaining the same condition, at 6 months
after the treatment (Figure 1).

Discussion

Together with glutathione peroxidase and catalase, the
SOD is part of the primary internal antioxidant defense sys-
tem of the body, and has a critical role in the reduction of the
oxidative stress [11].

Various research studies have shown that the levels of the
oxidative stress marker and the oxidative destructions are high
in periodontal disease (PD) in relation with the healthy ones
and there is a significant correlation between the saliva anti-
oxidant activity and the severity of the PD [37-39]. Another
study showed that patients with CMP with periodontal pock-
ets (PP) with purulent exudates had a significantly reduced
mobilization of mononuclears and neutrophils bactericide
potential, having a higher activity of the antioxidant defence
enzymes (SOD and catalase), however being unable to remove
the intensification of the lipids peroxidation processes [40].
One of the effects of the medical ozone on the pathogenesis
of the periodontal disease has been proved by the decrease of
the activity of lipid peroxidation processes and the simultane-
ous stimulation of the antioxidant system [41, 42].

The impressive results obtained demonstrated the modu-
lation effect of the serum level of the superoxide dismutase, in-
duced by the systemic application of medical ozone. The SOD
and catalase modulation by the medical ozone was observed
during other clinical studies and it probably involves genes
expression modulation [43, 44]. The overall number of these
modifications is the metabolic adaptation, which promotes
the integration of the homeostatic reactions at different levels
and decrease the body’s self-regulation disorders [45].

Conclusions

The increased serum level of the superoxide dismutase
marker is associated with severe chronic marginal periodon-
titis. Systemic administration of medical ozone in patients
with severe chronic marginal periodontitis demonstrated its
effectiveness and represents a key element of the antioxidant
therapy. The modulation of the serum level of the superoxide
dismutase reduced the oxidative stress involved in the patho-
genesis of sever chronic marginal periodontitis and led to re-
balance of the redox homeostasis.
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