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Ancrpakr

IlaTorenerckure 36HIHYBAKA BO TeK Ha HHpIIaMa-
[MjaTa HA MAPO/IOHTAJIHUTE TKUBA CE CJIOKEHU U
MIOKPEHYBAAT MHOIITBO HA [IPOIECH H YHHUTEIIH.

Mely HUB BO MOCJIE/THHUBE TOJMHU CE€ TIOTOJIEMH Ce
MO/IATOIIMTE W CO3HAHHjaTa 3a YIECTBOTO HA CJIO-
OOHUTE paJUKaId H PEeaKTHBHHTE KUCIOPOIHU

dopmu .

1lenra Ha TpyHOT Gele f1a ce nae mMpervies U 1a ce
CHCTEMATU3UPAAT JIOCETAIIIHUTE CO3HAHU]A OFf JIH-
Teparypara 3a IMOTEKJIOTO, HAUHHOT HAa JIejCTBO U
cnenudUIHNATE ITaTOTeHETCKH JleyBara Ha CJIO-
OO/IHHUTE PA/IMKAIU BP3 TKUBATA HA [TAPOJIOHTOHT.

Ha xpaj on TpyzoT HanpapeHa e cHCTeMAaTH3aIIHja
Ha JIOCEralllHUTe CO3HAHWja 33 MOMKHOCTA 32 KO-
pHCTeHe HA AHTHOKCHJIAHCHUTE M IIPEJIOMKEHHTE
IIPOTOKOJIH BO TepalijaTa Ha IapOIOHTOIATH]aTa.

Kiyuau 360opoBu: cy1060HH PaUKaIH, pPeak-
THBHH KHCJIOPOHHU (POPMH, TapoJgoHTaIHA HostecT
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Abstract

Periodontal inflammation is a comlex mechanism
including a variety of agents and pathological pro-
ceses amongs which the role of ROS has been widely
investigated.

The paper offers a systematic review of data about
the origin, tissue destruction, and pathogenetic im-
plications of Reactive oxygen species (ROS) in peri-
odontal disease.

The paper offers and some strategies about the use
of antioxidant agents in periodontal therapy.

Keywords: free radicals, free oxygen species, peri-
odontal disease
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Bosen

CnobopuauTe pajuKkaiu 1o JeUHUIH]A Ce BHCOKO
PEeakTHBHH MOJIEKY/IH KOH BO IIOC/IE[HATA eJIeK-
TPOHCKAa OOBMBKAa MOKAT /la /00MBaaT wiu rybart
1o e/leH eJIeKTPOH. BakBaTa CTpyKTypa I' IIpaBd
HM3BOHPEJHO HecTAOMJIHH, IIa THE OICTAHYBAaT BO
OpraHU3MOT MHOTY KDaTKO BpEMe, BO PAHTOT Ha
e/lHa HAHOCEKYH/Ia WIH MoMasky. Mefyroa, 3a oBa
KpPaTKO BpeMe THe MOKe J1a IIPeJH3BHKAAT CepHo3-
HH OIITETYBama, IPeji ce Ha KIETOYHO HUBO KaKO:
omrreryBamwa Ha JJHK, reHckn Myranus, IpoMeHH
BO CTPYKTYpaTa Ha IPOTeHHHUTe (IIpaBejKu I'u TyIH
32 OPraHU3MOT), JINIH/HA NEePOKCH/IAIM]A, OKCH-
Jlandja Ha OJpefieHH €H3HMH, CTHMYJIMparhe Ha
CO3[IaBAETO HAa IMTOKWHH, I1a ce 0OBHHYBAaaT 3a
ABTOMMYHHTe 3a00/IyBama, AaTePOCKIEPOTHUHUTE
MPOMEHH M KaHI[EPOTEeHUOT PACT HA KJIETKUTE .

CroboHHTE pagUKaId MOKAT 71a GHAAT MO3UTHB-
HO HaenekTpusupanu (NADs+), HeraTHBHO Haese-
krpusupanu (02+-) wiu Heyrpasau (OHe) (co koH-
BeHIHja e mpudareHo HeClIapEHUTE eJIEKTPOHH J1a
ce 03HAYYBAAT CO ).

[locrojaT ompemeHH MOJIEKYJIH KAKO BOJOPOHH-
or mnepoxcyy; (H202), XWUNOXJIOpHATA KHCETHHA
(HOCI) u r.1. ,singlet” kucmopoz (102+) kou cTpyK-
TYPHO HE MPETCTABYBAAT PA[HKAIH, 4 UMaaT BHCOK
OKCH/IATIMCKH TIOTEHIWjall BO eKCTpalesyJiapHaTa
W HWHTpaleIy/apHaTa CpPeHHA. 3aTod, TEPMHHOT
c1060THY PaZiHKaId BO MOCJIEHUTE TOJHHHU CE 3a-
MEHYBa CO TEPMHHOT PEAKTUBHH KHCIIOPOIHHU Gop-
MH, KOH T'H BKJIYIyBaaT CIIOMEHATHTE MOJICKYJIH®.

Peayxnmjata Ha KHCIOPOAOT CO €/leH eJIeKTPOH
LOBEyBa IO CO3/aBaibe HA CYIEPOKCHEH aHjOH,
VIITE e/leH ZIONOJIHUTEIEH eJIeKTPOH BOJH /IO CO3-
JlaBarbe Ha BOJIOPOJIEH TIEPOKCHU/L, 4 TPET eJIEKTPOH
BOJH /IO CO3LaBare Ha XHUIPOKCHIIEH PafHKal, 3a
KOj Ce CMeTa JIeKa € HAJaKTHBEH MyTareH areHc J0-
OVeH KaKo IOCJIeUNa Ha JOHU3HPAYKO 3paverse.

Hexou KapakTepUCTHKU HA CI000HUTE paIuKaiu
ce JieKa:

- HACTAHyBaaT IPH OKCHUAOPEAYKTHBHHTE IIPOLECH
BO OPTraHU3MOT

- NOTEKHYBaaT Off HeYTPOQHIHHUTE TPAHYJIOIUTH,
MoHouHTHTe H GHOpO6IaCTHTe, KAKO H Off KJIeTKH-
Te Ha eHJIOTEJIOT HA KPBHUTE Ca/I0BH

- MOKaT Aa OHIaT IpeAu3BHKAHH O] VITPABHOIE-
TOBO 3pavuere, pasiijalija, mylemhe, 3araJieHa K-
BOTHA CPE/IMHA U CJL.

KopucTemeTo aHeCTeTHIIH, AaHAJITETHITH U IIUTOCTAa-
THUIM MOXKE /Ia TIPU/IOHECE 34 CO3/IABAHETO HA CJIO-
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Introduction

Free radicals (FR) are by definition highly reactive
molecules in which an electron can be added or sus-
pended from the last electronic shell. This structure
makes the FR extremely unstable, so they survive in
the body for a very short time, in the range of a na-
nosecond or less.

However, during this short time they can cause se-
rious damages, primarily on cellular level as: DNA
damage, gene mutations, changes in the structure
of proteins (making them unknown for the body),
lipid peroxidation, oxidation of certain enzymes,
stimulating formation of cytokines. Due to that, it
is thought that FR are responsible for some autoim-
mune diseases, atherosclerotic changes and malig-
nant alteration of cells.

Free radicals can be positively charged (NAD « +),
negatively charged (O2 « -) or neutral (OH +) (un-
paired electrons are marked with « by Convention).

There are certain molecules such as hydrogen per-
oxide (H202), hypochlorous acid (HOCI) and so-
called “singlet” oxygen (102 +) which are not radi-
cals by structure, but have a high oxidation potential
in the extracellular and intracellular environment.

Therefore, the term free radicals in recent years
was replaced with the term reactive oxygen species
(ROS), which include the mentioned molecules?.

The reduction of oxygen with an electron leads to
formation of superoxide anion. An additional elec-
tron leads to formation of hydrogen peroxide, and a
third electron leads to formation of hydroxyl radical,
which is considered as most active mutagenic agent
generated by the effects of ionizing radiation.

Some characteristics of ROS are:

- they are formed in oxidoreductive processes in the
body;

- they are generated in neutrophil granulocytes,
monocytes, fibroblasts and endothelial cells of blood
vessels;

- they can be generated as a result of exposure of
ultraviolet radiation, ionizing radiation, smoking,
polluted environment etc.

The use of anesthetics, analgesics and chemothera-
py may contribute to the formation of ROS.

Once produced, free radicals can react between

themselves, which is the least likely outcome con-
sidering their short lifetime.
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6oxuuTe panukany. EqHam cozzmaneru, cao6ogHN-
Te paJINKaJIH MOXKAT a pearupaar Merly cee, IIITo e
HAjIIOBOJIEH, HO BOEJHO M HAjMaJIKy BEpojaTeH Hc-
XOJL CO OIVIeZ] HA HUBHHOT KPATOK 3KHUBOT. JOKOJIKY
MPOAyKIHjara Ha JI00OHATE PAJIUKAIH € BO (u-
3HOJIOIIKH TPAHHIIM, TOTANl AHTHOKCHIATHBHHOT
CHCTEM Ha OPTaHU3MOT TH Bp3yBa 3a cebe GopmMu-
pajiky peakTHBHO cTabuUIHM coefuHenuja. MefyToa,
KOTa TPOAYKIHMjaTa e 3roJIeMeHa MJIM KOra aHTH-
OKCH/IATHBHHUOT CHCTEM BO OPTaHH3MOT € HCTPO-
mieH (MaTHYTpPHIIHja, IMeTH, 3rojieMeHa (QU3HIKa
aKTHBHOCT) TOTAIl THE Ke NpeH3BHKAAT BePIDKHA
peaknuja Ha co3/jaBae ce orosieM 6poj cio6oHu
PaJUKAIH KOH MOKAT /1a GU/IaT U MOPeaKTHBHH O
WHUIUjATHHOT, PEIU3BUKYBAjK BEPHIKHA peak-
[Hja Koja Teue ce JI0/leKa He ja IPEeKHHEe HeKOj Of
AHTHOKCH/IATHBHHUTE MEXaHHU3MH BO OPraHHU3MOT"?.

CroGoauuTe paguKaId H NAPOJOHTAIHATA
Ooaecr

JejerBoTo Ha cI060AHUTE pajHKaNd BO TEKOT HA
MAapOIOHTONATH]aTa € COTJIENAHO Of] ACHEKT Ha e/{Ha
uH(pIaMaTopHa coctojba. JluTeparypHHUTE IIOJATO-
L[ W HABEyBAaT CJIENHUTE OINTETYBAHA KOU MO-
JKaT 713 HACTAHAT BO MAPOJOHTAJHHTE TKUBA O/
JI€JCTBO HA CJIOBOHHTE PAIHKATINS,

OmwrreTyBarbe U IecKBaMalija Ha eUTeI0T Ha THH-
ruBata, 6abpeme U rybeme Ha eTacTHIHOCTA U KH-
HEHe Ha KOoJIaTeHUTE BJIAKHA,00eMHa pecoprimja
Ha KOCKaTa H HaMaJlyBarhe Ha Gp3HHATa HA Brpajy-
Bame Ha 1] IpOJIMH U Ha Kpaj, a MO3KeOH | KaKo 1Mo-
YeTHW MPOMEHH Ha KPBHUTE CAJ[0BH, 3a/1e0e/yBarhe
Ha SHIOT Ha KPBHUTE CAZI0BU U TPOMBO3H HA HCTUTE
€O CHTE MCXEMIYHHU ITOCTIETUITH.

Bo nporpecujaTa Ha mapofoHTanHaTa GosIecT cym-
TECTBEHA YJIOra MMa He{OCTUTOT HA TOKO(EPOII IpH
IITO PETUCTPHUPAHM CE TIPOMEHH O/] THIIOT Ha:
1.JleckBamManuja Ha €MUTEIIOT
2.Enem
3.JleykornuTHa HHGUITPAIH]A
4.0mreryBarbe Ha MeMOpaHara Ha puOpoOIACTH-
TE
5.HamasieHO HUBO Ha KaJIUyM W 3TOJIEMeHa pe-
COPIIMja HA aJIBe0JIAPHATA KOCKA
6.I'uHruBasiHa penecuja Bo mpejes Ha MOJIapuTe

ITpoMeHHTe Ha TAPOJOHTOT IPH XPOHHYEH HeZ0C-
THUTI' Ha AHTHOKCHAHCH €€ MHOTY CJIMYHH CO XpO-
HUYHHUTE WHBOJIYTHBHH IIPOMEHH KOM C€ jaByBaat
co crapeemero. OBOj MOIATOK /I03BOJTYBA /Ia Ce H3-
BJIete 3aKJIYIOKOT JleKa HAMaJIeHOTO BHeCYyBame Ha
AHTHOKCHJIAHCH BO OPIraHU3MOT TH 3a0p3yBa MHBO-
JIYTHUBHHTE HPOIECH KOH Ce jaByBaaT CO CTAPEEEHETO.
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If the production of ROS is in the physiological lim-
its, the anti-oxidative system of the organism binds
them, which results in formation of reactive stable
compounds.

When production of ROS is increased or when the
anti-oxidative system in the body is depleted (mal-
nutrition, diets, increased physical activity) they will
cause a chain reaction and create a number of ROS
that can be more reactive than the initial, causing a
chain reaction.

When the antioxidant mechanisms get active and
successfully neutralize the ROS, the chain reaction
stops running2.

ROS and periodontal disease

Effects of ROS during the periodontal disease are
experimentally studied mainly from the perspec-
tive of an inflammatory condition. Literature datas.
confirm set of changes in periodontal tissues due to
ROS such as:

- Damage and desquamation of the epithelium of
the gingiva;

- Swelling, loss of elasticity and tearing of collagen
fibers;

- Extensive bone resorption and reducing the
speed of incorporation of proline C;

- Thickening of the blood vessel wall (perhaps as
initial change) and thrombosis, leading to ischem-
ic consequences.

Furtermore lack of tocopherol has major role in the
progression of periodontal disease such as:

1. Desquamation of epithelium;

2. Oedema;

3. Leukocyte infiltration;

4. Damage on the membrane of fibroblasts;

5. Decreased levels of calcium and increased al-
veolar bone resorption;

6. Gingival recession in the molar area.

Changes in the periodontal tissues in chronic lack of
antioxidants are very similar to chronic involutive
changes that occur with aging.

Therefore, reduced intake of antioxidants in the
body accelerates the involutive processes that occur
with aging.
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IToTek,10 Ha peaKTHBHHUTE KHCJIOPOIHH (op-
MH BO TE€K Ha MAPOAOHTONATHjaTA

Hajrosiem usBop Ha c10600HH PAIUKAIH BO TEK HA
MAPOZIOHTONIATHjATA ce HEYTPOQHIHNUTE TPaHyJIO-
nETH, OUzejku 90% 071 BKYIIHHOT OPOj HA JIEYKOIIH-
TH BO THHTHBAIHHOT GUIYHJ BO TEK HA IOYETHATA
uH(UIaManuja ¥ 50% 071 BKYITHHUTE JIEYKOIUTH KOH
ro HHQWITPUpAAT IPUIIOJHUOT EITUTEN OTHalraaT Ha
HEyTPOMWIHNTE IPAHYJIONUTH.

THe TH IPOAYIHPAAT CYNEPOKCHIHHTE CI000IHH
pajiKaai Kako AaHTHOAKTEPHUCKH areHc, KoM 3a-
€IHO CO JIM3030MaJHHTE €H3HMH YIeCTBYBaaT BO
VHHIITYBAHkETO Ha (ParonMTHpaHWTE MHKPOOpTa-
HU3MU. JIOKOJIKY M30CTaHe IPOJyKIHjaTa Ha CyTie-
POKCHIHHUOT pafguKai, GarolUTHPaHATe MHKPOOD-
TraHM3MH Ce BpakaaT BO HHTEPCTHIIYMOT*.

MexaHH3MH Ha OIITeTyBalke Ha NapoJOH-
TAJHHUTE TKHBAa O] PEAKTHBHHUTE KHCJIOPOJ-
HH dhopMH

ITapojoHTaMHNUTE NATOTEHH Off CYOTHHTHBAJIHHOT
JIEeHTAJIEH IJIAK KOW Ce IVIABHH IPUIMHWUTETH Ha
apojoHTasHaTa 0oJecT, ja akTHBHpaar uHdIaMa-
Iujara NpeKy HeKOJIKY nathirra. OBaa aKTHBAIMja
ce coyuyea npeky CDi4 u Toll-like penentopure
THII 4, KOH Ce HAolaaT Ha KIeTOYHATa MeMbpaHa Ha
¢ubpobiacTiTe, CO MITO 3AMOYHYBAAT /1A CE CO3/1a-
Baar u ocyoboayBaar 6pojHH WHGIAMATODHH ITH-
TokHHH. CO TOA JIOKAIHO JPACTUYHO CE 3T0JIEMYyBa
6pojoT Ha HeyTPO(HIIHUTE TPAHYJIOIMTH KAKO IIPBA
JIMHHja Ha of0paHa.s

Bo Tek Ha uH(IaManMjaTa HACTAHYBA JIECTPYKIH]a
HA HeyTPOUIHHTE IPAHYJIONHUTH H 0CTI060/LyBame
HA CYIEePOKCHIHHOT PAJHKAJI, KOj H HE € MHOIY ar-
pecuBeH. MefyToa, CyepOKCHTHHOT PaJIUKAI BIe-
I'YBajKH BO PeakIyja co MOJIEKYJIHTe Ha BOZA CO I10-
cpeicTBO Ha GakapHM H JKeJIE3HH jOHH IOKpeHyBa
BepIDKHA PeaKIija Koja pe3yaTupa co GpopMupame
HA XUJIPOKCIJIHHOT PaiHKaJI, KOj € IaeKy opeak-
THBeH. XUIPOKCHIHHOT PAJUKAI HAjIecTo ce Io-
BpP3yBa CO IIPOMEHH Bo cTpykTypata Ha JIHK, ucnp-
MyBambe Ha aJleHO3UHTPHGOcATOT KAKO H TEeHCKH
MYTAI[HH H MAJIUTHY TpaHchopMaIun®.

Opn mpyra crpaHa, ce 3roJIEMYBa M CO3/aBAIETO HA
MaTPHKCHUTE METAIIPOTEHHA3H, IIITO JOBEAYBA JI0
JleCTPYKIHja Ha TkuBOTO. OBaa JieCTpyKIHja BOAH
JI0 XUIEPIPOAYKIMja Ha JIMIHIHH TEPOKCH/IH,
uH}pIaMaTOPHH MEIHjaTOPH U OKCHAMPAHHU IIPO-
TEWHH, KO O/ CBOja CTPaHA JIOTIOJIHUTEHO TH aK-
TUBHpaar Makpodarure, HeyrpodunuTe U Gubdpo-
GacTHTE W THe YIITe TIOBEKE cO3/aBaaT cJIOGO/IHH
pagukanu’.

Mefyroa, mo3HAYajHO € INTO BO TeK Ha HH)Ia-
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Origin of ROS during periodontal disease

The major source of ROS during the periodontal
disease are the neutrophil granulocytes.

That is because 90% of the total number of leuko-
cytes in gingival fluid during the initial inflamma-
tion and 50% of total leukocytes that infiltrate the
junctional epithelium represents neutrophil granu-

locytes.

They produced the superoxide free radicals as an-
tibacterial agents, which together with lysosomal
enzymes participate in the destruction of microor-
ganisms. Absence of free radical production means
returning of phagocytized microorganisms back to
interstitium#.

Mechanisms of periodontal tissue damage
by ROS

Periodontal pathogens from subgingival dental
plaque are major causers of periodontal disease.
They activate the inflammation through several
pathways. This activation occurs via CD14 and Toll-
like receptors type 4, which are found on the cell
membrane of fibroblasts, which begin to produce
and release a number of inflammatory cytokines.

Therefore, there is a huge increase in the number
of local neutrophil granulocytes as a first line of de-
fense.s

During inflammation there is destruction of neutro-
phil granulocytes and releasing superoxide radical,
which is not so much aggressive.

However, the superoxide radical gets in a reaction
with water molecules through the copper and iron
ions and initiates a chain reaction that results in for-
mation of hydroxyl radical, which is far more reac-
tive than superoxide. Hydroxyl radical is commonly
associated with changes in the structure of DNA, de-
pletion of adenosine triphosphate, gene mutations
and malignant transformation as well®.

On the other hand, formation of matrix metallopro-
teinases occurs, leading to destruction of the tissue.

This destruction leads to overproduction of lipid
peroxides, inflammatory mediators and oxidized
proteins, which further activate macrophages, neu-
trophils and fibroblasts, so they produce more free
radicals?.

However , more important is that during inflamma-
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MaIujarta XHIPOKCHIHHOT pafUKan IOKPEHYyBa
BEPIIKHA PeaKIyja MO3HATA KAKO JIMIMIHA Iepo-
kcuzanuja . Kako HajuecT cymerpaT Ha oBaa peak-
IHja ce jaByBa apaxXHAOHCKATA KHUCEJIHHA, a KaKo
KpajHH NPOAYKTH HAa OBAaa peakiuja ce jaByBaar
MPOCTATJIAHIMHH Of, CUTe KJIaCH CO CHTE TIPH/IPYK-
HH JI€jCTBA, KaKO ¥ TPOMGOKCAaHH KOH ja 3a0p3yBaar
arperanujaTa Ha TPOMOOLIMTHTE IIPEJM3BUKYBajKH
TpoM0O03a Ha KPBHUTE CAZ[OBHS.

CoBpeMeHHTE TEOPHH 3a IaTOreHe3aTa Ha mapa-
JIOHTOTATHjaTa 0CODEHO 3HAYEHE UM TPHJIaBaaT
Ha MPOMEHHUTE HAa KPBHHTE cafoBu. PakTopure Ha
PH3HK 3a HACTAHYBake Ha MapO/IOHTOIIATHja U aTe-
POCKJIEPO3aTA JIOBEJ[YBAAT /10 HEJIOCTATOK HA OMeEra
macuu kucenuHu (PAC). Toa mosemyea 0 ocsto6o-
[IyBarbe Ha paiKaIi Ha KHCIOPOOT IIPH aepobHO-
TO PasrpajiyBame Ha (ArONHUTHPAYKHTE JIEYKOITH-
TH, KOH CEé aKyMY/IMPaaT BO THHIHBAJIHATA TETHOCT
M TKMBOTO Ha IMHruBata. [losmMopdoHyKIeapHu-
Te JIEyKOUHUTH 01000/ [yBaaT WH(IAMATOPHH Me-
UjaToOpH, XUAPOJIA3H M KUHWUHH. OBHE MaTepHH
Mpeau3BUKYyBaaT Gazu Ha Juiaartandja u dasud Ha
cra3aM Ha KANWIdpPHATA MpPeXa BO THHTHBATA U
HMMYHOJIONIKH HAPYIIyBama. Il0CefoBaTeJIHO ce
jaByBaaT (a3 Ha XHUIEPOKCHja H XHMIIOOKCHja Ha
Mapo/IOHTOT | Ju(dy3Hja HA CTI0DOHUTE PAIUKATIN
071 THHI'HBAJIHOTO TKHMBO BO KOCKEHOTO TKHBO?,

Oxcupalijara Ha JIMOAHTE 107, JEjCTBO Ha CJI0-
fo/HUTE paJUKAIM BO KOCKEHOTO TKHBO, aTepoc-
KJIepo3aTa Ha KPBHHTE CAZI0BH BO KOCKEHOTO TKHBO
¥ MMYHOIIATOJIOMIKUTE MeXaHH3MH [IPeJH3BHKYBa-
aT JIECTPYKIIMja HA KOJIATEHWUTE BJIAKHA M PEcopIl-
[1ja Ha aJIBeoJIapHaTa KocKa’d.

Hcro Taka, TOKaXKAHO € JIEKa TPUCYCTBOTO HA CJIO-
bonauTe pamukay (0cobeHO CYyIEepOKCHAOT U BO-
JIOPOZTHHOT TIEPOKCHJ) MMa IIOTOJIEMa YJIora BO
aKTHUBAIMjaTa HA OCTEOKJIACTUTE OTKOJKY BO JIH-
PEeKTHATA PecOPIIIHja HA KOCKEHHOT MaTpHKC. KoH-
TPOBEP3HO, A30THHOT OKCH/I KOj UCTO TAKA BJIETYBA
BO Tpynara Ha PajHKaJii WUMa yJIora BO WHXHOH-
[HjaTa Ha KOCKeHaTa PecopIimja’®.

In vitro cTyauuTe mokakyBaar /ieka ci000AHUTe pa-
JIUKAJIH ce CIIOCOOHH fa lerpasupaar OpojHH KOM-
IIOHEHTH Ha eKCTPALIEIYyIapHHOT MAaTPHKC, IIPEJ ce
IIPOTEOIVIMKAHUTE, IIITO Pe3yJITHpa co MoguduKa-
nija Ha QYHKIHOHAIHUTE AMHHOKHCEIHHCKH IDY-
nu. OBa Bo/iM 10 (hparMeHTaIija Ha TPOTEHHUTE U
JIeNIOJIAMEpPU3aIyja Ha TJIMKO3aMHHOTJIMKAHHTE.
HerpaskypamaTta BPIIEHH HA aJIBeOIapHA KOCKA
071, ’KHBOTHHCKO ITIOTEKJIO HOKaaJie 3HavajHa Jie-
CTPYKIMja HAa KOCKATa BO TEKOT HA 24 yaca. Bo oji-
HOC Ha IIPOTEeHHUTE, 3a0esIeKaH0 e HaMaTyBamke Ha
MIPONOPIIMjaTa HA JIEYIIHH U KOMILIETHO OTCYCTBO
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tion, the hydroxyl radical initiates a chain reaction
known as lipid peroxidation.

The most common substrate of this reaction is
arachidonic acid, and products of this reaction are
prostaglandins of all classes with all their actions,
and thromboxane that accelerate platelet aggrega-
tion causing thrombosis of blood vessels as well®.

Current theories of pathogenesis of the periodontal
disease give big importance to changes in blood ves-
sels.

The risk factors for the occurrence of atherosclerosis
and periodontal disease lead to a lack of omega fatty
acids (FAS).

This leads to releasing of oxygen radicals during the
aerobic lysis of leukocytes that accumulate in the
gingival fluid and gingival tissue. Polymorphonu-
clear leukocytes release inflammatory mediators,
kinins and hydrolases.

These substances cause episodes of dilatation and
episodes of spasm of the capillars in the gingiva and
some immune disorders. Subsequently, episodes of
hyperoxia and hypoxia in the periodontal tissue oc-
cur, which leads to diffusion of ROS from the gingi-
val tissue in bone tissue?.

Oxidation of lipids by the action of free radicals in
bone tissue, atherosclerosis of the blood vessels in
the bone tissue and immunopathological mecha-
nisms cause destruction of collagen fibers and al-
veolar bone resorption as well®.

It is also demonstrated that the presence of free
radicals (especially superoxide and hydrogen perox-
ide) has a greater role in the activation of osteoclasts
than in direct resorption of bone matrix.

Controversial, nitric oxide, which also belongs to
the group of radicals, plays a role in the inhibition of
bone resorption®.

In vitro studies show that free radicals are able to
degrade a number of extracellular matrix compo-
nents, mainly proteoglycans, resulting in modifica-
tion of amino acid functional groups.

This leads to fragmentation of proteins and depo-
lymerization of glycosaminoglycans. Studies per-
formed on alveolar bone of animal origin showed
significant bone destruction within 24 hours.

When talking about proteins, there is a decrease in
the proportion of leucine and complete absence of
proline, tyrosine and phenylalanine.
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Ha MPOJIHH, THPO3HH U ¢deHunananuH. Co BAKBUTE
CTY/IHM Ce TIOKAMXKAJIO JIEKA XHIPOKCHJIHHOT Pajivi-
kan (OH) e mopeakTHBEH OTKOJKY BOJOPOHUOT
nepoxkeus (H202)4,

Virre efileH M3BOP HA CI0DONHH pajUKany BO Ia-
POJIOHTOT € HUKOTHHAMMJ| JIUHYKIeoTHs docdar
OKCHJIa3aTa, Koja ce cos3znasa Bo daronurure. Kaj
MAIIHEHTHTE CO AarpecHBHA IIAPOJOHTONATHja Cce
CMeTa JIeKa 3HAYUTETHO € 3TOJIEMEHO CO3/IaBarhe-
TO HA OBOj PEAKTHBEH MOJIEKYJI, KAKO Pe3yJTaT Ha
JIejCTBOTO HA MHKPOOPTaHHUAMHTE, A ce JaBa U Ofi-
Pe/ieH aKIeHT Ha Hac/Ie/[HaTa KOMIIOHeHTa. [lormos-
HUTEJIHO, MyTallHi Ha FeHHUTe KOH ce OITOBOPHH 32
dyuaxuonupame Ha Toll-like penenToprTe (0cobe-
HO THII 4) ce IIOBP3yBaar co Mo6GP30TO aKTHBHPALe
Ha HH}IaMaTOPHUTE PeaKIuu®>'°,

JIeCTPYKTHBHOTO JIjCTBO HA CIOOOJHWTE pajiMKa-
JIU BP3 PA3IHYHATE TKHBA MOXKE [ja e MPOLIEHH CO
JIETEKTHDAIbE HA OfpefleHH Omomapkepu. [JiaBHH
buoMapkepy Ha JHMIMAHATA TIEPHOKCHAALHja Cce
KOHjyTHPAHHUTE JHEHH, PEAKTHBHHTE CYIICTAHI[HH
Ha THOOapOWTypaTHATA KHCEIWHA (MaJOHAHAIIIE-
XUJI), M30TIPOCTaHA3H U JIp. Buomapkep koj ykaxcy-
Ba Ha omrreryearbe Ha JJHK e 8-xumpokcumeokcur-
BAaHO3WH. BUJIejkH MPOTEHHCKOTO OINTETYBAEGE O]
cTpaHa Ha I000IHUTE PAIUKAIIH € JI0CTA CIIOKEHO,
a MCTOTO C€ jaBYBA M IPH JPYTH MEXAHU3MH, HErO-
BOTO Ofpe/iyBatbe e Hecriennuuno. Cenak, aeHec
HAJUECT0 KAaKo OUOMApKeD Ce KODHCTH AaKpoJie-
HHOT'".

CrioMeHaTUTe TONATONH TH TMOTTHKHYBAaT IIpa-
HIamkara 3a aKyMyJIallija Ha IPOJYKTHTE Ha CJIO-
Oo/HUTE PaMKAIIM BO THHTMBAJIHATA TEYHOCT U
BO TUHTHBATa M cocToj6aTa Ha opajHaTa XMTHEHa.
Ce mocrapyBa IIpalIameTo 3a cocrojbara Ha mapo-
JIOHTOT Kaj MHJIABH/IYH CO BPOJIEH HEOCTATOK HA
AHTHOKCH/IAHTHH eH3uMU. TPrHyBajKH 071 KOHIIET-
[HjaTa Ha yJIorara Ha cJI000JHHUTe PAJHKAIIH BO Ia-
TOTeHe3aTa Ha apoJIOHTONATH]aTa, Ce CMeTa JIeKa e
HEeJTUCXOTHO /ia ce pa3paboT (dpapMaKkonpodHIaK-
cara Ha IapajOHTONAaTHjaTa co GHOaHTHOKCH/IAHCH
u ipyru 6uoperynatopu. CoBpeMeHHTe CO3HAHHja
VKa)KyBaaT Jieka oBaa apMaxonpoduiaakea tpedba
Ia 6uzie MOIOTHHUTENHA MEPKA HA Beke IMO3HATUTE
MEDPKH 3a MPEeBeHIHja Ha TIapOIOHTONATHjaTa.

CHeTeM Ha aHTHOKCHAATHBHA 3allITHTA HA IAPO-
JIOHTOT

Antnokcuzanc (AO) e cexoja CymicTaHIIHja KOja HMa
CIIOCODHOCT /Ia TO OJUIOKH WJIU TEJIOCHO CIIPEYr
OKCH/INPAIeTO Ha HeKoj cymcerpar. IlocrojaT MHO-
ry GHOJIONIKH MOJICKY/IH KOM MMAaT aHTHOKCH/A-
THBeH noreHnujan. Tyka cnara suramuHot I (ac-
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Such studies have shown that the hydroxyl radi-
cal (OH) is more reactive than hydrogen peroxide
(H202)".

Another source of free radicals in the periodon-
tal tissue is nicotinamide dinucleotide phosphate
oxidase, which is produced by the phagocytes. It is
thought that in patients with aggressive periodontal
disease there is significant increasing of the forma-
tion of reactive molecules, as a result of the action of
microorganisms, and it gives a certain emphasis on
hereditary component.

In addition, mutations in genes that are responsible
for the functioning of Toll-like receptors (especially
tvpe 4) are associated with faster activation of in-
flammatory responses35°.

The destructive effects of free radicals on different
tissues can be estimated by detecting specific bio-
markers.

Main biomarkers of lipid peroxidation are conju-
gated dienes, reactive substances of thiobarbituratic
acid (malondialdehyde) isoprostanases etc.

Biomarker that indicates DNA damage is 8-hy-
droxydeoxyguanosine. Since protein damage by
free radicals is quite complex and it occurs at other
mechanisms as well, its determination is not spe-
cific. However, the acrolein is the mostly used bio-
marker today.

All data raise the problem of accumulation of prod-
ucts of free radicals in gingival fluid, gingival condi-
tion and oral hygiene as well. The issue is what is the
state of the periodontal tissue in individuals with
congenital deficiency of antioxidant enzymes.

From the conception of the role of free radicals in
the pathogenesis of parodontopathy it is considered
that it has to be developed the aspects of pharmaco-
prophylaxis of periodontal disease with bioantioxi-
dants and other bioregulators.

Current findings suggest that this pharmacoprophy-
laxis should be additional measure to already known
prevention measures for the periodontal disease.

System of antioxidant protection of periodontal tis-
sue

Antioxidant (AO) is any substance that has the abil-
ity to delay or completely prevent the oxidation of a
substrate. There are many biological molecules that
have antioxidant potential. These include vitamin C
(ascorbic acid), vitamin E (tocopherol), vitamin A,
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KOpOHMHCKA KHceNHHA), BUTaMHHOT E (Tokodepos),
BUTAaMUHOT A, (-kaporeH, mosmamunau, NADPH,
[MCTEHH, TAYPHH, METHOHUH, PeAYIIMPAH TIyTaTH-
OH U Ap. HajBasKHU €H3MMHU KOH ja INTHUTAT KIIET-
KaTa O PeaKTHBHHUTE KHCJIOPOJHH PaJHKAIH Ce:
CyTIepOKCH/T H3MyTasaTa (MeTaloeH3HM), KOj ja
KaTalu3upa JU3MyTanujaTa (peakiiija Bo Koja JBe
WIEHTHIHY MOJIEKY/I MMaaT pasjIndHa cy0uHa);
Karajiazara M IepOKCH/1a3aTa, KOH T'o MeTaboIH31-
paaT BOJOPOAHHMOT MEPOKCH[; KAKO W Peaylupa-
HHOT TJIYTATHOH M TJIyTATHOH IEPOKCHIa3aTa Koja
COZIPIKU CEJIEHOIMCTENH, AHAJIOT Ha IIUCTEMHOT KOj
HaMecCTO cyI(yp COAPIKH CEIEH, KOj HCTO TaKa € 10~
3HAT KaKO CUJIeH aHTHOKCHIaHC'3.

AQ ja uaxmuOHpaar aBTOOKCH/AIHjaTa HA JTHIHIN-
Te TIOJ ZIEjCTBO Ha CJI000AHUTE Pa/IUKAIHN YIITE BO
uHHnHjarHara dasa. Oceer Toa, AO ru nExuOHUpaar
M aKTUBHHUTE (DOPMH HA KHUCIOPOAOT (CYIEPOKCHI
JIM3MyTa3d) BO MeMOpaHara Ha wkiaerkute. OkcH-
nupanute GOPMH Ha ACKOPOHMHCKATA KHCEIHHA Ce
BO300HOBYBaaT €O IJIyTATHOHOT, KOJjIITO 0GHBa
aromu Ha Bosiopoj o7f NADPH. Muxubupamero Ha
c0OOHUTE PAJUKAIH CE€ OCTBAPYBA CO JIAHEI[OT
[JIyTaTHOH-acKopOaT-Tokoepos, €O TpaHCIIop-
THPAe HA eJIeKTPOHU (BOZOPOZHHN) OJi MHPHUIHH
ayriieorunute (NAD u NADPH) xoH cnobonuuTe
pamukanu. OBoj MpoIiec rapaHTHPa KOHCTAHTHO HH-
CKO HMBO Ha ¢JI000/THU PA/IMKaIM BO KiaeTKuTe. [1a-
PAJIEJIHO CO 0BOj AHTHOKCH/IAHTEH CHCTEM BO KJIET-
KHTe, BO HHXUOUPAKETO Ha CJI000THUTE PaIHKATIN
VUECTBYBAaT W JIPyTH eH3uMu. Toa ce: IIyTaTHOH
HE3aBHCHH PEIYKTA3H, KATAIA3H H IEPOKCH/IAZH.

JlokanuzanujaTa ¥ KapaKTepPOT HA MATOJIONIKHOT
mpolec NpeAM3BUKAH Off cJIOOOAHUTE paJUKAIH 3a-
BHCH OZI;

1.Ilpupozara Ha €r30T€HHOT MHAYKTOP Ha CJIO-
B6oaHY paTHKaATH

2.T'enorunckure ocobunu Ha PAC BO Oj1e/THH
TKHBA.

dyuxnuoHanHara aktusHocT HA PAC Ha pasnuu-
HHTe OpraHH U TKHBA 3aBHCH OJI:

1.EHsuMckroT Kartabonusam  (JlexujporeHnsa-
1uja) v npoayknrja Ha NAD+H u NADP+H
2.CrermeHOT Ha HckopHcreHoeT Ha NAD+H m
NADP+H B0 OMOCHHTETCKHUTE [IPOIIECH

3.HuBOTO Ha METOXOHApPHjaIHATA OKCH/IATIMjA HA
NAD+H

4.Huporo Ha ecennujananotr PAC (toxodepo,
ackop0ar, 6nodIaBOHU/H U Ip.)*

HCI'II/ITYBaH:aTa NoKamaje JeKda aHTHOKCHUIAHTHA-
Ta 3alllTUTa Ha IIapoAOHTOT C€ MOJIXKH Ha JIaHeoT
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B-carotene, polyamines, NADPH, cysteine, taurine,
methionine, reduced glutathione and others.

Key enzymes that protect cells from reactive oxy-
gen radicals are: superoxide dismutase (metallo-
enzyme), which catalyzes dismutation (reaction in
which two identical molecules have different des-
tiny); catalase and peroxidase, which metabolize
hydrogen peroxide; and reduced glutathione and
glutathione peroxidase which contains selenocyst-
ein, an analogue of cysteine that instead of sulfur
contains selenium, which is known as a strong an-
tioxidant's.

AOQ inhibit the auto oxidation of lipids by the action
of free radicals early in the initial stage. Moreover,
AO inhibit the active forms of oxygen (superoxide
dismutasees) in the membrane of cells as well. Oxi-
dized forms of ascorbic acid are regenerated by glu-
tathione, which receives hydrogen from NADPH.

Inhibition of free radical is done by the chain glu-
tathione-ascorbat-tocopherol, by transporting of
electrons (hydrogen) of pyridine nucleotides (NAD
and NADPH) to free radicals.

This process ensures a constantly low level of free
radicals in cells.

Along with this antioxidant system, other enzymes
are included in inhibiting the free radicals in cells.

These are glutathione independent reductases, cata-
lases and peroxidases.

The localization and nature of the pathological pro-
cess caused by free radicals depends on:

1. The nature of the exogenous inducer of free
radicals;
2. Genotypic features of FAS in some tissues.

The functional activity of FAS in various organs and
tissues depends on:

1.The enzyme catabolism (dehydrogenation) and
production of NAD+H and NADP+H;

2.The degree of utilization of NAD+H and
NADP+H in biosynthetic processes;

3.The level of mitochondrial oxidation of NAD+H;
4.The level of essential FAS (tocopherol, ascor-
bate, bioflavonoids ete.)®

Studies have shown that antioxidant protection of
the periodontal ligament is performed by chain AO,
in so far as periodontal ligament is one of the tissues
with greatest vascularisation.
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Ha AQ, OTOJIKY MOBEKEe IITO MapOJOHTOT € €IHO
o7 Hajnobpo kpBocHAOMeHn TkuBa. Ho, HCTO Taka,
MAPOZOHTOT Ce OJJIMKYyBAd M CO BHCOKO HHBO Ha
dusnonomka mHGUITpanUja HAa HEYTPODUIHUTE
rPaHYJIONUTH KOUIITO NPOAYIHMpAaT KUCJIOPOJIHH
pazukanu. KapakrepucTuyHO 32 MAPOJOHTATIHOTO
TKHBO € INTO MMa IIOHHCKO HHMBO Ha THO/MIOBH AQ
(ryraTHOH) BO crnopesfa co PYTHTE TKHBA, a TO-
BHCOKO HHBO Ha ackopbaT M 1oroseMa aKTHBHOCT
Ha Karasnazara. IIpoussieryea ieka BO CHCTEMOT Ha
AHTHOKCH/IAHTHATA 3alITUTa HAa MAapO/IOHTOT OCO-
0OeHO 3HAUEHE UMAaT: KaTauasaTa, aCKOpOMHCKaTa
KkHceTnHa U GuodsiaponmanTe. OBa ce MOTBPAYBA
CO KJIMHHYKHTE Hceaysarsa. [Ipu HemocTaTok Ha
CIIOMEHATHTE AHTHOKCHJIAHCH ce 3abesekyBaar
JIECTPYKTHBHH IIPOLECH BO IIAPOJOHTOT, IIPeIH3-
BUKAHH O/ MMATOJIONIKOTO JIEJCTBO HA CJI00OAHHUTE
paguKann'®.

IToxpaj rejeTBOTO HA KPBHHTE CAZIOBH, CI0O0JHUTE
PasiMKaIH YIecTBYBAaT BO OINTETYBAmhaTa Ha HHBO
HA KJIETKH IIPeKy JIUIHIHA TIePOKCHALHja.

Kora xupoKCHTHHOT pafuKai ke ce Hajae Bo 6m-
3HMHA Ha KJIETOYHATa MeMOpaHa, pearupa co 609IHH-
Te ylaHmH Ha docdonmunuante, GopMupajku nepo-
KCH/IHH PaIUKaIH KOU ce HAjarpecHBHU PaIHKAIN
IITO TPEU3BUKYBAAT OIITETYBAHE HA KJIETKHUTE.
Joxonky Bo KieTouHATa MeMOpaHa IepOKCHTHHUTE
pazukanyu He 6uzaT Bp3aHu off ayida Toxodepoior,
KOj € eJIeH 0/] HAJMOKHHTe aHTHOKCH/IAHCH JIONUPAa-
HH BO KJIeTOYHATA MeMOpaHa, Ke HAacTaHe JIeCTPYK-

I];I/Ija Ha KJIeTOYHaTa MeMﬁpaHa H JIH3a Ha KJIeTKaTa
8,13

JlokosKy oBa He ce CJIyJH, IePOKCHIHHOT PauKall
HaBJIETyBa BO KJIETKATa IOKPEHYBajKH IpOIlecH
HA JIMNHJHA [IePOKCHIANN]A YHj KpaeH IPOLYKT e
MaJIOHHIHHUOT AHIeXu] Ule HaTpyIyBamhe BOIH
Z1o cMpT Ha knerkaTa. Op Apyra crpaHa, Kako Kpa-
€H MPOJIYKT Ha OBO]j IIPOLIeC ce jaByBa eJHHCTBEHA
KJIaca Ha npocrarnaHauH E2, mpocTaHOHAH, KOH
ce BKJIYYYBaaT BO MPOAYKNMjaTa HA JUMQOKUHE 1
MpeAU3BUKYBAaaT Bazo[WIaTallja H OCTEOKIACTHA
pecoprIyja Ha Kockata. KpajHuTe IpOAyKTH Ha
JINIHUIHATA TePOKCH/IAINja TPeIN3BHKYBAAT H I10-
peMeTyBame Bo HUBoATa H QYHKIIHjATa Ha KATIIHYM
AT® dazaTa, oTBOpame Ha MOPUTe Ha KJIeTOYHATa
MeMOpaHa, HATPYIIyBambe Ha KAJIIUYM BO KJIETKHTE
M aKTHBAIHja HA KIIHyM-3aBHCHHTE €H3UMH®.

JIOKOJIKY TIEPOKCHJIHHOT PAJIMKAJI HABJIE3€ BO MO-
HOITUTHTE [IOKPEHYBa EZCH crenudHIeH MeXaHu-
3aM Ha akTuBanuja Ha NF-kB nporenH koj ce Haora
BO IMTOIJIA3MATa BO HeaKTHBHA (opma. Bo Tek Ha
[APOIOHTONATHJATA TOj € AKTHBUPAH Off HHTEPJICY-
KHH 1, TYMOP HEKPOTH3UPAYKHOT daxTop Anda 1 u
enloTokcHHOT. MerfyToa, 1moj1 IejcTBO Ha ¢I000/[HH-
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But the periodontal ligament is characterized with
high physiological infiltration of neutrophil granu-
locytes which produce oxygen radicals.

It is characteristic that periodontal tissue has a low-
er level of thiolic AO (glutathione) compared with
other tissues, higher levels of ascorbate and higher
activity of catalase.

Therefore, the system of antioxidant protection of
the periodontal tissue significantly depends of cata-
lase, ascorbic acid and bioflavonoids. This is con-
firmed by clinical examinations.

In case of lack of the aforementioned antioxidants,
some destructive processes in the periodontal tissue
caused by pathological effects of free radicals are
seen',

Besides the effect to the blood vessels, free radicals
participate in damaging the cells by lipid peroxida-
tion.

When the hydroxyl radical is found near the cell
membrane, it reacts with the side chains of the
phospholipids, forming peroxide radicals which are
the most aggressive radicals that cause cell damage.

If the peroxide radicals in the cell membrane are not
bound by alpha tocopherol, which is one of the most
powerful antioxidants located in the cell membrane,
destruction of the cell membrane and cell lysis will
happen®.

If this happens, the peroxide radical enters the cell
raising processes of lipid peroxidation which end
product is malondialdehyde which accumulation
leads to cell death.

On the other hand, as end product of this process
there is a unique class of prostaglandin E2, pros-
tanoids, that are involved in the production of lym-
phokines and induce vasodilation and osteoclastic
bone resorption.

The end products of lipid peroxidation cause disrup-
tion in the levels and function of calcium ATP stage
as well, opening the pores of the cell membrane
which leads to accumulation of calcium in cells and
activation of calcium-dependent enzymes®.

If peroxide radical enters into monocytes, it raises a
specific mechanism of activation of NF-kB protein
located in the cytoplasm in an inactive form. During
periodontal disease it is activated by interleukin 1,
tumor necrosis factor alpha 1 and endotoxin. How-
ever, under the action of free radicals, it is trans-
formed into active form by direct oxidation. It can
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Te PafUKaIH, CO JUPEKTHA OKCH/AIIN]a IPEMIHYBa
BO akTHBHA JOPMA KOja MOKE /Ia ja IPEMUHE jasipe-
HaTa MeMOpaHa Ka/ie JIMPEKTHO YYeCTBYBA BO TPAH-
CKpPUIIHUjaTa U NPOAYKIHjaTa Ha MIPOHHGIAMATOP-
HU NUTOKUHM (MHTEpsieyKuH 2, 6, 8 TH® andal u
6era unrepdepon)®.

TokMy BO OBOj [IeJI € HACOYEH U MHTEPECOT Ha HAyd-
HUIUTE BO TMOCJIEHO BpeMe. UMeHO0, aHTHOKCH/IAHC
KOj YUeCTByBa BO KHHEH-€ Ha JIAHEIOT Ha MPOJyK-
[HjaTa Ha MEePOKCHAHHUTE PaJUKaIH, a CO Toa U BO
KOHTPOJIATA HJIM HAMAJIYBAFHETO HA MPOYKIMjaTa
Ha OpOHH(IAMATOPHH IHTOKUHH € IJIyTAaTHOHOT,
a caMara peakiHja € ceJleH-3aBUCHA. AHTHOKCH/IA-
TUBHUTE CBOJCTBA HA TJIYTATHOHOT CE JIOJIKAT HA
IIHCTEHHOT BO HETOBHOT COCTAB.

Bo Tek Ha MAPOIOHTONATHjATA MHKPOOPTAHU3MH-
Te 0f] IAPOJOHTATHHOT [1e6 TO TPOIIAT IHCTEHHOT
dopmupajiu BogopozeH cynduy (koj e TOKCHUEH 32
KJIETKUTE ¥ ja WHAKTUBUPA IIHTOXPOM OKCH/IA3aTa)
W HA TOj HAYHH CE TPOIIH IVIyTATHOHOT KAKO AHTH-
OKCHIaHC'3'+'5,

3a pasnuka of MHOIyOpOjHHTE JIMTEPATYpHH IIO-
JlaToIM 3a ynorpedara HA AHTHOKCHJAHCH BO Te-
pamujara ¥ 3a IaTOT€HOTO AEjCTBO Ha CJI0DOXHUTE
PaMKaIH, BO JIUTEpPATYpaTa ce HaofaaT OCKYIHH K
KOHTPa/IMKTOPHH TOAATOIH 334 TOTAJIHUOT AHTHOK-
CHIATHBEH KalalyTeT Ha T'HHTHBATA H THHIHBAJI-

HUOT urynp, 16171819,

TOTaJTHHOT AHTHOKCH/IATHBEH KATIAIIUTET HA TUTYH-
KaTa e IIOMaJl BO OJHOC Ha IIa3MaTa, omara 3aemgHo
€O BO3PACTA U 3aBUCH 0] KOJIMUMHATA HA U3JIAYEHA

TLIIYHKA

Bo o/1HOC HAa THHTUBAJIHUOT (IIYH]I, TOTAJTHHOT aH-
THOKCHJIATHBEH CTATyC BO 70% ce JI0JDKU Ha ypHY-
HaTa KHuceauHa. [JryraTioH 1 koeH3uM Q ce Haj,ue—
HH BO IIOMAaJIN KOJIUYAHU>2122,

[TpuMeHa Ha AHTHOKCHAAHCHTE BO Tepalpjara Ha
MapoIOHTONATHjaTA

IIpenaparuTe Ha aHTHOKCHIAHCHTE IIPETCTABYBAAT
HOBa (papMaKOJIOIIKA IPYTa, A4 HUBHATA KIHHHYKA
IIpHMeHa ce IToBp3yBa co uMero Ha H.M. Emanyer.

Bo ucnutyBamara CIpOBEIEHH BO MOCIEJHUBE I'O-
IUHU YTBPAECHH Ce CJIGAHHBE KAPAKTEPHCTHKH Ha
AO:
1.Tepanuckure 1031 Ha AO He NIpegU3BUKYBaaT
duzuonmomkn u GuoxemMucku edeKTH Ha 37paB
[IAPOJIOHT
2.3amrrutHUTE epextn HA AO He ce cenuuIHI
caMo 3a OffpefieHa cocToj6a
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cross the core membrane and there gets directly
involved in transcription and production of proin-
flammatory cytokines (interleukin 2, 6, 8 and TNF
alpha1 and beta interferon)®.

Nowadays, the interest of scientists is great in this
area. The antioxidant participating in tearing the
chain of production of peroxide radicals and thus
controlling or decreasing the production of proin-
flammatory cytokines is glutathione, and the reac-
tion is selenium-dependent.

Antioxidant properties of glutathione are due to
cysteine in its composition.

During periodontal disease, microorganisms from
periodontal pocket spend cysteine, forming hydro-
gen sulfide (which is toxic to cells and inactivates
cytochrome oxidase) and thus the level glutathione
as an antioxidant is getting low.

Unlike many literary data for the use of antioxi-
dants in the treatment and pathogenic effects of free
radicals, there are scarce and contradictory data on
total antioxidant capacity of gingiva and gingival
fluid a4,

The total antioxidant capacity of saliva is lower than
in plasma, it declines with age and depends on the
amount of secreted saliva¢:7:8:19,

In terms of gingival fluid, total antioxidant status in
70 % is due to uric acid. Glutathione and coenzyme
Q were found in smaller amounts?®:2+22,

Use of antioxidants in the treatment of periodontal
disease

The antioxidant preparations are a new pharmaco-
logical group and their clinical application is associ-
ated with the name of N.M. Emmanuel.

In surveys conducted in recent years the following
characteristics of the DA are identified:

1. Therapeutic doses of AO do not cause physi-
ological and biochemical effects of healthy peri-
odontal tissue;

2. The protective effects of AO are not specific only
to a particular situation;

3. AO have protective effects in different condi-
tions (hyperthermia-hypothermia; hypoxia-hy-
peroxia; hypodynamia-exercise);

4. Their protective effects are highlighted when
combined liposoluble and hydrosoluble inhibitors
of free radicals.

All features of AO are due to their biological role
to prevent non-enzymatic abiotic oxidation and
their functioning within the FAS. The former fea-
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3.AO mMaaT 3aITUTHH e(eKTH NpH pasiIuvyHH
cocroj0u (XHUIepTepMuja-XUIOTeEPMHUja; XUIIO0K-
CHja-XHIIePOKCHja; XHIOAMHAMH]ja-(QHU3MIKH Ha-
nop)

4.HuBHHTE 3aMITHTHH e(QeKTH ce MOTEeHIHpaaT
KOra ce KOMOMHHUPAAT JTUTIOCOTYOMIIHUA U XUIPO-
COJTyOWTHH HHXHOHUTOPH Ha CJI000IHUTE PajiuKa-
JIA

Cure xapakTepucTuky Ha AO ce To/KaT Ha HUBHA-
Ta GHoJIONIKA yIIora Aia ja cupedaTt abHOTHYIHATA He-
€H3UMCKA OKCH/IAIIMja U HUBHOTO (DYHKIUOHKPAThe
Bo coctaB Ha PAC. CroMHaTHTe KapaKTepHCTHKH
HA aHTHOKCH/IAHCHTE 0BO3MOXKYBaaT THE /1a Ce KO-
PHUCTAT Kaj 3/[pABH WHAMBHIYH [PH HHTEH3WBEH
euX0(H3HYKH HAIOP, BO IPOJPOMAJIEH CTAAMYM
Ha OoJtecta M Kako ¢apMakonpodHIakca Ha cTape-
emeto. [TepokcH/IHATA TEOPH]ja HA aTePOCKIIEpO3aTa
HAa MaJIHTe KPBHH CAZIOBH M 3aCTAlICHOCTA HA OBHE
MPOMeHH Kaj IapofioHTaNHATa 0OJIecT, ce OCHOBA
3a mpuMena Ha AO Bo Tepammjara Ha oBa 3a00JTy-
Bame's",

HcnuryBamara Ha eKCIIePUMEHTAIHN KHBOTHH T10-
Kazsase JieKka IMOBeKeKPATHOTO BHECYBame Ha Ipe-
[apaToT IJIyTaTHOH JaBa ;obpu pesysaratu. Tue
BKJIy4yBaaT CMaJIyBale Ha BDPEHOCTHUTE HA Mapo-
JIOHTAJIHUTE HH/IEKCH U TT0I00pyBarbe Ha HA0/I0T HA
PEeHTTeHCKAaTa C/IHKA.

[IpuMenara Ha TIIYTATHOH BO BHJI HA 3aB0j HA THH-
THUBaTa Kaj 3ab0JIeHUTe 071 TApOoJjoHTaTHATA GoJtecT
JlaBa J00pH TepalMCcKH Pes3ysITaTH, 0coGeHo BO pa-
Hata ¢asa o7 pa3BojoT Ha Gosrecta. OCBeH co IIyTa-
THOH, [00GPYBatbe HA KJIMHUYKATA CIMKA HA TIa-
pozioHTONIaTHjaTa e 3a0esexaHo 1 co IPUMeHa H Ha
JIPYTH aHTHOKCHIAHCH: TOKO(EPOJ, ackopOUHCKa
KHCEIMHA H JIP.

OCHOBHH NPHUHIUNH 32 mpuMeHa Ha AQ BO
Tepanujara Ha HapoJOHTOoIaTHjaTa

1.TIpHOPHTETHO HCKOPHCTYBAIbe Ha IPHPOITHUTE
AHTHOKCH/IAHCH

2.Bo 3UMa M BO TIPOJIET 3a/I0JDKUTETHO JIa Ce YII0-
TpebyBaar AQ €O IMPEKTHO JIEJCTBO, & BO JIETO U
eceH IIperapaTy co HHAUPEKTHO JejCTBO.
3.KoMOuHMpaHa npuMeHa Ha XH/[POCOIYOUIIHN 1
nunoconybuaan AO.

4.MckopucTyRame Ha JIOKAIHOTO JZiejeTBo Ha AO
(BO BMjT HA MACTH U TIACTH), CO IIITO CE TIOCTUTHY-
Ba HUBHA BHCOKA KOHIIEHTpAIlHja BO TKHBOTO Ha
IIAPOZIOHTOT.

5.AJleKBaTHO Jj03HMpame Koe Tpeba /ia ce 3acHOBa
HA TeJleCHATa Maca, BO3PACTa U THIIOT HAa HCXpa-
HATa.

6.JloxuHaTa Ha NPOQHUIAKTHIHOTO OPAMHMU-
pame Ha AO 3aBHCH 071 eTHOJIOMKHTE (PAKTOPH Ha
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tures of antioxidants provide that they can be used
in healthy individuals during intense physical and
mental effort, the prodrome stage of disease and ag-
ing pharmacopropfylaxis.

The peroxide theory of atherosclerosis of small ves-
sels and the presence of these changes in periodon-
tal disease is base for application of AO in the treat-
ment of this disease’.

Studies on experimental animals have shown that
multiple input of preparation of glutathione gives
good results.

These include reducing the values of periodontal in-
dexes and improvement of the X-ray findings of.

The use of glutathione in the form of a bandage on
the affected gingiva in periodontal disease treat-
ment gives good results, especially in the early stage
of the disease.

In addition to glutathione, improved clinical picture
of periodontal disease is registered with the applica-
tion of other antioxidants as well: tocopherol, ascor-
bic acid, etc.

Basic principles of application of AO in treat-
ment of periodontal disease

1. Priority usage of natural antioxidants;

2. In winter and spring, AO with direct action
must be used; in summer and autumn prepara-
tions with indirect effects should be used;

3. Combined application of hydrosoluble and lipo-
soluble AO;

4. Utilizing the local action of AO (ointments and
pastes), which achieved their high concentration
in the periodontal tissue;

5. Adequate dosage which should be based on
body weight, age and type of diet;

6. The length of prophylactic prescription of AO
depends on the etiological factors of periodontal
disease;

7. Laboratory control the effects of AO.

The stated principles are a basis for preparing pat-
terns for pharmacotherapy and prophylaxis of peri-
odontal disease by applying preparations of AO.

Schemas are a set of measures that lead to:
-Elimination of local irritating factors;
-Impact on the microflora in the periodontal pock-

ets using osteotropic antibiotics;
-Application of antioxidant pastes.
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7.JTabopatopucka KOHTposa Ha edexruTe Ha AO.

HaeemeHuTe NPUHITHIN IIPETCTABYBAAT OCHOBA 32
n3paboTka Ha meMH 3a GapMaKoTepanHja U Ipo-
¢unakxca Ha maposonTanHara GoJecT co MpHUMeHa
Ha nmpenapaty Ha AO. lllemure ce 36Hp Ha MEpKH €O
KOM Ce TIOCTUTHYBA:

-eJIMMHUHUpake Ha JIOKATHUTE HPUTHPAUKH dak-
TOPH

-/lejcTBO BP3 MUKpOodQuIopata BO MApPOJOHTATHUTE
11e00BH €O IOMOII HA OCTEOTPOIIHH aHTHOHOTHIIH
-aIUIMIMPAahe aHTHOKCHIAHTHH TTACTH

CorsiefyBajku TH KIMHHUYKUTE KAPAKTEPHCTHKH Ha
MapojIoHTaIHATA OOJIECT, Ce IPEnopavyBa JOKATHO
Jia ce opauHupaar AQ co IMPEKTHO JIEjCTBO BO 3UMAa
u nposetr, a AQ co HHAUPEKTHO J€jCTBO BO JIETO H
eceH.

HagepnenuTe mogaTonu A03BOIyBaar aa ce Gopmy-
JIMpA KOHIIEMIMjaTa Ha (papMAaKoJIONIKATA IPUMEHA
Ha AO:

1.IIpMOPUTETHO UCKOPUCTYBAH€ HA TIPHPOJIHUTE
AO

2.Kopucreme Ha [IpenaparH co 3allITHTHO /I€jCTBO
BP3 KOJIAaT€HOT

3.Kopucreme Ha MHXHOWTOpPH HA aHAEPOOHOTO
OIITeTyBae Ha HeyTporinTe

4.KopHcreme Ha aHTHOIIPOTEKTOPH KOH JIeJTyBaaT
Ha KPBHUTE Ca/IOBH HA MapOJOHTOT

5.13paborka Ha AO KOH JienyBaaT U BO JIMIIOCO-
Jy6UIHA M XUAPOCOIYOMIHA WHTPAKJIETOYHA H
EKCTPAKJIETOYHA CpeAuHa ™.

3aKIydoK

JecTpykTHBHUTE /gjcTBA HA CJI000IHHTE PASHKAIH
BO TeK Ha ITapofoHTA/IHATA HHpEKIHUja ce JOBOIHO
JIOKYMEHTHDaHH! 32 /Ia CeK0j KJIMHHYAp BO TeK Ha
CIIPOBEAYBAK-ETO HA TepamyjaTa HAa IapOJIOHTANI-
HaTa 0oJiecT To 3eMe BO IIPEeJBU H AHHOKCHIATHE-
HATa Tepanuja Kako JOMOJIHHTETHAa MepKa BO JIEKY-
BaLETO.
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By observation of the clinical features of the perio-
dontal disease, it is recommended local AO with di-
rect effect to be prescribed in winter and spring, and
AO with indirect effects in summer and autumn.

The above data allow to formulate the concept of
pharmacological usage of AO:

1. Priority use of natural AQ;

2. Using preparations with collagen-protective ef-
fect;

3. Using inhibitors of anaerobic damaging neutro-
phils;

4. Using angioprotectors that affect the blood ves-
sels of the periodontal ligament;

5. Producing AO that act in liposoluble and hy-
drosoluble intracellular and extracellular environ-
ment*,

Conclusion

The emerging data for the role of ROS in periodon-
tal inflammation should point out a new direction of
periodontal treatment planning including the use of
antioxidants as additional treatment of periodontal
disease.




Yuusepsurer ,,C. Kupun u Metomuj“ o Cxomje “Ss. Cyril and Methodius” University in Skopje

Concanye Ha CroMaTonomkyoT daxynrer - CKomje Review of Faculty of Dentistry - Skopje

JIHTEPATYPA REFERENCES

1. Huber W. Future trends in radical studies, in Inflammation — Mechanisms and Treatmen. Willoughby P
A and Giroud JP, Eds., University Park Press, Baltimore, 1980, 27.

2. Proctor PH and Reynolds ES. Free radicals and disease in man. Physiol. Chem. Phys. 1984;16:175.

3. Enwonwo CO. Interface of malnutrition and periodontal diseases. Am J Clin Nutr. 1995;
61(Suppl):430S-436S.

4. Waddington RJ, Moseley R, Embery G. Reactive oxygen species: a potential role in the pathogenesis of
periodontal diseases. Oral disease. 2000;6(3):138-51.

5. Dahiya P, Kamal R, Gupta R, Puri A. Oxidative stress in chronic periodontitis. Chronicles of Young Sci-
entists. 2011; 2(4):178-181.

6Canakgi CF, Cigek Y, Canakgi V.Reactive oxygen species and human inflammatory periodontal diseases.
Biochemistry (Mosc). 2005;70(6):619-28.

7. Tsai CC, Chen HS, Chen SL, Ho YP, Ho KY, Wu YM, Hung CC. Lipid peroxidation: apossible role in the
induction and progression of chronic periodontitis. J Periodontal Res. 2005 Oct;40(5):378-84. PubMed
PMID: 16105090.

8. Sharma A, Sharma S. Reactive Oxygen Species and Antioxidants in Periodontics: A Review. IntJ Dent
Clin. 2011:3(2):44-47.

9. Moseley R, Waddington RJ, Embery G, Rees SG. The modification of alveolar boneproteoglycans by re-
active oxygen species in vitro. Connect Tissue Res. 1998;37(1-2):13-28. PubMed PMID: 9643644

10. D’Aiuto F, Nibali L, Parkar M, Patel K, Suvan J, Donos N. Oxidative stress, systemic inflammation, and
severe periodontitis. J Dent Res. 2010;89:1241.

11. Chapple IL,Brock G, Eftimiadi C, Matthews JB. Glutathione in gingival crevicular fluid and its relation
to local antioxidant capacity in periodontal health and disease. Mol Pathol. 2002;55:367-3.

12. Lakshmi SS, Mythili R. Antioxidants in Periodontal Diseases: A Review. Ind J Multidiscipl Dent. 2011;
1(3):140-146.

13. Chapple IL. Reactive oxygen species and antioxidants in inflammatory diseases. J Clin Periodontol. 1997
May;24(5):287-96. Review. PubMed PMID: 9178107.

14.Linden GJ, McClean KM, Woodside JV, Patterson CC, Evans A, Young IS, et al. Antioxidants and peri-
odontitis in 60-70-year-old men. J Clin Periodontol. 2009;36:843-9.

15.Abou Sulaiman AE, Shehadeh RM. Assessment of total antioxidant capacity and the use of vitamin C in
treatment of non-smokers with chronic periodontitis. J Periodontol. 2010;81:1547-54.

16.Pavlica Z, Petelin M, Nemec A, Erzen D, Skaleric U. Measurement of total antioxidant capacity in gingi-
val crevicular fluid and serum in dogs with periodontal disease. Am J Vet Res. 2004;65:1584-8.
17.Diab-Ladki R, Pellat B, Chahine R. Decrease in the total antioxidant activity of saliva in patients with
periodontal disease. Clin Oral Investig. 2003;7:103-7.

18.Sculley DV, Langley-Evans SC. Periodontal disease is associated with lower antioxidant capacity in
whole saliva and evidence of increased protein oxidation. Clin Sci (Lond). 2003;105:167-2.

19.Moore S, Calder KA, Miller NJ, Rice-Evans CA. Antioxidant activity of saliva and periodontal disease.
Free Radic Res. 1994;21:417-25.

20.Kim SC, Kim OS, Kim 0J, Kim YJ, Chung HJ. Antioxidant profile of whole saliva after scaling and root
planing in periodontal disease. J Periodontal Implant Sci. 2010;40:164-71.

21.Guarnieri C, Zucchelli G, Bernardi F, Csheda M, Valentini AF, Calandriello M. Enhanced superoxide
production with no change of the antioxidant activity in gingival fluid of patients with chronic adult peri-
odontitis. Free Radic Res Commun. 1991:15:11-6.

22. Mason RF and Chingnell CF. Free radicals in pharmacology and toxicology - selected topics.Pharmacol.
Rev. 1981;33:1809.

73




