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KRATAK SADRZAJ

Pored uloge pljuvacke u samociséenju oralne sredine,
odrzavanju fizioloskih vrednosti Ph, odrzavanju integriteta
¢vrstih i mekih tkiva oralne sredine, ovaj sekret ispoljava
i znacajnu antimikrobnu zastitu oralnih tkiva. Pljuvacka
sadrzi brojne fizicke, fizicko-hemijske i hemijske agense
koji ucestvuju u zastiti oralnih tkiva od mikroorganizama i
njihovih produkata, s obzirom na Cinjenicu da usna duplja
predstavilja ,,ulazna vrata“ organizma za patogene.

Antimikrobni  proteini  pljuvacke  predstavijaju
glavne faktore nespecificne humoralne antimikrobne
zastite oralne sredine. Poreklom su iz pljuvacnih Zlezda,
epitelnih celija oralne mukoze i leukocita. Najznacajniji
antimikrobni proteini pljuvacke su: histatini, defenzini,
lakoferin, katelicidini, mucini, kalprotektin, lizozim,
oralna peroksidaza.

Pored toga Sto sprecavaju kolonizaciju oralne
mukoze patogenim mikroorganizmima i odrZavanje
normalne oralne bakterijske flore, ovi sastojci pljuvacke
imaju i znacaj u odrzavanju opsteg zdravlja organizma,
Jer sprecavaju transmisiju patogena u unutrasnju sredinu
domacina.

Kljuéne redi: pljuvacka, antimikrobni peptidi, nespecifi¢na
humoralna antimikrobna zastita

U zastiti oralnih tkiva znacajnu ulogu ima pljuvacka,
kao sekret koji je u neprekidnom kontaktu sa svim oralnim
strukturama. Znacaj pljuvacke je odrzavanje oralne home-
ostaze, $to ovaj sekret realizuje svojim brojnim organskim
i neorganskim sastojcima. Uloge pljuvacke su: samocisce-
nje oralne sredine od zaostalih Cestica hrane, odrzavanje
fizioloskih vrednosti pH, odrzavanje integriteta ¢vrstih i
mekih tkiva, specifi¢na i nespecifi¢na antimikrobna zasti-
ta, antioksidativna zastita oralne sredine. Pljuvacka je zna-
¢ajna i kao moguci bioloski materijal za nove dijagnostic-
ke testove koji bi mogli doprineti postavljanju dijagnoze i
razja$njavanju patogeneze mnogih sistemskih i oboljenja
lokalizovanih u oralnoj sredini.'

S obzirom na to da usna duplja predstavlja ,,ulazna
vrata® organizma za mikroorganizme iz spoljasnje sredine,

INFORMATIVNI RAD (IR)
INFORMATIVE ARTICLE

SUMMARY

Among the many functions of human saliva, its
digestive and protective properties have attracted the most
interest. Human saliva contains a number of physical,
physicochemical and chemical agents that protect oral
tissues against by various microorganisms and their
metabolic products. Among such protective factors, the
Sflushing effect of saliva flow is the most important one,
not only because it so effectively removes exogenous and
endogenous microorganisms and their products into the
gut but also because a steady supply of saliva guarantees
continuous presence of both non-immune and immune
factors in the mouth.

The most important antimicrobial peptides in saliva
are: histatins, defensins, lactoferrin, cathelicidins, mucins,
calprotectin, lysozyme, oral peroxidase.

Antimicrobial peptides are components of complex
host secretions, acting synergisticaly with other innate
defence molecules to combat infection and control resident
microbial populations throughout the oral cavity.

Key words. Saliva, antimicrobial peptides, innate defences

In the protection of oral tissues saliva has a very impor-
tant role, as a secret, which has continuous/constant con-
tact with each and every oral structure . The importance of
the saliva and preservation of oral homeostasis, which this
secret realises with its numerous organic and inorganic com-
ponents. The functions of the saliva are: self-cleaning of the
oral environment from the food particles left, preservation of
the physiological pH values, preservation of the integrity of
the hard and soft tissues, specific and unspecific antimicrobi-
al protection, antioxidant protection of the oral environment.
Saliva is important as a possible biological matter for the
new diagnostic tests which could contribute to diagnostics
and to explanation of pathogenesis of great number of sys-
temic diseases and diseases located in the oral environment.!

According to the fact that the oral cavity presents
“the front door “ of the organism for microorganisms from
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pljuvacka sa svojim antimikrobnim proteinima predstav-
lja prvu liniju odbrane domacdina. Na ovaj nacin se oralna
mukoza §titi od kolonizacije mikroorganizmima, a takode
se spreCava poremecaj ravnoteze normalne oralne flore.
Antimikrobna zastita pljuvacke moze biti specifi¢na i nes-
pecifiéna. Nosioci specifiéne antimikrobne zastite oral-
ne sredine su imunoglobulini, dok su brojni antimikrob-
ni peptidi odnosno, proteini, glavni faktori nespecifi¢ne
zastite oralne sredine.

U antimikrobne peptide, odnosno, proteine pljuvac-
ke ubrajaju se: histatini, defenzini, laktoferin, katelicidini,
mucini, kalprotektin, lizozim, oralna peroksidaza.>3*

Histatini

Histatini su familija proteina pljuvacke male mole-
kulske mase koji ispoljavaju katodnu elektroforetsku
pokretljivost. Zbog visokog procenta u sadrzaju ami-
nokiseline histidina, poznati su i kao histidinom-bogati
proteini. Glavni izvori histatina su pljuvacne Zlezde, pa
pripadaju proteinima pljuvacke lokalnog porekla. Pred-
stavnici proteina ove familije su: histatin 1, histatin 3 i
histatin 5.

Histatini su ukljuc¢eni u razlic¢ite bioloske procese
u usnoj duplji, a u cilju odrzavanja oralne homeostaze.
Pored uloge u formiranju steene zubne pelikle, veziva-
nju pojedinih jona metala u pljuvacki, vezivanju toksi¢nih
polifenola u oralnoj sredini, ovi proteini ispoljavaju i anti-
mikrobnu aktivnost, odnosno, antifungicidno i antibak-
terijsko dejstvo. U "in vitro” uslovima posebno izrazeno
antifungicidno dejstvo ispoljava histatin 5 protiv razli¢itih
vrsta gljivica (Candida albicans, Candida glabrata, Can-
dida krusei, Saccharomyces cerevisiae, Cryptococcus neo-
formans). Ovaj protein ne deluje kao klasi¢ni antibiotik,
formirajuci pore ili jonske kanale u membrani C. albicans,
ve¢ u njegovom mehanizmu antifungicidnog delovanja
postoji nekoliko etapa: vezivanje za specificne receptore
na membrani, transport kroz membranu i ulazak u ¢eliju,
mobilizacija jona K*, Mg?" i ATP-a iz ¢elije. Ciljno mesto
za dejstvo histatina unutar C. abicans su mitohondrije, gde
inhibira respiratorni lanac. >%7

Na ovaj naéin se §titi oralna mukoza od kolonizacije
gljivicama. Zbog navedene sposobnosti, kao i zbog toga
S$to nije toksi¢an za humana tkiva, ispituje se moguénost
upotrebe histatina kao potencijalnog antifungicidnog sred-
stva u tretmanu oralne kandidoze.¢

Defenzini

Defenzini pripadaju niskomolekularnim peptidi-
ma (3-5 kDa), bogatim cisteinom, B-naborane strukture,

the outside , the saliva, with its anti microbial peptides
represents the first line of the defence of the host. In this
way oral mycosis is protected from the colonisation of the
microorganisms, and it prevents the balance loosing of
normal oral flora. Antimicrobial saliva protection can be
specific and unspecific. The carriers of the specific anti-
microbial protection of the oral environment are immu-
noglobulin products of cell plasma, while the numerous
antimicrobial peptides, in other words, proteins, the main
factors of unspecific oral environment protection.
Antimicrobial peptides, in other words, saliva pro-
teins include: histatines, defensines, lactoferrin, cathelici-
dins, mucines, calprotectin, lysozymes, oral peroxidase.

Histatines

Histatines are saliva protein family of saliva, which
have small molecule mass and show cathode electrophore-
sis mobility. Because of the high percentage in content of
amino acids of histidine, they are known as histidine rich
proteins. The main sources of histatine are salivary glands,
so they belong to the group of local origin saliva proteins.
The representatives of this family proteins are: histatine 1,
histatine 3, and histatine 5.

Histatines are included into different biological proc-
esses in oral cavity, and their aim is to keep oral homeos-
tasis in order. Besides their role in forming acquired tooth
pellicles, bonding of some metal ions in saliva, tying toxic
poly phenols in oral environment, those proteins show
antimicrobial activity, in other words, anti fungal and anti-
bacterial effect. The specially articulated anti fungal effect
, in “In vitro” conditionals, has histatine 5 against differ-
ent kinds of fungus (Candida albicans, Candida glabrata,
Candida krusei, Saccharmyces cerevisiae, Cryptococcus
neoformans). This protein doesn’t behave like classic anti-
biotic, by forming pores or ionic channels in C. albicans
membrane, but in its mechanism of anti fungal effect, there
are a couple of phases: bonding for the specific receptors
on membrane, transport through membrane and entering
the cell, mobilisation of ions K*, Mg?" I ATP from the cell.
The target for histatine to act inside C. albicans is mito-
chondria, where it inhibits respiratory chain.> %7

This is the way that oral mucosa is protected from
fungus colonisation. Because of the previously mentioned
ability, and because it is non-toxic for human tissues, the
possibility of histatine usage as a potential antifungal
measure in oral candida treatment is examining.®

Defensives

Defensives belong to low molecular peptides (3-5
kDa), which are cysteine-rich beta-wrinkled structure, cat-
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katjonske elektroforetske pokretljivosti. Podeljeni su u dve

grupe: a-defensini i f-defensini. 8

U humanom tkivu je identifikovano Sest vrsta o-
defenzina. U neutrofilima su dokazana Cetiri a-defensina,
pa se i nazivaju humani neutrofilni defenzini (HNP-1-4),
dok su preostala dva HNP-5 i HNP-6 izolovana iz Paneth-
ovih ¢elija tankog creva i epitelnih celija urogenitalnog
trakta zena.®®

U meSovitoj pljuvacki zdravih pacijenata su detekto-
vani HNP-1, HNP-2, HNP-3. Za razliku od pljuvacke, nije
dokazano prisusutvo HNP-1 u pljuva¢nim zlezdama. Kon-
centracija HNP-1 u pljuvacki pacijenata sa razli¢itim oral-
nim oboljenjima (lichen planus, leukoplakija, inflamacija,
skvamozni celularni karcinom) je mnogo veéa u odnosu
na pljuvacku zdravih pacijenata.!%-11-12

Dokazano je Sest tipova humanih p-defenzina (HBD-
1-6). Proizvode ih epitelne éelije mnogih organa, ukljucu-
juci kozu, pluca, bubreg, pankreas, uterus i oko. U epitel-
nim ¢elijama oralne mukoze (keratinocitima), pljuvacnim
zlezdama (epitelne celije kanala) dokazano je prisustvo
tri B-defensina (HBD-1, HBD-2, HBD-3). Za razliku od
HBD-1, za ekspresiju HBD-2 i HBD-3 u epitelnim celi-
jama su potrebni induktivni faktori, kao §to su proinfla-
matorni citokini (IL-1f, tumor nekrozis-faktor (TNF-a),
y- interferon (IFN-y) 1 mikroorganizmi.

Defenzini ispoljavaju antimikrobnu aktivnost, jer su u
stanju da ,,ubijaju* razne Gram-pozitivne i Gram-negativ-
ne bakterije, gljivice (Candida albicans), kao i neke viruse
(Herpes simplex). >3

Mehanizam antimikrobnog delovanja defenzina moze
se podeliti u nekoliko faza:

1. Elektrostatsko povezivanje izmedu defenzina kao
katjona i povrSine Celijske membrane bakterije koja
ima anjonske karakteristike.

2. Poveéanje permeabilnosti membrane bakterije se
ostvaruje na dva nacina: prvi nafin je formiranje
jonskih kanala, ¢ije dimenzije zavise od tipa celija
ili drugi nacin koji se naziva “carpet model“ koji
podrazumeva agregaciju ovih peptida sa pozitivno
naelektrisanim  delovima membrane formirajuci
tranzitni put za njihov prolaz.

3. Poremecéaj u sintezi proteina u bakterijskoj ¢eliji.?

Zbog velikog potencijala u “ubijanju” bakterija,
defenzini se popularno nazivaju i “prirodnim antibiotici-
ma”. U pojedinim radovima se sugeriS§e o mogucnostima
njihove upotrebe u terapiji oralnih oboljenja. Medutim,
njihova eventualna primena bi bila dosta ogranicena, jer
visoka koncentracija B-defenzina ispoljava citotoksi¢an
efekat na mnoge eukariotske éelije. ?

Laktoferin

Laktoferin je po svojoj strukturi glikoprotein. Pripada
familiji transferina, odnosno, "ne-hemski”- gvozde vezu-

ionic electrophoresis mobility. They are divided into two
groups; alpha-defensives and beta-defensives.®

The six kinds of alpha - defensives are identified in
human tissue. In neutrophil there are proved four of alpha

- defensives so they are called human neutrophil defen-

sives (HNP-1-4), while the other two HNP-5 and HNP-6

are isolated from Paneth’s cells of the small intestine and
from epithelia cells of women urinogenital tract.®°
In mixed saliva of healthy patients HNP-1, HNP-2,

HNP-3 are detected. In contrast to saliva, the presence of

HNP-1 is not proved in saliva glands. The concentration

of HNP-1 in saliva of the patients with different oral dis-

eases (lichen planus, leukoplaqia, inflammation, squamous
cell carcinoma) is much larger then in saliva of the healthy

patients, 011,12

The six types of humane beta-defensives are proved

(HBD-1-6). The epithelium cells of many organs, includ-

ing skin, lungs, kidney, uterus and eye, produce them. In the

epithelium cells of oral mucosa (ceratinocites), saliva glands

(epithelium cells of the channel) the presence of three beta-

defensives is proved (HBD-1, HBD-2, HBD-3). In contrast

to HBD-1, for the expression of HBD-2 and HBD-3 in epi-
thelium cells, induction factors are needed, like pro inflam-
matory cytokines (IL-1beta, tumour necrosis —factor (TNF-
alfa), gama-interferon (IFN-gama) and micro organism.

Defensives show antimicrobial activity, because they
are able to “kill” all kinds of Gram-positive and Gram-
negative bacteria, the fungus (Candida albicans), as well
as some viruses (Herpes simplex).>'3

The mechanism of antimicrobial effect of the defen-
sives can be divided into couple of phases:

1. Electrostatic connection between defensives as a cati-
ons and the surface of bacteria cell membrane, which
has anion characteristics.

2. The increasing of permeability of bacteria membrane
is achieved in two ways: the first one is to form of the
ionic channels, which dimensions depend on the type
of the cell; the second is called “carpet model” which
means aggregation of those peptides with positive elec-
trified parts of membrane and in this way formation of
a transit path for their pass.

3. Disturbance in a protein synthesis in bacteria cell.’

Because of its great potential in “killing” bacteria,
defensives are popularly called “natural antibiotics”. In
some studies is suggested the possibility of their use in
oral disease therapy. However, their eventual application
would be very limited, because, the high concentration
of beta-defensive shows toxic effect on many eucaryotic
cells. ?

Lactoferrin

Lactoferrin is, according to its structure, glycoprotein.
It belongs to the family of transferrins, that is, un-haemic —
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juéim proteinima. Leukociti i epitelne ¢elije mukoze proi-

zvode laktoferin, tako da se njegovo prisustvo dokazuje i u

sekretima: pljuvacka, suze, seminalna i vaginalna tecnost.

Laktoferin je znacajna komponenta nespecificne
antimikrobne zaStite mukoza, jer ispoljava bakteriostatic-
ko i baktericidno dejstvo prema Gram-pozitivnim i Gram-
negativnim bakterijama. Ima izraziti afinitet za vezivanje
gvozda, tako da ga Cini nedostupnim za bakterije, ¢ime su
one liSene ovog, i za njih neophodnog, bioelementa. Ovaj
fenomen se naziva “nutritivni imunitet” 1 na ovaj nacin
laktoferin spre¢ava rast i razmnozavanje bakterija. 1413

Baktericidno dejstvo laktoferina podrazumeva direk-
tnu interakciju sa ¢éelijskim zidom Gram negativnih vrsta.
Ovaj antimikrobni peptid, kao katjonski molekul, stupa u
interakciju sa lipopolisaharidima (LPS) u membranama
bakterija, $to dovodi do naru$avanja njenog integriteta. '°

Laktoferin ispoljava i antivirusnu aktivnost, jer u

»in vitro® uslovima moze da i inhibira replikaciju virusa.

Medutim, istrazivanja pokazuju da laktoferin prvenstveno

sprecava infekciju ¢éelija domacina virusom, a u manjoj

meri inhibira replikaciju virusa.

Sprecavanje infekcije ¢elija domacina virusom lakto-
ferin ostvaruje na dva nadina.

1. direktnim vezivanjem laktoferina za virus (virus hepati-
tisa C (HCV), poliovirus, rotavirus, hepes simplex
virus (HSV), virus humane imunodeficijencije (HIV)

2. vezivanjem laktoferina za celije domadéina, i to za one
biomolekule u sastavu plazma membrana koji sluze
virusima kao receptori ili ko-receptori (heparin-sulfat-
proteoglikane - HSPGs). 1718

Laktoferin ima sli¢no dejstvo na vrstu Candida albi-
cans, kao 1 na bakterije. To se pre svega odnosi na vezi-
vanje gvozda, kao i direktna interakcija laktoferina i nje-
govih peptida sa ovom gljivicom, §to izaziva poremecaj
propustljivosti njene membrane. '

Istrazivanja su pokazala da je koncentracija laktofe-
rina promenljiva u pljuvacki i gingivalnoj tecnosti u toku
inflamatornih procesa u usnoj duplji, posebno kod paro-
dontopatije. Koncentracija laktoferina u pljuvacki bila je
povecana u pljuvacki obolelih u odnosu zdrave ispitani-
ke. Kod pacijenata sa progresivhom parodontopatijom,
gde je jedan od uzroénika Actinobacilus actinomyctem-
comitans, ustanovljena je negativna korelacija izmedu
broja ovih patogena i koncentracije laktoferina u plju-
vacki. Nakon odgovarajuce terapije parodontopatije, nivo
laktoferina u gingivalnoj tecnosti i pljuvacki se znacajno
smanjio. Ovo ukazuje da laktoferin moze biti osetljiv
biomarker stepena tezine parodontopatije i efikasnosti
primenjene terapije.?%?!

Katelicidini

Katelicidini su peptidi, katjonske elektroforetske
pokretljivosti koji ispoljavaju antimikrobno dejstvo. Pri-

ferric connected proteins. Leukocytes and epithelium cells
of mucosa make lactoferrin, so that its presence is proved
in secretes: saliva, tears, and seminal and vaginal fluid.
Lactoferrin is an important component for unspecific
antimicrobial mucosa protection, because it demonstrates
bacteriostatic and bactercidal effect towards Gram-positive
and Gram-negative bacteria. It has an outstanding affinity
to bond with ferritin, so it made it inaccessible for bacte-
ria, and so they are deprived of this bio element necessary
for them. This phenomenon is called “nutritive immunity”
and this is the way that lactoferrin prevents the growth and

reproduction of bacteria. 1413

Bactericidal effect of lactoferrin implied direct inter-
action with the cell wall of Gram-negative species. This
anti microbes’ peptide, as a cationic molecule, interacts
with lipolysacharides (LPS) in bacteria membranes, which
leads to disturbance of its integrity. !¢

Lactoferrin demonstrates antiviral activity, too,
because in “in vitro” conditions it could inhibit replica-
tion of viruses. However, researches show that lactoferrin
primarily stops virus infection of the host cells, and to the
smaller extent, it inhibits the replication of viruses. Lacto-
ferrin achieves the prevention of the infection of the host
cells in two ways:

1. by direct bonding of lactoferrin for the virus (hepati-
tis C virus (HCV), polyvirus, rotavirus, herpes simplex
virus (HSV), human immunodeficiency virus (HIV)

2. by bonding of lactoferrin for the host cells, especially
for those biomolecules in the structure of plasma mem-
branes which serve the viruses as a receptors or co-
receptors (HSPGs). 1713

Lactoferrin has the same effect on a kind of Candida

albicans, as on bacteria. It refers to ferrous bonding, as a

direct interaction of lactoferin and its peptides with this

fungus, which provoke disturbance in porousness of its
membrane. ®

The researches show that the concentration of lacto-
ferrin is changeable in saliva and gingival fluid during
inflammatory processes in oral cavity, especially in the
case of periodontal disease. The concentration of lactofer-
rin in saliva was increased in saliva of the sick in relation
to the healthy tested patients. The patients with progres-
sive periodontal disease, where one of the causes is Actin-
obacillus actinomicetemcomitans, negative correlation is
found between the number of those pathogens and concen-
tration of lactoferrin in saliva. After the appropriate perio-
dontal disease therapy, the level of lactoferrin in saliva and
gingival fluid is significantly decreased. This shows that
lactoferrin can be sensitive biomarker for the parodontop-
athy level and the efficiency of the therapy applied.?0!

Cathelicidins

Cathelicidins are peptides of acationic electrophore-
sis mobility and they show antimicrobial effects. They
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sutni su u kozi i mukozi, a takode su detektovani u plju-
vacki. U oralnim tkivima je dokazano prisustvo katelici-
dina u jeziku, bukalnoj mukozi, gingivi, pljuvacnim zlez-
dama.

Antimikrobna aktivnost (protiv mnogih Gram-pozi-
tivnih 1 Gram-negativnih bakterija, gljivica, virusa, parazi-
ta) je primarna uloga ovog peptida. Neutralisanje bakterija
je veoma brzo i ostvaruje se formiranjem jonskih kanala ili
pora u membrani ovih mikroorganizama. Dokazano je da
katelicidini imaju i sposobnost vezivanja lipopolisaharida
u bakterijskoj membrani, $to rezultira poremecajem njenog
intergriteta. Naime, katelicidini, kao i neki drugi katjon-
ski peptidi sa antimikrobnom aktivno§¢u, interreaguju sa
vezujué¢im mestima dvovalentnih katjona na lipopolisaha-
ridima bakterijske membrane. Ovi peptidi ispoljavaju veci
afinitet za lipopolisaharide u odnosu na neke dvovalentne
katjone, kao $to su Ca®* i Mg?". Na ovaj nacin, katelicidi-
ni zamenjuju pomenute dvovalentne jone u vezivanju za
lipopolisaharide bakterijske membrane. 2223

Opisana je povezanost oralnih oboljenja i katelicidina
kod pacijenata sa Kostmanovim sindromom, koji je posle-
dica kongenitalne neutropenije. Smanjenje koncentracije
katelicidina u pljuvacki kod ovih pacijenata je u korelaciji
sa stepenom teZine parodontalnog oboljenja. 242

Mucini

Mucini ili mukusni glikoproteini (MG) su glavni
¢inioci nespecifiéne zastite mukoza respiratornog, gastro-
intestinalnog i reproduktivnog trakta organizma. Njihovo
prisustvo dokazano je i u pljuvacki. SintetiSu se od strane
acinusnih ¢elija pljuvacnih zlezda. U ovom sekretu su pri-
sutna dva tipa mucina: visokomolekularni (MG1) i nisko-
molekularni (MG2). 26

Glavna uloga mucina je u mehanickoj zastiti oralne
mukoze, ali su istrazivanja ukazala i na njihovu antimi-
krobnu aktivnost. Niskomolekularni mucini pljuvacke u
"in vitro" uslovima ispoljavaju dejstvo protiv raznih gljivi-
ca (Candida albicans, Cryptococcus neoformans), Gram-
pozitivnih bakterija (Streptococcus mutans), kao i protiv
Gram-negativnih  bakterija uzro¢nika parodontopatije
(Porphyromonas gingivalis). 27?8

Zbog toga §to su u stanju da agregiraju bakterije oral-
ne flore, mucini predstavljaju znac¢ajan faktor i u prevenci-
ji zubnog karijesa. Podaci iz literature ukazuju da su nisko-
molekularni mucini efikasniji u ovom dejstvu od visoko-
molekularnih. Pokazatelj toga je §to su visokomolekularni
mucini predominantni u pljuvacki karijes-osetljivih osoba,
dok je u pljuvacki karijes-rezistentnih osoba ustanovljena
povedéana koncentracija niskomolekularnih mucina. 2°

Kalprotektin

Kalprotektin je peptid, poznat u literaturi pod razli-
¢itim imenima kao $to su: kompleks SIO0A8 i SI10A9

are present in skin and mucosa, and they are detected in
saliva, too. In oral tissues, the presence of cathelicidins is
confirmed on the tongue, buccal mucosa, gum, and saliva
glands.

Antimicrobial effect (against many Gram-positive and
Gram-negative bacteria, fungus, viruses, parasites) is the
primary role of this peptide. Neutralisation of the bacteria is
very quick and it is achieved by forming the ionic channels
or pores in membranes of this microorganisms. It is proved
that cathelicidins have the ability of bonding lipolysaccha-
rides in bacteria membranes, which has its results in distur-
bance of its integrity. Namely, cathelicidins, as some other
cationic peptides with antimicrobial effects, inter react with
bonding spots of two valences cations on lipolysaccharides
on bacteria membranes. Those peptides show much bigger
affinity towards lipolysaccharides than some bi-valent cati-
ons like CA?* and Mg?*. In this way, cathelicidins replaced
previously mentioned two valences ions in bonding with
lipolysaccharides of bacteria membrane.?>3

There is, also, described the connection of oral dis-
eases and cathelicidins at the patients with Costman’s
syndrome, which is caused by congenital neutropenia.
Decrease of cathelicidins concentration at those patients
saliva is correlated with the parodontopathy disease level.

Mucins

Mucins or mucus glykoproteins (MG) are the main
factors of the unspecific mucosa protection of respira-
tory, gastrointestinal and reproductive tract in organism.
Acinous cells of the saliva glands synthesize them. In this
secret two types of mucins are present: high molecular
(MG1) and low molecular (MG2).26

The main role of mucins is in mechanical protection
of mucosa, but the researches showed their antimicrobial
activity. Low molecular mucins of saliva in “in vitro” con-
ditions show effect against different kinds of fungus (Can-
dida albicans, Crytococcus neformans), Gram-positive
(Streptococcus mutans), and Gram-negative bacteria that
cause periodontal disease (Porphyromonas gingivalis).?"*

Because, they are able to aggregate oral flora bacte-
ria, mucins represent the important factor in dental car-
ies prevention. Literature data show that low molecular
mucins are more effective in this kind of effect then high
molecular ones. The indicator for this is that, high molec-
ular mucins are predominant in saliva of caries sensitive
persons, while in saliva of caries resistant persons higher
concentration of low molecular mucins is established.?

Calprotectin

Calprotectin is a peptide, in literature known under
different names like: complex S100A8 and S110A9 pro-
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proteina, 27E10 antigen, makrofagni inhibirajuéi protein
MRP8/14, LIL i LIH protein, kalgranulin A/B.

Kalprotektin ima antimikrobno delovanje, koje ostva-
ruje vezivanjem cinka. Naime, mikroorganizmi za svoj
metabolizam i razmnozavanje ,,zahtevaju® prisustvo ovog
bioelementa. Posto kalprotektin ima veliki kapacitet za
vezivanje cinka, mikroorganizmi ostaju liSeni ovog esen-
cijalnog elementa, pa se tako sprecava njihov opstanak i
dalje razmnoZavanje.30-3!

Prisustvo kalprotektina dokazano je i u pljuvacki.
Glavni izvori ovog proteina pljuvacke su gingivalna tec-
nost, mukozni transudat i gingivalni keratinociti. Ovaj
protein je ukljuen u nespecificnu antimikrobnu zastitu
oralne sredine, jer ispoljava antibakterijsko i antifungicid-
no dejstvo. Povecana koncentracija kalprotektina u plju-
vacki dokazana je u nekim oboljenjima oralne sredine, pa
se zbog toga moze smatrati validnim biohemijskim marke-
rom ovih oboljenja. 32

Pored direktnog antibakterijskog dejstva kalprotek-
tina, istraZivanja su pokazala da ovaj odbrambeni protein
ima ulogu i u zastiti oralne mukoze od kolonizacije bakte-
rijama. Naime, u "in vitro" uslovima je dokazano da ovaj
multifunkcionalni protein smanjuje moguénost vezivanja
bakterija za epitelne éelije oralne mukoze. 33

Lizozim

Lizozim (muramidaza ili N-acetilmuramid-gluka-
nhidrolaza) je po strukturi protein, a po funkciji enzim.
Po svojim hemijskim osobinama, lizozim pripada baznim
proteina (pozitivno je naelektrisan, katodne elektroforet-
ske pokretljivosti).

Prisustvo lizozima je dokazano u mnogim c¢elijama,
kao $to su: neutrofilni leukociti, retikuloendotelne éelije,
monociti/makrofagi, Kupferove ¢elije jetre. Takode je pri-
sutan u telesnim te¢nostima 1 sekretima, kao $to su: suze,
znoj, krvni serum, urin, mleko, zeludac¢ni sok, pljuvacka.

Lizozim ima znacajnu ulogu u nespecifi¢noj antimi-
krobnoj zastiti oralne sredine. BakteriolitiCko delovanje
lizozima zasniva se na sposobnosti ovog enzima da raski-
da B(1,4)-glikozidnu vezu izmedu C1 N-acetilmuraminske
kiseline (NAM) i C4 N-acetilglukozamina (NAG) u sasta-
vu peptidoglikana éelijskog zida bakterija. 3

Pored bakteriolitickog delovanja lizozima baziranog
na hidrolizi peptidoglikanskih lanaca u delijskom zidu
bakterija, u literaturi se pominje i njegovo ne-enzimsko
antibakterijsko delovanje. S obzirom na katjonsku prirodu
lizozima, pretpostavlja se da se ovaj protein vezuje za taj-
hoinsku i lipotajhoinsku kiselinu u ¢elijskom zidu bakteri-
ja, a ovi polianjonski molekuli mogu direktno da aktivira-
ju bakterijske autolizine, koji dovode do lize ¢elije. Drugi
predloZzeni mehanizam je da lizozim utice na oslobadanje
dvovalentnih katjona (Ca?*, Mg?*) iz membrana bakterija,
Sto dovodi do njene destabilizacije. 3

teins, 27E10 antigen, and microphages inhibited protein
MRP8/14, LIL and LIH protein, calgranulin A/B.

Calprotectin has antimicrobial effect, which is
achieved by zinc bonding. Namely, microorganisms for
their metabolism and breed “demand” the presence of this
bioelement. Calprotectin has the great capacity for zinc
bonding, and that is why microorganisms are deprived of
this essential element, and their survival and further breed
is prevented.30-3!

The presence of calprotectin is proved in saliva. The
main sources of this saliva protein are gum fluid, mucosa
transudate and gum keratonicites. This protein is included
in unspecific anti microbial protection of oral environ-
ment, because of its antibacterial and antifungal effect. The
increased concentration of calprotectin in saliva is proved
in some of oral the environment diseases, so it could be
considered as a valid marker for those diseases.*?

In addition to direct antibacterial effect of calprotec-
tin, the researches showed that this defensive protein has
a role in the protection of oral mucosa from bacteria colo-
nisation. Namely, in “in vitro” conditions it is proved that
this multi functional protein lessens the possibility of bac-
teria bonding for the epithelia cells of the oral mucosa.>?

Lysozime

Lysozime (muramidasis or N-acetilmuramid-glykanhy-
drolases) is, according to its structure, protein, and accord-
ing to its function, it is an enzyme. According to its chemi-
cal characteristics, lysozime belongs to the base proteins (it
is positively electrified, cathode electrophoresis mobility).

The presence of lysozime is proved in number of
cells, like: neutrophil leukocytes, reticuloendothelial cells,
monocyte/macrophage, and Kupfer’s liver cells. It is also
present in body fluids and secretes, like tears, sweat, blood
serum, urine, milk, gastric juice, saliva.

Lysozime has an important role in unspecific antimi-
crobial protection of oral environment. Bacteriolytic effect
of lysozime is based on its ability to break beta (1.4)-gly-
cosidic bond between C1 N-acetyl muramic acid (NAM)
and C4 N-acetylglykozamin(NAG) in the structure of pep-
tidoglykans of bacteria cell walls.3*

Besides barteriolitic effect of lysozime, based on
hydrolysis of peptidoglykanic chains, in literature is men-
tioned its non-enzymatic antibacteria effect. According to
cationic nature of lysozime, it is assumed that this protein
is bonding with tihoinic and lipotihoinic acid in bacteria
cell wall, and this polianionic molecules can directly acti-
vate bacteria autolisines, that leads to lisa of the cell. The
second suggested mechanism is that lisosim influences
deliberation of bi-valent cations (Ca?*, Mg?*) from bacte-
ria membranes, that leads to their destabilisation. 3°
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Pored antibakterijskog delovanja lizozima, dokazano
je 1 njegovo antifungicidno dejstvo, posebno protiv glji-
vice Candida albicans. Moguéi mehanizam delovanja je
destabilizacija membrane ove uslovno patogene gljivice.

Lizozim pljuvacke predstavlja znaCajan faktor nes-
pecificne antimikrobne zastite oralne sredine. Nekoliko
studija je pokazalo da je koncentracija lizozima pljuvacke
u negativnoj korelaciji sa akumulacijom dentalnog plaka i
pojavom gingivitisa u dece i mladih osoba. Druge studije
su ukazale na poviSen sadrzaj lizozima u pljuvacki obole-
lih od oralne kandidoze.

Pored toga Sto je znacajan u odbrani oralne sredine
od raznih bakterija i gljivica, lizozim inhibira adherenciju
bakterija Streptococcus mutans 1 Streptococcus sanguis za
stecenu zubnu peliklu, ¢ime se umanjuje akumulacija den-
talnog plaka. 3637

Oralna peroksidaza

Oralna peroksidaza je enzim pljuvacke koji se sastoji
iz dva peroksidazna enzima: salivarne peroksidaze (80%)
1 mijeloperoksidaze (20%).

Salivarnu peroksidazu sekretuju glavne pljuvacne
Zlezde, uglavnom parotidna zlezda. To je enzim koji u
svom aktivnom centru sadrzi selen. Uloga peroksidaze je
da katalizuje reakciju izmedu H,O, (produkt metabolizma
oralnih bakterij) i jona tiocijanata. Proizvodi ove reakci-
je su hipotiocijanatna kiselina (HOSCN) i hipotiocijanati
(OSCN-) koji blokiraju sulthidrilne grupe bakterijskih
enzima glikolize heksokinazu, aldolazu i piruvat kinazu.
Ovaj enzim ispoljava antibakterijsko dejstvo protiv mno-
gih Gram-pozitivnih (Str. Mutans) i Gram-negativinih
bakterija (F. nucleatum, P. gingivalis, Prevotela, A. actino-
mycetemcomitans). Pored uloge u nespecifi¢noj antibakte-
rijskoj zastiti oralne sredine, ovaj enzim doprinosi i efika-
snom uklanjaju H,0, iz oralne sredine.

Mijeloperoksidaza je HEM-zavisan enzim koga sadr-
ze leukociti (neutrofili i monociti). U prisustvu H,O, for-
mira se sa mijeloperoksidazom kompleks enzim-supstrat,
koji ima sposobnost da oksidiSe jodide i hloride, stvara-
juéi toksicne proizvode. S obzirom da je jon hlora veoma
rasprostranjen u bioloskim sistemima, njegovom oksi-
dacijom ovim kompleksom dobija se hipohlorna kiselina
(HOCI). Ova kiselina ima izrazena oksidativna svojstva i
pri tome se dobijaju proizvodi (aktivne forme kiseonika)
koji imaju, ne samo baktericidna svojstva, nego ucestvuju
1 u razgradnji neinfektivnih materija (toksini, inflamatorni
medijatori). 383940

Antimikrobni peptidi pljuvacke kao nosioci nespe-
cificne antimikrobne zastite oralne sredine sinergisticki
deluju sa salivarnim imunoglobulinima u spre¢avanju
kolonizacije oralne mukoze patogenim mikroorganizmi-
ma i odrzavanju ravnoteze normalne oralne flore. Pored

Besides antibacteria effects of lisosim, its antifungal
effect is proved, especially against fungus Candida albi-
cans. The possible mechanism of acting is destabilisation
of membrane of this possibly pathogenic fungus.

Lysozime of saliva presents an important factor of
unspecific antimicrobial protection of oral environment. A
couple of studies showed that the concentration of saliva
lysozime is in negative correlation with accumulation of
dental plaque and an appearance of gingivitis at children and
young. The other studies pointed out on increased content of
lysozime in the saliva of the patients with oral candida.

In addition to its importance in defence of oral envi-
ronment against bacteria and fungi, lysozime inhibits the
adherence of bacteria Streptococcus mutans and Strepto-
coccus sanguis for the acquired dental pelicle, which less-
ens accumulation of dental plaque.3%-37

Oral peroxidase

Oral peroxidase is saliva enzyme which consists of
two peroxidase enzymes: saliva peroxidase (80%) and
mieloperoxidase(20%) .

Saliva peroxidase is secreted from the main saliva
glands, mostly parotid gland. It is an enzyme which, in its
active centre contains selenium. The role of peroxidase is
to catalyze reaction between H,O, (product of oral bac-
teria metabolism) and tiociyant ions. The product of this
reaction is hipotiocianat acid (HOSCN) and hipotiocia-
nates (OSCN-) which blocade sulfurhydric groups of bac-
teria enzymes glykolises, hexocinasis, aldolasis and pru-
vat cinasis. This enzyme shows antibacterial effect against
a number of Gram-positive (Streptococcus mutans), and
Gram-negative bacteria (F. nucleatum,P. gingivalis, Prevo-
teles, Actinobacillus actinomycetem comitans). Besides
the role of unspecific antimicrobial protection of oral envi-
ronment, this enzyme also contributes effective elimina-
tion of H,O, from oral environment.

Mieloperoxidase is HEM-dependent enzyme which
is part of leukocytes (neutrophiles and monocites). In
the presence of H,O, with mieloperoxidase ,a complex
enzyme-supstrat is formed, and it has the ability to oxidise
iodides and chlorides, making toxic products. Because of
the great diffusion of chlor ions in biological systems, its
oxidation gives the hipochloric acid (HOCL). This acid
has expressive oxidative capacity and during the reaction
it makes products (active forms of oxygen), which have,
not only bactericide capacity, but they also participate
in demolishment of uninfective substances (toxins and
inflammatory mediators).38-39-40

Antimicrobial peptides of saliva as carriers of the
unspecific antimicrobial protection of oral environment
act sinergically with saliva immunoglobulines in the pre-
vention of oral mucosa colonisation with pathogen micro-
organisms and keep the balance of normal oral flora. In
addition to that, they represent an important factors for
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toga, predstavljaju znacajne ¢inioce zastite opsteg zdravlja

organizma jer spre€avaju transmisiju patogena u unutras-

nju sredinu organizma. U poslednje vreme se vrse eksperi-

mentalna i klini¢ka istrazivanja vezana za mogucnost upo-

trebe ovih peptida u prevenciji i terapiji oralnih infektivnih

oboljenja, kao dopuna antibiotskoj terapiji.

10.

11.

12.

14.

15.

16.

17.

the organism health protection, because they prevent the

transmission of pathogens in the inner parts of organism.

In the last couple of years there were experiment and clini-

cal researches connected to the possibility of those peptide

usage in prevention an therapy of oral infective disease as

a supplement to antibiotic therapy.
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