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SUMMARY

Diabetes mellitus is metabolic syndrome characterised by disorder in metabolism of carbon hydrates, lipids and pro-
teins. The diagnosis of diabetes is established by measuring the blood glucose level using standardized methods.
Frequent monitoring of blood glucose level could be inconvenient for patients because of possible pain during blood
sample taking. In the last few years biological materials with non invasive sampling, like saliva, have been analysed.
Research has confirmed that some organic and inorganic components of saliva are modified in diabetic patients
(glucose, lipid and protein components, oxidative stress markers, electrolytes). Beside other markers, the analysis of
glucose in saliva is an attempt to find a non-invasive and painless way for frequent monitoring of glucose concentration
in diabetic patients. Collecting saliva is simple and economical, it neither requires expensive equipment nor specially
trained staff. Saliva can be taken many times and in unlimited quantity. In regards to the data about the possibilities
for using saliva as biological sample in monitoring diabetes mellitus, which could be alternative to blood serum or
plasma, the conclusion is that saliva becomes more important in this context.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic syndrome char-
acterized by disturbances in the metabolism of carbo-
hydrates, lipids and proteins. It considers chronic hyper-
glycemia as the result of insulin secretion breakdown, or
increased cellular resistance to insulin action. Etiologic
classification of DM is: type 1 diabetes (B-cell destruction,
absolute insulin deficiency), type 2 diabetes (predomin-
ant insulin resistance with relative insulin deficiency to
insulin secretory deficiency with insulin resistance), other
specific types of diabetes, gestational diabetes. Poor gly-
cemic control in this disease leads to poor health and the
appearance of various complications such as retinopathy,
nephropathy, neuropathy, cardiovascular symptoms etc.
[1]. Patients with diabetes are prone to complications,
such as periodontal disease (gingivitis, periodontitis),
dental caries, salivary dysfunction, dry mouth, oral mu-
cosal diseases, oral infections (candidiasis) [2-7].

The diagnosis of DM is established by determining the
concentration of glucose in blood serum using standard-
ized methods. However, monitoring blood glucose levels
at frequent intervals causes discomfort for patients dur-
ing the procedure of venipuncture, why many patients
do not regularly monitor blood glucose concentration. In
the recent years, efforts have been made to replace blood
test with other biological material samples that could be
collected by non-invasive procedure. One of these sam-
ples can certainly be saliva. It has many advantages over

serum, such as inexpensive and non invasive collection
procedure, including ease of storage and delivery [8-13].

SALIVA AS DIAGNOSTIC FLUID

Saliva is body fluid with complex composition and specif-
ic roles. The analysis of biochemical constituents in saliva
is of great help in diagnostics of diseases in oral cavity
[14-17] as well as monitoring general health of organism
[8]. Based on numerous studies, it has been proved that
there is a modification of organic and inorganic constitu-
ents of saliva in diabetic patients [18, 19].

GLUCOSE

In diabetic patients, as the consequence of hyperglycemia,
glucose metabolic products cause microvascular changes
in blood vessels and basal membranes of cells in salivary
glands and oral tissues [20]. All these changes cause easier
moving of glucose from blood to saliva and gingival fluid.
There is available different data in the literature about
the relationship between the concentration of glucose in
blood and saliva. Glucose is present in saliva of healthy
subjects [21, 22], but the mechanism of its secretion is
not yet known. Proposed paracelullar and intracellular
secretion pathways are still hypotheses that have not been
validated yet. In patients with type 1diabetes, there has

Address for correspondence: Biljana ANDJELSKI-RADICEVIC, Faculty of Dental Medicine, Dr Suboti¢a 1, 11000 Belgrade,

Serbia; biljana.andjelski@stomfbg.ac.rs



been proved increased [23, 24, 25] or decreased glucose
concentration in saliva [26] as compared to the control
(healthy) group. In saliva of patients with type 2 dia-
betes, the glucose concentration is higher than in non-
diabetic patients [27, 28, 29]. Lasisi & Fasanmade [30]
have shown higher concentration of glucose in saliva of
diabetic patients as compared to non-diabetics, regardless
of periodontal disease presence. This result has indicated
that the concentration of glucose in saliva depends on
its concentration in serum. However, some studies have
indicated no correlation between glucose concentrations
in blood and saliva in diabetic patients [28, 31, 32, 33].
Authors believe that increased presence of glucose in sal-
iva in diabetic patients may favor proliferation of micro-
organisms and promote their colonization on teeth and
oral mucosa. The analysis of glucose level in saliva is an
attempt to find a non-invasive and painless method for
frequent monitoring of blood glucose in diabetic patients.

LIPID STATUS

There is also a disorder of fat metabolism in diabetic
patients, which is the consequence of disrupted glucose
metabolism and changes in insulin secretion and insulin
action. As the result of systemic dyslipidemia, high con-
centrations of lipid fractions in blood and saliva have been
demonstrated in these patients. Increased cholesterol lev-
els in saliva of patients with type 1 diabetes [26] have been
demonstrated whereas in type 2 diabetes cholesterol and
triglyceride concentrations have been found increased
both in serum and saliva as compared to the control group
[34]. Cholesterol concentration in saliva is correlated to
the concentration in serum. In healthy individuals, this
positive correlation can be used for the selection of indi-
viduals with high levels of serum cholesterol [35].

OXIDATIVE STRESS MARKERS

Oxidative stress plays an important role in the pathogen-
esis and complications of diabetes. Hyperglycemia leads
to increased production of free oxygen radicals and dis-
turbance of antioxidant defense mechanisms [36]. The
most significant negative effect of free radicals is poly-
unsaturated fatty acids oxidation in cellular membranes
known as lipid peroxidation which can damage plasma
membrane. The end product of lipid peroxidation is
short chained malondialdehyde (MDA) which serves as
a biochemical marker of the degree of oxidative dam-
age in cell membranes. Our research suggests increased
MDA in the saliva of patients with periodontal disease as
compared to the group of healthy subjects [37, 38]. This
marker is found increased in saliva of patients with type
2 diabetes [34, 39], indicating that the increase of MDA
may be high risk marker for complications in patients
with poorly controlled diabetes. However, other studies
have demonstrated lower concentration of MDA in saliva
of diabetic patients than in the control group [33]. The
analysis of total antioxidant capacity of saliva in diabetic
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patients has been the subject of several studies. Increased
levels of glutathione peroxidase, glutathione reductase,
superoxide dismutase and uric acid have been demon-
strated in saliva of these patients [34,40]. Increased level
of antioxidants in saliva and serum is diabetic response
to the damaging effects of free radicals during oxidative
stress. Based on the present results it can be concluded
that free radicals and oxidative stress may play an import-
ant role in the pathogenesis of diabetes. As long as there
is a balance between the production of free radicals and
antioxidant activity of salivary defense system there will
not be oxidative damage of tissues. In case of imbalance
between the production of free radicals and/or salivary
antioxidant capacity to neutralize them, oxidative stress,
which can be biochemical basis for oral diseases in dia-
betic patients, can occur.

PROTEINS

There has been found a different data in the literature
regarding the concentration of total proteins in saliva of
patients with diabetes. Studies have indicated that the total
proteins concentration in saliva of diabetics is lower [18,
41, 42, 43], significantly increased [19, 31, 32, 44, 45], or
with no difference to the control group (25,27, 30,46]. Our
studies demonstrated lower concentrations of proteins in
saliva of patients with type 1 diabetes as compared to type
2 diabetes [18],in contrast to other authors [19]. The most
common blood protein, albumin, was detected in higher
concentrations in saliva of diabetic as compared to saliva
of healthy children, but without statistical significance
[26]. Other authors have pointed reduced concentration
of albumin in saliva of patients with type 2 diabetes [32].
No difference in the concentration of albumin in saliva
between patients with type 1 diabetes and control group
as well as between type 1 and type 2 diabetes has also been
shown [47]. This data is in accordance to the results of our
study [18]. Different results about proteins concentration
in diabetic patients may be explained by the fact that the
analysis was performed in different stages of disease, or in
different types of diabetes. The total proteins concentration
was most probably affected by the type and method of col-
lecting saliva, method of stimulation, flow, measurement,
diurnal variation, speed and duration of centrifugation.

In the last few years, with technological development,
more specific and sensitive techniques for detection of
total saliva proteins or peptides, known as salivary pro-
teome have been used. Analysis and identification of the
proteome is important not only for understanding of oral
pathophysiology, but also because it may be useful as a po-
tential biomarker for systemic disease. Researchers have
confirmed about a thousand salivary proteins with differ-
ent role in metabolic processes, immune regulation, cell
adhesion and communication, etc. In saliva of patients
with type 2 diabetes, the proteome of 487 proteins, includ-
ing 65 proteins that were significant for differentiation
of diseased patients from the control group have been
identified 48,49, 50]. Most of these proteins are involved
in metabolic processes and immune response.
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ELECTROLYTES

Changes in serum electrolyte concentrations can affect
systemic disease. However, they can influence saliva and
its role in remineralisation, maintaining buffer capacity,
reducing the sense of smell etc. Saliva is saturated with cal-
cium ions that are in equilibrium with hydroxyapatite ions
of tooth enamel. In addition, calcium ions from saliva play
arole in binding various inorganic and organic substances
to the surface of tooth enamel. These ions also play a role
in enamel remineralisation [8, 51]. The concentration of
calcium in saliva varies depending on the concentration
of salivary proteins, salivary flow rate and salivary gland
secretion [52]. Diabetic patients have demonstrated an
increase in calcium concentration in saliva compared to
the control group (19,25, 53]. Some authors believe that a
high concentration of calcium in saliva is favorable indica-
tor of oral health. However, there are conflicting results in
the literature [23, 31,44, 54]. It is assumed that lower con-
centration of calcium ions in saliva of diabetic patients is
associated with decrease in a flow rate, or with an increase
of the concentration of specific proteins which make spe-
cial bonds with calcium phosphate. Mata et al. [19] dem-
onstrated lower concentrations of magnesium, zinc and
potassium in saliva of diabetic patients, which is associated
with the dysfunction of salivary glands secretory capacity.
In our research, the concentration of potassium in saliva of
diabetic patients was higher than in healthy subjects [18].
This is in agreement with other results that found changed
activity of Na-K-ATP-ase, due to the changes in the basal
membrane of salivary gland acini [44], or decrease in
salivary secretion [30] in diabetes. The concentration of
potassium can be reduced [19,42] or with no change in
saliva of diabetic patients [45]. The same authors reported
conflicting results for the concentration of sodium.

CONCLUSION

Knowing the possibilities of using saliva as a biological
sample in the diagnosis of diabetes mellitus, as an alterna-
tive to blood serum, the conclusion is that this secretion
is increasingly gaining importance in this context. Col-
lecting saliva is easy and painless for the patient, it neither
requires expensive equipment nor specially trained staff. It
is also possible to obtain saliva several times in unlimited
quantities. The disadvantage is, however, that saliva does
not reflect the real concentration of all parameters from
blood. There is a problem with extremely high viscosity of
saliva, due to the existing mucopolysaccharides and muco-
proteins which can interfere with analytical procedure.
Despite these limiting circumstances, extensive research
performed by increasingly sophisticated techniques sug-
gests that saliva will be diagnostic fluid in future.
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KRATAK SADRZA]

Diabet s mellitus (DM) ili Se¢erna bolest je metabolicki sindrom koji se odlikuje poremecajem metabolizma ugljenih hidrata, lipida
i proteina. Dijagnoza dijabetesa postavlja se odredivanjem koncentracije glukoze u krvnom serumu standardizovanim metodama.
Cesto merenje nivoa Secera u krvi izaziva nelagodnost kod bolesnika tokom postupka venepunkcije. Poslednjih godina sve vise se

analiziraju bioloski materijali, kao Sto je pljuvacka, ¢iji je postupak prikupljanja neinvazivan. Na osnovu brojnih istrazivanja dokazano
je da dolazi do modifikacije organskih i neorganskih sastojaka pljuvacke (glukoza, lipidne i proteinske komponente, markeri oksi-
dativnog stresa, elektroliti) kod osoba obolelih od DM. Pored ostalih markera, analiza glukoze u pljuvacki je pokusaj da se pronade
neinvazivan i bezbolan nacin za cesto merenje glikemije kod ovih bolesnika. Prikupljanje pljuvacke jednostavno je za bolesnika, ne
zahteva skupu opremu, niti posebno obuceno osoblje. Takode, moguce je pljuvacku uzeti nekoliko puta i u neogranic¢enim koli¢ina-
ma. Na osnovu podataka o moguénostima korisc¢enja pljuvacke kao bioloskog uzorka u dijagnostikovanju DM, koji bi bio alternativa
krvnom serumu, tj. plazmi, namece se zaklju¢ak da ovaj sekret sve vise dobija znacaja u pomenutom kontekstu.

Kljucne redi: dijabetes melitus; elektroliti; glukoza; markeri oksidativnog stresa; proteini; pljuvacka

UvoD

Diabetes mellitus (DM) ili Secerna bolest je metabolicki sindrom
koji karakteri$e poremecaj metabolizma ugljenih hidrata, lipida
i proteina. Odlikuje se hroni¢nom hiperglikemijom, kao rezultat
poremecenog lucenja insulina ili povecane Celijske rezistencije
na delovanje insulina. Etioloska klasifikacija DM je: DM tip 1
(destrukcija beta-celija, potpuni nedostatak insulina), DM tip 2
(predominantna insulinska rezistencija s relativnim nedostat-
kom insulina do sekretornog deficita insulina s insulinskom
rezistencijom), drugi specifi¢ni tipovi DM, gestacioni DM. Losa
kontrola glikemije kod ovog oboljenja dovodi do narusavanja
zdravlja bolesnika i pojave raznih komplikacija, kao $to su re-
tinopatija, nefropatija, neuropatija, kardiovaskularni simptomi
itd. [1]. Osobe sa DM sklone su razvoju komplikacija u usnoj
duplji, kao $to su parodontalna oboljenja (gingivitis, parodonti-
tis), karijes, salivarna disfunkcija, suvoca usta, oboljenja oralne
mukoze i oralne infekcije (kandidijaza) [2-7].

Dijagnoza DM postavlja se odredivanjem koncentracije glu-
koze u krvnom serumu standardizovanim metodama. Medu-
tim, ¢esto merenje nivoa Secera u krvi izaziva nelagodnost kod
bolesnika tokom postupka venepunkcije, zbog koje mnogi od
njih nisu u mogu¢nosti da redovno beleze koncentraciju glu-
koze u krvi. Poslednjih godina ¢ine se napori da se analize krvi
zamene uzorcima bioloskog materijala, ¢iji bi postupak priku-
pljanja bio neinvazivan. Jedan od takvih uzoraka svakako moze
biti i pljuvacka. Ona ima mnoge prednosti nad serumom, kao
§to je jeftin i neinvazivan postupak prikupljanja, uklju¢ujuéi
jednostavnost skladiStenja i isporuke [8-13].

PLJUVACKA KAO DIJAGNOSTICKA TECNOST
Pljuvacka je telesna te¢nost sloZenog sastava i specifi¢nih uloga.

Analiza biohemijskih sastojaka pljuvacke je od velike pomoci
kako pri dijagnostikovanju oboljenja usne duplje [14-17], tako

i u utvrdivanju opsteg zdravstvenog stanja organizma [8]. Na
osnovu brojnih istrazivanja dokazano je da dolazi do modifika-
cije organskih i neorganskih sastojaka pljuvacke kod bolesnika
sa DM [18, 19].

GLUKOZA

Tokom $ecerne bolesti, kao posledica hiperglikemije, dolazi do
stvaranja proizvoda metabolizma glukoze koji izazivaju mikro-
vaskularne promene u krvnim sudovima i na bazalnim mem-
branama Celija pljuva¢nih zlezda i tkiva usne duplje [20]. Sve
ove promene olaksavaju prelazak glukoze iz krvi u pljuvacku i
gingivalnu tecnost. U literaturi ima razlicitih podataka o po-
vezanosti koncentracije glukoze u krvi i koncentracije gluko-
ze u pljuvacki. Glukoza postoji u pljuvacki zdravih osoba [21,
22],a mehanizam njenog lu¢enja jo$ nije poznat. Predlozeni su
paracelijski i meducelijski putevi lucenja glukoze, ali su to jos
hipoteze koje nisu potvrdene. Kod osoba sa DM tip 1 dokazana
je povecana [23, 24, 25] ili smanjena koncentracija glukoze u
pljuvacki [26] u odnosu na kontrolnu grupu ispitanika. U plju-
vacki osoba sa DM tip 2 koncentracija glukoze je ve¢a u odnosu
na pljuvacku onih koji nisu oboleli od DM [27, 28, 29]. Lasisi
(Lasisi) i Fasanmejd (Fasanmade) [30] dokazali su ve¢u kon-
centraciju glukoze u pljuvacki ispitanika sa DM u odnosu na
one koji nisu oboleli od DM bez obzira na parodontalna obo-
ljenja. Ovaj rezultat ukazuje na to da je koncentracija glukoze
u pljuvacki zavisna od njene koncentracije u serumu. Ve¢ina
istrazivanja, medutim, pokazuje da nema korelacije izmedu gli-
kemije i koncentracije glukoze u pljuvacki obolelih od DM [28,
31,32,33]. Autori smatraju da pove¢ana koncentracija glukoze
u pljuvacki osoba sa DM moze da podstakne razmnozavanje
mikroorganizama i njihovu kolonizaciju na zubima i oralnoj
mukozi. Analiza glukoze u pljuvacki je pokusaj da se pronade
neinvazivan i bezbolan nacin za cesto merenje glikemije kod
ovih bolesnika.



LIPIDNI STATUS

Karakteristika bolesnika sa DM je i poremecaj metabolizma
masti, koji nastaje kao posledica poremecaja metabolizma glu-
koze i promena u lucenju i delovanju insulina. Kao rezultat si-
stemske dislipidemije, kod ovih bolesnika dokazana je visoka
koncentracija lipidnih frakcija u serumu, $to se odrazava i na
njihovu koncentraciju u pljuvacki. Dokazan je povecan nivo
holesterola u pljuvacki osoba obolelih od DM tip 1 [26], a kod
obolelih od DM tip 2 koncentracija holesterola i triglicerida
povecana je u serumu i pljuvacki u odnosu na kontrolnu grupu
ispitanika [34]. Koncentracija holesterola u pljuvacki u korela-
ciji je s njegovom koncentracijom u serumu. Kod zdravih ljudi
ova pozitivna korelacija moze da se koristi pri odabiru osoba s
visokim nivoom holesterola u serumu [35].

MARKERI OKSIDATIVNOG STRESA

Oksidativni stres ima vaznu ulogu u patogenezi i komplikaci-
jama DM. Kao posledica hiperglikemije dolazi do povecanog
stvaranja kiseonikovih slobodnih radikala i poremecaja anti-
oksidantnih odbrambenih mehanizama [36]. Kao najizraze-
niji negativni efekat delovanja slobodnih radikala navodi se
oksidacija viestruko nezasi¢enih masnih kiselina u ¢elijskim
membranama, poznata kao lipidna peroksidacija, tokom koje
se otecuje plazma-membrana. Krajnji proizvod lipidne perok-
sidacije je kratkolan¢ani malondialdehid (MDA), koji sluzi kao
biohemijski pokazatelj stepena oksidativnog ostecenja celijskih
membrana. Nasa istrazivanja pokazuju da se u pljuvacki oso-
ba obolelih od parodontalnih bolesti povecava sadrzaj MDA u
odnosu na zdrave ispitanike [37, 38]. Ovaj marker povecan je u
pljuvacki bolesnika sa DM tip 2 [34, 39], $to ukazuje na to da po-
ve¢anje MDA moze biti marker visokog rizika od komplikacija
kod bolesnika sa slabo kontrolisanim DM. Druga istrazivanja su,
medutim, dokazala nizu koncentraciju MDA u pljuvacki osoba
obolelih od DM u odnosu na kontrolnu grupu ispitanika [33].
Analiziranje ukupnog antioksidantnog kapaciteta pljuvacke kod
osoba sa DM bilo je predmet nekoliko studija. Dokazan je po-
vecan nivo glutation-peroksidaze, glutation-reduktaze, super-
oksid-dismutaze i mokracne kiseline u pljuvacki ovih bolesnika
[34, 40]. Povecanje koncentracije antioksidansa u pljuvacki i
serumu osoba obolelih od DM je odgovor na $tetno delova-
nje slobodnih radikala tokom oksidativnog stresa. Na osnovu
izlozenih rezultata moze se zakljuciti da slobodni radikali i ok-
sidativni stres mogu imati vaznu ulogu u patogenezi DM. Dok
god postoji ravnoteza izmedu stvaranja slobodnih radikala i
aktivnosti antioksidantnog sistema odbrane u pljuvacki ne do-
lazi do oksidativnog o$tecenja tkiva. Ukoliko dode do disbalansa
izmedu stvaranja slobodnih radikala i/ili sposobnosti pljuvac-
nih antioksidansa da ih neutrali$u, nastaje oksidativni stres, koji
moze biti biohemijska osnova za razvoj oboljenja usta i zuba
bolesnika sa DM.

PROTEINI

U literaturi postoje razliciti podaci o koncentraciji ukupnih pro-
teina u pljuvacki osoba obolelih od DM. Istrazivanja pokazuju
da je ukupna koncentracija proteina u pljuvacki ovih bolesnika
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niza [18,41,42,43],znadajno povecana [19,31,32,44,45] ili je
bez promena u odnosu na kontrolnu grupu ispitanika [25, 27,
30,46]. U nasim istrazivanjima dokazana je niza koncentracija
proteina u pljuvacki bolesnika sa DM tip 1 u odnosu na one
sa DM tip 2 [18], za razliku od drugih autora [19]. Naj¢es¢i
protein krvi, albumin, dokazan je u nesto vecoj koncentraciji
u pljuvacki dece sa DM u odnosu na zdravu decu, ali bez sta-
tisticke znacajnosti [26]. Drugi autori ukazali su na smanjenu
koncentraciju albumina u pljuvacki bolesnika sa DM tip 2 [32].
Dokazano je takode da nema razlike u koncentraciji albumina u
pljuvacki ispitanika obolelih od DM tip 1 i kontrolne grupe, kao
ni izmedu ispitanika sa DM tip 11 DM tip 2 [47]. Ovi podaci su
saglasni s rezultatima nasih istrazivanja [18]. Razli¢iti rezultati
koncentracije proteina u pljuvacki osoba sa DM mogu se obja-
sniti ¢injenicom da su analize radene u razli¢itim stadijumima
bolesti ili u razli¢itim tipovima DM. Na koncentraciju ukupnih
proteina u pljuvacki verovatno uticaj imaju vrsta i na¢in saku-
pljanja pljuvacke, nacin stimulacije, protok, metode odredivanja,
dnevne varijacije, brzina i trajanje centrifugiranja.

U poslednjih nekoliko godina, s tehnoloskim razvojem, ko-
riste se specifi¢nije i osetljivije metode u utvrdivanju ukupnih
proteina ili peptida pljuvacke poznatih kao pljuvaéni (salivar-
ni) proteomi. Ovi proteomi su vazni ne samo za razumevanje
oralne patofiziologije, ve¢ mogu da budu korisni i kao poten-
cijalni biomarkeri za sistemska oboljenja. Autori su dokazali
da u pljuvacki ima oko hiljadu proteina, s razli¢itim ulogama u
metabolickim procesima, imunskoj regulaciji, ¢elijskoj adheziji
i komunikaciji itd. Oni su u pljuvacki osoba sa DM tip 2 usta-
novili proteome sa 487 proteina, medu kojima je 65 proteina
bilo znadajno za diferencijaciju obolelih u odnosu na kontrolnu
grupu ispitanika [48,49, 50]. Ve¢ina ovih proteina ukljucena je
u metabolicke procese i imunski odgovor organizma.

ELEKTROLITI

Promene koncentracije elektrolita u serumu mogu da se odraze
na sistemska oboljenja, a u pljuvacki mogu da uti¢u na promenu
njene funkcije u remineralizaciji, odrzavanju puferskog kapa-
citeta, smanjenju funkcije ¢ula ukusa itd. Pljuvacka je zasi¢ena
jonima kalcijuma, koji su u ravnoteZi s jonima u hidroksiapatitu
zubne gledi. Pored toga, joni kalcijuma iz pljuvacke imaju ulo-
gu posrednika u vezivanju razli¢itih neorganskih i organskih
supstanci za povr$inu zubne gledi. Ovi joni takode imaju ulogu
u remineralizaciji gledi [8, 51]. Koncentracija kalcijuma u plju-
vacki varira u zavisnosti od koncentracije pljuva¢nih proteina,
protoka pljuvacke i lu¢enja pljuvacnih zlezda [52]. Kod bole-
snika sa DM dokazano je povecanje koncentracije kalcijuma
u pljuvacki u odnosu na kontrolnu grupu ispitanika [19, 25,
53]. Autori smatraju da je povi$ena koncentracija kalcijuma u
pljuvacki ovih bolesnika povoljan indikator za oralno zdravlje.
U literaturi, medutim, ima i drugacijih rezultata [23,31, 44, 54].
Pretpostavlja se da je sniZena koncentracija kalcijuma u pljuvac-
ki bolesnika sa DM povezana sa smanjenjem protoka pljuvacke
ili s pove¢anjem koncentracije proteina koji ostvaruju specifi¢ne
veze s kalcijum-fosfatom. Mata (Mata) i saradnici [19] dokazali
su smanjenu koncentraciju magnezijuma, cinka i kalijuma u
pljuvacki ovih bolesnika, $to se dovodi u vezu sa disfunkcijom
sekretornog kapaciteta pljuvacnih zlezda. U nasim istrazivanji-
ma koncentracija kalijuma u pljuvacki bolesnika sa DM veca je
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u poredenju sa zdravim ispitanicima [18]. To je u saglasnosti s
rezultatima drugih autora, koji ukazuju na izmenjenu aktivnost
Na-K-ATP-aze, usled promena u bazalnoj membrani acinusa
pljuvaénih Zlezda [44] ili smanjenja lucenja pljuvacke tokom di-
jabetesa [30]. Koncentracija kalijuma moze da bude snizena [19,
42] ili bez promena u pljuvacki osoba obolelih od DM [45]. Isti
autori dobili su suprotne rezultate za koncentraciju natrijuma.

ZAKLYUCAK

Na osnovu prikazanih podataka o mogucnostima koris¢enja
pljuvacke kao bioloskog uzorka u dijagnostikovanju DM, koji bi

bio alternativa krvnom serumu, tj. plazmi, namece se zakljucak
da ovaj sekret sve viSe dobija na znacaju u pomenutom kontek-
stu. Prikupljanje pljuvacke je jednostavno i bezbolno za pacijen-
ta, ne zahteva skupu opremu, ni posebno obuceno osoblje, $to
svakako govori u prilog ekonomic¢nosti rada. Takode je moguce
pljuvacku uzeti nekoliko puta i u neogranic¢enim koli¢inama.
Nedostatak je, medutim, $to pljuvacka kod obolelih od DM ne
odrazava realnu koncentraciju svih parametara u odnosu na
krv. Tu je i problem izuzetno velike viskoznosti pljuvacke, zbog
mukopolisaharida i mukoproteina, $to moze ometati analizu.
Uprkos ovim ogranic¢enjima, obimna istrazivanja koja se sve
Ce$ce rade sofisticiranim tehnikama pokazuju da pljuvacka
predstavlja dijagnosticku te¢nost buducnosti.



