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INTRODUCTION

Early detection of disease plays a crucial role in
successful therapy. In most cases, the earlier the
disease is diagnosed, the more likely it is to be
successfully cured or well controlled.

Currently, three major limitations have prevented
people from recognizing the full potential of
disease detection, and have seriously hampered

the development of clinical diagnostics, namely:

1. Lack of definitive molecular biomarkers
for specific diseases;

2. Lack of an easy and inexpensive sampling
method with minimal discomfort; and

3. Lack of an accurate, easy-to-use, and
portable platform to facilitate early disease

detection.

Saliva, an oral fluid that contains an abundance of
proteins and genetic molecules and is readily
accessible via a totally noninvasive approach, has
long been recognized as the potential solution to
these limitations®. According to the AAP glossary
of terms 1987, Saliva is defined as the tasteless
clear fluid secreted by the major and minor
salivary glands. Three major salivary glands
produce about 95% of the total salivary volume
and numerous minor salivary glands produce
minute amounts of saliva. Saliva consists of 99%
water, and varying amounts of proteins, enzymes,
mucoproteins, blood group substances, hormones,
carbohydrates,  lipids, nitrogen  containing
compounds, lactoferrin and inorganic substances.
Saliva is not only a pleasant lubricant which

makes oral functions such as speech, mastication
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and swallowing easier, but also a fluid with many
important functions in the maintenance of oral and
general health. Rather than just providing
lubrication, saliva is important for the metabolic
health of the mouth as a whole. Some systemic
diseases and hormonal changes can alter the flow
and composition of saliva, so that in many cases
saliva analyses have diagnostic value. In recent
years saliva has attracted much attention, it has
been suggested that saliva might be substituted for
plasma in the areas of pharmacokinetic studies
and drug monitoring. The diagnosis of active
phases of periodontal disease, and the
identification of patients at risk for active disease,
represents a challenge for both clinical
investigators and clinicians. In general, clinical
parameters including probing depth, attachment
level, bleeding on probing (BOP) plaque index
(PI) and radiographic loss of alveolar bone are
used to assess disease severity®. It has long been
realized that a rapid and simple diagnostic test that
can provide a reliable evaluation of periodontal
active disease would be of value to both clinicians
and patients.

Periodontal Diagnosis by Clinical Monitoring-

The diagnosis of active phase of periodontal
disease and identification of patients at risk of
active disease represents a challenge for both
investigators and clinicians. In general these are
the clinical parameters that are used to assess the

disease severity®

e Probing depth
e Bleeding on probing
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e Attachment level loss

e Plague index

e Radiographic loss
Recently, genetic analysis has also been suggested
as a means to identify individuals who are at
increased risk for more severe periodontitis °.
However, as of yet, no clinical or laboratory test is
routinely employed in the monitoring of patients
with  periodontal  disease.  Clinical and
radiographic assessment of periodontal disease
remains the basis for patient evaluation.

Disadvantages of clinical monitoring —

1) It is time consuming subject to
considerable measurement errors and is
often poorly tolerated by the patients.

2) These measurements provide information

about disease severity and do not provide

measurements of disease activity.

3) Information is about the past pathology but
not the present condition or the probability of

alterations occurring in the future.

MARKERS IN SALIVA WITH POTENTIAL
IMPORTANCE FOR PERIODONTAL
DISEASE:

ENZYMES-

Enzymes present in saliva can be produced by
cells in the salivary glands, oral microorganisms,
polymorphonuclear leucocytes (PMNSs), epithelial
cells and GCF entering oral cavity®. Studies have
examined enzyme activity in saliva in relation to
periodontal status and in response to periodontal

treatment.

Nakamura & Slots (1983) studied the enzymatic
activity of mixed whole saliva and parotid saliva
in 10 healthy, 10 Adult periodontitis and 4
Localized juvenile periodontitis patients. Mixed
whole saliva from Adult Periodontitis patients
demonstrated the highest enzyme activity as
compared to healthy controls. Zambon et al.
(1985) evaluated changes in the levels of enzymes
in whole mixed saliva of Adult Periodontitis
patients before and after treatment which included
scaling, root planing and tetracycline therapy.
This treatment resulted in reduced salivary levels
of caprylate esteraselipase, leucine, valine and
cysteine aminopeptidases, trypsin, B

galactosidase,  glucuronidase and f -glucosidase.

Comparable results were reported by Uitto et al.
(1990), who collected saliva from subjects with a
healthy or diseased periodontium to assay
collagenase activity which was higher in the
periodontitis patients than the controls. Children
with Down’s syndrome have an increased
prevalence and severity of activity of salivary
collagenase in 9 affected children, 9-17 years of
age, was higher than controls suggesting its role in
early periodontal tissue and alveolar bone

destruction °.

a) Collagenase & related Matrix

Metalloproteins-

Collagenase is a family of matrix metalloproteins
(MMPs) which degrade collagen.MMP 8 is found
in the inflammatory cells such as PMNs,
macrophages and can be detected in the saliva.

MMP 9 is also found in Polymorphonuclear
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leukocytes. These can be immuno detected using
monoclonal/polyclonal antibodies with the ELISA
technique (Ingman 1996), Western blot (Killi
2002).

b) Salivary Gelatinase-

Makela et al. (1994) determined that the
concentration of MMP-9 (92 kDa gelatinase) was
significantly  higher in whole saliva of
periodontitis patients compared with healthy

subjects.
c) Lysozymes-

Antibacterial enzyme found in the body secretions
notably tears and saliva. The concentration of
lysozyme in  Patients with  periodontitis
demonstrated decreased lysozyme concentration

compared to controls (Markkanen et al. 1986).
d) Lactoferrin-

Antibacterial agent found produced by
inflammatory cells. Soumalainen et al. (1996)
evaluated myeloperoxidase (MPO), lysozyme and
lactoferrin activity in relationship to periodontal
disease. Following periodontal therapy, these
values declined and approached those observed in

healthy controls.
e) PEROXIDASE-

Salivary  peroxidase  activity  significantly
increases with inflammation and reduces after oral

hygiene measures®.

f) Kallikrein-

Kallikrein  hydrolyzes kininogen to release
vasoactive kinin peptide such as
bradykinin’. These

peptides are  important

mediators of inflammation.
IMMUNOGLOBULINS

The predominant immunoglobulin in saliva is
secretory IgA (slgA) which is derived from
plasma cells in the salivary glands. slgA maintains
homeostasis in the oral cavity. slgA controls the
oral microbiota by reducing the adherence of
bacterial cells to the oral mucosa and teeth®

Immunoglobulin Isotypes in Saliva

sIgA is actively secreted by the salivary glands,
therefore studies have attempted to determine if a
relationship exists between salivary levels of sIgA

and periodontal status.

Guven et al. (1982) reported that higher levels of
IgA were present in whole saliva collected from
patients with gingivitis and periodontitis.
Sandholm et al. (1984) evaluated that Salivary
IgA, 1gG, and IgM levels were higher in the JP
patients as compared with the healthy siblings and
controls. Bokor et al. (1997) reported that the
concentration of IgA in mixed unstimulated saliva
was lower in subjects with more gingival
inflammation. Reiff et al. (1984) examined
changes in the concentration of immunoglobulins
in saliva following the treatment. A decrease in
salivary levels of both IgA and IgG was observed

after periodontal therapy.

Myint et al. (1997) assessed levels of IgA to

bacteria in dental plaque in parotid saliva from
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HIV+ and HIV- subjects with healthy gingiva,
chronic gingivitis, chronic marginal periodontitis
and necrotizing ulcerative periodontitis. When the
HIV+ group was compared with the HIV- group,
regardless of periodontal status, total salivary IgA
concentration was higher in the HIV+ patients. It
was thus concluded that salivary IgA response to
bacteria in dental plague may have been

influenced by acute periodontal infection.
Specific Immunoglbulins in Saliva

Specific immunoglobulins in saliva directed
towards periodontal pathogens have also been

examined for their diagnostic potential.

Eggert et al. (1987) reported that saliva from
treated periodontitis patients had higher IgA and
IgG levels than did saliva from control subjects.
Tynelius-Barthall & Ellen (1985) found similar
trends measured changes in salivary antibodies to
Actinomyces viscosus and Actinomyces naeslundii
in 6 patients with gingivitis prior to and after
treatment. Anil et al (1995) reported higher IgA
and 1gG levels in Non Insulin Depebdent Diabetes
Mellitus patients as compared to non diabetic
patients. This can be attributed to an altered
immune response found in diabetic due to greater

antigenic challenge present.

Neiminen et al (1993) reported that concentration
of specific IgA and IgG to
A.actinomycetemcomitans in saliva of patients
with advanced periodontitis correlated
significantly with corresponding antibody titres in

serum of these patients.

OTHER PROTEINS

1) Fibronectin
It is a glycoprotein which mediates adhesion
between cells and is also involved in chemotaxis ,
migration , inflammation and wound healing and
tissue repair. Fibronectin levels in saliva do not
differentiate between periodontal health and

disease’.

2) Cyseine proteinases
These are proteolytic enzymes originating
pathogenic  bacteria, inflammatory  cells,
osteoclasts and fibroblasts. These enzymes have
collagenolytic activity which may cause tissue

destruction®®.

Henskens et al. (1996) evaluated the change in
concentration and activity of salivary cystatins in
whole and parotid saliva from 20 periodontitis
patients undergoing treatment. After periodontal
treatment, total cystatin and cystatin C

concentration decreased to control levels.
ACTIVATING FACTOR (PAF)

It is potent phospholipid mediator of inflammation
which stimulates the activity of production of

platelets.

Garito et al. (1995) studied PAF in whole saliva
collected from 69 subjects found a significant
positive correlation between the level of PAF in
saliva and measures of periodontal inflammation.
Rasch et al. (1995) conducted a longitudinal
evaluation of the effect of periodontal therapy
(oral hygiene instruction, prophylaxis and

scaling/root planing) on salivary PAF levels in 15
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chronic Adult periodontitis patients. These levels
declined further following Scaling and root
planning. It was therefore concluded that PAF
might participate in inflammatory events during

periodontal tissue injury and disease.
EPIDERMAL GROWTH FACTORS (EGF)

Involved in wound healing and functions with
hormone like properties to stimulate epithelial
cells. In humans, the parotid gland is a major
source of EGF™. Oxford et al. (1998) found a
transient increase in salivary EGF levels in
response to periodontal surgery. Hormia et al.
(1993) observed higher EGF secretion rates in
unstimulated and stimulated saliva in 17 Juvenile
periodontitis patients as compared with healthy

age and gender matched controls.

VASCULAR ENDOTHELIAL GROWTH
FACTOR (VEGF)

It is also known as permeability factor or
vasculoprotein. It is a multifunctional angiogenic
cytokine important in inflammation and wound
healing. This cytokine was found to be a

component of whole saliva*’.
INFLAMMATORY CELLS

The number of leukocytes in saliva varies from
person to person, and cell counts vary for an
individual during the course of the day. The
majority of salivary leukocytes enter the oral

cavity via the gingival crevice®.

Klinkhammer et al. (1968) standardized
collection and counting of leukocytes in saliva and

developed the Orogranulocytic Migratory Rate
(OMR). In an experimental gingivitis model, the
number of granulocytes in saliva increased before
the appearance of clinical gingivitis'***. Raeste et
al. (1978) studied that OMR was determined with
sequentional mouthrinse sampling in periodontitis
patients and controls. The results indicated that
the OMR reflects the presence of oral

inflammation.
SALIVARY IONS

Calcium ion is most intensely studied as a
periodontal marker for periodontal disease in
saliva. A high concentration of Calcium was
correlated with good dental health in young
adults, but no relationship was detected with
periodontal bone loss as measured from dental
radiographs'®. Sewon et al. (1990 & 1995)
demonstrated that salivary Calcium and the saliva
Calcium to phosphate ratio were higher in
periodontitis-affected subjects in comparison to
healthy controls. He also examined a higher
concentration of Calcium in whole stimulated

saliva from the periodontitis patients.
SERUM MARKERS-
CORTISOL

Emotional stress has been established as a risk
factor for periodontitis’*®**?°. One mechanism
proposed to account for the relationship is that
elevated serum cortisol levels associated with
emotional stress exert a strong inhibitory effect on
the inflammatory process and immune response®"

2223 Recently, salivary cortisol levels were used
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to evaluate the role of emotional stress in
periodontal disease. Higher salivary cortisol levels
were detected in individuals exhibiting severe
periodontitis, a high level of financial strain, and
high emotion-focused coping, as compared to
individuals with little or no periodontal disease,
low financial strain, and low levels of emotion-

focused coping®.
BACTERIA

Microorganisms in dental plaque can survive in
saliva, and can utilize salivary components as a
substrate. It was shown that saliva could serve as a
growth medium for oral Streptococus species and

A. viscous®>.

Asikainen et al. (1991)
actinomycetemcomitans from subgingival sites, it
was also found in 69.9% and 35.9% of the

samples of stimulated and unstimulated saliva,

recovered

respectively.

Umeda et al. (1998) examined the presence of P.
gingivalis, Prevotella intermedia, Prevotella
nigrescens and T. denticola in whole saliva and in

periodontal pocket samples.

Schaeken et al. (1987) examined the effect of
plague accumulation on the salivary counts of
some dental plaque microorganisms in 20 subjects
who refrained from oral hygiene for 7 days. The
large increase in the number of bacteria on the
teeth was reflected by an increase in salivary
counts of Actinomyces species. A highly
significant correlation was found between S.

mutans level in dental plaque and the salivary

level of these microorganisms. Rosenberg et al.
(1989) described a microbial rinse test (Oratest).In
this study Oratest was found to be a simple
method for estimating oral microbial levels. In a
companion study®®, Oratest results were correlated
with plaque index and gingival index scores, and
the authors stated that this test provides a reliable

estimate of gingival inflammation.
VOLATILES

Volatile sulphur compounds, primarily hydrogen
sulfide and methylmercaptan, are associated with
oral malodor®” %, Salivary volatiles have been
suggested as possible diagnostic markers and
contributory factors in periodontal disease.
Pyridine and picolines were found only in subjects
with moderate to severe peroidontitis®® **
Furthermore, saliva seems to be a useful medium
to evaluate oral malodor. A significant association
between the BANA scores from saliva and oral

malodor was found®".
CONCLUSION

Saliva is a complex fluid which serves many
important functions in the oral cavity that also
contributes to the quality of life of an individual.
Research on saliva has seen a paradigm shift over
the years. In the earlier part of the century,
attention was focused on studying the quantitative
properties of saliva. As newer methods of analysis
developed, the focus duly shifted to the analysis of
the composition of saliva. In the recent past,
efforts have been directed towards Dbetter
understanding of the potential of saliva as an aid

in the diagnosis of several diseases where
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presence/absence or a change of one or more of its
constituents can act as a marker. Until just
recently, dentistry seemed to have had a monopoly
on saliva, with some overlap from health
professionals dealing with procedures that resulted

in decreased or total lack of salivary flow.

Whole saliva samples contains desquamated
epithelial cells from oral mucosa can be extracted
and used for gene characterization may be utilized
for gene mapping for identification of systemic
disease polymorphism that will give a further
insight into pathophysiology of disease. The
combination of identification of disease gene
polymorphism and understanding the expression
of genes will be an important tool for new
therapies not only for salivary glands disease but
systemic disease as it is said- Mouth is a mirror of
the systemic diseases.
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