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ABSTRACT
Saliva has an old history of study but has physiological importance. Saliva has hundreds of components which help to
detect systemic diseases and also has provided biomarkers of health and disease status. Saliva has three major functions:
digestion, protection and lubrication. Saliva also functions in maintenance of tooth integrity. The antioxidant system also exists
in saliva and seems to be of paramount importance. This review examines the diagnostic application of saliva for Diabetes
mellitus, renal disease, cardiovascular disease, Infectious diseases etc. As a diagnostic fluid, saliva offers distinctive advantages
over serum because it can be collected non-invasively by individuals with modest training. Whole saliva is most frequently
used for diagnosis of systemic diseases, since it is readily collected and contains serum constituents. These constituents are
derived from the local vasculature of the salivary glands and also reach the oral cavity via the flow of gingival fluid. Analysis of
saliva may be useful for the diagnosis of hereditary disorders, autoimmune diseases, malignant and infectious diseases, and
endocrine disorders, as well as in the assessment of therapeutic levels of drugs and the monitoring of illicit drug use.
Key Words: Saliva, Biological marker, Diabetes, Diagnostic fluid, saliva functions.
INTRODUCTION
The most commonly used laboratory diagnostic
procedures involve the analysis of cellular and chemical
constituents of blood. Other biological fluids are utilized
for the diagnosis of disease, and saliva offers some
distinctive advantages. Saliva harbors a wide spectrum of
proteins/peptides, nucleic acids, electrolytes, and hormones
that originate from multiple local and systemic sources.
Although saliva reflects the body’s health and well-being,
its use as a diagnostic fluid has been hindered, mainly
because of our lack of understanding of the biomolecules
present in saliva and their relevance to disease etiology,
combined with the lack of high-sensitivity detection
systems. No special equipment is needed for collection of
the fluid.
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Diagnosis of disease via the analysis of saliva is
potentially valuable for children, Physically challenged
case and older adults, since collection of the fluid is
associated with fewer compliance problems as compared
with the collection of blood. Further, analysis of saliva
may provide a cost-effective approach for the screening of
large populations. Saliva can be considered as glandspecific saliva and whole saliva. Gland-specific saliva can
be collected directly from individual salivary glands:
parotid, submandibular, sublingual, and minor salivary
glands. Secretions from both the submandibular and
sublingual salivary glands enter the oral cavity through
Wharton's duct, and thus separate collection of saliva from
each of these two glands is difficult [1]. The collection and
evaluation of the secretions from the individual salivary
glands are primarily useful for the detection of glandspecific pathology, i.e., infection and obstruction. In this
review we highlight the diagnostic potential of saliva for
use in detection of disease like diabetes, cardiovascular
disease, infectious diseases & renal disease etc.
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SALIVA PRODUCTION AND SECRETION
In general, healthy adults produce 500–1500 mL
of saliva per day, at a rate of approximately 0.5 mL/min
[2], but several physiological and pathological conditions
can modify saliva production quantitatively and
qualitatively. Smell and taste stimulate saliva production
and secretion, as do chewing, psychological and hormonal
status, drugs, age, hereditary influences, oral hygiene, and
physical exercise [3]. It is important to have sufficient
amounts of salivary secretions to maintain good oral
hygiene.
BUFFERING CAPACITY OF SALIVA
Saliva acts as a buffering system. The buffering
effect of saliva is largely due to bicarbonate/carbonate
ions, and to a lesser extent to phosphate-ions and proteins
present in saliva, neutralizing acids ingested or produced
by microorganisms in the mouth [4-5]. The buffer activity
is usually assessed immediately after collection of saliva
sample. Several studies indicate that buffer capacity may
increase after storage at room temperature. Generally, the
accuracy of pH measurements depends on the method of
saliva collection and on the time interval between
collection and analysis [6].
SALIVA AS A SPECIMEN
The idea of using saliva in diagnosis was made in
the second half of the 20th century [7]. Saliva is an
accessible fluid that can easily be collected by the patient.
Advantages of saliva testing sample are easy and non
invasive collection procedure that is neither painful nor
traumatic. Saliva is reliable for early detection of certain
diseases and monitoring the disease course in the
conjunction with treatment and detection of addictive
drugs [8,9]. Blood collection is more expensive because it
requires the help of a trained technician, it may evoke
ethical issue in special populations (infants or elderly
persons), it is inconvenient for the patient because samples
must be collected in the clinic, and it can be traumatic and
stress inducing, especially when repeated samples must be
taken [10].
SALIVA COLLECTION
There are numerous methods available for saliva
collection, including harvesting whole saliva, individual
gland saliva and stimulated or unstimulated saliva. Saliva
samples were collected after patients had received their
routine check-up. With the patients seated, the saliva was
collected over a 5-min period with instructions to allow
saliva to pool in the bottom of the mouth and drain to a
collection tube when necessary. Subjects were asked not to
swallow any saliva for the duration of the collection to
allow the calculation of salivary flow rates. At the end of
the collection period, saliva volume was measured, the
tube sealed and then frozen in dry ice until taken back to
the laboratory for processing. Prior to analysis, the saliva

was placed into Salivette (Sarstedt, Leicester, U.K.) tubes
using a natural cotton swab insert, and centrifuged at
4000g for 10 min at 4 ◦C. The supernatant fraction was
then aliquotted into storage vials and kept at −80 ◦C until
required for analysis. The use of the Salivette tubes was
necessary to reduce the high viscosity of the saliva samples
that would otherwise prevent accurate pipetting.
Preliminary work to compare fresh saliva centrifuged in
standard centrifuge tubes with saliva prepared by
centrifugation in three types of Salivette (natural cotton
insert, citric acid impregnated insert or plain polyester
insert) demonstrated that the antioxidant profile from
samples prepared using the natural cotton inserts was
identical to the native sample. It was inferred from this that
the analyts of interest.
SALIVA STORAGE
Saliva specimens, after collection, should
preferably be kept on ice, aliquated and frozen as soon as
possible to maintain the sample integrity. The refrigeration
prevents the degradation of some molecules in saliva and,
when necessary, bacterial growth must also be prevented.
Moreover, saliva contains bacterial protease enzymes
which can degrade several salivary proteins: this can affect
protein compound investigation. Storage procedure and
time from the collection mainly affect the analysis of the
biochemical variables characterized by temperature
instability and bacterial growth. Some salivary compounds
can have a very short half-life so the sample to be analyzed
needs a narrow range of time after collection; other
substances can remain stable in saliva for a longer time and
may be detected and quantified after a long time [11]. For
this reason, the choice of different storage procedure
before the analysis depends on the type of molecule, taking
into account its stability. We propose, as a general
approach to avoid degradation of salivary compounds, the
specimens should be stored taking in to account the
following outline:
a) Immediately store saliva aliquots without any
processing. Specimens can often be stored at room
temperature (when analysis is carried out immediately or in
30–90 min from collection), at +4 °C (when analysis is
carried out in 3–6 h from collection), at −20 °C and better
at −80 °C (when analysis is carried out days to months
after collection).
b) Snap-freezing of saliva in liquid nitrogen: Mix each
saliva aliquots with an equal volume of 80 % glycerol in
H2O, and then dip the sample in liquid nitrogen. This
storage procedure aims to inhibit protease activity
degrading some salivary protein compounds, such as SIgA.
c) The enzyme activity present in saliva can be inhibited
by adding inhibitors like leupeptin, aprotinin and 4-[2-
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aminoethyl] benzenesulfonyl fluoride in the ratio of 10:1
[11].
d) Sodium azide (NaN3) can be added to saliva
specimens in attempt to retard bacterial growth. The use of
sodium azide does not influence the measurement of
salivary markers when serum-based immunoradioassays
are modified for saliva, not even if these methods involve
separation or extraction steps. But the possible interference
of sodiumazide with horseradish peroxidase, a common
component of enzyme immunoassays, can be taken into
account [12].
DIAGNOSTIC APPLICATIONS OF SALIVA
Salivary diagnostics is an emerging field that has
progressed through several important developments in the
past decade, including the publication of the human
salivary proteome and the infusion of federal funds to
integrate nanotechnologies and microfluidic engineering
concepts into developing compact point-of-care devices for
rapid analysis of this secretion. In this article, we discuss
some of these developments and their relevance to the
prognosis, diagnosis and management of disease, as an oral
target, and cardiovascular disease, as a systemic example
for the potential of these bio diagnostics. Our findings
suggest that several biomarkers are associated with distinct
biological stages of these diseases and demonstrate
promise as practical biomarkers in identifying and
managing periodontal disease, and acute myocardial
infarction. The majority of these studies have progressed
through biomarker discovery, with the identified molecules
requiring more robust clinical studies to enable substantive
validation for disease diagnosis. It is predicted that with
continued advances in this field the use of a combination of
biomarkers in multiplex panels is likely to yield accurate
screening tools for these diagnoses in the near future.
Diabetes
In diabetic patients, as the consequence of
hyperglycemia, glucose metabolic products cause micro
vascular changes in blood vessels and basal membranes of
cells in salivary glands and oral tissues [13]. 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 [14,15], but the
mechanism of its secretion is not yet known. Proposed
paracelullar and intracellular secretion pathways are still
hypothetic that have not been validated yet. In patients
with type 1diabetes, there has been proved increased [16,
17,18] or decreased glucose concentration in saliva [19] as
compared to the control (healthy) group. In saliva of
patients with type 2 diabetes, the glucose concentration is
higher than in nondiabetic patients [20, 21, 22]. Lasisi &
Fasanmade [23] have shown higher concentration of

glucose in saliva of diabetic patients as compared to
nondiabetics, 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 [24,25,26] Authors believe that increased presence
of glucose in saliva in diabetic patients may favor
proliferation of microorganisms and promote their
colonization on teeth and oral mucosa. The analysis of
glucose level in saliva is an attempt to find a noninvasive
and painless method for frequent monitoring of blood
glucose in diabetic patients.
Cardiovascular disease
Cardiovascular disease is a leading cause of death
worldwide. Salivary markers such as amylase have been
used for postoperative follow-up in patients who had
cardiovascular surgery. Low salivary amylase in
preoperative patients with aortic aneurysm is associated
with increased mortality [27]. A study by Chatteron et al.
showed in stress, the increase in heart rate is directly
related to increased salivary α amylase level [28]. In a case
control study, the patients with acute myocardial infarction
showed higher levels of creatine phosphokinase (CPK) in
saliva as well as in serum. Unstimulated whole saliva
(UWS) CPK concentration correlated significantly with
serum CPK level on the first day and on the second day of
acute myocardial infarction [29]. Hence, the salivary CPK
is used as an alternative to serum CPK for diagnosis and
monitoring of myocardial infarction.
Renal disease
We have only few reports to employ saliva as a
potential screen for renal disorders. Salivary pH shows an
increase due to higher urea concentration in dialysis
patients [30]. Salivary creatinine levels show a high
sensitivity and specificity for determining the presence of
renal disease [31]. Researchers found that saliva can be a
good tool for early detection of exposure to lead and
cadmium since salivary levels of these elements arise from
the diffusible fraction of plasma [32,33].
Hereditary disease
Cystic fibrosis is a genetically transmitted disease
of children and young adults, which predominately affects
exocrine glands. It produces increased sodium chloride
concentration in sweat, chronic obstructive pulmonary
disease in lungs, and pancreatic insufficiency. A defective
electrolyte transport in epithelial cells and viscous mucus
secretions from glands and epithelia characterize this
disorder [34]. The abnormal salivary secretions in these
patients caused clinicians to explore the usefulness of
saliva for its diagnosis. The saliva of cystic fibrosis
affected patients contains increased level of calcium and
proteins, resulting in the formation of insoluble calcium-
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protein complexes [35, 36]. The increase in salivary
concentration of sodium, phosphate, chloride, lipid, PGE 2
was also observed [37]. Most of the studies concerning the
diagnostic application of saliva for cystic fibrosis are
relatively old and saliva is not currently used for the
diagnosis of this disorder. For diagnosing celiac disease,
IgA and antigliadin antibody detection in saliva show high
specificity and low sensitivity, whereas their determination
in serum is highly sensitive and less specific [38]. Plasma
levels of steroids reflect the total measurements, whereas
salivary levels of steroids show only the free and active
level. Hence, for monitoring steroids, salivary tests are
gaining popularity. 21-hydroxylase deficiency is an
inherited disorder of steroid genesis, which leads to
congenital adrenal hyperplasia.
Infectious diseases
Helicobacter pylori infection is associated with
peptic ulcer disease and chronic gastritis. Polymerase chain
reaction (PCR) technique has been proved to be highly
sensitive and specific for detecting H. pylori DNA in
saliva. Studies have shown the higher prevalence of H.
pylori in saliva than in feces, and the oral-oral route may
be an important means of transmission of this infection in
developed countries [39]. Specific antibody to Taenia
solium larvae has been demonstrated in saliva for
identification of neurocysticercosis. It was suggested that
saliva could be used in epidemiologic studies of this
disease [40]. Mycobacterium tuberculosis can be detected
by PCR in the saliva as the bacterial count is high in acute
condition of this disease. Salivary IgA response in
newborn infants was found to be a better marker of
rotavirus infection, compared to the serum antibody
response. Hence, saliva rather than serum, can be used to
monitor the immune response to vaccination and infection
with rotavirus [41]. Saliva has also been used to screen
hepatitis B surface antigen in epidemiological studies.
Saliva may also be used for determining immunization and
detecting infection with measles, mumps, and rubella [4244].
Endocrinal disorder
Measurement of salivary hormone levels is of
clinical importance if they accurately reflect the serum
hormone levels or if a constant correlation exists between
salivary and serum hormone levels. The majority of
hormones enter saliva by passive diffusion across the
acinar cells. The small polar molecules enter saliva by
ultrafiltration [44]. The lipid-soluble hormones with lower
molecular weights can be detected most reliably in saliva,
but protein-bound hormones (such as gonadotropins,
prolactin, and thyrotropin) cannot be accurately monitored
by means of salivary analysis [45]. Due to their lipid
solubility, steroid hormones can be detected in saliva.

Monitoring therapeutic levels of drug
The use of saliva for drug monitoring, and the
detection of illicit drugs, has grown remarkably. Cotinine,
a metabolite of nicotine, is widely used to assess tobacco
use and in studies on the effects of smoking on health [46].
For a drug to appear in saliva, drug molecules in serum
must pass through the salivary glands and should enter into
the oral cavity. Smaller drug molecules which are
lipophilic and non-ionized readily diffuse into the oral
cavity from serum. The unbound fraction of the drug in
serum is usually available for diffusion, which is also
pharmacologically active. This active unbound fraction of
drug may represent an advantage of drug monitoring in
saliva in comparison with serum, which has both bound
and unbound fractions. Currently, saliva can be used to
detect the level of lithium, carbamazepine, barbiturates,
benzodiazepines,
phenytoin,
theophylline
and
cyclosporine, antipyrine, caffeine, cisplatin, diazepam,
digoxin,
ethosuximide,
irinotacan,
methadone,
methoprolol,
oxpernolol,
paracetamol,
primidone,
procainamide, quinine, sulfanilamide, tolbutamide, and for
drug abuse such as amphetamine, benzodiazepines,
cocaine, ethanol, marijuana, nicotine, opioids, and
phencyclidine [47].
DNA tests
DNA in cells present in whole saliva could also be
investigated. The traditional source of genomic DNA is
blood, but recently saliva has increasingly been
investigated as a source of DNA deriving from oral cells. It
provides a useful source for biomarker profiling and
forensic identification. DNA tests in saliva could also be
carried out for the detection of HIV infection, recognizing
viral sequences in total salivary DNA amplifying by
polymerase chain reaction a relatively constant region of
HIV-1 genome. In oral fluid are also detectable by PCR
several oral pathogens that may cause periodontitis [48].
CONCLUSION
The saliva matrix is an upcoming area of research
for basic and clinical application purposes, with
considerable potential for growth and progress. Saliva is a
really useful specimen when a qualitative answer is
required (for example in toxicology). It is also usable for
quantitative measurements of several analytes, particularly
when a stable correlation between plasmatic and salivary
levels can be achieved. Nevertheless, to date salivary
assays are still little used compared with plasma assays,
even if it is possible to have a quantitative estimate of
hormones and other substances in saliva. In conclusion,
saliva is a biological fluid that offers several opportunities
in diagnosis, toxicology and in forensic science.
Furthermore, many salivary proteins offer great potential in
clinical and epidemiological research, in oral as well as in
general health studies.
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