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Abstract

There have been increasing numbers of applications using saliva, as the target substrate
for performing clinical diagnostic tests. These have focused primarily on point-of-care
testing. These point of care testing approaches range from, for example, currently available,
highly specialized screening tests for the presence of antibodies recognizing HIV to the
potential development of “lab-on-achip” platforms. Sampling of saliva is advantageous,
since non-invasive, stress free, easy and frequent collections are possible. Apart from
acting as first time of defence against foreign pathogenic, it also constantly cleanse and
lubricate the oral cavity. Number of biochemical, immunological, toxicological and
microbiological analysis are possible in saliva and importance of oral tissues evaluation
and neoplasm screening how long been established also, saliva is routinely referenced in
forensic odontology and toxicology especially in drug abuse and alcoholism.This can become
a non-invasive alternative to blood & urine test, for early disease detection and

management in future.
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Introduction

Whole saliva is a combination of gingival
crevicular fluid, which has a composition
similar to serum, and fluid released from
salivary glands, of which the parotid,
submandibular and sublingual are the three
major sources.! The components of saliva are
water, proteins, electrolytes, organic
molecules secreted from salivary glands,
blood, microbes, epithelial lining cells,
extrensic factors (food, mouth rinse, tooth
paste) and additional fluids (Fig. 1).

Mouth is one of the best laboratories the
body to study issues in human biology that
go beyond dental research.

I.  Physiology & Biochemical Aspects
1.  Physiology
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(a) Salivary secretions:

Saliva is a complex oral fluid
consisting of a mixture of secretions from
both major salivary glands as well as minor
glands of oral mucosa. Once saliva passes
through the ducts and enters the oral cavity,
it mixes with blood cells, microorganisms
and microbial products, oral epithelial cells
and cell products, food debries and upper
airway secretions.

The human salivary glands produce
about 600 ml/day of serious and mucinous
saliva containing minerals, electrolytes,
buffers, enzymes and enzyme inhibitors,
growth factors and cytokines, immuno
globulines mucins and other glycoproteins.*
> Proteins that are found in saliva such as
lactoferrin, lysozyme, peroxidase, defensins
and histatins, can destroy or inhibit the
growth of microorganisms in oral cavity®.
The components of saliva act as a “mirror
of the body’s health” and there is growing
acceptability of saliva as diagnostic tool.

(b) Composition:
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Fig. 1

Additional Fluids ol e i
H:lli'\..'.:.r_l.' Cilands Electrolybe
Pratein
W hasle =alpwn Bicod serum
Cell=
=CF
1 inang L=l
Extrinsic fmciors -E[.":"ll:""ﬂ' [T———
ol ||.||:|=|'||1:|.--..1q.:_ micwiih e
Table
(rrgnmic eomipanenis of saliva
Amylase
Laciopieraxsdase
Kallikrem
L aciolermin
Cirowath Baclors: Mirve proawth Tackar
Eptcermal growth factor
pH64-71 * mucin
alkaline, viscous secretion * enzymes Amylase, lysozyme
Water content 99.5% * albumin & globulin
Solid content 0.5% * others
Organic constituents - Urea, uric acid, cholesterol, vitamins,
phospholipids
I]._.-' = = L =
00% organic constituents MVCIN
Solids _'/"/ It gives viscosity to saliva, mucin is a
E— glycoprotein, insoluble in water of dilute
acid.

4% inorganic constituents ) . o
Microscopy of saliva reveals Epithelial

cells  Microbes Salivary corpuscles acteria

138 Balwant Rai ef al. Indian Journal of Dental Education. July-September 2009; Vol. 2 No. 3



The average content of vitamins in saliva are

Vitamin

Average content (v/ml)

Thiamin

0.007

Riboflavin

(.05

Miacin

0.03

Pyridoxine

(.

Pantotheme acid

0,05

Folic acid

0.0001

Biotin

(0,005

Ascorbic acid

2.4

Vitamin K

0015

(WBCS) fungi mucus food debris
protozoa

Salivary composition depends many
factors: stimulation, diet, age, time of day,
disease etc.

Ordinary saliva varies weakly alkaline to
weakly acid, the pH ranging approximately
6.0-7.9 with optimum pH of 6.6. Lower pH
values occur more frequently among caries
susceptible individuals and dental erosion
is often accompanied by greatly increased
total salivary acidity.

Saliva is a dilute secretion with specific
gravity of 10007 normal saliva contains
glucose. Potassium, thiocyanate is present
in saliva and cyanate may possibly come
from ingested cyamides present in certain
fruits, in tobacco smoke and from breaking
down of proteinmaterial. Apoerythein, a
protein fraction that protects vitamin B,,
from digestive destruction is also present in
saliva.

Secretion of saliva is governed by central
nervous system along with sympathetic

nervous system. No hormone mechanism in
salivary secretion isknonts. Ordinarily the
secretion of saliva is the result of reflex
stimulation of secretary nerves the ough a
centre in medulla oblongata, pschic stimuli,
brought about by suchinfluences as thought
of food, also stimulate its secretion.

The amount of saliva secreted by an adult
in 24 hours varies between 1000 and 1500
ml®. In the absence of obvious external
stimuli, the rate of salivary secretion in adult
is between 0.1 ml and 0.25 ml per minute
and values < 0.1 ml/min should be
considered abnormal. The stimulate flow
rate varies between 1-2 ml/min and values
< 0.5 ml/min should be considered
abnormal.?

Saliva is routinely categorized as resting
(unstimulate) or stimulated.*® The resting
saliva reflects the basal flow rate and it is
present in our mouths coating the oral tissues
about 14 hours of the day. Stimulated saliva
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Table: Saliva secretion rate

Secretion ratel | Normal values

(ml‘min)

Cland secreting

Resting saliva (.1-0.25

Sub mandibular/sublingual glands (70%)
Parotid (1520%)

Minor salivary glands (58%:)

Stimulate saliva | 1-3

Parotid (45 50%)
Submandibular/sublingual (4350%:)

Rest minorsalivary glands

is also protective and is present in our
mouths for upto about 2 hours of the day.

Regulation of salivary gland secretions

The control of salivary secretion is
exclusively neural. The flow rate of saliva
during sleep is small. This spontaneous
secretion keeps mucous membrane moist.
Stimulated secretion occurs via nervous
reflexes. Neural mechano receptors and
chemo receptors in the oral cavity respond
to dryness of mucosa, chewing chemicals in
the food and texture of the food. Afferent
impulses are integrated in medulla (salivary
center) and salivary center receives inputs
from cortex, amygdala and hypothalamus.

Salivary gland secretion may be inhibited
temporarily with infections or drugs (anti
cholinergic drugs). Permanent inhibition
occurs in irradiation of head & neck,
Sjogren’s syndrome and is primarily
associated with alimentary functions of
saliva.

Causes of decreased salivary secretion
1. Water loss / dehydration

(a) non-renal loss:

reduced intake

increased loss: fever sweating, burns
vomiting

blood loss

(b)renal los

diabetes insipidus (lack of ADH)
diabetes mellitus (osmotic diversies)

drugs (diveretics)

2. Salivary gland hypofunction
(a)Damage -irradiation
-age
-antoimmune disease:
rheumatoid, S/oqren’s, SLE
sarcoidosis
(b) neural dysfunction
-autonomic neuropath
-Alzheimer’s
-psychogenic
2. Biochemical aspects
Salivary Anti-oxidants (AOX)

AOX are present in all body fluids and
tissues and protect against endogenously
formed free radicals, usually produced by
the electron transport system.” AOX
enzymes such as superoxide dismutase
(SOD) and glutathione peroxidase (GSHPx)
provide protection with in cells while low-
molecular weight scavenging AOX are
present in extracellular fluid. These include

140 Balwant Rai ef al. Indian Journal of Dental Education. July-September 2009; Vol. 2 No. 3



Table 1: Composition of normal saliva

Constituent Mormal range
Fh 6,0 7.9
Amimonia 2 — 10 mag/dl
Calcium 4 — B mg/dl
Inorganic phosphate 10— 25 mg/dl
Chloride 30 — 60 mg/dl
Carbonate 20—-45 1llt1."|;||

Protcin

200— 400 mg/dl

Cholesterol

2.5 - 9.0 mg/dl

Lipids

0,05 — 0,20 mg/dl

ascorbic acid, a-tocop herol’™!* and
spcarotene™®. In addition, distary derived
components such as uric acid, non-protein
thiols and glutathione also act as AOX"#
as does albumin formed in plasma and
saliva.?

Uric acid appears to be the dominant
AOX present in saliva and displays a
concentration similar to that of serum
salivary. Ascorbic acid and albumin
concentrations are lower than that of
serum''?, stimulated saliva contains a lower
concentration of AOX but when flow rates
are taken into account, AOX capacity is
higher than in unstimulated saliva.! Saliva
an prove to be an excellent medium for
monitoring AOX status and oxidative stress
in future.

Saliva: Sample Collection, Preservation
and Pretreatment for Analytical
Techniques' 2?2

Saliva is ultra filtrate of plasma. In a clinic
or lab, saliva is relatively easy to collect in
sufficient quantities for analysis and the costs
of storage and shipping tend to be lower than
those for serum and urine.

Saliva is easy to obtain, with less invasion
of privacy and ease of adulteration,
compared with urine.

Salivary sampling protocols are
advantageous as they make for frequent and
easy collection of samples by non-invasive
NEEDLE-FREE stress free techniques. This
is especially useful in endocrinology because
serial measurement of hormone levels and
their diurnal variation is simplified with ease
of collecting saliva.

Saliva can be used as an aid in diagnosis
of a wide variety of oral and non oral
diseases. But all things are not equal.

Advantages

1. Saliva measures free, bio available
fraction of steroid hormones that have
moved out of bloodstream and into the
tissue. (Blood & urine measure the total
levels)

2. Most reliable measurement of tissue
uptake in case of topical hormone
supplement.

3. Painless, non-invasive, needle free.
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4. Private, convenient for both patient and
doctor.

5. Hormones are stable at room
temperature for weeks, so can be
shipped worldwide easily.

6. Transport of saliva samples to laboratory
requires no special handling.

7. Less expensive than conventional blood
testing.

8. Ease of collection allows for routine
monitoring and adjustment of hormone
supplement if required.

Drawbacks of use of saliva as diagnostic
fluid:

1. Most diseases are diagnosed in the
blood and usually the concentration of
substances tested are higher in blood
than in saliva.

2. Physicians know little about saliva and
are understandably reluctant to use it as
a diagnostic fluid.

3. Dentists are not overly concerned about
salivary findings in systemic diseases.

4. Clinical laboratories are now
automated with settings on their
machines for blood and urine. Setting
them up for saliva will be required.

For health care professionals and scientists,
saliva tests are safer than blood tests, which
are more likely to result in exposure to HIV
or hepatitis. For the patient, from invasive
collection techniques for saliva can
dramatically reduce anxiety and discomfort,
thereby simplifying collection of serial
samples for monitoring general health and
disease states over time.

Different techniques have been devised
for the collection of saliva.

Usually, an individual is asked to rinse out
his mouth with water and then chew an
inert material such as a piece of rubber or
paraffin was from 30 seconds to several
minutes. The first mouthful of saliva is
discarded; there after the saliva is collected
into a small glass bottle.

Also saliva can be absorbed onto a swab.

Non invasive home testing of saliva :
saliva testing kits are available.

3. Or collection of specific gland saliva.

4. In case of edentulous patient 2% citric
acid is employed to obtain stimulated
saliva.

Saliva collection device available
Salivette, omnisal, orasure

Saliva is allowed to pool in the
bottom of the mouth and collected
into a plastic vial centrifuged at 3000 rpm
for 510 minutes and supernatant fraction is
stored at -20°C or -80°C until analyzed.,

Spit kit: Patient should contain :
1. Plastic disposable tray to collect saliva

Standardized price of paraffin wax or
unflavoured sugarless chewing gum

3. pH paper
strip to assess buffer capacity of saliva
5. dipslide for microbiological test

Other requirements: Measuring device,
incubator

Preservation for cortisol:

Quick freeze them on collection with
tharving and centrifugation, glycoproteins
in saliva ppt out, learning behind a pipetlable
clear fluid.

Collection of saliva may be difficult from
individuals who experience:

1. anti cholinergic symptomatology
(tricyclic antidepressant overdosage.

2. lcoholics.
Salivary function tests:

They may vary from simple screening tests
which may be performed easily in clinics to
more complex ones to be done in central labs.

Screening tests:
Sialometry
pH measurement

Buffer capacity
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Table: Saliva as a diagnostic fluid

Clinical condition Analvie
Digitalis toxicity Ca. K
Affective disorders PG
[mmuno deficiency lzA
Stomatitis in chemotherapy Adbumin
Cigarette usage Cotinine

Gastric cancer

Mitrate, mitrite

Forensic

Blood group antigens

Infections ; subella,measles, mumps

Ab

Celiac disease

Anti IgA gliadin

Liver function

Calfeine clearance

Autoimmune diseases

Anti 35 AR0 Ab, anti SSBY La Ab

HIV infection

Ab detection

Hepatitis A, B

Ab detection

Dirug abuse

Drug testing

Table: TDM in Saliva

Antipyrine Penicillin

Carbamazepine Procanamide

Cortisol Prilocaine

Digoxin Progesterone
Sestriol Testosterone

Ethanol Theophylline

Lithium

Methadone

Metoprolol
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Microbiologic dipslide tests:
Lactobacilli

Strep mutans

yeast

Special tests:

Sialochemical
Microbiological,
Immunological

Table: Areas using saliva as a diagnostic
tool

Virology
Immunology
Microbiology
Endocrinology
Epidemiology
Forensic
Biochemistry
Salivary assays currently available®*
Assays
Ab to viruses, bacteria
*HIV
*Hepatitis A&B
Unconjugated steroid hormones:
Estrogen
Testosterine
Progesterone
Free cortisol
Environmental toxins:
Cd
pb
Hg
Tobacco: Cotinine
Drugs:
Ethanol
Theophylline
Lithium
PCR to detect viruses: herpes
Bacteria:  H.pylori

Tumour marker:

c-erb B-2 in breast cancer (prognostic
indicator)

Target population:
1. To identify hormone imbalances:

Deficiency or excess: in case of,
menopause and ropaese reproductive
disorder chronic illness diseases of aging

To identify tumor markers

to diagnose and monitor disease
progression:

Alzheimer’s disease

Sjogren’s syndrome

Cystic fibroses
Diabetes

4. Research possibilities beyond oral and
systemic diseases in areas of:

Genetic defects

Mitritional status

Age specific changes
Salivary markers of systemic disease -
1. Hereditary diseases:

Celiac disease : Celiac disease is a
congenital disorder of small intestine
involving malabsorption of gluten. Serum
IgA antigiadin antibodies (AGA) are
increased in the condition. Measurement of
salivary IgA-AGA has been reported to be a
sensitive and specific method for screening
of disease and monitoring patient
compliance of required glutin free diet.”

(b) Congenital renal hyperplasia: Due to
2la-hydroxylase deficiency. Early morning
salivary levels of 17 hdroxyprogestenine (17-
OHP) has been reported to be an excellent
screening test for the diagnosis and accuratel
reflect the serum levels.”

(c) Cystic fibrosis (CF): Elevated levels of
calcium and proteins in submandibular
saliva is observed in these patients. Elevated
sodium levels in minor salivary glands are
reported in CF patient.”
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2. Autoimmune syndrome
Sjogren’s syndrome:
Anti SS-A / Ro and anti SS5-B/La
antibodies are also present in saliva and a
high correlation between presence of these

antibodies in whole saliva and serum has
been reported.®

3. Infection diseases

(a) Shigellosis - Evaluation of secretary
immune response in saliva of children
infected with Shigella revealed higher titres
of antilipoly saccharide, anti-shiga toxin
antibody®. Salivary levels of these
immunoglobulins have been suggested to be
of use in monitoring the disease.

(b) Pigeon breader’s disease - Om
interstitial disease induced by exposure to
antigens derived from pigeons and
measurement of salivary IgG against these
antigens can help in evaluation of these
patients.®

(c) H.pylori infection - It is associated
with gastutis, peptic ulcers and possibly
stomach cancer. Onset and severity of
disease can be determined by monitoring IgG

antibodies against this bacterium in saliva
and oral cavity.® also, polymerase chain
reaction (PCR) can aid in its detection.®

(d) Pneumococcal pheumonia - Detection
of pneumococcal polysaccharide in saliva by
ELISA offers or valuable complement to
conventional diagnostic methods.*

(e) Lyme disease - Detection of anti-tick
antibody in saliva has a potential as a
biological marker of exposure to tick bites
and a screening method.*

4. Malignancy

Salivary analysis may aid in early
detection of certain malignant tumors.

5. Viral diseases

A number of studies have now shown
that antibodies to viral infections can be
detected in saliva eg. HIV, hepatitis A & B,
subella virus, measles rota virus, and
mumps.>3

PCR based virus detection is a useful
method for early detection of herpes simplex
virus. Anti dengue IgM4IgG levels in saliva
have demonstrated sensitivity of 92% and
specificity of 100% in diagnosis.”

Table: Diagnostic tumor markers in saliva

Saliva assay

Diagnostic role in

P53 antibody

Orral squamous cell carcinoma

Detensimns— 1

Orral sguamous cell carcinoma

c-erbh B-2

Breast cancer early detection & follow up

SCrecning

CAlS3

Breast cancer early detection & follow up

sCreening

6. Hormone levels

In endocrinology, the ease of collecting
saliva is simplifying serial measurements of
hormone levels and their diurnal variation
eg. salivary free cortisol assay is a valid
indicator of cortisol concentration in serum
and is not dependent on salivary flow rate®
is saliva estradiol - has been formed to

predict preterm labour®. Home-estradiol
kits are available for women at risk for
premature, low-birth-weight babies in saliva
insulin - to monitor insulin levels.*

7. Nutrition

Expectorated whole saliva might one day
replace blood as a monitoring medium for
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nutritional deficiencies and impaired
immune response.

Clinical signs of malnutrition and a
compromised immune system frequently
appear first in the oral cavity and sIgA
(predominant Ig in saliva) acts as first line
of defence in protecting against microbe
invasive. Total sIgA, sIgA 1, sIgA2, total
protein, cortisol may be significant markers
for nutritional status.*!

8. Drug monitoring

There has been an increase in interest and
use of saliva to monitor drugs. Salivary levels
of drugs have been determine d following
the intake of therapeutic medications and
in pharmacokinetic and metabolic studies.*

List of drugs for which salivary
monitoring may be useful is given in table.
A number of saliva drug-testing kits are now
commercially available. Substances of abuse
eg alcohol, cocaine, amphetamines,
benzodiazepines, opiates can also be tested
in saliva with great ease.®

Salivary level carbamazepine,
phenobarbitone and phenytoin demonstrate
excellent correlation with their serum
levels.*

9. Oral diseases

Saliva can be used to detect oral and
periodontal infections, to assess susceptibility
to dental caries and to screen for oral
neoplasma.

Increased concentration of albumin in
whole saliva as a marker for stomatitis.*>*”
High levels of salivary nitrate, nitrite and
nitro somine may be associated with
development of oral and gastric cancer.***

Also, high MDA levels* and lower AOX
status are observed in periodontal diseases.*

Vision & challenges for saliva testing

There is a great need for convenient,
accurate and non-invasive point-of-care
disease diagnostic tools. The challenges are
to discover the diagnostic potential and
optimize engineering technologies for
biofluid saliva to position salivary diagnostics

to be a novel, accurate, acceptable and
feasible technology.

Possibilities available in salivary
diagnostics®*->

To use saliva as a non-invasive bio-fluid
for systemic disease diagnostics.

1.Nano-technology based salivary

biosensors also known as NEMS
biosensors (nano-electrical-mechanical
systems):

To develop real time, ultra sensitive and
ultra specific detection of salivary diagnostic
analytes.

2. Lab-on-a-chip prototypes for saliva
based disease diagnostics: micro electro
mechanical system (MEMS) sensors.

3. Diagnostic molecular targets: salivary
proteome

Discriminatory and diagnostic human
mRNA are present in saliva of both normal
and diseased individuals.

Salivary transcriptone

Normal salivary transcriptome (NSTC)
consists of ~ 3000 mRNAs and 180 are
common between different normal subjects.
NTSC has been profiled and analyzed in
saliva from head and neck cancer patients.

While the human salivary proteome is still
several years away, the normal salivary
proteome has been completed. RNA is as
robust and as informative as any other
analyte. Thus, salivary transcriptome offers
the combined advantages of high-
throughput marker discovery in a non-
invasive biofluid with very high patient
compliance.

Table: Technologies for
diagnostics

- NEMS bio sensor

- Lab on chip : oral fluid NEMS/NEMS
chip

salivary

- Transcriptome
- Proteomics

- Conventional techniques - ELISA,
immuno assay, chemilummiscence, RIA,
PCR.
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Table: Candidate systemic diseases for
salivary diagnostics

Cardiovascular disease

Cancer Lung

Prostate
Ovarian
Colon
Alzheimer’s
Osteoporosis
Cerebrovascular diseases
Nephritis
Septicemia
Chronic respiratory diseases
Chronic liver disease
Pneumonitis

The vision of current research in oral fluid
diagnostics is to provide a point-of-care
portable diagnostic platform for definitive
diagnostics for these 10 major human
diseases, all from a drop of saliva.

With advancers in microbiology,
immunology and biochemistry, salivary
testing or clinical and research settings is
rapidly providn to be a practical and reliable
means of recognizing oral signs of systemic
illness and exposure to risk factors. The post-
genomic era provides opportunities for high
through put approaches to genomics and
proteomics. The novel technologies of
miniaturization in conjunction with disease
diagnostics via non invasive biofluid offers
a revolutionary damage in medicine.

The components of saliva act as a “mirror
of the body’s health” and the widespread
use and growing acceptability of saliva as
diagnostic tool is helping individuals,
researchers, health care professionals and
community health programs to better detect
and monitor disease and to improve the
general health of the public.
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