
INTRODUCTION

aliva is a complex hypertonic solution which is an
exudate from salivary acini, gingival crevicular fluid
and oral mucosa. Major salivary glands include

parotid, submandibular and sublingual glands which secrete
approximately 90% of saliva and the rest 10% of saliva is
produced by minor salivary glands.1 Saliva contains 99%
of water and 1% consist of organic molecules and inorganic
component (e.g., proteins, carbohydrates and lipids). A
healthy person secretes 600ml of saliva in the whole day.2
The function of saliva is to maintain the oral cavity health
 by means of their antibacterial and antiviral activity.
It also helps in lubrication, taste, digestion and provides
tooth integrity and repair of oral mucosa3 (Figure 1).
"The term, biomarker, refers to measurable and quantifiable
biological parameters than can serve as indicators for health
and physiology-related assessments, such as pathogenic
processes, environmental exposure, disease diagnosis and
prognosis or pharmacologic responses to a therapeutic
intervention".4 According to the National Institutes of Health
(NIH), a biomarker is a characteristic that is objectively
measured and evaluated as an indicator of a normal biological
process, pathogenic process, or pharmaceutical response to
therapeutic intervention.5

BIOMARKERS IN SALIVA

In comparison to the blood sample collection, saliva

collection is non invasive, patient compliant and convenient
for clinician. Saliva consists of different types of hormones,
enzymes, antibodies, antimicrobial components and
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Figure 1: Physiological functions and active
constituents of human saliva



cytokines .4 Saliva contains numerous defense proteins
such as salivary immunoglobulins and salivary chaperokine
70kDa heat shock proteins (HSP70/HSPA), which are
related to both innate and acquired immune system.6 The
secretory immunoglobulin A (IgA) is the major salivary
immunoglobulin that produces adherence of specific
microorganisms, avoiding their cohesion to oral mucosa
and making clusters. Recent study has shown that saliva
also contains surfactant proteins, which are the members
of the immune defense system.7

Saliva consists of many systemic markers such as
antibodies, interleukins and neoplastic markers which can
be used in diagnosis and analyzing various systemic diseases
such as  diabetes mellitus8, cancers such as breast cancer9,
oral diseases such as oral squamous cell carcinoma10 and
cardiovascular diseases such as acute myocardial infarction.11

This can help in the early detection and progression
of disease and monitoring of the therapeutic drugs.12 Salivary
biomarkers of systemic and oral diseases are listed in
table 1.

SALIVARY BIOMARKERS IN CHRONIC
PERIODONTITIS

Chronic periodontitis is a slow progressing inflammatory
disease which can lead to the destruction of the periodontal
ligament, alveolar bone loss, pocket formation and gingival
recession.13,14 It mostly occurs in adults. Clinical features
include plaque and calculus deposition, when untreated
leads to inflammation and bleeding of gingiva, periodontal
pockets and periodontal tissue attachment loss. It is classified
according to the clinical conditions as localized and
generalized periodontitis.15,16 It is also categorized by
severity of periodontal tissue breakdown that includes mild,
moderate and severe chronic periodontitis. It determines
the health of the periodontal tissue that can be recorded as
clinical attachment level (CAL) and that is measured with
a periodontal probe. CAL is the distance between cemento-
enamel junction (CEJ) and the base of the periodontal
pocket.17 Various local and systemic factors are associated
with chronic periodontitis such as poor oral hygiene, poor
nutrition, malocclusion, overhanging restorations, smoking,
obesity, alcohol consumption,  psychological factors and
metabolic disorders.13

Pathogenesis of chronic periodontitis involved the gram
negative anaerobic bacteria such as Porphyromonas gingivalis,
Bacteroides forsythus, and Prevotella intermedia.18,19 These
microorganisms present in calculus, may exert pathogenic
effect either directly by tissue destruction or indirectly by
activating host response. Substances released from bacteria
reach gingival tissue and results in chronic inflammation

that leads to activation of B-lymphocytes, T-lymphocytes,
neutrophils, monocytes, and macrophages that release
inflammatory mediators such as chemokines, proteolytic
enzymes, and cytokines. Therefore, local variation and
damage of host tissue may manifest as periodontal disease.13

Many molecules have been analysed as potential
biomarkers for periodontal diseases such as enzymes
{for example matrix metalloproteinases-8 (MMP-8)},
cytokines {for example interleukin-1β (IL-1β)}, receptors
(for example collectins) and other proteins (for example
high sensitive   c-reactive protein (hs-CRP) and osteocalcin).
These biomarkers can also be present in several biological
fluids (such as serum, blood, plasma and gingival crevicular
fluids) in higher concentration in compare with healthy
individuals. d High sensitivity c-reactive protein (hs-CRP)
is member of an innate immune system, it has higher levels
in serum of chronic periodontitis patients and used as a
systemic biomarker.20 Osteocalcin is non-collagenous
calcium binding protein present in mineralized tissue which
take part in bone destruction. Salivary levels of osteocalcin
are raised in chronic periodontitis patients in compare with
healthy individuals.21

Anaerobic gram negative bacteria such as Prevotella
porphyromonas (mainly P.gingivalis) and Tannerella
forsythia in saliva have pathogenic potential in chronic
periodontitis. These organisms contain 3-hydroxy fatty acid
(3-OH-FA). 3-OH FA analysis in saliva help in determining
the early detection of chronic periodontitis.22 There is the
number of enzymes that are released by inflammatory cells
during the pathophysiology of chronic periodontitis
which caused the connective tissue degradation and
bone loss.  Matrix metalloproteinase (MMP-8), alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and lactate dehydrogenase (LDH) are some of the
enzymes that are used as a salivary biomarker of chronic
periodontitis.23

Oral epithelial cells secretes a large number of cytokines
such as granulocyte-macrophage colony stimulating factor
(m-CSF), interleukin-1β (IL-1β), interferon-    (IFN-   )
and tumour necrosis factor-α (TNF-α) which can cause
inflammation and destruction of periodontal tissue. The
levels of these cytokines in saliva are influenced by the
salivary mucins whose presence can limit the absolute
concentration of these cytokines for detection.24,25 Salivary
nitric oxide (NO) metabolite and toll- like receptors
(TLR-2 and TLR-4) are used as biomarkers which are
predictive indicator of periodontal inflammatory
condition.26,27 Protein carbonyl (PO) causes oxidative
damage may leads to decline of protein function. Higher
levels of PO and salivary cortisol present in Chronic
periodontitis are used as salivary biomarkers.28,29
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CONCLUSION

The early detection or diagnosis of chronic periodontitis
can resist the disease progression. This can positively affect
the health of the individual as untreated chronic periodontitis
causes pain, swelling and bleeding of gingiva, loosening of
teeth and tooth loss. Numerous salivary biomarkers of chronic
periodontitis can help in the early diagnosis and monitoring
of this disease. Furthermore, there are still chances of
unidentified biomarkers in the saliva of chronic periodontitis
that can be explored.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

FUNDING

Nothing to declare.

ACKNOWLEDGEMENTS

The author like to thank the Higher Education
Commission of Pakistan (HEC) for providing electronic
library access to the University through which valuable
information for completing this review paper was possible.

REFERENCES

1. Berkovitz BK, Holland GR, Moxham BJ. Oral Anatomy, Histology
and Embryology E-Book: Elsevier Health Sciences; 2017.

2. Zhang C-Z, Cheng X-Q, Li J-Y, Zhang P, Yi P, Xu X, et al. Saliva
in the diagnosis of diseases. Int J Oral Sci. 2016;8:133.
https://doi.org/10.1038/ijos.2016.38

3. Castagnola M, Cabras T, Vitali A, Sanna MT, Messana I.
Biotechnological implications of the salivary proteome. Trends
Biotechnol. 2011;29:409-18.
https://doi.org/10.1016/j.tibtech.2011.04.002

4. Spielmann N, Wong D. Saliva: diagnostics and therapeutic
perspectives. Oral Dis. 2011;17:345-54.
https://doi.org/10.1111/j.1601-0825.2010.01773.x

5. Yakob M, Fuentes L, Wang MB, Abemayor E, Wong DTW. Salivary
biomarkers for detection of oral squamous cell carcinoma - current
state and recent advances. Curr Oral Health Rep. 2014;1:133-41.
https://doi.org/10.1007/s40496-014-0014-y

6. Fábián TK, Hermann P, Beck A, Fejérdy P, Fábián G. Salivary
defense proteins: their network and role in innate and acquired oral
immunity. Int J Mol Sci. 2012;13:4295-320.
https://doi.org/10.3390/ijms13044295

7. Schicht M, Stengl C, Sel S, Heinemann F, Gotz W, Petschelt A, et
al. The distribution of human surfactant proteins within the oral cavity
and their role during infectious diseases of the gingiva. Ann Anat.
2015;199:92-7.
https://doi.org/10.1016/j.aanat.2014.05.040

8. Abd-Elraheem SE, El saeed Am, Mansour HH. Salivary changes
in type 2 diabetic patients. Diabetes Metab Syndr. 2017;11:S637-S41.
https://doi.org/10.1016/j.dsx.2017.04.018

9. Porto-Mascarenhas EC, Assad DX, Chardin H, Gozal D, De Luca
Canto G, Acevedo AC, et al. Salivary biomarkers in the diagnosis of
breast cancer: A review. Crit Rev Oncol Hematol. 2017;110:62-73.
https://doi.org/10.1016/j.critrevonc.2016.12.009

10. Ishikawa S, Sugimoto M, Kitabatake K, Sugano A, Nakamura M,
Kaneko M, et al. Identification of salivary metabolomic biomarkers
for oral cancer screening. Sci Rep. 2016;6:31520.
https://doi.org/10.1038/srep31520

11. Abdul Rehman S, Khurshid Z, Hussain Niazi F, Naseem M, Al
Waddani H, Sahibzada HA, et al. Role of Salivary Biomarkers in
Detection of Cardiovascular Diseases (CVD). Proteomes. 2017;5:21.
https://doi.org/10.3390/proteomes5030021

12. Chojnowska S, Baran T, Wilinska I, Sienicka P, Cabaj-Wiater I,
Knas M. Human saliva as a diagnostic material. Adv Med Sc.
2018;63:185-91.
https://doi.org/10.1016/j.advms.2017.11.002

13. Batool H, Afzal N, Shahzad F, Kashif M. Relationship between
rheumatoid arthritis and chronic periodontitis. J Med Radiol Pathol
Surg. 2016;2:11-4.
https://doi.org/10.15713/ins.jmrps.50

14. Javed F, Ahmed HB, Mehmood A, Mikami T, Malmstrom H,
Romanos GE. Self-perceived oral health and periodontal parameters
in chronic periodontitis patients with and without rheumatoid arthritis.
J. Investig Clin Dent. 2016;7:53-8.
https://doi.org/10.1111/jicd.12113

15. Armitage GC, Cullinan MP. Comparison of the clinical features
of chronic and aggressive periodontitis. Periodontol 2000. 2010;53:12-
27.
https://doi.org/10.1111/j.1600-0757.2010.00353.x

16. Bingham III CO, Moni M. Periodontal disease and rheumatoid
arthritis: the evidence accumulates for complex pathobiologic
interactions. Curr Opin Rheumatol. 2013;25:345.
https://doi.org/10.1097/BOR.0b013e32835fb8ec

17. Highfield J. Diagnosis and classification of periodontal disease.
Aust Dent J. 2009;54(s1):S11-S26.
https://doi.org/10.1111/j.1834-7819.2009.01140.x

18. Detert J, Pischon N, Burmester GR, Buttgereit F. The association
between rheumatoid arthritis and periodontal disease. Arthritis Res
Ther. 2010;12:218.
https://doi.org/10.1186/ar3106

JPDA Vol. 28 No. 04 Oct-Dec 2019199

Jabeen N/ Ghafoor S Salivary biomarkers in chronic periodontitis



19. Farquharson D, Butcher J, Culshaw S. Periodontitis, Porphyromonas,
and the pathogenesis of rheumatoid arthritis. Mucosal Immunol.
2012;5:112-20.
https://doi.org/10.1038/mi.2011.66

20. Stathopoulou PG, Buduneli N, Kinane DF. Systemic Biomarkers
for Periodontitis. Curr Oral Health Rep. 2015;2:218-26.
https://doi.org/10.1007/s40496-015-0072-9

21. Miricescu D, Totan A, Calenic B, Mocanu B, Didilescu A, Mohora
M, et al. Salivary biomarkers: Relationship between oxidative stress
and alveolar bone loss in chronic periodontitis. Acta Odontol Scand.
2014;72:42-7.
https://doi.org/10.3109/00016357.2013.795659

22. Ferrando R, Szponar B, Sánchez A, Larsson L, Valero-Guillén PL.
3-Hydroxy fatty acids in saliva as diagnostic markers in chronic
periodontitis. J Microbiol Methods. 2005;62:285-91.
https://doi.org/10.1016/j.mimet.2005.04.014

23. Nomura Y, Shimada Y, Hanada N, Numabe Y, Kamoi K, Sato T,
et al. Salivary biomarkers for predicting the progression of chronic
periodontitis. Arch. Oral Biol. 2012;57:413-20.
https://doi.org/10.1016/j.archoralbio.2011.09.011

24. Tobón-Arroyave SI, Jaramillo-González PE, Isaza-Guzmán DM.
Correlation between salivary IL-1ß levels and periodontal clinical
status. Arch. Oral Biol. 2008;53:346-52.
https://doi.org/10.1016/j.archoralbio.2007.11.005

25. Teles RP, Likhari V, Socransky SS, Haffajee AD. Salivary cytokine
levels in subjects with chronic periodontitis and in periodontally
healthy individuals: a cross-sectional study. J Periodont Res.
2009;44:411-17.
https://doi.org/10.1111/j.1600-0765.2008.01119.x

26. Scarel-Caminaga RM, Cera FF, Pigossi SC, Finoti LS, Kim YJ,
Viana AC, et al. Inducible Nitric Oxide Synthase Polymorphisms and
Nitric Oxide Levels in Individuals with Chronic Periodontitis. Int J
Mol Sci. 2017;18:1128.
https://doi.org/10.3390/ijms18061128

27. Al Qallaf H, Hamada Y, Blanchard S, Shin D, Gregory R, Srinivasan
M. Differential profiles of soluble and cellular toll like receptor (TLR)-
2 and 4 in chronic periodontitis. PloS one. 2018;13:e0200231-e.
https://doi.org/10.1371/journal.pone.0200231

28. Baltacioglu E, Sukuroglu E. Protein carbonyl levels in serum,
saliva and gingival crevicular fluid in patients with chronic and
aggressive periodontitis. Saudi Dent J. 2018;31:23-30.
https://doi.org/10.1016/j.sdentj.2018.09.003

29. Botelho J, Machado V, Mascarenhas P, Rua J, Alves R, Cavacas
MA, et al. Stress, salivary cortisol and periodontitis: A systematic
review and meta-analysis of observational studies. Arch Oral Biol.
2018;96:58-65.
https://doi.org/10.1016/j.archoralbio.2018.08.016

JPDA Vol. 28 No. 04 Oct-Dec 2019 200

Jabeen N/ Ghafoor S Salivary biomarkers in chronic periodontitis


