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Periodontitis is characterized by an intense inflammatory infiltrate associated 

with irreversible loss of alveolar bone and/or connective tissue attachment in the 

periodontium, which ultimately results in the loss of teeth. This tissue breakdown is 

thought to be the result of activation of host cells by inflammatory mediators, such as 

arachidonic acid metabolites, cytokines and enzymes. These factors in turn trigger the 

resorption of alveolar bone and the generation of proteases that degrade extracellular 

matrix, resulting in tissue destruction.
1 

Proteases can be classified into serine proteases, cysteine proteases, aspartate 

proteases, and metalloproteases based on their residue or cofactor essential in 

catalysis. Metzincins are a universally expressed family of multidomain zinc (II)-

dependent endopeptidases, includes metalloproteases such as matrix 

metalloproteinases (MMPs), a disintegrin and metalloproteases (ADAMs), the 

ADAMs with a thrombospondin-like motifs (ADAMTS), the bacterial serralysins and 

proteases such as the astacins.
2 

The matrix metalloproteinases are an important family of zinc- and calcium-

dependent endopeptidases secreted or released by a variety of cells such as 

polymorphonuclear leukocytes, macrophages, fibroblasts, bone, epithelial and 

endothelial cells. These proteinases are involved in a number of physiological events 

such as embryonic development, involution of the post-partum uterus, tissue 

remodeling, salivary gland morphogenesis and tooth eruption, in addition to various 

pathological processes such as periodontal disease, arthritis, cancer, atherosclerosis, 

diabetes, pulmonary emphysema and osteoporosis.
3
 

A disintegrin and a metalloproteinases (ADAMs) belong to the adamalysin 

family of the metzincin superfamily of Zn-dependent metalloproteinases implicated in 
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proteolysis of extracellular matrix and shedding of cell surface protein ectodomains in 

a wide variety of cell types. Their typical ectodomain structure consists of an N-

terminal signal peptide, propeptide, metalloproteinase, disintegrin, cysteine-rich and 

epidermal growth factor-like domains followed by a transmembrane region and a 

cytoplasmic tail.
4  

 

ADAMs have been implicated in proteolysis and procytokine conversion, 

adhesion, fusion and intracellular signalling. The cysteine-rich domain containing a 

putative fusion peptide has been implicated in cell fusion and osteoclast formation.
5
 

 ADAM8 is a cell surface glycoprotein expressed primarily in various types of 

immune cells, including monocytes/macrophages, neutrophils, eosinophils, dendritic 

cells and B lymphocytes.
6
 ADAM8 is expressed in osteoclasts and has been involved 

in a process of osteoclast fusion and, thus plays an essential role as an osteoclast 

stimulating factor.
7
 

ADAM8 levels are elevated in serum, bronchoalveolar lavage fluid, and 

amniotic fluid in several pathological conditions like myocardial infarction, asthma, 

pneumonia, allergy, rheumatoid arthiritis and preterm delivery. As periodontal disease 

is an inflammatory disorder ADAM8 is elevated in the gingival crevicular fluid of 

patients with periodontal diseases, including gingivitis, chronic periodontitis and 

aggressive periodontitis,
8
 however the levels of ADAM8 in health and disease and 

after treatment has not been studied till today. 

Hence this clinico-biochemical study was designed to estimate the levels of 

ADAM8 in GCF of subjects with clinically healthy periodontium, chronic 

periodontitis and after scaling and root planning of periodontitis subjects. 
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The aim of the present study was 

1. To estimate the levels of ADAM8 in GCF of healthy and periodontally 

affected individuals. 

2. To find out the association between ADAM8 levels in GCF in periodontal 

health and disease and periodontitis affected individuals after treatment and to 

investigate its relationship with clinical parameters. 
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The pathogenesis of human periodontitis was placed on a rational footing for 

the first time by Page & Schroeder in 1976.
9 

Human periodontitis is initiated and 

perpetuated by a small group of predominantly gram-negative, anaerobic or 

microaerophilic bacteria that colonize the subgingival area. Bacteria mostly cause the 

observed tissue destruction indirectly, and they do so by activating various 

components of the host defense systems in such a manner that destruction ensues. It is 

enigmatic that the same host systems that provide protection and defense are 

responsible for destruction. Activation of these systems to achieve protection and 

defense virtually always results in some degree of destruction. 

Page RC 1991
10

 studied the role of inflammatory mediators in the 

pathogenesis of periodontal disease and found that cytokines induce fibroblasts and 

macrophages to produce neutral metalloproteinases which can degrade the 

extracellular matrix components. Periodontal diseases are multifactorial conditions 

that are affected by both genetic and environmental risk factors. In general, risk 

factors for periodontitis include smoking, genetic predisposition, age, gender, stress, 

diet as well as medical conditions. Clinical parameters such as probing depth, 

attachment loss, bleeding on probing, plaque index, radiographic assessment of 

alveolar bone loss provide information about severity of periodontitis but they do not 

measure disease activity. 

Matrix Metalloproteinases 

 Birkedal-Hansen et al 1993
11

 studied the role matrix metalloproteinases in 

human periodontal diseases and identified that endopeptidases (or proteinases) are key 

enzymes in tissue degradative processes. Matrix metalloproteinases (MMPs) form an 

important family of metal-dependent endopeptidases that represent the major class of 
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enzymes responsible for degradation of ectracellular matrix (ECM) components. All 

family members are secreted as inactive proenzymes (zymogens) and are thought to 

be activated in the tissue by cleavage of propeptide. Members of the family of 

metalloproteinases are mainly but not exclusively synthesized by connective tissue 

cells and also reviewed these collagenases are frequently detected in GCF in human 

periodontitis and in experimental periodontitis in dogs and monkeys. The analysis of 

GCF provided evidence that mediators such as IL-1α, β and TNF-α are capable of 

inducing MMP expression. 

Hooper NM in 1994
12

 reviewed the families of zinc metalloproteases and 

postulated that they are involved in process such as embryonic development, bone 

formation, tetanus, reproduction, arthritis and cancer. Jiang and Bond 1992 compared 

the sequences around the HEXXH motif to classify zinc metalloproteases into five 

distinct families: thermolysin, astacin, serratia, matrixin, and reprolysin 

metalloproteases. Bode et al. 1993 further classified these latter four families into a 

superfamily, the ‘metzincins’. 

Reynolds et al 1997
13

 studied the mechanism of connective tissue matrix 

destruction in periodontitis. Metalloproteinases can also be synthesized by 

hemopoietic cells, including monocytes and macrophages, keratinocytes, endothelial 

cells and many types of tumors. 
 

De Souza AP 2002
14

 reviewed the biology of matrix metalloproteinases. The 

first report about the matrix metalloproteinase was published in 1962 by Jerome Gross 

and Charles Lapiere. MMPs are classified into five main classes (collagenases, 

gelatinases, stromelysins, membrane-type and others, including the matrilysin). 

MMPs are required to remove the enamel matrix proteins during enamel maturation. 

They are major players in collagen breakdown during periodontal tissue destruction. 
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Periodontitis patients have significantly higher levels of MMP-2 and MMP-9 than 

healthy subjects, and the amount of gelatinasaes decreases after periodontal treatment. 

De Souza et al 2005
15

 studied the importance of matrix metalloproteinases 

during periodontal disease and found that MMPs are present in both active and latent 

forms in chronically inflamed gingival tissues and gingival crevicular fluid. Active 

collagenase and gelatinase are found in larger amounts in the crevicular fluid of 

patients with periodontitis than in control subjects. In contrast, high concentrations of 

the natural tissue inhibitor of MMPs (TIMPs) are found in the gingival crevicular 

fluid of healthy gingiva and they also found that MMPs are also play a role in bone 

resorption. 

Nagase et al 2006
16

 reviewed that humans have 24 matrixin genes including 

duplicated MMP-23 genes; thus there are 23 MMPs in humans. The main function of 

matrixins has been considered to be the degradation and removal of ECM molecules 

from the tissue. However, it has been increasingly recognized that breakdown of ECM 

molecules or cell surface molecules alters cell–matrix and cell–cell interactions and 

the release of growth factors that are bound to the ECM makes them available for cell 

receptors. Their activities are inhibited by tissue inhibitor of metalloproteinases. 

Chen et al 2000
17

and Kinane et al 2003
18

 reported that GCF MMP-8 levels 

decreased significantly 3 months after non-surgical periodontal therapy in 20 chronic 

periodontitis patients. 

Hernandez-Rios et al 2009
19

 studied the active sites in moderate to advanced 

chronic periodontitis patients followed for 2 months and found that GCF levels of 

MMP-9 and MMP-13 can be used as biomarkers for periodontitis progression.  
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Biomarkers 

Biomarkers may be defined as a substance that is measured objectively and 

evaluated as an indicator of normal biologic processes, pathogenic processes, and 

pharmacologic responses to a therapeutic intervention. Biomarkers, whether produced 

by normal healthy individuals or by individuals affected by specific systemic diseases, 

are tell-tale molecules that could be used to monitor health status, disease onset, 

treatment response and outcome. Informative biomarkers can further serve as early 

sentinels of disease.
20 

Eley et al 1992
21

 suggested that chronic periodontitis progresses episodically 

and there is a need to develop more reliable markers of disease activity than clinical 

criteria.  

Saliva as a diagnostic fluid in periodontal diseases 

Kaufman et al 2000
22

 proposed salivary diagnostic markers for periodontal 

diseases have included serum and salivary molecules such as immunoglobulins, 

enzymes constituents of gingival crevicular fluid, bacterial components or products, 

volatile compounds, and phenotypic markers, such as epithelial keratins. 

Collin et al 2000
23

 reported elevated levels of salivary MMP-8 and MMP-9 in 

advanced periodontitis patients associated with type 2 diabetes mellitus. 

Hagewald et al 2002
24

 reported higher concentration of salivary IgG, IgA, 

IgM in patients with periodontal disease as compared with healthy patients. 

Lamster et al 2003
25

 reported β glucuronidase in saliva as an indicator of 

neutrophil influx into gingival tissues and may provide as a risk factor in periodontal 

disease. 

Chiappin et al 2007
26

 reported that saliva makes it possible to monitor 

various biomarkers. Another reason as to why saliva is a useful diagnostic tool is that 
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there is a direct relation between the basic biochemical parameters in both saliva and 

blood. Moreover it is a simple and non-invasive method for diagnosis. 

Giannobile et al 2009
27 

reviewed that because of the importance of saliva in 

oral biofilm formation and host defense, secreted saliva may have a significant role in 

the establishment and progression of periodontal disease. Saliva is a mirror of the 

body, so biomarkers of saliva could be used to monitor health status, disease onset, 

treatment response and outcome.  Saliva contains both host-derived and microbial 

derived factors, including enzymes that degrade proteins, proteoglycans and these 

includes elastase, cathepsin G, myeloperoxidase, lysozyme, cathepsin B, cathepsin D, 

β-glucuronidase, lactoferrin, MMPs. 

Gursoy et al 2010
28

 reported that salivary MMP-8, TIMP-1 and ICTP 

concentrations were higher in periodontitis subjects than controls and concluded that 

these can be potential candidates in the detection of advanced periodontitis. 

Gingival crevicular fluid: 

Pashley DH 1976
29

 reviewed that in 1952, Jens Waerhaug while investigating 

the physiological properties of the gingival pocket, observed increased fluid 

transduction and emigration of leukocytes. Only through the efforts of Brill and co-

workers, the phenomenon of gingival fluid production was discovered and early 

attempts were made to characterize the fluid. Leo (1961) was one of the first to 

speculate on the mechanism of gingival fluid production. A basic premise is that 

gingival fluid is derived and is similar but not identical in composition to plasma and 

interstitial fluid as it is modified by the connective tissue and sulcular epithelium. The 

concentration of total protein in fluid from inflamed gingiva is very similar to that of 

serum while in normal crevices it is lower. 
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Curtis et al 1988
30

 reviewed that gingival crevicular fluid is regarded as a 

promising medium for the detection of markers of periodontal disease activity, 

because the fluid accumulate at the gingival margin, it will contain potential markers 

derived not only from the host tissues and serum but also the subgingival microbial 

plaque and thus an extremely broad range of candidate molecule may be investigated. 

Uitto VJ 2003
31

 reviewed that gingival crevicular fluid is a complex mixture 

of substances derived from serum, leukocytes, structural cells of the periodontium and 

oral bacteria. These are indicators of periodontal disease and healing after therapy. 

Griffiths GS 2003
32

 reviewed that the major attraction of GCF as a diagnostic 

marker is the site-specific nature of the sample. This allows laboratory investigations 

of GCF constituents to be linked to clinical assessments at the site of sample 

collection.  

Armitage GC 2004
33

 reviewed the possible biomarkers in gingival crevicular 

fluid for the progression of periodontitis. These components fall into 3 general 

categories 

1. Host derived enzymes and their inhibitors. 

2. Inflammatory mediators and host response modifiers. 

3. Tissue breakdown products. 

Over 65 GCF components have been examined as possible markers for the 

progression of periodontitis. 

Host-derived enzymes: 

 Aspartate aminotransferase, alkaline phosphatase, acid phosphatase, β-

glucuronidase, elastase, elastase inhibitors, cathepsins, trypsin like enzymes, 

immunoglobulin-degrading enzymes, glycosidases, dipeptidyl peptidases, nonspecific 

neutral proteinases, collagenases (MMP-1,3,8,13), gelatinases (MMP-2,9), TIMP-1, 
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stomyelysins, myeloperoxidases, lactate dehydrogenase, arylsulfatase, creatinine 

kinase. 

Inflammatory mediators and host response modifiers: 

Cytokines, RANTES, prostaglandin E2, leukotriene B4, acute-phase proteins, 

autoantibodies, antibacterial antibodies, plasminogen activator, PA inhibitor-2, 

substance P, vasoactive intestinal peptide, Neurokinin A, neopterin, platelet-activating 

factor, CD14, cystatins, calgranulin A. 

Tissue-breakdown products: 

 Glycosaminoglycans, hydroxyproline, fibronectin fragments, osteonectin, 

osteocalcin, type I collagen peptides, osteopontin, laminin, calprotectin, haemoglobin 

β-chain peptides, pyridinoline crosslinks (ICTP). 

 Jentsch et al 2004
34

 reported that lactoferrin concentration and peroxidase 

activity decreased significantly in the crevicular fluid after treatment suggesting that 

the defense factor lactoferrin is suitable for monitoring periodontal treatment results. 

 Sharma et al 2007
35

 reported that osteopontin levels were higher in gingival 

crevicular fluid from sites with periodontal destruction and periodontal treatment 

resulted in the reduction of osteopontin levels. 

 Marcaccini et al 2010
36

 reported that higher levels of MMP-8, TIMP-2, MPO 

and MMP-9 were found in the GCF patients compared with controls and these 

markers decreased 3 months after periodontal therapy. 

Grant et al 2010
37

 reported lower concentrations of GSH and GSSG were 

detected in GCF of patients when compared with controls and treatment had no 

significant effect. 
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 Kaner et al 2011
38

 found elevated levels of calprotectin in gingival crevicular 

fluid and predicted disease activity in patients treated for generalized aggressive 

periodontitis. 

 Oliveira et al 2012
39

 reported that periodontal therapy improved GCF 

cytokine profiles by lowering IL-1β and increasing IL-10 levels. 

 Konopka et al 2012
40

 reported that short-term nonsurgical periodontal 

therapy resulted in a significant improvement in periodontal indices and a marked 

decrease of IL-1β, IL-8 and MMP-8 levels in gingival crevicular fluid. 

A DisintegrinAnd Metalloproteinase: 

 Wolfsberg et al 1995
41

 reported that the ADAMs are zinc-dependent 

metalloproteinases with high amino acid sequence homology and domain 

organization similar to the snake venom metalloproteinases (SVMPs). The ADAMs 

consist of a signal sequence, a propeptide domain, a metalloprotease domain, a 

disintegrin domain, a cysteine-rich domain, an epidermal growth factor (EGF) 

domain, a transmembrane domain and a cytoplasmic tail. Analysis of the primary 

structure of the ADAMs revels that these proteases contain several distinct domains 

that are responsible for catalysis, substrate adhesion, signalling and fusion. Till now 

there are 33 members in the ADAM family. All ADAMs encode a metalloprotease 

domain and this domain contain the consensus sequence HEXGHXXGXXHD.  

 Stone et al 1999
42

 reviewed the functions of ADAM family and reported that 

they are first implicated in fertilization. Other functions include proteolysis, adhesion, 

fusion and intracellular signalling. ADAM 1, 2, 3 are mainly involved in fertilization. 

ADAM 8 is involved in immune function. ADAM 1, 9, 10, 12, 13, 15, and 19 are 

involved in the cell-matrix and cell-cell interactive events. ADAMs are active via 

their metalloprotease domain, particularly ADAM17 is responsible for the release of 
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TNF-α from the plasma membrane. ADAM10 have also shown a TNF-α converting 

enzyme activity. ADAMs are also involved in the degradation of the ECM. Because 

of the presence of extended cytoplasmic tail with SH3 binding motifs in ADAM, they 

are involved in the signal transduction. The proteins of the ADAM family have a 

widespread cell distribution including sperm, epididymis, epithelium, placenta, ovary, 

breast, skeletal muscle, heart, liver, kidney, small intestine, colon, brain, thymus, 

spleen, lung, bone, monocytes, macrophages and leukocytes. 

 Sternlicht et al 2001
43

 reviewed that ADAMs participate in proteolysis via 

their metalloproteinase domain, adhesion via their disintegrin domain, cell-cell fusion 

via a putative hydrophobic fusion peptide in their cysteine-rich domain, and cell 

signaling via SH3-recognition sequences. ADAMs also regulate the shedding of 

several important cell surface molecules. 

 White JM 2003
44

 reviewed that ADAMs are the key regulators of the cell 

surface. They can influence cell-cell interactions by shedding ligands and receptors 

involved in cell-cell contact and signalling, and they can influence cell-matrix 

interactions by cleaving and remodelling ECM proteins and interacting with matrix 

adhesion molecules. 

Blobel CP 2005
45

 reviewed that the ADAMs are the key components in 

epidermal growth factor receptor (EGFR) signalling and development as these 

receptors are involved in development such as heart development, angiogenesis and in 

diseases such as cancer. 

 Huang et al 2005
46

 found that ADAMs can selectively affect cell migration 

mediated by different integrins i.e., if cells in a population express multiple integrins 

that are capable of engaging multiple ECM substrates, the expression of an ADAM 
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would not stop cell migration. Rather, by tittering the functions of specific integrins, 

the ADAM may influence the integrin which is used for cell migration. 

 Mochizuki et al 2007
47

 reviewed that ADAM 8,9,10,12,15,17,19,28 are 

expressed in human malignant tumors and reported the role of ADAM in cancer 

biology. First, ADAMs are synthesized as inactive proADAMs, which may be 

activated by the action of MMPs or by other unknown pathways. Second, a main role 

of ADAMs is shedding of growth factors such as TGF-α and HB-EGF, and this 

processing may alter signalling on the surfaces of cancer cells, resulting in enhanced 

cell proliferation. Third, ADAMs function as adhesion molecules through binding to 

integrins which may help the cell to digest the substrates and they may indirectly 

regulate cell proliferation signals through integrins. The role of ADAMs in cancer 

development and metastasis is linked to heir proteinase activity to cytokines, 

chemokines and their receptors. 

 Shiomi et al 2010
48

 reviewed that ADAM9 and ADAM15 have been detected 

in the human atheroma and increased expression of ADAM17 has been associated 

with smaller lesions in mice, suggesting a protective role of this proteinase in 

atherosclerosis. ADAM8 and ADAM33 are upregulated in bronchial asthma patients 

and their expression correlates with the severity of the disease. ADAM may be 

directly or indirectly involved in the pathogenesis of neurodegenerative diseases such 

as vascular cognitive impairment, Alzheimer’s disease and Parkinson’s disease.  

ADAM8: 

 Choi et al 2001
7
 reported ADAM8 is expressed in osteoclasts and has been 

involved in a process of osteoclast fusion and thus, plays an essential role as an 

osteoclast stimulating factor with the explanation that the disintegrin and cysteine-rich 

domain of ADAM8, which are involved in cell-to-cell fusion of osteoclast precursors 
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to become mature multinucleated cells, may be responsible for alveolar bone 

resorption in periodontitis. 

Ishikawa et al 2004
49

 found that a high level of ADAM8 expression was 

significantly more common in advanced stage adenocarcinomas and concluded 

ADAM8 as a novel serological and histological marker for lung cancer. 

Gomez-Gaviro et al 2007
6 

reported that 1) ADAM8 is constitutively present 

in the membrane of all type of granules, in vesicles, and on cell surface of human 

neutrophils; 2) upon neutrophil activation, ADAM8 is mobilized to the cell surface 

and rapidly shed to the extracellular milieu both in vitro and in vivo, by a 

metalloproteinase-dependent mechanism; 3) the expression of ADAM8 on neutrophils 

is increased in inflammatory foci in vivo and levels of soluble ADAM8 are 

proportional to the number of inflammatory cells; and 4) the presence of membrane-

anchored and soluble active form of ADAM8 is associated with an increase in the 

shedding of L-selectin in mammary cells, suggesting that ADAM8 plays a key role in 

neutrophil function in innate immunity. 

Ishikawa et al 2011
50

 found that ADAM8 enhanced osteoclast precursor 

fusion and osteoclast formation in vitro and in vivo. 

Shiomi et al 2010
48

 reviewed that elevated levels of ADAM8 are detected in 

serum, bronchoalveolar lavage fluid and amniotic fluid in conditions like myocardial 

infarction, asthma, pneumonia, allergy, rheumatoid arthritis and amniotic fluid. 

Zarbock et al 2011
51

 demonstrated that ADAM8 is associated with PSGL-1 

through ezrin-radixin-moesin (ERM) actin-binding proteins and that this association 

may increase the proteolytic cleavage of PSGL-1. ADAM9 activation reduces the 

surface expression of PSGL-1. ADAM8 modulates inflammation by cleaving PSGL-1 

which is known to be involved in mediating the first contact between leukocytes and 
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inflamed endothelium and in selectin-mediated leukocyte activation and recruitment. 

They concluded that ADAM8 controls leukocyte-endothelial interaction by shedding 

PSGL-1. 

Ainola et al 2012
4
 experimented ADAM8 involvement in osteoclastogenesis 

and pathological bone destruction and found that TNFα, IL-1β, M-CSF and RANKL 

effectively induced ADAM8 mRNA and protein and this study first immunolocalised 

ADAM8 in rheumatoid arthritis and their role in cartilage degradation and bone 

erosion. 

Khongkhunthian et al 2013
8
 reported the elevated levels of ADAM8 in 

gingival crevicular fluid of patients with periodontal disease and they found that 

ADAM8 levels are elevated in gingivitis, chronic periodontitis and aggressive 

periodontitis. 
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 A randomized study was conducted to estimate the levels of ADAM8 in GCF 

of periodontal health, disease and after treatment. The protocol was reviewed and 

approved by institutional ethical board. A informed consent was obtained from the 

patients and the study related procedures were explained. A total of 30 subjects were 

recruited from the outpatient Department of Periodontics, J.K.K. Nattraja Dental 

College and Hospitals, Komarapalayam, Tamilnadu based on the following criteria. 

Inclusion criteria: 

1. Age – 30-50 years of both sexes. 

2. Subjects who had not received any periodontal treatment in previous 6 

months. 

3. Systemically healthy subjects. 

Exclusion criteria: 

1. Treatment in the previous 6 months with anti-inflammatory drugs or 

antibiotics. 

2. Anomalies of immune system. 

3. Hematological disorders. 

4. Conditions elicited by a medical history likely to influence the inflammatory 

response (cardiovascular disease, respiratory infection, rheumatoid arthritis, 

diabetes mellitus). 

5. Liver disorders. 

6. Patients with bone disorders. 

7. Pregnancy and lactating mothers. 

8. History of recent bacterial or viral infections. 

9. Individuals with habit of smoking and alcoholism. 
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STUDY DESIGN 

Criteria for subject grouping: 

Based on plaque index, gingival index, probing pocket depth and clinical 

attachment loss subjects are categorized into 3 groups. 

Group I (healthy): consists of 15 subjects with clinically healthy periodontium. 

Group II (chronic periodontitis): consists of 20 subjects with clinical signs of 

gingival inflammation.  

Probingdepth (PD) ≥ 5mm   

Clinical attachment loss (CAL) ≥ 2mm. 

Group III (after treatment group): consists of 20 subjects of group II treated by 

scaling and root planning (SRP). 

CLINICAL PARAMETERS 

The following variables were measured at baseline and after 8 weeks of scaling 

and root planing. 

1. Plaque index (PI) 

2. Gingival index (GI) 

3. Probing depth (PD) 

4. Clinical attachment loss (CAL) 
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1.Plaque index (PI): (Silness P. and Loe H. in 1964) 

 0 – No plaque in the gingival area. 

 1 – A film of plaque adhering to the free gingival margin and adjacent area of 

the tooth. The plaque may be recognized only by running a probe across the tooth 

surface. 

 2 – Moderate accumulation of soft deposits within the gingival pocket or on 

the gingival margin & adjacent tooth surface. 

 3 – Abundance of soft matter within the gingival pocket or on the gingival 

margin & adjacent tooth surface. 

 The areas examined were the distofacial, facial, mesiofacial and lingual 

surface using explorer. The plaque score was obtained by totalling the four plaque 

scores per tooth and then divided by four. The plaque score per person is obtained by 

adding the plaque score per tooth and dividing by the number of teeth examined. 

2.Gingival index (GI): (Loe H. and Silness P. 1963) 

 The soft tissue surrounding each tooth were divided into 4 gingival scoring 

units i.e. the distofacial papilla, the facial margin, the mesiofacial papilla and the 

entire lingual margin. A periodontal probe was used to assess the bleeding of the 

gingival tissues on probing. 

Gingival units were assessed according to the following criteria: 

 0 – Absence of inflammation/normal gingiva. 

 1 – Mild inflammation, slight change in color, slight edema; no bleeding on 

probing. 
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 2 – Moderate inflammation; moderate glazing, redness, edema and 

hypertrophy, bleeding on probing. 

 3 – Severe inflammation; marked redness and hypertrophy, ulceration, 

tendency to spontaneous bleeding. 

The scores of the four areas of the tooth can be summed and divided by four to give 

the GI for the tooth. A score from 

0.1 – 1.0 – Mild inflammation. 

1.1 – 2.0 – Moderate inflammation. 

3.1 – 3.0 – Severe inflammation. 

3.Probingdepth (PD): 

The depth of the pocket was measured using William’s graduated periodontal 

probe. The probe was inserted parallel to the long axis of the tooth gently, until 

resistance was felt and the readings were recorded to the nearest millimeter from the 

gingival margin to the base of the pocket. 

4.Clinical attachment loss (CAL): 

 The level of attachment is the distance between the base of the pocket and 

cementoenamel junction (CEJ) or a fixed point. The distance from the CEJ to the base 

of the pocket was measured. The readings were recorded to the nearest millimeter. 

Clinical evaluation of subjects: 

 Subjects were selected for each group after a brief and precise case history 

recording that included patient’s chief complaint and clinical examination. Clinical 

examination was done using a sterile mouth mirror and a William’s periodontal probe. 
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Site specific scoring was followed, where in, the site showing most severe 

inflammatory signs or greater amount of attachment loss was selected for GCF sample 

collection. PI and GI scores were recorded before to aid in site selection and the PD 

and CAL measurements were recorded after GCF collection to avoid contamination 

of the sample. 

Procedure for gingival crevicular fluid collection: 

 Subjects selected for sampling were made to sit comfortably in an upright 

position on the dental chair with proper illumination. The test site selected for 

sampling was air dried, isolated with cotton roll and supragingival plaque was 

removed without touching marginal gingiva. Sample of GCF were obtained by 

placing white color-coded 1-10μLcaliberated volumetric microcapillary pipettes 

which were obtained from Sigma Aldrich chemicals company, Limited, USA (Fig2). 

From each test site, a standardized volume of 3μL was collected using the caliberation 

on micropipette and placing the tip of the pipette extracrevicularly (unstimulated) for 

5 to 20 minutes. GCF contaminated with saliva and blood were discarded. Samples of 

GCF were collected at the initial visit in Group I, Group II, Group III subjects. 

Periodontal treatment (SRP) was performed for periodontitis patients at the same 

appointment after GCF collection. After 8 weeks, GCF was collected from the same 

site of the subjects in Group III. For this 8-week period, subjects were called at one-

week interval and plaque control measures were performed. The GCF collected was 

immediately transferred to plastic vial and stored at -70º C till the time assay. 

 The samples were then assayed for ADAM8 levels by using Enzyme-linked 

Immunosorbent Assay kit for A DisintegrinAndMetalloprotease 8 (ADAM8) from 

Cloud – Clone Corp. 
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METHOD OF ESTIMATION OF ADAM8: 

 The kit is a sandwich enzyme immunoassay for in vitro quantitative 

measurement of ADAM8 in human serum, plasma, tissue homogenates, cell lysates 

and other biological fluids. The microtiter plate provided in this kit has been pre-

coated with an antibody specific to ADAM8. Standards or samples are then added to 

the appropriate microtiter plate wells with a biotin-conjugated antibody specific to 

ADAM8. Next, Avidin conjugated to Horseradish Peroxidase (HRP) is added to each 

microplate well and incubated. After TMB substrate solution is added, only those 

wells that contain ADAM8, biotin-conjugate antibody and enzyme conjugated avidin 

will exhibit a change in color. The enzyme-substrate reaction is terminated by the 

addition of sulphuric acid solution and the color change is measured 

spectrophotometrically at a wavelength of 450nm±10nm. The concentration of 

ADAM8 in the samples is then determined by comparing the O.D. of the samples to 

the standard curve. 

REAGENTS PROVIDED WITH KIT: 

1. Pre-coated, ready to use 96-well strip plate – 1 

2. Standard - 2 

3. Detection Reagent A - 1×120μL 

4. Detection Reagent B - 1×120μL 

5. TMB Substrate - 1×9mL 

6. Wash Buffer (30 × concentrate) - 1×20mL 

7. Plate sealer for 96 wells - 4 

8. Standard Diluent - 1×20mL 

9. Assay Diluent A - 1×12mL 

10. Assay Diluent B - 1×12mL 
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11. Stop Solution - 1×6mL 

MATERIALS REQUIRED BUT NOT SUPPLIED  

1. Microplate reader with 450±10nm filter. 

2. Precision single or multi-channel pipettes and disposable tips. 

3. Eppendorf Tubes for diluting samples. 

4. Deionized or distilled water. 

5. Absorbent paper for blotting the microtiter plate. 

6. Container for Wash Solution. 

REAGENT PREPARATION  

1. Bring all kit components and samples to room temperature (18-25ºC) before 

use. 

2. Standard - Reconstitute the Standardwith 0.5mL of Standard Diluent,kept for 

10 minutes at room temperature, shake gently(not to foam). The concentration 

of the standard in the stock solution is 400pg/mL. Prepare 7 tubes containing 

0.25mL Standard Diluent and produce a double dilution series. Mix each tube 

thoroughly before the next transfer. Set up 7 points of diluted standard such as 

400pg/mL, 200pg/mL, 100pg/mL, 50pg/mL, 25pg/mL, 12.5pg/mL, 

6.25pg/mL, 62.5pg/mL, and the last EP tubes with Standard Diluentis the 

blank as 0pg/mL. 

3. Detection Reagent A and Detection Reagent B - Briefly spin or centrifuge 

the stock Detection A and Detection B before use. Dilute to the working 

concentration with Assay Diluent Aand B,respectively (1:100). 

4. Wash Solution - Dilute 20mL of Wash Solution concentrate (30×) with 

580mL of deionized or distilled water to prepare 600mL of Wash Solution 

(1×). 
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5. TMB substrate - Aspirate the needed dosage of the solution with sterilized 

tips and do not dump the residual solution into the vial again. 

ASSAY PROCEDURE: 

1. Determine wells for diluted standard, blank and sample. Prepare 7 wells for 

standard, 1 well for blank. Add 100μL each of dilutions of standard (read 

Reagent Preparation), blank and samples into the appropriate wells. Cover 

with the Plate sealer. Incubate for 2 hours at 37ºC. 

2. Remove the liquid of each well, don’t wash. 

3. Add 100μL of Detection Reagent Aworking solution to each well. Incubate for 

1 hour at 37ºC after covering it with the Plate sealer. 

4. Aspirate the solution and wash with 350μL of 1× Wash Solution to each well 

using a squirt bottle, multi-channel pipette, manifold dispenser or autowasher, 

and let it sit for 1~2 minutes. Remove the remaining liquid from all wells 

completely by snapping the plate onto absorbent paper. Totally wash 3 times. 

After the last wash, remove any remaining Wash Buffer by aspirating or 

decanting. Invert the plate and blot it against absorbent paper. 

5. Add 100μL of Detection Reagent Bworking solution to each well. Incubate for 

30 minutes at 37ºC after covering it with the Plate sealer. 

6. Repeat the aspiration/wash process for total 5 times as conducted in step 4. 

7. Add 90μL of Substrate Solutionto each well. Cover with a new Plate sealer. 

Incubate for 15- 25 minutes at 37ºC (Don't exceed 30 minutes). Protect from 

light. The liquid will turn blue by the addition of Substrate Solution. 

8. Add 50μL of Stop Solutionto each well. The liquid will turn yellow by the 

addition of Stop solution. Mix the liquid by tapping the side of the plate. If 
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color change does not appear uniform, gently tap the plate to ensure thorough 

mixing. 

9. Remove any drop of water and fingerprint on the bottom of the plate and 

confirm there is no bubble on the surface of the liquid. Then, run the 

microplate reader and conduct measurement at 450nm immediately. 
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APPENDIX - 1 

PROFORMA 

NAME:                                                                                                      DATE: 

AGE:                                              SEX:                                                   OP NO: 

OCCUPATION:                                                                                        CASE NO: 

ADDRESS: 

 

CHIEF COMPLAINT: 

 

DENTAL HISTORY: 

 

MEDICAL HISTORY: 

 

PERSONAL HISTORY: 
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4. POCKET DEPTH: 
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8-WEEKS AFTER TREATMENT 
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3. POCKET DEPTH: 
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4. CLINICAL ATTACHMENT LOSS: 
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INFORMED CONSENT OBTAINED FROM THE PATIENT 

Department of Periodontics, J.K.K. Nattraja Dental College, Komarapalayam, 

Tamilnadu. 

Patient name: 

 I have been explained about the nature and purpose of the study in which, I 

have been asked to participate. I understand that I am free to withdraw my consent 

and discontinue at any time without prejudice to me or effect on my treatment. 

 I have been given the opportunity to question about the material and study. I 

have also given the consent for photographs to be taken at the beginning, during and 

end of the study. I agree to participate in this study. 

I hereby give the consent to be included in this study. 

 

Place:       Signature of patient 

Date: 
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APPENDIX - 2 

ARMAMENTARIUM  

1. Gloves 

2. Mouth mask 

3. Patient apron 

4. Chair apron 

5. Head cap 

6. Sterile cotton rolls 

7. Gauze 

8. Kidney tray 

9. Mouth mirror 

10. Explorer 

11. William’s periodontal probe 

12. Tweezer 

13. Ultrasonic scalers 

14. Hu-Friedysupragingivalscalers 

15. Hu-FriedyGracey Curettes 

16. Microcapillary pipettes  

17. Eppendorf tubes 
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ARMAMENTARIUM 

 

Fig 1: Armamentarium used of GCF collection and treatment 

 

 Fig 2: Microcapillary pipettes and Eppendorfhoff tubes used for GCF 

collection 
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Clinical cases 

 

Fig 3: Group II 

 

 

  Fig 4: GCF collection in group II            Fig 5: GCF collection in group III 
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Lab analysis 

 

 

Fig 6: ADAM8 ELISA kit 

 

 

Fig 7: ELISA reader                                      Fig 8: Pipetting GCF samples into   

aliquots for dilution 
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Results of ELISA 

 

Fig 9: Color changes in ELISA with 3 dilutions for each sample 
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This clinico-biochemical study was conducted to explore the association 

between A Disintegrin and Metalloproteinase 8 (ADAM8) levels in GCF in 

periodontal health and disease and to quantify the difference in ADAM8 levels 

following periodontal therapy. 

 This randomized controlled clinical study consists of 30 subjects divided into 

3 groups i.e., healthy (Group I, 15 subjects), chronic periodontitis (Group II, 15 

subjects) and chronic periodontitis after treatment (Group III, 15 subjects), aged 

between 30-50 years from whom GCF was collected to estimate the concentration of 

ADAM8 using ELISA. The results obtained using ELISA were showed in Fig 9. 

 The results obtained were analyzed statistically and comparisons were made 

with each group using paired student t – distribution test. The paired t – distribution 

test is used when the sample size is less than 30 and when standard deviation is 

unknown. Further Pearson correlation analysis was done to identify the correlation 

coefficient between ADAM8 levels and clinical parameters. 

 The plaque index(PI) scores in group II was (2.27±0.494) and reduced in 

group III (0.99±0.388). Comparison of the PI scores between group II and group III 

shows a statistically significant difference with a P-value of <0.05. The results are 

shown in table 1 and graph 1. 

 The gingival index(GI) scores in group II was (2.14±0.648) and reduced in 

group III (1.23±0.443). Comparison of the GI scores between group II and group III 

shows a statistically significant difference with a P-value of <0.05. The results are 

shown in table 1 and graph 1. 
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 The probing depth(PD) scores in group II was (6.33±0.816) and reduced in 

group III (2.60±0.507). Comparison of the PD scores between group II and group III 

shows a statistically significant difference with a P-value of <0.05. The results are 

shown in table 1 and graph 2. 

 The clinical attachment loss(CAL) scores in group II was 2.87±1.060 and 

clinical attachment level in group III was 1.47±0.639. Comparison of the CAL scores 

between group II and group III shows a statistically significant difference with a P-

value of <0.05. The results are shown in table 1 and graph 2. 

 The highest mean ADAM8 concentration was obtained for group II 

(10.35±4.435 ng/ml) and least mean ADAM8 concentration was obtained for group I 

(0.57±0.179 ng/ml). The mean concentration of the group III (0.68±0.160 ng/ml) was 

intermediate between the highest and lowest values. The results are shown in table 2 

and graph 3.  

Further analysis was carried out to find out which pairs differ significantly at 

5% level of significance.A statistically significant difference was observed between 

group II and group III and between group I and group II with a P-value of <0.05. A 

statistically insignificant difference was obtained when the mean levels of ADAM8 

were compared between group I and group III with a P-value of >0.05. The results 

suggest that ADAM8 levels increased progressively in GCF from health to 

periodontitis and decreased after periodontal therapy. 

 Pearson correlation analysis was done to test for any correlation between the 

ADAM8 concentration in GCF with the disease severity measures i.e., PI, GI, PD, 

CAL in group II and group III. A positive correlation was found between the clinical 
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parameters and group II and group III. The results are shown in table 3 and graph 4, 5, 

6, 7, 8, 9, 10, 11. 

 In summary, the results suggest that the mean concentration of ADAM8 in 

GCF is highest for group II and it differs significantly from that of group I and group 

III. Further ADAM8 concentration increases with progression of periodontal disease 

and the same decreases after treatment that is aimed at resolution of periodontal 

inflammation and gain in clinical attachment level. 
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Table 1 

Comparison of clinical parameters between group II and group III 

Clinical 

parameters 
Group II Group III P value 

Plaque index 2.27 ± 0.494 0.99 ± 0.388 < 0.05
*
 

Gingival index 2.14 ± 0.648 1.23 ± 0.443 < 0.05
*
 

Probing depth 6.33 ± 0.816 2.60 ± 0.507 < 0.05
*
 

Clinical attachment 

loss 
2.87 ± 1.060 1.47 ± 0.639 < 0.05

*
 

*    
p- value between group II and III is<0.05 denotes statistically significant at 5% 

Table 2 

Comparison of ADAM8 levels between groups 

Levels of 

ADAM8 

Mean ± SD Comparison p – value 

GROUP I 0.57 ± 0.179 Group I Vs Group II <0.05
*
 

GROUP II 10.35 ± 4.435 Group II Vs Group III < 0.05
*
 

GROUP III 0.68 ± 0.160 Group I Vs Group III > 0.05
**

 

*
p- value between group I & II and between group II & III  is <0.05 denotes 

statistically significant at 5% level. 

**    
p- value between group I& III is >0.05 denotes statistically insignificant at 5% 

level.  
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Correlation of clinical parameters with ADAM8 levels in each group 

Table 3 

Correlation coefficient of group II and group III 

CLINICAL PARAMETERS GROUP II GROUP III 

Plaque index with ADAM8 0.864816 0.21168 

Gingival index with ADAM8 0.857188 0.031148 

Probing depth with ADAM8 0.602501 0.11775 

Clinical attachment level with 

ADAM8 
0.910716 0.054311 
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Graph 1 

Comparison of plaque index and gingival index between group II and group III 

 

 

Graph 2 

Comparison of probing depth and clinical attachment loss between group II and 

group III 
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Graph 3 

Comparison of ADAM8 concentration between groups 
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Correlation of clinical parameters with ADAM8 levels in each group 

Graph 4 

 

 

Graph 5 
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Graph 6 

 

 

 

Graph 7 
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Graph 8 

 

 

 

Graph 9 
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Graph 10 

 

 

 

Graph 11 
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 Periodontal diseases are a complex group of diseases characterized by 

inflammation and the subsequent destruction of the tooth supporting tissue. The 

destruction of the periodontal tissue, is by bacterial infection and host immune 

response, either directly or indirectly by various mediators that can activate 

osteoclastic activity. The loss of periodontal attachment and bone destruction during 

periodontitis is atleast partly due to MMPs. As GCF permeates through the diseased 

soft tissue of the periodontal pocket, contains molecules from the periodontal disease 

process and it is considered the most promising source of biochemical indicators like 

MMPs.
11

 

 According to Hannas et al (2007)
52 

MMP activity is observed in a 

transmembrane protein containing both a disintegrin and metalloproteinase domain 

(ADAM) presenting both cell adhesion and protease activity. ADAMs are 

glycoproteins that share homology with snake venom metalloproteinase/disintegrins 

and sperm surface proteins. Among other biological functions, ADAMs are involved 

in the release of membrane-anchored proteins, such as TNF-α, TGF–α and L-selectin, 

from the plasma membrane.
 

 ADAM8 plays various role in the pathogenesis of periodontal disease. For 

example, the proteolytic activity is exerted by the metalloproteinase domain of 

ADAM8 which contributes to the destruction of the extracellular matrix.
8
The 

shedding of L-selectin and vascular cell adhesion molecule-1 by the metalloproteinase 

domain may regulate and limit the influx of some subsets of leukocytes into the 

periodontal tissues as determined by Gomez-Gaviro et al (2007)
6
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 Choi et al (2001)
7
 found that the disintegrin and cysteine-rich domains of 

ADAM8 are involved in cell to cell fusion of osteoclast precursors to become mature 

multinucleated osteoclasts, may be responsible for alveolar bone resorption in 

periodontitis. Kataoka et al (1997)
53

 experimented murine CD156 gene and found 

that ADAM8 is expressed mainly in cells of the immune system particularly 

monocytes and granulocytes. Furthermore, its expression has been shown to be 

inducible by lipopolysaccharide and γ – interferon and by TNF-α in the central 

nervous system.
 

 ADAM family play important roles in ectodomain shedding, the process by 

which biologically active, soluble forms of cytokines, growth factors and their 

receptors are released from membrane bound precursors. ADAM8 is able to cleave 

membrane bound CD23, low affinity IgE receptor as detected by Fourie et al
54

 in 

transfected cells and human macrophage cell lines. According to them, ADAM8 

dependent, soluble CD23 release required proteolytically active ADAM8 and a 

physical association of ADAM8 was observed with the membrane bound form of 

CD23. The proteolytic release of soluble CD23by the metalloprotease activity, has 

been shown to cause up-regulation of IgE production and the induction of 

inflammatory cytokines. Because ADAM8 is expressed in the same cell types as 

CD23, they have concluded that ADAM8 can contribute to ectodomain shedding of 

CD23, and thus it is a potential target for intervention in allergy and inflammation. 

 

The presence of ADAM8 and the raised ADAM8 levels in GCF of patients 

with periodontal diseases, corresponds well with the elevated levels of 

ADAM17(TACE), another member of the adamalysin subfamily in periodontitis.
55

 

TNF-α, which is one of the major proinflammatory cytokines in periodontal diseases, 
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induces the expression of ADAM8 in astrocytes and neuronal cells as determined by 

Schlomann et al (2000)
56

. Black et al (1997)
57

 found that increased levels of 

ADAM17, which primarily cleaves membrane-anchored pro TNF-α to activate 

soluble TNF-α may generate a greater than normal level of TNF-α in GCF, which 

may lead to an enhancement of ADAM8 production in periodontal disease. 

 In the year 2013, Khongkhunthian et al
8
 conducted a study about ADAM8 

levels in GCF and he concluded that there is an increase in the level of ADAM8 in 

periodontitis condition.The present study was undertaken to determine the potential 

role of ADAM8 in the subjects by quantifying its level in the GCF in periodontal 

health, disease and after the treatment of periodontitis. 

 The main finding of our study was that the mean concentration of ADAM8 in 

GCF were found to increase progressively from health (0.57±0.179 ng/ml) to 

periodontitis (10.35±4.435 ng/ml). This was in accordance with that of study done by 

Khongkhunthian et al
8
 who reported increasing ADAM8 levels in GCF with 

progression of periodontal disease.  

Further, our study comprised of only three groups (healthy, chronic 

periodontitis and chronic periodontitis after treatment) compared to that of 

Khongkhunthian et al
8
, which included  healthy, gingivitis, chronic periodontitis and 

aggressive periodontitis, but having no provision to evaluate the effect of SRP on 

ADAM8 levels in GCF which can further confirm the role of ADAM8 in periodontal 

disease.  

The previous study by Khongkhunthian et al
8
 investigated that the median 

ADAM8 levels were increased in accordance with severity of periodontal disease, i.e., 

the patients with chronic and aggressive periodontitis had significantly higher median 

ADAM8 levels than did patients with gingivitis. This explained by the fact that 
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ADAM8 plays a pivotal role in both inflammation and bone loss, would be expected 

to have higher ADAM8 levels than the sites with only gingival inflammation without 

periodontal tissue loss in gingivitis. It is also due to an accumulation of various types 

of inflammatory cells in diseased periodontal tissues because ADAM8 is mainly 

expressed in neutrophils,
6
 B-lymphocytes, dendritic cells and monocytes. This is the 

reason why we excluded gingivitis group in our present study. 

 The mean concentration of ADAM8 in chronic periodontitis reduced from 

10.35±4.435 ng/ml to 0.68±0.160 ng/ml after treatment, which is statistically 

significant. The reduction in the concentration of ADAM8 after scaling and root 

planing could be attributed to a decrease in TNF-α after treatment, which is the 

inducible factor for ADAM8.When pair-wise comparison was done a statistically 

significant difference was observed between healthy and chronic periodontitis group 

and between chronic periodontitis and after treatment group. 

 The correlation of ADAM8 concentration with the four clinical parameters of 

periodontal status wereinvestigated. The ADAM8 concentration was positively 

correlated with PI and GI score in group II (0.864816 and 0.857188 respectively), 

indicating that the ADAM8 levels are associated with the degree of periodontal tissue 

inflammation. This was in accordance with the study conducted by Khongkhunthian 

et al.
8
 

 Moreover, the ADAM8 concentration were also positively correlated with PD 

and CAL in group III (0.602501 and 0.910716 respectively), indicating that the 

ADAM8 levels are positively associated with the degree of periodontal tissue 

destruction. This was also in accordance with the study conducted by 

Khongkhunthian et al.
8
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 The pathogenesis and progression of periodontitis are caused and driven by 

bacterially induced aberrant host immunity. The effect of ADAM8 on regulating the 

functions of neutrophils is one example of the significant role of ADAM8 in innate 

immunity.
6
 Regarding acquired immunity, studies by Gemmell et al (2007)

58
 shown 

that cytokines produced by Th1 (TNF-α and IFNγ) and Th2 (IL4) are implicated in 

the pathogenesis of periodontal diseases.It has been previously studied that all these 

cytokines can upregulate ADAM8 expression in other organs.
53, 56 

Further, the treatment aimed at arresting periodontal disease progression 

resulted in statistically significant reduction in levels of ADAM8 in GCF 

proportionally and also the clinical parameters of periodontal status improved 

significantly, confirming its active role in periodontal attachment loss. 

 Since our data shows that all the GCF samples tested positive to ADAM8, it 

can be considered as a biomarker of periodontal disease progression. However, 

controlled longitudinal, prospective studies involving larger population and more 

solid phase assays are needed to verify this possibility. 
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Some of the conclusions that can be drawn from this study are: 

1. ADAM8 is detected in gingival crevicular fluid and its concentration is found 

to be higher in patients with chronic periodontitis. 

2. Treatment of periodontal disease by scaling and root planing led to a 

proportional reduction in ADAM8 levels in GCF. 

3. Further, as the concentration of ADAM8 correlated positively with the clinical 

parameters, it can be postulated that ADAM8 is actively involved in the 

progression of periodontal disease and thus could be considered as a marker of 

periodontal destruction. 

To conclude, as per our study, it can be postulated that, with greater the 

periodontal destruction, there is substantial increase in ADAM8 concentration 

locally, in GCF. However, a further longitudinal studies are required with a large 

sample size to confirm the role of ADAM8 in periodontal disease and severity and 

to validate ADAM8 as a “novel marker” of periodontal destruction. 
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