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Background. Periodontal disease is a chronic inflammatory condition affecting the supporting structures of the dentition.
Periodontal destruction is an outcome of the imbalance between matrix metalloproteinases and tissue inhibitors of matrix
metalloproteinases (TIMPs). We wanted to prove the hypothesis that salivary TIPM-1 level will vary in different people. A
decrease in TIMP-1 level could make them more susceptible to periodontitis whereas a normal level could prevent increased
tissue destruction thereby inhibiting the progression from gingivitis to periodontitis. This could probably pave the way for TIPM-
1 to be a specific salivary biomarker and serve as a useful diagnostic and therapeutic tool in periodontitis. Methods. Whole
unstimulated saliva of 2 mL was collected from twenty-five periodontally healthy and twenty-seven systemically healthy subjects
with periodontitis. Clinical parameters recorded at baseline and reevaluated after four weeks in subjects with periodontitis following
nonsurgical periodontal therapy were gingival index (GI), oral hygiene index-simplified (OHI-S), probing pocket depth, and clinical

attachment level (CAL). Salivary TIMP-1 levels in both were analyzed using a commercially available ELISA kit.

1. Introduction

Periodontal disease is a chronic disease of the oral cavity
comprising a group of inflammatory conditions affecting the
supporting structures of the dentition. Due to its impor-
tance in oral biofilm formation and host defence, secreted
saliva may have a significant role in the establishment and
progression of periodontal disease. Saliva, because of its
locality, represents a key and very relevant diagnostic fluid
for periodontal disease. Periodontal inflammatory mediators
and tissue destructive molecules have been detected in
the gingival tissues, gingival crevicular fluid, and saliva of
patients affected by periodontitis [1].

Saliva contains biomarkers specific for the unique physi-
ological aspects of periodontitis, and qualitative changes in
the composition of these biomarkers could be diagnostic.
Multiple contributing inflammatory mediators and tissue
destructive molecules in this process have been shown to be
correlated with disease onset and activity and could therefore

be of diagnostic value as they have been detected in the
saliva of patients affected by periodontitis [2]. Four distinct
pathways may be involved in periodontal destruction: plas-
minogen dependent, phagocytic, osteoclastic pathway, and
matrix metalloproteinase (MMP) pathway [3]. Experimental
evidence suggests that the most important pathway involves
Matrix metalloproteinases, as active collagenases and gelati-
nases which are found not only in the crevicular gingival
fluid but also in saliva and in biopsy specimens of inflamed
periodontal tissues [4].

Matrix metalloproteinases (MMP’s) form an important
group of proteins that are involved not only in the degrada-
tion of matrix proteins in periodontitits but also in normal
turn over in health and healing. It has been suggested
that periodontal destruction is an outcome of the imbal-
ance between matrix metalloproteinases and their inhibitors.
Increase in matrix metalloproteinase and decrease in tissue
inhibitors of matrix metalloproteinase levels initiate collagen
degradation from connective tissue and alveolar bone. The
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levels of these specific salivary biomarkers could serve as a
useful diagnostic and therapeutic tool in periodontitis.

The aims and objectives of this study were to (1) compare
the salivary level of tissue inhibitor of matrix metallopro-
teinase (TIMP)-1 in periodontally involved subjects and
healthy controls, (2) correlate the salivary TIMP-1 level of
periodontally involved subjects with their clinical parameters
of periodontitis before nonsurgical periodontal therapy, (3)
correlate the salivary TIMP-1 level of periodontally involved
subjects with their clinical parameters of periodontitis after
nonsurgical periodontal therapy, and (4) compare the sali-
vary TIMP-1 level in periodontally involved subjects, before
and after nonsurgical periodontal therapy.

2. Materials and Methods

2.1. Subject Population and Study Design. The study pop-
ulation comprised 100 subjects in the age group of 35-
55 years with a minimum number of 20 teeth, who had
reported to the Department of Periodontics, Amrita School of
Dentistry, Kochi. Twenty-five periodontally healthy subjects
who had reported constituted the Control group which
included systemically healthy subjects with probing pocket
depth (PPD) < 3 mm and with no clinical attachment loss. Of
the 75 subjects who had periodontitis, 27 matched the criteria
for study group. They were systemically healthy and had a
probing depth of (PPD) > 4-5mm and clinical attachment
level (CAL) > 3-4 mm involving at least 7 teeth. Exclusion
criteria included subjects with history of habits like usage of
tobacco and/or consumption of alcohol, chronic inflamma-
tory disorders of the skin and oral mucosa, known systemic
illnesses; subjects on antibiotics and/or anti-inflammatory
drugs within the last 6 months, subjects who underwent
professional cleaning/periodontal treatment within the last 6
months, and pregnant women and lactating mothers.

The protocol was approved by the Ethical Commit-
tee of the Amrita School of Dentistry, Amrita Vishwa
Vidyapeetham University, Kochi. The study was explained
to all the subjects before their participation and a written
informed consent was obtained. The individuals were divided
into two groups, namely, the periodontally healthy control
group (HC) and the periodontally diseased study group (PD).

2.2. Saliva Sampling. Whole unstimulated saliva of 2mL
was collected from the subjects [5] of both the groups in
eppendorf tubes and stored at —80°C, which was subjected
to further analysis in order to evaluate the presence of
the biomarker TIMP-1. A detailed clinical examination of
the selected diseased subjects with periodontitis was done.
Standardization of the pocket depth was done using a custom
made acrylic stent. The pocket depth was measured at six sites
of each tooth (mesiobuccal, midbuccal, distobuccal, mesi-
olingual, midlingual, and distolingual). Clinical parameters
analyzed were gingival index (GI) [6], oral hygiene index-
simplified (OHI-S) [7], probing pocket depth, and clinical
attachment level (CAL). This was recorded as baseline. The
subjects with periodontitis underwent supragingival scaling
followed by subgingival scaling and root planning and the
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clinical parameters were reevaluated after four weeks [8-10].
The salivary TIMP-1 level was also reassessed at four weeks
after nonsurgical periodontal therapy. Frozen saliva samples
were thawed and centrifuged at 9,300 for 3 minutes prior to
analysis. Salivary TIMP-1 and MMP-8 levels in both groups
before nonsurgical periodontal therapy and in diseased group
after nonsurgical periodontal therapy were analyzed using
a commercially available ELISA kit (Quantikine Saliva Kit,
R&D Systems Inc., USA) according to the manufacturer’s
instructions at the Department of Biochemistry, Christian
Medical College Hospital And Research Centre, Vellore.

2.3. Statistical Analysis. The data collected were subjected
to statistical analysis which included independent ¢-tests to
evaluate the salivary TIMP-1 levels of periodontally healthy
controls and periodontally diseased individuals, correlations
to assess the association between the salivary TIMP-1 levels
before and after nonsurgical periodontal therapy, and intra-
group comparisons between the salivary TIMP-1 level and
its correlations with their respective clinical parameters were
also done, namely, the gingival index, clinical attachment
level, and oral hygiene index.

3. Results

The purpose of the present study was to evaluate TIMP-
1 as a salivary biomarker and its diagnostic significance in
periodontal disease.

Table 1 shows a mean TIMP-1 value of 129.7 + 53.4 in the
healthy control group and 89.7 + 43.0 in the periodontally
diseased group. There is statistically significant correlation
between the two groups (P < 0.05). Mean TIMP-1 value of
89.7 +43.0 before treatment and 80.7 + 44.4 after nonsurgical
periodontal therapy in the periodontally diseased group is
also seen. There was no significant correlation between the
two variables (P > 0.05).

Table 2 shows a mean gingival index (GI) score of
1.51 + 0.19 before nonsurgical periodontal therapy and
mean GI score of 0.75 + 0.21 after nonsurgical periodontal
therapy. There is statistically significant correlation between
the two groups (P < 0.05). A mean CAL score of 5.08 + 0.47
before nonsurgical periodontal therapy and mean CAL
score of 4.24 + 0.40 after nonsurgical periodontal therapy
is seen. There is statistically significant correlation between
the two groups (P < 0.05). Mean OHI score of 3.00 + 0.51
before nonsurgical periodontal therapy and mean OHI
score of 0.39 + 0.23 after nonsurgical periodontal therapy
were observed. There is statistically significant correlation
between the two groups (P < 0.05).

Correlation coeflicient between periodontally diseased
TIMP-1 levels before nonsurgical periodontal therapy and
gingival index score is seen to be 0.016 (Table 3). There is
no significant correlation (P > 0.05). Correlation coefficient
between periodontally diseased TIMP-1 levels before non-
surgical periodontal therapy and clinical attachment level is
seen to be 0.169. There is no significant correlation (P >
0.05). Correlation coeflicient between periodontally diseased
TIMP-1 levels before nonsurgical periodontal therapy and
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TaBLE I: Correlation between TIMP-1 levels in healthy control
group and periodontally diseased group before and after nonsurgical
periodontal therapy.

N  Mean TIMP-1  SD t p
Category
Healthy control 25 129.7 53.4 2987 0004
Disease group 27 89.7 43.0
Disease group
Before 27 89.7 43.0 1304 0.204
After 27 80.7 44.4

N denotes the number of sample subjects, SD: standard deviation, t-student
t test and P value-power of significance.

TaBLE 2: Correlation of the mean gingival index scores, mean
CAL scores, and mean OHI scores before and after nonsurgical
periodontal therapy.

N Mean SD t P
GI
Pre 27 1.51 0.19 19.361 <0.001
Post 27 0.75 0.21
CAL
Pre 27 5.08 0.47 16.443 <0.001
Post 27 4.24 0.40
OHI
Pre 27 3.00 0.51 24,746 <0.001
Post 27 0.39 0.23

N denotes the no. of sample subjects, SD: standard deviation, t-student f test
and P value-power of significance.

TaBLE 3: Correlation of periodontally diseased TIMP-1 levels with
clinical parameters namely gingival index, clinical attachment level,
and oral hygiene index before nonsurgical periodontal therapy.

PD TIMP-1 r p

GI Pre 0.016 0.937
CAL Pre 0.169 0.398
OHI Pre -0.121 0.549

PD: periodontally diseased group, r: correlation coefficient, P: power of
significance.

oral hygiene index is seen to be —0.121. There is a negative
correlation seen but it is not statistically significant (P >
0.05).

Correlation coeflicient between periodontally diseased
TIMP-1 levels after nonsurgical periodontal therapy and
gingival index score is seen to be —0.35 (Table 4). There is
a negative correlation but it is not statistically significant
(P > 0.05). Correlation coefficient between periodontally
diseased TIMP-1levels after nonsurgical periodontal therapy
and clinical attachment level is seen to be 0.068. There is
no significant correlation (P > 0.05). Correlation coefficient
between periodontally diseased TIMP-1 levels after nonsur-
gical periodontal therapy and oral hygiene index is seen to be
—0.357. There is a negative correlation but it is not statistically
significant (P > 0.05).

TABLE 4: Correlation of periodontally diseased TIMP-1 levels with
clinical parameters namely gingival index, clinical attachment level,
and oral hygiene index one month after nonsurgical periodontal
therapy.

T TIMP-1 r p

GI1 -0.350 0.074
CAL1 0.068 0.736
OHI 1 -0.357 0.068

T: Treated subjects; r: correlation coefficient; P: power of significance.

Mean MMP-8 value of 77.6 + 25.3 was seen in the healthy
control group and 94.3 + 32.5 in the periodontally diseased
group. There is statistically significant difference between
the two groups (P < 0.05). Mean MMP-8 value of 94.3 +
32.5 before treatment and 79.45 + 30.1 after nonsurgical
periodontal therapy in the periodontally diseased group is
also seen. There was significant difference between the two
groups (P < 0.05).

4. Discussion

Periodontal diseases are characterized by a loss of colla-
gen fibres and other extracellular matrix constituents in
periodontal tissues [11]. Matrix metalloproteinases (MMPs)
are zinc-dependent endopeptidases that catalyze degradation
of extracellular matrix proteins, thereby controlling such
processes as development, tissue remodeling, wound healing,
and tumor metastasis [12-14]. MMP-38, also called neutrophil
collagenase-2, is one of the major collagenases that have a
major part in the destruction of connective tissue and alveolar
bone in periodontitis.

Periodontal health requires a balance between tissue
destruction enzymes and their inhibitors. The activity of
MMPs is controlled by regulation of expression and secretion,
by proteolytic activation of proenzymes, and by the tissue
inhibitors of metalloproteinases (TIMPs) [15,16]. MMP-8 can
be activated by other MMPs and inhibited by TIMP-1 and
TIMP-2 [17]. TIMPs form 1: 1, non-covalent complexes with
MMPs, blocking access of substrates to the MMP catalytic
site. TIMPs are highly specific for MMPs in general but not
for any particular MMP. Functional specificity is conferred by
other characteristics. TIMP-1 is an inducible protein, soluble
and widely distributed. TIMP-1 is a 184 amino acid residue
glycosylated protein, though glycosylation is not necessary
for activity [18]. It has 12 cysteines (conserved among all
TIMPs) that form disulfide bonds in a pattern that gives
distinct N- and C-terminal domains [19]. The N-terminal
domain contains sites that bind to the MMP substrate-
binding site [20]. Binding of TIMP-1 does not leave a peptide
bond in position for proteolysis and is not cleaved [16].
The TIMP/MMP complex can dissociate to yield enzyme
and active TIMP-1 [21]. The C-terminal domain binds to an
external site on MMPs, increasing overall affinity [22]. TIMP-
1 binds with high affinity to the inactive pro-MMP-9, forming
a complex in which TIMP-1 retains its ability to inhibit the
activity of another active MMP via its N-terminal domain
[23].



TIMP-1 is widely synthesized by many cells and tissues
[15]. Transcription of the TIMP-1 gene is induced by pro-
inflammatory cytokines (IL-1, IL-6, OSM, LIF, and TNF-«),
TGEF- 1, and phorbol esters [15, 24]. Many physiological func-
tions of TIMP-1 are closely tied to the functions of MMPs,
and an improper balance of MMP and TIMP production
correlates with pathological conditions such as periodontitis,
arthritis, tumor growth, and metastasis [15].

The primary objective of this study was to analyze the
salivary TIMP-1 level in periodontally healthy controls and
periodontally diseased subjects before and after nonsurgical
periodontal therapy. The mean salivary TIMP-1 value of
129.7 + 53.4ng/mL was seen in the healthy control group
and a mean salivary TIMP-1 value of 89.7 + 43.0 ng/mL was
seen in the periodontally diseased group. The salivary TIMP-1
level was seen to be significantly higher and showed statistical
significance (P < 0.05) between the two groups (Table 1). This
was in corroboration with an earlier study done by Hayakawa
et al. in 1994 [25], where the salivary TIMP-1 levels were
seen to be 273 + 145 ng/mL in clinically healthy subjects in
contrast to periodontally diseased subjects with TIMP-1levels
of 137+ 67 ng/mL that were significantly lower. Other similar
studies too have substantiated these findings [26, 27]. TIMPs
are seen in various cells and tissues. MMP-8, also called
neutrophil collagenase-2, is one of the important collagenases
that have a major part in the destruction of connective
tissue and alveolar bone in periodontitis. The activity of
MMP is regulated by TIMP-1 by forming 1:1 noncovalent
complexes with MMPs, blocking access of substrates to the
MMP catalytic site. In healthy individuals, the TIMP-1 levels
were found to be higher reflecting the capability of these
individuals to counter the activity of MMPs as evidenced
by healthy periodontium with normal clinical parameters. In
patients who are prone to periodontal diseases, it was inferred
that a greater amount of MMP activity was reflected through
a decreased or less potent TIMP activity, as also evidenced
by the destruction of periodontal tissues and altered clinical
parameters. This has been further established in our results
which have shown significantly higher TIMP-1 levels in the
periodontally healthy group as opposed to that seen in the
periodontally diseased group.

The salivary TIMP-1 levels of periodontally diseased
subjects were evaluated 4 weeks after nonsurgical periodontal
therapy. A mean TIMP-1 value of 89.7 + 43.0 ng/mL before
treatment and a mean TIMP-1 value of 80.7 + 44.4ng/mL
after nonsurgical periodontal therapy in the periodontally
diseased group were observed. There was no statistical sig-
nificance between the two variables (P > 0.05) (Table1). In
this study, there was a decrease in the TIMP-1 level after 4
weeks of treatment. Previous studies [28] have shown that
there is actually an increase in the TIMP-1 levels at 3 and
6 months after phase I therapy, which are contrary to our
present finding. No studies have been conducted till date
to assess the TIMP-1 levels after 4 weeks of treatment. The
resultant decrease in TIMP-1 levels may be attributed to a
fall in the MMPs immediately after nonsurgical periodontal
therapy. This may have contributed to a decrease in the need
for tissues to respond and could have led to a sudden decrease
in the level of TIMP-1. The initial decrease in the TIMP-1

International Journal of Chronic Diseases

level will be reversed back to the genetically determined
levels of TIMP-1, given an adequate time frame of 3 to 6
months. In the present study, TIMP-1 levels were analyzed
after nonsurgical periodontal therapy in 4 weeks because it
is the minimum time period required to assess the need for
surgical therapy based on the tissue response to the phase I
therapy. We wanted to evaluate whether there is a correlation
between the tissue response and the TIMP-1 levels at 4 weeks
after nonsurgical therapy and if TIMP-1 can be used as a
suitable biomarker at this time to establish the need for
surgical intervention. The TIMP-1 level was seen to decrease
at 4 weeks in the study and showed a negative correlation
between the clinical parameters. Hence it cannot be used as
a marker at this stage. As it has been established through
previous studies [28] that salivary TIMP-1 level increases 3
to 6 months after nonsurgical periodontal therapy and was
positively correlated to the clinical parameters, it could be
used as a marker to assess the periodontal status at that stage
instead.

Further, the clinical parameters of periodontal disease
were also analyzed. The parameters chosen in this study to
reflect periodontal health were gingival index (GI), clinical
attachment level (CAL), and oral hygiene index (OHI). They
were assessed before and after 4 weeks of nonsurgical peri-
odontal therapy. The gingival index score, clinical attachment
level, and oral hygiene index scores showed statistically
significant results following nonsurgical periodontal therapy.
The mean gingival index (GI) score, CAL and OHI score
were seen to be 1.51 + 0.19, 5.08 + 0.47 mm, and 3.00 +
0.51, respectively, before nonsurgical periodontal therapy and
mean values for gingival index (GI) score, CAL, and OHI
score after nonsurgical periodontal therapy were found to be
0.75 £ 0.21, 4.24 + 0.40 mm, and 0.39 + 0.23, respectively.
There was statistically significant correlation between the two
groups in all the clinical parameters analyzed (P < 0.05)
(Table 2). This further establishes the fact that nonsurgical
periodontal therapy improves the clinical parameters like
gingival index, clinical attachment level, and oral hygiene
index.

We further correlated pretreatment TIMP-1 levels with
the pretreatment clinical parameters and posttreatment
TIMP-1 levels with posttreatment TIMP-1 levels. In the
present study, the gingival index scores, clinical attachment
level, and oral hygiene index scores had improved at 4 weeks
after nonsurgical periodontal therapy. This highlights the
benefits of nonsurgical periodontal therapy on the inflam-
matory process leading to a reduction in the MMP levels.
Normally, the activation of MMPs is determined by the
TIMP-1 levels, which, in this study, has been altered by the
phase I therapy. Thus the effect of nonsurgical periodontal
therapy at 4 weeks seems to have a greater influence on
the MMP levels rather than TIMP-1/MMP interaction. This
decreased interaction at 4 weeks corresponds to the reduction
in the TIMP-1 level during the same period (Table 3).

A negative correlation between oral hygiene index and
gingival index with TIMP-1 levels was established after 4
weeks of nonsurgical periodontal therapy. This suggests that
an increase in the salivary TIMP-1 level might have led to
the decrease in the gingival index score. An improvement in
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the oral hygiene index scores and hence a decrease in the
pathogenic load will bring down the MMP levels. This can
lead to a dip in the TIMP-1 values initially but will increase to
the genetically predetermined levels (Table 4).

It can be thus inferred that TIMP-1 levels are found to be
higher in periodontally healthy individuals than those who
are prone to periodontitis. TIMP-1 level immediately after
nonsurgical periodontal therapy were found to decrease as
compared to their level prior to treatment at 4 weeks, even
though studies have shown that their levels increase at 3,
4, and 6 months. The clinical parameters show a significant
improvement after nonsurgical periodontal therapy. Gingival
index score and oral hygiene index score show a negative
correlation with TIMP-1 levels. It can be assumed therefore
that TIMP-1 can be used as a marker to detect if the patient
is prone to periodontal breakdown or if an inactive disease
can become active in the near future. We can also infer that
TIMP-1is not a definitive marker and it cannot be correlated
with clinical parameters at 4 weeks after periodontal therapy.
But it can definitely be suggested as a reliable marker to assess
the need for surgical phase and correlate with the clinical
parameters after 3 months of nonsurgical therapy.

The limitation of the present study is that the period
of study was for a short term, which may not provide the
adequate duration required for various important clinical
variations to reflect a conclusive difference. A longer period of
assessment is therefore suggested to highlight the importance
of the influence of these variations. A larger sample size if
used for the study would have been optimal and more reflec-
tive of the parameters studied and could be applied more
relevantly as the study pertained to the utility of a specific
biomarker in periodontal disease assessment. The period of
evaluation of TIMP-1 levels after nonsurgical periodontal
therapy observed in this study was 4 weeks. A longer time
period along with additional evaluation of salivary TIMP-
1 levels in study subjects requiring surgical therapy may
give better direction to changes in the TIMP-1 levels and
provide significant correlation with clinical parameters. Thus
the incorporation of a longer period of assessment after
treatment and a study group involving surgical therapy is rec-
ommended. ELISA was the method used to evaluate salivary
TIMP-1 levels in this study, with the intention to provide an
economical alternative for periodontal disease assessment.
However, the differentiation of periodontitis subjects from
controls by the immunofluorometric assay (IFMA) technique
has proved to be stronger than the widely used enzyme-linked
immune sorbent assay (ELISA) method, based on salivary
MMP-8 detection [27]. One explanation can be the difference
in specificities between the IFMA and ELISA antibodies
[29]. The antibody used in IFMA identifies neutrophilic and
fibroblast-type MMP-8 isotypes and in particular their active
forms [29]. Unlike IFMA, the ELISA method detects all forms
of MMP-8, as the antibodies have been produced against full-
size MMP-8 [30]. The ability of [IFMA to detect both PMN-
type and fibroblast-type MMP-8 and especially in their active
forms, explains its strength in differentiating periodontitis
and healthy subjects [27].

Mean MMP-8 value of 77.6 + 25.3 was seen in the
healthy control group and 94.3 + 32.5 in the periodontally

diseased group. There is statistically significant difference
between the two groups (P < 0.05). Mean MMP-8 value of
94.3+32.5 before treatment and 79.45+30.1 after nonsurgical
periodontal therapy in the periodontally diseased group is
also seen. There was significant difference between the two
groups (P < 0.05). This shows that the levels of MMP-8
released during periodontal infection can definitely be
managed after periodontal treatment, thus reducing the
amount of destruction that can occur, but the presence of an
adequate amount of TIMP-1 levels in an individual can limit
periodontal tissue destruction by limiting the MMP’s that
are produced by the host.

5. Conclusion

Based on the methodology used and on the results seen in the
present study, it can be concluded that

(1) the TIMP-1levels are found to be higher in periodon-
tally healthy individuals than periodontally diseased
subjects. There is a statistical significant correlation
between the two groups;

(2) TIMP-1level evaluated 4 weeks after nonsurgical peri-
odontal therapy was found to decrease as compared to
their level prior to treatment. There was no statistical
significance in the two groups;

(3) the clinical parameters show a significant improve-
ment after nonsurgical periodontal therapy. There
was statistical significance in all the clinical param-
eters, 4 weeks after nonsurgical periodontal therapy;

(4) the mean gingival index score and oral hygiene index
score showed a negative correlation with TIMP-1
levels. It can be assumed therefore that TIMP-1 can
be used as a marker to detect if the patient is prone
to periodontal breakdown or if an inactive disease
can become active in the near future. We can also
infer that TIMP-1is not an ideal marker and it cannot
be correlated with clinical parameters at 4 weeks
after periodontal therapy; rather it can definitely be
suggested as a reliable marker to assess the need
for surgical phase and correlate with the clinical
parameters after 3 months of nonsurgical therapy;

(5) mean MMP-8 value of 77.6 + 25.3 was seen in the
healthy control group and 94.3+32.5 in the periodon-
tally diseased group. There is statistically significant
difference between the two groups (P < 0.05). Mean
MMP-8 value of 94.3 + 32.5 before treatment and
79.45 + 30.1 after nonsurgical periodontal therapy in
the periodontally diseased group is also seen.

The results are interpreted in terms of scientific literature
pertinent to each comparison, keeping in mind the limited
study sample and the potential for measurement error in the
subjective assessment of the TIMP-1 levels.

It can be summarized that salivary TIMP-1 can definitely
be used as a biomarker in detecting and differentiating
between periodontally healthy controls and periodontally
involved subjects. Salivary TIMP-1 is not an ideal marker for



assessment at 4 weeks after nonsurgical periodontal therapy
and it does not correlate with the clinical parameters at 4
weeks after periodontal therapy. It can definitely be suggested
as a reliable marker to assess the need for surgical phase
and correlate with the clinical parameters after 3 months of
nonsurgical therapy.

Within the discipline of Point-of-Care (POC) diagnostics,
the use of saliva as the source of biomarkers is partic-
ularly appealing owing to its noninvasive collection and
well tolerance by patients. Rigorous studies that result in
improvements in our diagnostic capacity regarding these
areas would greatly facilitate the clinician’s treatment of
periodontal diseases and the assessment of periodontal status
in medical and research settings.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] S.K. Al-Tarawneh, M. B. Border, C. F. Dibble, and S. Bencharit,
“Defining salivary biomarkers using mass spectrometry-based
proteomics: a systematic review;” OMICS, vol. 15, no. 6, pp. 353—
361, 2011.

[2] L. Zhang, B. S. Henson, P. M. Camargo, and D. T. Wong, “The
clinical value of salivary biomarkers for periodontal disease,”
Periodontology 2000, vol. 51, no. 1, pp. 25-37, 2009.

[3] H. Birkedal-Hansen, “Role of matrix metalloproteinases in
human periodontal diseases,” Journal of Periodontology, vol. 64,
no. 5, supplement, pp. 474-484, 1993.

[4] T. Ingman, T. Tervahartiala, Y. Ding et al., “Matrix metallo-
proteinases and their inhibitors in gingival crevicular fluid and
saliva of periodontitis patients,” Journal of Clinical Periodontol-
ogy, vol. 23, no. 12, pp. 1127-1132, 1996.

[5] M. Navazesh, “Methods for collecting saliva,” Annals of the New
York Academy of Sciences, vol. 694, pp. 72-77,1993.

[6] H.Loe, “The gingival index, the plaque index and the retention
index systems,” Journal of Periodontology, vol. 38, no. 6, pp. 610-
616, 1967.

[7] J. C. Greene and J. R. Vermillion, “The simplified oral hygiene
index;” The Journal of the American Dental Association, vol. 68,
pp. 7-13, 1964.

[8] S. A.H.Bokhari, A. A. Khan, D. N. Tatakis, M. Azhar, M. Hanif,
and M. Izhar, “Non-surgical periodontal therapy lowers serum
inflammatory markers: a pilot Study,” Journal of Periodontology,
vol. 80, no. 10, pp. 15741580, 2009.

[9] P. M. Duarte, M. da Rocha, E. Sampaio et al., “Serum levels of

cytokines in subjects With generalized chronic and aggressive

periodontitis before and after non-surgical periodontal therapy:

a pilot study;” Journal of Periodontology, vol. 81, no. 7, pp. 1056-

1063, 2010.

R. Joseph, V. Narayan, R. Krishnan, and S. Melemadathil,

“Non-surgical periodontal therapy improves serum levels of C-

reactive protein and edematous states in female patients with

idiopathic edema,” Journal of Periodontology, vol. 82, no. 2, pp.

201-209, 2011.

W. V. Giannobile, T. Beikler, J. S. Kinney, C. A. Ramseier,

T. Morelli, and D. T. Wong, “Saliva as a diagnostic tool for

(10]

(12]

(18]

(19]

(20]

[21
(22]

(23

[24

(25]

[26]

(27]

International Journal of Chronic Diseases

periodontal disease: current state and future directions,” Peri-
odontology 2000, vol. 50, no. 1, pp. 52-64, 2009.

N. Borkakoti, “Matrix metalloproteases: variations on a theme,”
Progress in Biophysics and Molecular Biology, vol. 70, no. 1, pp.
73-94,1998.

I. Massova, L. P. Kotra, R. Fridman, and S. Mobashery, “Matrix
metalloproteinases: structures, evolution, and diversification,”
The FASEB Journal, vol. 12, no. 12, pp. 1075-1095, 1998.

W. Bode, C. Fernandez-Catalan, H. Tschesche, F. Grams, H.
Nagase, and K. Maskos, “Structural properties of matrix metal-
loproteinases,” Cellular and Molecular Life Sciences, vol. 55, no.
4, pp. 639-652, 1999.

D. E. Gomez, D. E Alonso, H. Yoshiji, and U. P. Thorgeirsson,
“Tissue inhibitors of metalloproteinases: structure, regulation
and biological functions,” European Journal of Cell Biology, vol.
74, no. 2, pp. 111-122, 1997.

W. Bode, C. Fernandez-Catalan, H. Nagase, and K. Maskos,
“Endoproteinase-protein inhibitor interactions,” APMIS, vol.
107, no. 1, pp. 3-10, 1999.

T. Sorsa, L. Tjaderhane, Y. T. Konttinen et al., “Matrix met-
alloproteinases: contribution to pathogenesis, diagnosis and
treatment of periodontal inflammation,” Annals of Medicine,
vol. 38, no. 5, pp. 306-321, 2006.

R. M. Schultz, S. Silberman, B. Persky, A. S. Bajkowski, and
D. E Carmichael, “Inhibition by human recombinant tissue
inhibitor of metalloproteinases of human amnion invasion and
lung colonization by murine B16-F10 melanoma cells,” Cancer
Research, vol. 48, no. 19, pp. 5539-5545, 1988.

R. A. Williamson, E. A. O. Marston, S. Angal et al., “Disulphide
bond assignment in human tissue inhibitor of metallopro-
teinases (TIMP),” The Biochemical Journal, vol. 268, no. 2, pp.
267-274,1990.

G. Murphy, A. Houbrechts, M. I. Cockett, R. A. Williamson,
M. O’Shea, and A. J. P. Docherty, “The N-terminal domain of
tissue inhibitor of metalloproteinases retains metalloproteinase
inhibitory activity;” Biochemistry, vol. 30, no. 33, pp. 8097-8102,
1991.

G. Murphy et al., Biochemical Journal, vol. 26, p. 1031, 1989.

G. C. Armitage, “The complete periodontal examination,”
Periodontology 2000, vol. 34, pp. 22-33, 2004.

H. Kolkenbrock, D. Orgel, A. Hecker-Kia, J. Zimmermann, and
N. Ulbrich, “Generation and activity of the ternary gelatinase
B/TIMP-1/LMW-stromelysin-1 complex,” Biological Chemistry
Hoppe-Seyler, vol. 376, no. 8, pp. 495-500, 1995.

P. Borden and R. A. Heller, “Transcriptional control of matrix
metalloproteinases and the tissue inhibitors of matrix metal-
loproteinases,” Critical Reviews in Eukaryotic Gene Expression,
vol. 7, no. 1-2, pp. 159-178, 1997.

H. Hayakawa, K. Yamashita, K. Ohwaki et al., “Collagenase
activity and tissue inhibitor of metalloproteinases-1 (TIMP-
1) content in human whole saliva from clinically healthy and
periodontally diseased subjects,” The Journal of Periodontal
Research, vol. 29, no. 5, pp. 305-308, 1994.

Y. Okada, S. Watanabe, I. Nakanishi et al., “Inactivation of tissue
inhibitor of metalloproteinases by neutrophil elastase and other
serine proteinases,” FEBS Letters, vol. 229, no. 1, pp. 157-160,
1988.

U. K. Gursoy, E. Kononen, P. Pradhan-Palikhe et al., “Salivary
MMP-8, TIMP-1, and ICTP as markers of advanced periodonti-
tis;” Journal of Clinical Periodontology, vol. 37, no. 6, pp. 487-493,
2010.



International Journal of Chronic Diseases

(28]

(30]

G. Titer, B. Kurtis, M. Serdar et al., “Effects of phase I peri-
odontal treatment on gingival crevicular fluid levels of matrix
metalloproteinase-3 and tissue inhibitor of metalloproteinase-
1, Journal of Clinical Periodontology, vol. 32, no. 9, pp. 1011-1015,
2005.

T. Sorsa, M. Hernandez, J. Leppilahti, S. Munjal, L. Netuschil,
and P. Miéntyld, “Detection of gingival crevicular fluid MMP-
8 levels with different laboratory and chair-side methods,” Oral
Diseases, vol. 16, no. 1, pp. 39-45, 2010.

V. Knéuper, S. Krimer, H. Reinke, and H. Tschesche, “Partial
amino acid sequence of human PMN leukocyte procollage-
nase,” Biological Chemistry Hoppe-Seyler, vol. 371, supplement,
Pp. 295-304, 1990.



