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ABSTRACT
Background: This split-mouth clinical study aimed to investigate 
levels of alpha-2-macroglobulin (α2M) in gingival crevicular fluid 
(GCF) of chronic periodontitis patients pre- and post-scaling and 
root planing (SRP) with or without adjunctive use of tetracycline 
fibers.

Materials and methods: In 30 patients of chronic periodontitis, 
samples of GCF were collected from the gingival sulcus before 
SRP. Recording of clinical parameters was conducted. This was 
followed by local drug delivery (LDD) of tetracycline fibers in test 
sites. In control sites, no LDD was done. Second samples of 
GCF were taken 90 days after treatment. Samples of crevicular 
fluid were analyzed to determine the levels of a2m.

Results: A gain of clinical attachment (CAL) of 3.30 mm for 
SRP and LDD and for SRP alone was 1.62 mm (p < 0.001). The 
pocket probing depth was significantly decreased by 2.43 mm 
for SRP and LDD and for SRP alone was 1.61 mm (p < 0.001) 
after 90 days. Alpha-2-macroglobulin was significantly reduced 
in GCF by SRP and SRP and LDD after 90 days (p < 0.001).

Conclusion: Clinical and biochemical variables showed a 
more favorable outcome when SRP was combined with LDD 
of tetracycline fibers in management of patients suffering from 
chronic periodontitis.
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INTRODUCTION

Periodontal diseases pose as significant public health 
issues, as they are among the most prevalent human 
diseases.1 The persistence of assembly of bacteria 
along with proinflammatory destructive events in the 
periodontal tissues are associated with disease and if left 
unchecked in tooth mortality. Much of the destruction 
associated with periodontal disease can be attributed to 
an ebullient inflammatory response.

The challenge of bacterial bio burden results in the 
innate defensive system activation by means of gingival 
crevicular fluid (GCF), saliva and oral epithelium. Gingival 
crevicular fluid contains a wide array of biologically 
active molecules, many of which correlate positively 
with the severity of periodontal diseases. For this reason, 
it offers a promise in providing information about 
early disease progression and insight into the host 
response.2

A major component of GCF, are the antimicrobial 
proteins (AMPs). Antimicrobial proteins have an ability 
to inactivate bacteria, fungi, protozoa and few enveloped 
viruses, they, thus, protect the oral tissues from infection.3

In healthy periodontal tissues, a balance exists bet-
ween proteinases and their inhibitors. Proteases, such 
as collagenases, elastases, and cathepsins have been 
implicated in tissue destruction.4,5

Alpha-1-antitrypsin and alpha-2-macroglobulin (α2M) 
are among the major serum proteinase inhibitors, which 
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can be isolated from the GCF also. The specific inhibitor 
of leukocyte elastase, chymotrypsin, trypsin, is alpha-1-
antitrypsin, contrastingly a2M acts as a broad-spectrum 
inhibitor to a myriad of host and bacterial proteases.6

Increased levels of antimicrobial plasma protein, α2M 
are elicited in GCF due to increased vascular permeability 
during inflammation. It is synthesized by gingival 
fibroblasts and macrophages present in the tissues and 
the gingival crevice.7

Alpha-2-macroglobulin is a major regulator of colla-
genolysis due to its ability to rapidly bind to MMP-1, 
thereby regulating MMP activity in body fluids.8 Alpha-
2-macroglobulin acts as an inhibitor of fibrinolysis by 
downregulating plasmin and kallikrein. It also mediates 
inhibition and removal of proteolytically harmful endo-
proteases.9

Schenkein and Genco are credited with isolation 
of α2M from the gingival crevice of diseased sites and 
delineated their concentration to be about 70% of those 
found in serum.10

Alpha-2-macroglobulin exists in two different forms 
in vivo, i.e. total and transformed form.11 Host derived 
or bacteria impelled, increase in protease, may show 
a reaction with α2M, thus, increasing the transformed 
α2M (fraction of α2M proteinase complex). Resolution 
of inflammation has been found to be associated with 
decreasing absolute values of α2M in GCF samples,12,13 
thereby underlying its potential to be used for estimation 
of presence of inflammation.

The major source of α2M in GCF is the serum, its 
local synthesis by gingival cells occurs during inflam-
mation.14,15 Presence of large quantities of α2M in GCF is 
an indicator of vascular leakage in the gingival crevice.16

Standard treatment protocols for addressing perio-
dontal disease include mechanical removal of plaque and 
calculus, thereby physically disrupting the subgingival 
biofilm, and thus bringing down the burden of inflam-
mation. Adjunctive therapies to mechanical debridement, 
such as local drug delivery (LDD) have shown promising 
results in management of chronic periodontitis.

The present split mouth study aims to analyze: 
(1) The effect of scaling and root planing and LDD of 
tetracycline fibers on the quantitative values of a2M 
(subgingival biofilm 2m) in GCF of chronic periodontitis 
patients, (2) effect of these different therapeutic modalities 
on clinical parameters and (3) to investigate the plausible 
relation between clinical and biochemical variables.

Materials and Methods

A total of 30 patients, (15 males and 15 females) with 
a mean age of 44.8 years, diagnosed with chronic 

periodontitis were enrolled in the study with no dropout. 
An informed written consent was obtained from all 
participants.

Inclusion Criteria

•	 Subjects of both genders, in the age group of 30 to 
65 years.

•	 Subjects having at least 20 scorable natural teeth in 
their mouth.

•	 Chronic periodontitis17 patient ≥ 6 natural teeth, 
with pocket probing depth (PPD)of ≥ 5 mm, clinical 
attachment loss (CAL) ≥ 3 and 4 mm, and radiographic 
evidence of bone loss extending to at least one-third 
of the root length.

•	 Subjects who had never smoked.

Exclusion Criteria

•	 Subjects having undergone any form of periodontal 
therapy in the previous 12 months.

•	 Antibiotic and/or anti-inflammatory drug intake in 
past 3 months.

•	 Pregnant women and lactating mothers.
•	 Systemically compromised subjects.
•	 Patient with chronic liver diseases, nephrotic syndrome, 

diabetes, pancreatitis and rheumatoid arthritiss.

Intraexaminer Calibration

Intraexaminer calibration was achieved by the examina-
tion of 10 patients at a gap of one day, prior to beginning 
of the study. Calibration was regarded to be acceptable 
if both measurements were analogous to each other, up 
to 1 mm at the 95% level.

Clinical Parameters

The clinical parameters recorded at baseline and 30 
and 90 days after treatment included various indices, 
such as plaque index,18 gingival index,19 sulcus bleeding 
index,20 probing pocket depth and relative attachment 
level (RAL).

An acrylic occlusal stent was customized for each 
patient to fit it over the selected sites. Clinical measure-
ments were done by using a straight periodontal probe 
(University of North Carolina, UNC-15) and using the 
groove as a guiding path. All measurement were rounded 
to the nearest millimeter (mm). All the stents were pre-
served on the study casts to minimize distortion.

Pocket depths were measured from the gingival 
margin to the depth of the pocket. The relative attachment 
level (RAL) was measured as the distance from apical end 
of stent to the base of the periodontal pocket.
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For each participating subject, two nonadjacent sites 
were included if probing depth ≥ 5 mm were recorded and 
exhibited bleeding on probing in symmetric quadrants 
even after 14 days of completion of full mouth scaling and 
root planing. Randomization was carried out by flip of a 
coin and sites were divided into two groups as follows:
•	 Test group: Tetracycline fibers (Periodontal Plus 

AB®) were inserted into the periodontal pocket till 
resistance was experienced Coe Pak® was used to 
seal the pocket orifice for 10 days.

•	 Control group: The pocket orifice was sealed with Coe 
pak® for 10 days. Coe Pak® was removed subsequently 
and oral hygiene reinforcement of all participants was 
done.
Clinical parameters were re-recorded at both control 

and test sites after 30 days (1 month) and 90 days 
(3 months), after local drug delivery.

Gingival Crevicular Fluid Sampling

Gingival crevicular fluid collection was done at baseline, 
but one day prior to recording of clinical parameters to 
prevent contamination with gingival crevicular blood.

Test and control sites were dried and cotton rolls were 
used for isolation, prior to GCF sampling. A volume of 
1 µl of GCF was collected from each of the 60 sites (both 
test and control) by means of color-coded microcapillary 
pipettes (with a calibrated volume of 1-5 µl) with an 
extracrevicular (unstimulated) method. Levels of a2M 
in GCF samples were assayed by a specific ELISA kit 
(SIGMA, USA).

Gingival crevicular fluid sampling and assay at both 
test and control sites were repeated at 90 days after local 
drug delivery. Gingival crevicular fluid samples were 
again collected prior to clinical parameter recording.

Statistical Analysis

Changes in various clinical parameters at baseline to 
90 days after local drug delivery therapy were analyzed 

by paired t-test (intragroup). Intergroup (test and control), 
comparisons of post-treatment changes were assessed 
by unpaired t-test. Friedman-Wilcoxon test was used 
for within group changes p < 0.05 was considered as 
significant difference.

RESULTS

In 30 patients, after full mouth scaling and root planing, 
60 sites were randomly selected, out of which 30 sites 
were test (experimental) which received tetracycline 
drug locally, and 30 sites were control sites which were 
not subjected to local drug delivery. 

All the sites healed uneventfully with no complications 
or allergic reactions in relation to the local drug delivery. 
In our study, there was statistically significant reduction 
in all recorded clinical indices; and statistically significant 
gain was seen in relative attachment in both the control 
and experimental groups from the baseline (Tables 1 to 5).

Alpha-2-macroglobulin levels showed significant 
changes during the course of treatment. The levels of a2M 
showed significant decrease after treatment in control 
sites (SRP) and experimental sites (tetracycline local 
drug delivery), (p < 0.001). The comparison between the 
control site and experimental site, however, revealed no 
significant difference in the a2M level (Table 6).

Discussion

The study objective of the present randomized split-
mouth clinical trial was to analyze the effect of con-
ventional scaling and root planing (SRP) with local drug 
delivery of tetracycline fibers on clinical parameters to 
assess their impact on periodontal health and also on 
activity of a2M levels in the GCF.

Both treatment modalities showed improvement of 
clinical parameters from baseline which was in accord-
ance with the other studies.21

Table 1: Plaque index

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean PI ± SD t-value p-value Mean PI ± SD t-value p-value
0 day 2.680 ± 0.3529 2.729 ± 0.3892
30 days 1.546 ± 0.3954 14.681 0.0001 1.460 ± 0.3067 15.019 0.000
90 days 1.291 ± 0.3193 18.5 77 0.000 1.012 ± 0.3134 18.053 0.000

PI: Plaque index

Table 2: Gingival index

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean GI ± SD t-value p-value Mean GI ± SD t-value p-value
0 day 2.426 ± 0.3340 2.501 ± 0.3266
30 days 1.835 ± 0.2746 10.849 0.0001 1.564 ± 0.3368 12.645 0.000
90 days 1.447 ± 0.2072 17.6 40 0.000 0.7843 ± 0.4298 18.754 0.000

GI: Gingival index
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Scaling and root planing alone cannot completely 
eradicate disease22 because of deficient accessibility to 
deep pockets, complex anatomical attributes,23 bacteria 
invading into deep pockets,24 compilation of bacterial 
assemblies in dentinal tubules post scaling23 and frequent 
mechanical trauma inflicted onto the root which may 
result in diminished cementum thickness.25

Systemic and local antimicrobial agents are used along 
with scaling and root planing as an adjunct. Systemic use 
of antibiotics are associated with side effects, whereas 
mouth rinses and subgingival irrigation have an inherent 
limitation as drugs fail to reach the site of action in 
required concentrations.4 Technological advances in local 
delivery had lead to controlled release of drugs, thereby 
allowing effective drug concentrations at low dosage to 
be achieved in periodontal pockets.

Gingival crevicular fluid concentration of tetracycline 
in the average range of 1500 μg/ml is observed with 
Periodontal Plus AB® treatment, with the release con-
centration being almost linear for 10 days, as reported by 
trials undertaken to test their efficacy.22,26 Reported gain 
in relative attachment levels with tetracycline was more 
pronounced and has been attributed to longer period of 
delivery. Tetracyline fibers have also found to have a con-
tributory anti-inflammatory effect due to substantivity, 

leading to attenuation of bone resorption. These fibers 
are credited with modulation and promotion of fibroblast 
attachment to root surfaces27 and collagenase inhibition.28 
Remineralization of alveolar bone may be ascribed to 
infection control by tetracycline.29-33

Condacci et al12 first reported the proteinase inhibitor 
role of a2M in a periodontitis study, with significant 
reduction in the levels of a2M after periodontal treatment. 
So far, there are no reported studies which have been 
conducted on a2M with locally delivered tetracycline 
for treatment of periodontitis. In the current study, 
levels of a2M were significantly reduced after treatment 
of patients with scaling and root planing (SRP) alone 
and also in experimental sites with adjuvant use of local 
tetracycline. The results of present study are supported 
by other reported studies.2,12,30

The current study observation suggests that a2M 
is a relevant marker for follow-up of the treatment of 
periodontitis. A study by Junker et al31 revealed that 
a2M levels in GCF and plasma showed no association, 
therefore, suggesting that this proteinase inhibitor is 
produced locally by fibroblast in the gingiva, which 
may be provoked by inflammatory cytokines, resulting 
in an increase in a2M receptor expression in the local 
tissue. 

Table 3: Sulcular bleeding index

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean SBI ± SD t-value p-value Mean SBI ± SD t-value p-value
0 day 2.908 ± 0.4801 2.833 ± 0.3457
30 days 1.850 ± 0.4671 14.578 0.0001 1.233 ± 0.3212 22.75 0.000
90 days 1.50 ± 0.4101 19.87 0.000 0.68 ± 0.256 29.10 0.000

SBI: Sulcular bleeding index

Table 4: Probing pocket depth

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean PPD ± SD t-value p-value Mean PPD ± SD t-value p-value
0 day 5.48 ± 0.634 5.59 ± 0.551
30 days 4.53 ± 0.588 14.618 0.0001 3.70 ± 0.459 13.217 0.000
90 days 3.87 ± 0.521 18.227 0.000 3.16 ± 0.534 14.632 0.000

PPD: Probing pocket depth

Table 5: Relative attachment level

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean RAL ± SD t-value p-value Mean RAL ± SD t-value p-value
0 day 8.40 ± 0.556 8.27 ± 0.542
30 days 7.33 ± 0.641 NA NA 6.94 ± 1.226  8.974 0.000
90 days 6.78 ± 0.595 18.681 0.000 5.97 ± 1.643   10.867 0.000

RAL: Relative attachment level

Table 6: Levels of alpha-2 globulin

Interval
Control (SRP) Experimental (SRP and tetracycline)

Mean ± SD Median Mean GI ± SD Median U test
0 day 59.43 ± 63.49 45.35 78.43 ± 45.72 60.32 NS
90 days 19.68 ± 21.65 16.21 27.53 ± 30.46 20.27 NS

NS: Not significant
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Conclusion

The present study revealed the following:
•	 Local drug delivery of tetracycline fibers along with 

scaling and root planing is an efficacious treatment 
modality in managing patients of moderate chronic 
periodontitis.

•	 Quantitative levels of a2M in GCF is a suitable marker 
for follow-up of the treatment of periodontitis, however, 
further clinical trials with longitudinal observations 
are warranted to further evaluate its diagnostic and 
prognostic role.
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