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Abstract

Background: The present clinical trial was designed to investigate the effectiveness of
subgingivally delivered satranidazole (SZ) gel as an adjunct to scaling and root planing
(SRP) in the treatment of chronic periodontitis.

Methods: Sixty-four subjects with probing depth (PD) = 5 mm and who were diagnosed
with type 2 diabetes were selected. Thirty-two subjects each were randomly assigned
to SRP + placebo (Group 1) and SRP + SZ (Group 2). The clinical outcomes evaluated
were plaque index (P1), gingival index (Gl), clinical attachment level (CAL) and PD at
baseline, 1 month, 3-months and 6 months.

Results: At 6 months, Group 2 had greater mean reduction (4.73 mm) in PD as compared
to Group 1 (2.09 mm; p < 0.05) and also a greater mean CAL gain (3.92 mm versus
1.64 mm; p < 0.05).

Conclusion: The use of 3% SZ gel, when used as an adjunct to non-surgical periodontal
therapy in subjects with periodontitis, achieves significantly better clinical results than
initial periodontal treatment alone.
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Introduction

Periodontal diseases are chronic infectious diseases charac-
tetized by a bacterial challenge that can provoke a destructive
host response leading to petiodontal attachment loss and
ultimately possible tooth loss (Kornman and Loe, 1993).
Diabetes mellitus (DM) is a chronic disease charac-
terized by dysregulation of carbohydrate, protein, and
lipid metabolism. An elevation of blood glucose level
(hyperglycemia) is the primary feature of DM and results
from a defect in insulin secretion by pancreatic beta cells,
a decrease in insulin sensitivity, or a combination of both.
The most common form of DM is type 2 DM, which ac-
counts for 85% of all diabetes patients (Mealy ¢z a/, 2003).
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Periodontitis is more prevalent and severe among pa-
tients with DM2 than among healthy controls (Campus
¢t al., 2005; Jansson et al., 2006; Taylor and Borgnakke,
2008). Thus, DM2 may initiate or detetiorate periodontitis.
However, the reverse could also be true: periodontitis may
initiate or deteriorate DM2. The strongest suppott for this
comes from studies showing that treatment of periodontitis
improves glycemic control in DM2 patients (Grossi, 2001;
Taylor, 2003; Kiran ef al., 2005)

Steinberg ez al. (1990) reported that the repeated, long-
term use of systemic antibiotics was fraught with potential
dangers, including resistant strains and supetimposed infec-
tions and problems such as lack of patient compliance. Con-
versely, Jorgensen and Slots (2000), showed that local drug
delivery can provide 100-fold higher therapeutic doses of
the agent in subgingival areas than systemic therapy. There-
fore, the local administration of antimicrobials provides a
useful solution to the complications of systemic antibiotics.



Several antimicrobial agents [e.g., tetracycline,
metronidazole (MTZ; Kinane and Radvar, 1999),
clarithromycin (Agarwal et al., 2012), azithromycin
(Pradeep et al., 2008)] have been tested for local drug
delivery use in periodontal therapy. Metronidazole and
related nitroimidazole derivatives, including ornidazole
(Pradeep et al., 2012) and tinidazole (Pritchard and Hig-
gins, 1987), have a spectrum against strictly anaerobic
microorganisms and have been used successfully in the
treatment of periodontal diseases. Satranidazole (SZ) is
another antibiotic that belongs to the 5-nitroimidazole
group. Satranidazole, [1-methylsulphonyl-3-(1-methyl-
5-nitro-2-imidazolyl)-2-imidazolidinone| is a novel
nitroimidazole which differs from other 5-nitroimi-
dazoles such as MTZ, ornidazole, and tinidazole, in
that the 2C of the imidazole ring is connected via a
nitrogen to a substituted imidazolidinone moiety (Nair
and Nagarajan, 1983). Pharmacokinetic studies of SZ
in humans have demonstrated a longer half-life (SZ
14 hours; MTZ 8 hours) and higher blood levels than
MTZ. This necessitates less frequent dosing of SZ as
compared to MTZ. These factors combined with its
greater potency are believed to contribute to its thera-
peutic efficacy (Nair and Nagarajan, 1983).

In a similar study, Bansal ez a/. (2009), concluded
there were improved clinical outcomes with local drug
delivery of SZ in chronic periodontitis. We hypothe-
sized similar benefits with local drug delivery of SZ
in the treatment of DM2 patients with chronic pe-
riodontitis. To the best of our knowledge, there is no
published literature on evaluation of clinical efficacy
of in sitn gel using SZ in DM2 patients with chronic
periodontitis. Keeping the above facts in mind, the aim
of this double-blinded, placebo-controlled randomi-
zed clinical trial was to evaluate the clinical efficacy
of subgingivally delivered SZ in DM2 patients with
chronic periodontitis.

Materials and methods
Source of data

The subjects for this study were selected from the
outpatient section of the Department of Periodontics,
Government Dental College and Research Institute,
Bangalore, from March 2012 to September 2012.
Sixty-four patients, aged 30 to 50 years (36 males and
28 females) and who were diagnosed with DM2 and
chronic periodontitis were enrolled in this study. It was
made clear to the potential subjects that participation
was voluntary. Written informed consent was obtained
from subjects, and ethical clearance for the study was
received from the Institutional Ethical Committee
and Review Board, Government Dental College and
Research Institute.
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Selection criteria

Well-controlled DM2 patients (Hb A _< 8%) were
selected and classified based on criteria given by the
American Diabetic Association in 2011 and glycated
hemoglobin levels. Type 2 diabetic subjects with PD =
5 mm and/or CAL = 4 mm and vertical bone loss = 3
mm on intraoral periapical radiographs and no history
of antibiotic or periodontal therapy in the preceding 6
months were included. Patients with known or suspected
allergy to the SZ group, those on systemic antimicrobial
therapy, patients with aggressive periodontitis, smokers,
alcoholics, immunocompromised patients, and pregnant
or lactating females were excluded.

Sixty-nine subjects were initially analyzed for the
study. Five subjects were excluded because they did
not meet the inclusion criteria. After subject selection
(by ARP), 32 subjects were randomly (by computer
generated system) assigned to each treatment group,
and one site per subject was treated with SRP plus pla-
cebo (Group 1) or SRP plus SZ (3%/0.1 ml) i situ gel
(Group 2). Scaling and root planing was performed at
baseline until the root surface was considered smooth
and clean by the operator (PN). No antibiotics or anti-
plaque and anti-inflammatory agents were prescribed
after treatment.

Clinical parameters, including gingival index (GI; Gla-
vind and Lde, 1967), plaque index (PL; Loe, 1967), PD, and
CAL were recorded at baseline (before SRP) and at 3 and
6 months. A custom-made acrylic stent and a University
of North Carolina no. 15 color-coded periodontal probe
(UNC 15 periodontal probe, Hu-Friedy, IL, USA) were used
to standardize the measurement of PD and CAL. Clinical
attachment loss was calculated by measuring the distance
from the stent (apical extent) to the base of the pocket minus
the distance from the stent to the cemento-enamel junction.

A single clinician (PN) provided treatment to both
groups, and all pre- and post-treatment clinical parameters
were recorded by another examiner (ARP) who was masked
to the type of treatment received by the subjects.

Intra-examiner calibration

Intra-examiner calibration was achieved by examina-
tion of 20 patients twice, 24 h apart, before beginning
the study. Calibration was accepted if measurements at
baseline and 24 h were similar to 1 mm at the 95% level.

Primary and secondary outcome measures:

The primary outcome of the study was CAL. The sec-
ondary outcomes included PI, GI and PD.

Formulation of 3% SZ in situ gel

After intensive 7z vitro investigations for optimization and
stability at the collaborative center (Department of Phar-
maceutics, Al-Ameen College of Pharmacy, Bangalore,
India), the formulation described below was developed.
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The SZ gel (3%) was prepared as desctibed in a previous
study (Bansal ¢z al., 2009). Weighed carbopol 934P was dis-
solved in 50 mL of Mcllvaine buffer, pH 6.6. The SZ drug
was also dissolved in about 25 mL. of Mcllvaine buffer. This
solution of SZ was slowly added to a solution of CB 934P
with stirring. Then, the gelling agent sodium carboxy methyl-
cellulose (SCMC) was added slowly with continuous magnetic
stirring at 100 rpm. The volume was made up to 100 mL with
Mcllvaine buffer, pH 6.6. The prepared gel was kept for 24
h at room temperature for complete polymer dissolution.

Local drug delivery

For standardization, 0.1 mL prepared SZ gel (3%) was
injected into the periodontal pockets using a syringe with
a blunt cannula. No periodontal dressing was applied
after delivery of the drug because the prepared formu-
lation decreases in viscosity, which causes swelling and
occlusion of the periodontal pocket.

After placement of the 7 situ gel, subjects were in-
structed to refrain from chewing hard or sticky foods,
brushing near the treated areas, or using any interdental
aids for 1 week. Adverse effects were noted at recall
visits, and any supragingival deposits were removed.

Collection of gingival crevicular fluid (GCF)
samples

Gingival crevicular fluid was collected from drug-deli-
very sites in six randomly selected patients from Group
2 (SRP + SZ) using 5 pL. volumetric microcapillary pi-
pettes calibrated in 1 pL. increments (Sigma-Aldrich, St.
Louis, MO) at baseline; at 2, 4, 6, 24 and 48 hours; and
at weeks 1, 2, 3, and 4. Collected samples were stored
at 4°C to 8’ C until the estimation was done.

Estimation of quantity of SZ

The drug quantity estimation was done using gradient
reverse phase high-performance liquid chromatography
(HPLC; 1200 Series, Agilent Technologies, Palo Alto,
CA) with pumps, a variable wavelength programmable
ultraviolet/visible spectroscopy detector and a system
controller. An operating software data station (Agilent
Dissolution Testing UV-visible ChemStation Software
(G1118AA), Agilent Technologies) was used.

Chromatographic conditions

A column (150 mm [length], 4.6 mm [internal diameter]
and particle size of 5 mm; Agilent HPLC columns-Zorbax
Column Compartment SL support, Agilent Technologies)
was used as the stationary phase. The mobile phase con-
sisted of 35% volume of buffer (0.1% phosphoric acid)
and 65% volume of acetonittile (volume/volume). The
mobile phase was filtered through a 0.45 mm membrane
filter (Sartorius, Goettingen, Germany) and sonicated to
remove air bubbles. The flow rate was 1.0 mL/minute,
and the column effluent was monitored at 238 nm.

Calibration curve in GCF

A standard stock solution of SZ (1 mg/mL) was pre-
pared in acetonitrile in a 100 mL volumetric flask, adding
30 to 40 mL diluent prepared by mixing 40% by volume
of 1.4 g/L solution of dihydrogen phosphate, pH 4,
with phosphoric acid and 60% by volume of acetonitrile.
The flask was sonicated to dissolve the solvents. The
standard stock solutions were diluted 100 times to get a
concentration of 10.4 mg/mL by using the GCF stock
solution. GCF stock solution was prepared by spiking
the GCF samples from 10 capillary tubes, obtained at
baseline from patients in Groups 1 and 2 for standardiza-
tion, to the 1 mL solution that contained acetonitrile. An
aliquot of 80 ulL. working stock solution (10.4 mg/mlL.)
was added to 20 pL. 1% phosphoric acid buffer (in the
pH range of 4) in microcentrifuge tubes and vortexed
for 1 minute. Acetonitrile was used as an extracting sol-
vent, and 1 ml. was taken for the extraction of SZ. The
microcentrifuge tubes were vortexed for 2 minutes and
then centrifuged at 10,000 revolutions per minute (rpm)
in a cold centrifuge for 10 minutes. After centrifugation,
an aliquot of 20 pL supernatant solution was injected
via HPLC. The amount of SZ presentin a capillary tube
was determined by comparing the peak responses of the
standard and the sample of SZ solution.

Sample preparation

Gingival crevicular fluid was transferred to a 5 uL. cen-
trifuge tube containing 80 pL acetonitrile. Eighty uL. of
GCF (after transfer) and 20 pLL buffer (1% phosphoric
acid) were combined in a microcentrifuge tube and vor-
texed for 1 minute. One ml. of acetonitrile was added
to the above mixture and it was vortexed for 1 minute.
Then the solution was centrifuged at 10,000 rpm in a
cold centrifuge for 10 minutes. After centrifugation,
an aliquot of 20 uL supernatant solution was injected
via HPLC, and the chromatogram was recorded. The
amount of SZ present in the GCF was determined by
comparing the peak responses of the standard and the
sample of SZ solution.

Statistical analysis

Power analysis calculations were performed before the
study was initiated. To achieve 90% power and detect
mean differences of the clinical parameters between
groups, 30 sites in each group were required. Continu-
ous variables (PI, GI, PD, CAL) were expressed as mean
* standard deviation (SD). Normality assumption
was tested using Shapiro-Wilk’s W test. Between the
treatment groups comparison was carried out using
Mann-Whitney test. Wilcoxon signed ranks test was
used for comparison within the SZ and control groups
respectively. Statistical significance was defined as p <
0.05. Statistical analysis was performed with statistical
software (SPSS version 10.5, SPSS, Chicago, IL).



Results

A CONSORT flowchart exhibiting the number of sub-
jects finally analysed and those dropping out is shown
in Figure 1. Fifty-seven of 64 subjects completed the
study. Seven subjects did not follow up after the baseline
examination. Fifty-seven treatment sites (one site/sub-
ject) were evaluated for clinical parameters at baseline,
3 and 6 months. Table 1 gives the descriptive statistics
(age, number and sex) of the population.

Table 1. Descriptive statistics of the population.

N Priyanka et al.:Satranidazole as LDD in chronic periodontitis 45

Clinical evaluation

No adverse reaction was observed in any subject from
the test group, and no patient reported any discomfort.
Healing was uneventful. All subjects tolerated the drug,
without any post-application complications.

There was reduction but no significant difference
was found between the two groups in PI and GI at
any point. However, the decrease in GI was statistically
significant within both groups at 3 months (Table 2).
The decrease in PD was statistically significant within
both groups compared to baseline at all time intervals

PARAMETER Group 1 Group2 p value (Tables 3 and 4). When the groups were compared to

each other, the decrease in PD at each time period was
Age (years, 422+82 403+10.2 NS statistically significant. The difference in CAL from
mean = 5D) baseline was statistically significant in both groups;
Number of 29 28 NS . .

Hicinants CAL gain was greater in Group 2 compared to Group
participan 1 at all periods, and the difference reached the level of
Males 16 14 NS onifi Tubles 3 and 4
Females 13 14 NS significance (Tables 3 and 4).

Assessed for eligibility
(n=69)
Excluded: n=5
Not meeting inclusion criteria: n = 4
‘_
Other reasons: n = 1
A 4
n = 64 (sites = 64)
(36 males and 28 females)
One site/subject
A\
\4 l
Group 1 Group 2
n=32 n=32

|

Failed to follow up
n=3

A 4

Analyzed
n=29

A 4
Failed to follow up
n=4

A 4

Analyzed
n=28

Figure 1: Study flow chart. Group 1 received scaling and root planing (SRP) and
local delivery of a placebo gel. Group 2 received SRP + 3% satranidazole gel.



46

Table 2. Mean + SD and p values for plaque index (Pl) and gingival
index (GI) in the two groups at various intervals. Group 1 received
scaling and root planing (SRP) and local delivery of a placebo gel.

Group 2 received SRP + 3% satranidazole gel.
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Table 3. Probing depth (PD) and clinical attachment
loss (CAL) for Groups 1 and 2 (mean + SD) at differ-

ent time intervals. Group 1 received scaling and root
planing (SRP) and local delivery of a placebo gel.

Parameter Visits Group 1 Group2  p value Group 2 received SRP + 3% satranidazole gel.
, Parameter  Visits Group 1 Group 2

Baseline 298+0.22 2.86+0.17 NS

Plaque index 1 month 2.67+0.16 2.53x0.15 NS Baseline 8.24+1.32 8.31=x1.42
3 months  2.62 +0.14 2.56 +0.22 NS PD (mm) Tmonth 732+125 6.55+1.32
6 months  2.71+0.25 2.68+0.16 NS 3 months  6.55+£1.22  5.32+1.25

6 months  6.15+1.11 3.58 +1.22

Baseline 2,66 +0.25 2.65+0.23 NS ]

Gingival index 1 month  2.36£0.27  230£0.27 NS paseline 7.3 4129 792412
3months  1.97+0.23 161022 0001*  CAL(mm) JMmonty 0231506 0.13+7.70
6 months 1.86 £0.17 1.44+0.27 NS 6 months 5:99;1:15 4:00;1:”

*Statistically significant at 5% level of significance (p < 0.05). NS,

not significant

Table 5. SZ concentration (mean + SD) in GCF after

. . .. treatment
Table 4. Decrease in probing depth (PD) and clinical attachment - -
loss (CAL) gain from baseline (mean + SD) at different time intervals Time Concentration of SZ (pg/ml)
for Groups 1 and 2 Baseline 0.00 + 0.00
Parameter  Visits Group 1 Group2 pvalue 2 hours 14.67 +0.03
4 hours 13.21 + 0.41
PD 1 month 0.92 +£0.07 1.76 =0.01 0.001 6 hours 12.45 +0.11
3 months 1.69+0.11 2.99+0.17 0.001 24 hours 11.62 +0.25
6 months 2.09+0.21 4.73+0.02 0.001 48 hours 11.01 £0.19
1 week 07.75+0.14
CAL 1 month 1.09+£0.03 1.79+0.05 0.001 2 weeks 03.13 +0.22
3 months 1.52+£0.07 2.50+0.08 0.001 3 weeks 01.44 +0.19
6 months 1.64+0.14 3.92+0.10 0.001 4 weeks 0.81 £0.14

Analysis of SZ concentration in GCF

Satranidazole in GCF peaked at 2 hours after application
(14.67 £ 0.03 pg/mlL; Table 5). The mean concentrations
at weeks 1, 2, 3, and 4 indicate that SZ was retained in
this target compartment for a long period, suggesting a
controlled release of the drug until the 4™ week.

Discussion

This study was designed with the aim of assessing the
efficacy of local drug delivery of 3% SZ gel as an adjunct
to non-surgical periodontal therapy in the treatment of
patients with DM2 and chronic periodontitis as com-
pared to a placebo group. To our knowledge, there have
been no studies reporting the use of 3% SZ gel as local
drug delivery in the treatment of patients with chronic
periodontitis with DM2. Therefore, a direct comparison
with other studies is not possible.

Conventional therapy of chronic periodontitis is
based on the suppression of subgingival infections foci
by mechanical debridement, such as scaling and root
planing (SRP), or surgical procedures. However, with
the recognition that periodontal diseases are associated

with specific pathogens, interest has grown in the use
of anti-microbial drugs for inhibition of these micro-
organisms. Indeed, antibiotics may enhance the effect
of mechanical debridement procedures by reducing the
recurrence rate of periodontal infection, preventing the
systemic extension of infection during the acute phases
of periodontitis, and restoring the equilibrium among
different bacterial species harbored in the oral cavity
(Gordon and Walker, 1993).

Severe periodontitis often coexists with diabetes
and is considered to be the sixth complication of the
disease (I.6e, 1993), as both type 1 and type 2 diabetes
patients show a three- to four-fold increased risk of
periodontitis (Nelson ¢ al., 1990; Emrich e al., 1991)
Uncontrolled ot pootly controlled diabetes is associated
with increased susceptibility to oral infections, including
periodontitis. The incidence of periodontitis incteases
with age among diabetic subjects after puberty (Sep-
pala ez al., 1993; Arrieta-Blanco ez al., 2003) Periodontal
disease may be more frequent and severe in diabetic
individuals with more advanced systemic complications
(Arrieta-Blanco ez al., 2003).



In our study, in sites with an initial PD of 7 mm
or greater, the mean CAL gain was 3.92 mm follow-
ing SRP + SZ and 1.64 mm following SRP alone, for
a difference of 2.28 mm. The mean amount of PD
reduction was 4.73 mm following SRP + SZ and 2.09
mm following SRP alone, for a difference of 2.64 mm.
The results of this study indicate that both therapies
(SRP + placebo gel and SRP + 3% SZ gel) resulted in
significant improvements, but patients in the SRP + SZ
group showed enhanced clinical outcome (p < 0.05) over
a period of 6 months as compared to SRP alone. The
results of the current clinical trial using 3% SZ are in
accordance with a similar study by Bansal ez a/. (2009),
which showed reduced gingival inflammation, decreased
PD and increased CAL. Hence this proved that patients
with relatively well controlled diabetes (HbA, ) usually
respond to therapy in a manner similar to non-diabetic
individuals.

With regard to the dose of SZ used, 3%/0.1 mL per
site was injected in the present study. In another study by
Bansal ez a/. (2009), various gelling agents were used for
local drug delivery of SZ in patients with periodontitis.
Among them, SCMC gelling agent in a concentration of
3% w/v has been reported to show the desired balance
of mechanical properties (mucoadhesiveness, hardness,
adhesiveness, compressibility, and cohesiveness). Also,
the 7n vitro release of SZ from gel containing SCMC
gelling agent showed long-term, controlled release.
Hence, in the present study 3% SZ gel with SCMC as a
gelling agent appeared to be more suitable for obtaining
long-term release of the drug, assuring a constant and
prolonged concentration at the application site.

The mean concentration of SZ at all observed peri-
ods (from baseline to 30 days), as estimated by reverse-
phase HPLC, provided sufficient anti-inflammatory ac-
tivity and fulfilled the conditions for a controlled-release
device. Maintenance of this concentration of the drug
locally for a long duration (6 months) may have been
responsible for the additional improvement in PD and
CAL in Group 2 compared to Group 1.

Considering this fact, it can be proposed that SZ
delivered subgingivally as an adjunct to SRP will be
better approach for treatment of periodontal pocket
in DM2 patients with chronic periodontitis compared
to SRP alone.

Conclusion

This clinical trial demonstrates that local delivery of 3%
SZ into the periodontal pocket stimulated a significant
increase in the PD reduction and CAL gain, compared
to placebo gel as an adjunct to SRP in DM2 patients with
chronic periodontitis. Further, long-term, randomized,
multi-center, double-blinded clinical trials with microbio-
logic profiles and assessment of improvement in glycemic
control are needed to confirm the findings in this study.
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