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ABSTRACT

Background: adjunctive local periodontal therapy is one of the best options to improve the 
health of the pocket tissue. The comparison of local effects of simvastatin and metformin as aid in 
enhance the healing of periodontal tissue is the point of importance. 

Methods: atotal of 45 systemically healthy patients with mild to moderate chronic periodontitis; 
which having a generalized pocket depth varied from 3mm to 5mm. All patients handled by scaling 
and root planning and divided haphazardly into: group I, as a control group (n= 15), in which the 
patients treated by application of placebo gel; group II, (n= 15) treated with application of 1.2% 
simvastatin gel; group III, (n= 15), treated with application of 1% metformin gel. Clinical and 
biochemical criteria were collected at threshold 3, 6 and 9 months. 

Results: an advancement in both plaque and gingival indexes was noticed in total 3 groups at 6 
and 9 months. Plaque Index and Gingival Index showed decrement in groups II and III than group 
I. The cutback in probing depth and clinical attachment loss was higher in the group III than other 
groups. Significant minimization in both IL-6 and TNF-α levels occurred from baseline to the end 
of measurement duration in all groups. Clear interaction was established amid IL-6 and TNF-α 
heights. 

Conclusion: metformin was comparatively better than simvastatin in respect of clinical and 
biochemical markers.
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INTRODUCTION 

The effect of all periodontal treatments depends 
upon elimination of the biofilm and decision of the 
periodontal pathogens which associated with the 
periodontal tissues to realize success(1). Nonsurgical 
periodontal treatment target to accomplish a 
root surface that is biologically adequate for the 
reiteration of a healthy periodontal attachment(2). 
Ancillary periodontal medicine may progress the 
performance of nonsurgical periodontal therapy, 
especially for high-risk patients(3). Local distribution 
of the medication in the periodontal pocket is the 
favorite decision to remove the disease and get better 
the health of periodontal tissue. The dental pocket 
performance as a normal cistern and supplies simple 
access for the insertion of a medical device. Drug 
relief ideal delivery throughout the pocket with 
prolonged duration; that are provided by gingival 
crevicular fluid (GCF), which plays as the leaching 
medium(4).

Semisolid gels have many advantages as lo-
cal delivery systems. They are relatively simple to 
prepare and manage though they have a rapid drug 
release rate. As well as, they are very biocompatible 
and bio-adhesive, thus simply adhere to the mucosa 
in the periodontal pocket(5). Metformin (MF)  as an 
antidiabetic drug can excess the peripheral load of 
glucose and reducing the production of hepatic glu-
cose(6). Further, it may  modify the inflammatory 
state independently of its role on glycemic state(7). 
The anti-inflammatory process of MF has been 
assured on several cells; such as human vascular 
smooth muscle cells and endothelial cells(8). Cur-
rently, MF has  anti-inflammatory effect to chronic 
periodontitis and the implied mechanisms remains 
to be totally demonstrated(9). Statins are the gener-
ally prescribed drugs to hold the serum cholesterol 
levels to decrease the risk of cardiovascular ail-
ments. Among various statins, simvastatin (SV) has 
importance in the field of periodontal treatment(10). 

Simvastatin is a synthetic statin holding several  
effects including reducing the bone resorption(11). 
Moreover, it has anti-inflammatory actions as they 
are able to repress expression and reactions of su-
perficial molecules on leukocytes. Simvastatin pre-
vents migration of neutrophils, reduce expression 
of inter-cellular adhesion molecule-1 in monocytes 
and macrophages(12).

The Interlukin-6 (IL-6) works to control the 
spread of tissue inflammatory responses. In pro-
longed illness, commonly exemplified by immune 
stressors such as chronic intracellular infections and 
tumors. IL-6 acts as a promotor of intense phase re-
actions and also, it is a player in extract the cellular 
immune responses to affected cells and mucosal hu-
moral responses conducted against repeated infec-
tion(13). The Tumor Necrosis Factor-alpha (TNF-α) 
is act as a proinflammatory cytokine that is often 
overexpressed in serious illness such as sepsis syn-
drome, rheumatoid arthritis, inflammatory bowel 
disease and periodontitis(14). TNF-α acts an impor-
tant role in periodontal illness in prolonged peri-
odontitis cases. Its expression was elevated in the 
GCF at sites where bone and attachment loss have 
just occurred. Likewise, TNF-α has a pivotal func-
tion in bone pathophysiology because it activates 
the bone resorption and reduces the bone forma-
tion as it acts as stimulator for the osteoclasts which 
mediate bone resorption. Also, it known to prevent 
osteoblast function and differentiation(15).

Till date, finite research has been carried out to 
appraise the effects of local adjunct of SV or MF 
on the biochemical mediators of inflammation(16-19). 
Hence the study was endeavored to evaluate the 
adequacy of 1.2% SV and 1% MF gel which play as 
a local delivery medication in adjunct to scaling and 
root planning (SRP) on GCF IL-6 and TNF-α levels 
in chronic periodontitis patients and correlating 
their values with clinical parameters.
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PATIENTS AND METHODS

The current trial was a randomized, single-cen-
ter, longitudinal and triple-masked (patients, inves-
tigators and statistician) study. It was managed over-
all the 9 months; in which recordings were set at 
baseline, 3, 6 and 9 months. The study protocol was 
authorized by the Ethical Committee, Faculties of 
Dentistry, Al-Azhar University. All eligible patients 
were thoroughly learned of the nature, potential 
risks and aids of their participation in the research 
and signed their informed approval documents.

Patient selection

This study was designed as randomized clinical 
study, included 45 systemically healthy chronic 
periodontitis patients (20 males and 25 females, 
ranged in age from 18 to 38 years with mean age 
of 23± 2.8 years) with mild to moderate chronic 
periodontitis build on the approved grades of the 
periodontal diseases. All patients were selected 
from those visiting the outpatient clinic, Oral 
Medicine and Periodontology Department, Faculty 
of Dentistry, Al-Azhar University, Assiut Branch.

Inclusion criteria

The patients were volunteers with sites showing 
3-5 mm pocket depth, 1-3 mm clinical attachment 
loss (CAL), with horizontal or vertical bone loss 
on intraoral periapical radiographs and no past of 
periodontal therapy or use of antibiotics in the last 
6 months.

Exclusion criteria

All the following were excluded; patients with 
known systemic disease, with known or suspected 
allergy to any drugs, who used of tobacco in any form, 
alcoholic, immunocompromised patients, pregnant 
or lactating females, patients with periodontal 
diseases rather than chronic periodontitis and 
patients received antibiotics or anti-inflammatory 
agents after therapy for 9 months.

Randomization and blindness:

The random number table was generated by spe-
cific software. Numbers were concealed in closed 
envelopes and each patient select own number 
which referred to specific group. Neither the patient 
nor the controller was aware of the nature of addi-
tives tested.

Sample size calculation and power analysis

For the sample size calculation, the power 
analysis was performed using G Power system (Ver. 
3.192 copy right 1992-2020) for a one-way locked 
effect analysis of variance (ANOVA). The criterion 
for significance was set at α = 0.05 (type I error) 
and β= 0.20 (type II error) to recognize significant 
difference (Q) of 1 mm between groups considering 
the change in CAL as the primary outcome variable, 
with a 95% confidence interval. Therefore, the 
required sample size was found to be 15 patients in 
each group with 0.97% actual power of this study 
was achieved.

Patient grouping

Forty-five patients were randomly divided into 
the placebo, SV and MF groups. Fifteen patients 
were assigned to each group. Careful instructions 
on proper oral hygiene measures were given to each 
patient. For each patient SRP was done at baseline. 
Group I patients were treated with SRP pursued 
by placebo gel. Group II with SRP treatment and 
application 1.2% SV gel. Group III were treated 
with SRP and application 1% MF gel.

Preparation of simvastatin, metformin and placebo

The simvastatin, metformin and placebo gel 
were prepared in the Faculty of Pharmacology, Al-
Azhar University, Assiut, Branch. Gel was prepared 
by adding 2.5g of methylcellulose to 100g of grade 
water slowly and stirring continuously to attain the 
gel consistency. Once this was prepared; 1.2g of 
SV or 1g MF was combined gradually with regular 
stirring to get the preparation. The placebo gel 
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was processed by the same manner excepting that 
effective materials was not added. The prepared gel 
was give it to the laboratory analysis to establish the 
proportion of SV at 1.2% and MF at 1%.

Local drug delivery

Gel was implanted within the periodontal pockets 
using a syringe with a rounded cannula (Figure 1). 
Patients were advised to stop from chewing hard 
or sticky foods, brushing near the treated field, or 
applying any interdental care for a week. Adverse 
effects were notable at the next regular appointments 
and any supra-gingival deposits were detached.

Fig. (1) Showing Gel Formulation (at Left Side) and Intra-
Pocket Application (at Right Side).

Periodontal evaluation

The periodontal conditions of each patient were 
evaluated at baseline, 3, 6 and 9 months after treat-
ment. Plaque Index (PI) used to assess plaque ac-
cumulation around gingival margin. Gingival In-
dex (GI) used to assess gingival inflammation(20,21). 
Probing Depth (PD) and Clinical Attachment Level 
(CAL) were listed by William’s graduated peri-
odontal probe(22, 23).

Gingival crevicular transudate sample collection 
and preparation

Gingival crevicular fluid sample was taken 
prior to periodontal therapy as well as 3, 6 and 9 
months’ follow-up. The deepest three sites with PD 
≤ 5mm and CAL ≤ 4 mm were selected for GCF 
sampling(24). Supra-gingival plaque was ejected 
and the site was then dried smoothly with an air 
syringe. Standardized paper point size #30 was 

inserted into the crevice until mild resistance was felt. 
The paper point was left in pocket for 30 seconds(25). 
Paper points which were tarnished with blood and 
saliva were rejected. The collected GCF samples 
were pooled in an Eppendorf tube and diluted in 
phosphate buffer saline up to 650μl and transported 
to the laboratory. Following 20 min, shaking paper 
points were evacuated and centrifuged for 5 min. 
at 5800 g to remove plaque and cellular elements. 
The specimens were frozen at -20° C till they were 
examined for IL-6 and TNF-α.

Quantification of IL-6 and TNF-α

Samples were checked by enzyme-linked im-
munosorbent assay (ELISA) to resolve the levels of 
IL-6 according to the manufacturer’s instructions. It 
occupied a quantitative sandwich enzyme immuno-
assay manner. ELISA reader was used to record the 
optical density of the tested samples. The quantity 
of interleukin sample was calculated by comparing 
with the standard calibrated curve included in the 
assay kit. The concentration of interleukin in each 
sample was determined by split the amount of in-
terleukin by the volume of the sample (pg/100 μl).

Statistical analysis

Data were recorded, computed, tabulated and an-
alyzed at a significance level of P< 0.05 by GraphPad 
Prism (version 8, San Diego, California). The mean 
and standard deviation amount were estimated for 
each group in each test. For parametric statistics; re-
peated measure ANOVA was used to compare among 
more than two groups in linked samples. Graphs 
were achieved by the Microsoft excel data.

RESULTS

Oral hygiene status

This clinical trial was operated in 45 patients 
get mild to moderate chronic periodontitis; whom 
equally treated by nonsurgical periodontal therapy 
in association with placebo, SV or MF. There 
was significant advancement of plaque amount 
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and gingival tissue condition in all 3 groups from 
onset of study until 9 months. At baseline (T0) 
observation between all 3 groups showed the mean 
variations in the clinical parameters scores (PI and 
GI) were statistically not significant due to the 
common selection criteria. At 6 and 9 months (T2 
and T3), PI and GI showed statistically significant 
reduction in group II and III than group I. Among 
all the 3 groups; MF group showed higher decrease 
in GI score as compared to placebo, SV groups at 6 
and 9 months (Table 1, Chart 1).

Pocket depth and clinical attachment loss reduction

The reduction of PD and CAL were statistically 
significant within all 3 groups from beginning of 
study until 9 months. When comparing SRP vs. SV 
intended, the reduction in PD and CAL at each in-
vestigation period was not statistically significant. 
The PD reduction was statistically significant, when 
comparing SRP vs. MF and SV vs. MF at 6 and 9 
months (Table 2, Chart 2). The CAL decrease was 
statistically significant when comparing SRP vs. 
MF and SV vs. MF at 3, 6 and 9 months. Foras-
much, MF group gave better effects at reduction of 
PD and CAL.

TABLE (1) Mean ± SD of Plaque Index and Gingival Index, Intragroup ANOVA Test for Comparison 
Plaque Index and Gingival Index between Treatment Intervals within each Group and Intergroup 
ANOVA Test for Comparison between Studied Groups within each Interval. T0 = Baseline, T1= 
3 Months T2= 6 Months, T3 = 9 Months. (p ≤ 0.05 = Significant)

  Parameters
 Visits

Plaque Index Gingival Index

Group 1 Group 2 Group 3 Group 1 Group 3

T0 2.4±0.32 2.6± 0.41 2.6± 0.53 2.6±0.43 2.7±0.50

T1 1.4±0.13 1.4±0.30 1.2±0.20 1.3±0.065 0.99±0.10

T2 1.2±0.14 1.0±0.23 0.87± 0.19 1.0±0.12 0.42±0.09

T3 0.78±0.13 0.79±0.25 0.57±0.29 0.53±0.067 0.30±0.04

       Test
Groups

Intragroup ANOVA Test

F p F p

Group I 179.8 0.00** 226.8 0.00**

Group II 163.8 0.00** 236.6 0.00**

Group III 130.8 0.00** 286.2 0.00**

Intergroup 
ANOVA Test

T0 T1 T2 T3 T0 T1 T2 T3

F p F p F p F p F p F p F p F p

0.4 0.6 2 0.1 30.4 0.00** 4.2 0.02** 1.8 0.6 23 0.00** 54.8 0.00** 30 0.00**

SRP vs. SV 0.7 0.9 0.00** 0.9 0.14 0.20 0.43 0.02**

SRP vs. MF 0.6 0.1 0.00** 0.04** 0.61 0.00** 0.00** 0.00**

SV vs. MF 0.9 0.2 0.1 0.03** 0.59 0.00** 0.00** 0.00**
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TABLE (2) Mean ± SD of Pocket Depth and Clinical Attachment Loss, Intragroup ANOVA Test for 
Comparison Pocket Depth and Clinical Attachment Loss between Treatment Intervals within 
each Group and Intergroup ANOVA Test for Comparison between Studied Groups within each 
Interval. (p ≤ 00.05) T0 = Baseline, T1= 3 Months, T2= 6 Months T2 = 9 Months.

  Parameters

 

Visits

Pocket Depth Clinical Attachment Loss

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

T0 4.4±0.45 4.5±0.35 4.3±0.48 2.9±0.19 2.9±0.17 2.8±0.22

T1 3.4±0.31 3.4±0.27 3.3±0.23 2.5±0.26 2.4±0.22 2.2±0.18

T2 3.0±0.35 3.2±0.23 2.5±0.27 2.2± 0.18 2.2±0.22 1.8±0.15

T3 2.9±0.25 2.8±0.26 2.3±0.25 2±0.23 2±0.13 1.5±0.16

       Test
Groups

Intragroup ANOVA Test

F p F p

Group I 68.04 0.00** 169.0 0.00**

Group II 227.5 0.00** 134.2 0.00**

Group III 180.1 0.00** 164.6 0.00**

Intergroup

ANOVA Test

T0 T1 T2 T3 T0 T1 T2 T3

F p F p F p F p F p F p F p F p

0.7 0.4
0.8

0.4 23.1 0.00** 20.3 0.00** 1.9 1.5 8.3 0.00** 17.40 0.00 ** 44.7 0.00**

SRP vs. SV 0.9 0.9 0.2 0.9 0.7 0.8 0.9 0.9

SRP vs. MF 0.6 0.5 0.00** 0.00** 0.1 0.00** 0.00** 0.00**

SV vs. MF 0.4 0.4 0.00** 0.00** 0.4 0.00** 0.00** 0.00**

Chart (1) Means of PI and GI of Treatment Groups at Interval 
Periods.

Chart (2) Means of PD and CAL of Treatment Groups at Inter-
val Periods.
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IL-6 and TNF-α levels

Significant reduction in IL-6 and TNF-α levels 
appeared from baseline to the end of testing period 
in all groups. Inter-groups ANOVA test showed 
statistically significant difference between groups at 
3, 6 and 9 months (Table 3, Chart 3). High significant 
contraction in IL-6 and TNF-α levels recorded in 
MF group.

Correlations

Statistically significant clear correlation was 
established between IL-6 and TNF-α levels.

TABLE (3) Mean ± SD of IL-6 and TNF- α, Intragroup ANOVA Test for Comparison IL-6 and 
TNF-α between Treatment Intervals within each Group and Intergroup ANOVA Test for 
Comparison between Studied Groups within each Interval. (p ≤ 00.05) T0 = Baseline, 
T1= 3 Months, T2= 6 Months T2 = 9 Months. Finally, Correlation between Changes of 
IL- 6 & TNF-α Levels from Baseline to 9 Months in All Groups Was Reported.

  Parameters

Visits

IL-6 TNF-α

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

T0 1340±52.14 1383±83.13 1310±113.8 341.3±34.23 351.7±37.83 369±38.16 

T1 969.1±49.22 857.4±43.43 743.3±49.41 299.2±30.57 251.4±32.19 236.8±22.48

T2 873.8±22.54 781.9±33.60 683.7±36.03 283.5±28.73 230.9±27.56 216.4±15.64

T3 855.8±24 757.7±40.69 650±41.76 273.6±27.38 216.2±22.75 178.6±23.26

       Test

Groups

Intragroup ANOVA Test

F p F p

Group I 552.3 0.00** 69.39 0.00**

Group II 782.4 0.00** 137.0 0.00**

Group III 447.7 0.00** 205.7 0.00**

Intergroup

ANOVA Test

T0 T1 T2 T3 T0 T1 T2 T3

F p F p F p F p F p F p F p F p

2.5 0.09 89.7 0.00** 192.4 0.00** 159.1 0.00** 2.3 0.1 20.1 0.00** 32.5 0.00** 59.4 0.00**

SRP vs. SV 0.3 0.00** 0.00** 0.00** 0.7 0.00** 0.00** 0.00**

SRP vs. MF 0.7 0.00** 0.00** 0.00** 0.09 0.00** 0.00** 0.00**

SV vs. MF 0.07 0.00** 0.00** 0.00** 0.3 0.3** 0.2 0.00**

Correlation between Changes of IL-6 & TNF-α Levels from Baseline to 9 Months in All Groups.

IL-6

TNF-α

Group I Group II Group III

r- value P-value r- value P-value r- value P-value

0.988 0.01** 0.994 0.005** 0.983 0.01**

Chart (3) Means of IL-6 and TNF-α of Treatment Groups at 
Interval Periods.
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DISCUSSION

Scaling and root planning efficacy has limitations 
and complete healing may not be achieved at sites 
with a PD > 4 mm. additional periodontal therapies 
may be necessary if deep probing depths persist(3). 
Local Delivery drugs have numerous advantages 
over systemic agents including minimally invasive, 
direct application at the site of infection, avoidance 
of gastro-intestinal issues, devaluation in the 
dose, frequency of drug administration and have 
potential role in improving the clinical parameters 
associated with periodontitis(26,27). Therefore, in the 
current study, it had 1.2% SV and 1% MF in situ 
gel formulation to assess and compare clinically and 
biochemically with a controlled drug release.

Anti-inflammatory, antioxidant, antimicrobial 
and osteostimulative properties of statins and MF 
were inferred by decline in the expression of TNF-𝛼 
plasma concentrations and inhibit the signaling path-
way for IL-1- and IL-6- interfere inflammation(28,29). 
Also, MF exerts anti-inflammatory action via re-
storing the endothelial function, increased nitric ox-
ide synthesis through stimulation of AMP activated 
protein kinase and decreased reactive oxygen spe-
cies production through inhibition of nicotinamide 
adenine dinucleotide phosphate oxidase(30).

Results of this clinical study viewed an 
improvement in plaque control and gingival tissue 
health in all groups from the start to the end of 
observation period; this reduction of PI and GI was 
statistically significant when correlate MF group 
against SV group at 6 and 9 months. These results in 
correspondence with Kurian et al.(31) study showed 
significant reduction in PI and GI at all intervals. 
Another study performed by Pankaj et al.(32) to 
compare the performance of subgingival delivered 
1.2% SV and 1% MF gel showed that greater 
reduction GI like present results of this study.

The measurements of PD and CAL in the current 
trial showed statistically significant reduction in 
all groups; this liked study of Pradeep et al.(33) they 
mentioned that bone filling in intrabony defects, 
thereby decreasing PD and increasing attachment 

gain in chronic patients. In contrary to results of this 
study which showed significant reduction of PD and 
CAL in MF group greater than SV group; study of 
Pankaj et al.(32) showed that within the limitations 
of the trial; there was a significant improvement 
in clinical parameters such as PD reduction and 
CAL gain in the 1.2% SV group as compared to the 
1% MF and placebo groups. Furthermore, Chen 
et al.(34) stated that statins more effectively reduce 
inflammation when it compared with MF. Quite 
the opposite of their conclusions; present trial 
showed more reduction of inflammatory biomarkers  
(IL-6 and TNF-α)  in MF group greater than SV and 
placebo groups. The results of current study were 
consistent with Tan et al.(35) they concluded that MF 
had protective effects on porphyromonas gingivalis 
promoted inflammation and inhibited the activation 
of NLRP3 inflammasome and the secretion of IL-
1β and IL-18. Additionally, NF-κB pathway related 
genes and TNF-α related genes were found to be 
involved in the anti-inflammatory effects of MF.  
Metformin conducting NLRP3 inflammasome could 
possibly be service for the prevention and treatment 
of porphyromonas gingival is related periodontal 
diseases.

In current application, significant clear 
correlation between IL-6 and TNF-α was recorded; 
these findings were in contrary with Noh et al.(36) 
they mentioned that the TNF-α level was not 
correlated with the IL-6 in chronic periodontitis 
patients. Forthcoming studies should revolve around 
effects of statins and MF in pro/anti-inflammatory 
mediators in GCF and periodontal tissues in clinical 
trials. Also, their effects in bone regeneration 
in histobiochemical and advanced radiographic 
analysis.

CONCLUSION

Within the limitations, this study showed both 
1.2% SV and 1% MF are used as an effective local 
adjunct therapy. However, MF comparatively better 
than SV in respect of clinical and biochemical 
markers.
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RECOMMENDATIONS

1. The need for more clinical and biochemical 
studies in extensive forms of periodontitis for 
more extended period to measure the exact ef-
fects of simvastatin and metformin on periodon-
tal tissues, especially measuring osteogenic and 
anti- inflammatory mediators.

2. Other than local application of simvastatin and 
metformin, studies, to surgical applications in 
intrabony defects, socket preservation and treat-
ment of peri- implantitis, were recommended to 
evaluated maximum benefits of these promising 
materials.
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