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Background: Atorvastatin (ATV) is a specific competitive inhibitor of 3-hydroxy-2-methyl-glutaryl 
coenzyme A reductase. Recently, statins have shown pleiotropic effects like antiinflammation and 
bone stimulation. The aim of the present study was to evaluate the clinical efficacy of subgingivally 
delivered 1.2% controlled release Atorvastatin gel as an adjunct to scaling and root planing in 
chronic periodontitis patients. 
Methods: Thirty-four sites in seventeen patients were categorized into two treatment groups: SRP 
only (group A) and SRP plus subgingival application of 1.2% Atorvastatin  gel (group B). Clinical 
parameters were recorded at baseline before SRP and at 1 and 3 months; they included plaque index 
(PI), gingival index (GI) probing pocket depth (PPD), relative attachment level (RAL) 
Results: Mean probing depth reduction and mean clinical attachment level gain was found to 
greater in ATV group as compared to group A, at 1 and 3 months.The decrease in GI score at 3 
months was greater in group B (1.058±0.300) compared to group A (1.426±0.361). The mean 
decrease in PPD from baseline to 3 months was  5.235±1.601 and  3.647±1.934 in groups A and B, 
respectively. Mean RAL gain from baseline to 3 months was7.823±2.455   and 6.647±2.596  in 
groups A and B, respectively.  
Conclusion: There was a greater decrease in gingival index and PPD and more RAL gain at sites 
treated with SRP plus locally delivered ATV in patients with chronic periodontitis. 

 
 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

  
 
 
 

INTRODUCTION 
 

Periodontal disease results from the interaction of the host 
defence mechanisms with plaque micro organisms.1 Though 
micro-organisms have been implicated as the etiological factor 
for periodontal disease, pathology of these inflammatory 
lesions have been attributed not only to bacterial products, but 
also to chemical mediators released by the host cells, as a result 
of inflammatory and immune reactions.  
 

Various vehicles, such as lactide/glycolide polymer,2,3 
hydroxypropyl methylcellulose,4 and carbopol,5,6 have been 
mentioned and used in the literature for controlled-drug 
release.SCP 

 

Local delivery of chemotherapeutic agents into the pockets via 
a syringe or irrigating device has been shown to be clinically 
efficacious.7,8 Different drugs used for local delivery are 
tetracyclines including doxycycline and minocycline, 
metronidazole and chlorhexidine, growth factors and certain 
novel herbal and therapeutic agents, statins being one amongst 
them.9 Methylcellulose is widely used in a variety of oral and 
topical pharmaceutical formulations, such as ophthalmic 

controlled-release in situ gelling systems for ciprofloxacin and 
nimesulide- loaded methylcellulose nanoparticles and 
microparticles for oral delivery.10,11 It is used extensively in 
cosmetic and food products. Methylcellulose is generally 
regarded as a non-toxic, non-allergic, and non-irritating 
material and is used as a sustained released vehicle for 
therapeutic drugs.12 

 

Statins like Simvastatin (SMV), Atorvastatin (ATV) and 
lovastatin are specific competitive inhibitors of 3-hydroxy-2-
methyl-glutaryl coenzyme A (HMG-CoA) reductase, used to 
lower cholesterol provide an important and effective approach 
for the treatment of hyperlipidemia and arteriosclerosis.13-15 In 
addition, statins have been found to exert anti-inflammatory 
and immunomodulatory actions.16 Statins also seem to 
modulate bone formation by increasing the expression of bone 
morphogenetic protein-2 (BMP-2), thus providing a new 
direction in the field of periodontal therapy.17 Patients on statin 
medication exhibit fewer signs of periodontal inflammatory 
injury than subjects without the statin regimen.18 

In addition, it has also been suggested that statins directly 
affect osteoclasts through 
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mechanisms analogous to those of bisphosphonates, because 
bisphosphonates and statins exert their effects by inhibiting the 
same mevalonate pathway.19 Sakoda et al. measured the effect 
of SMV on interleukin (IL)-6 and -8 productions in a cultured 
human epithelial cell line (KB cells) in response to IL-1. SMV 
was found to reduce NF-κB and AP-1 promoter activity in KB 
cells.20 

 

ATV has been found to be more effective when compared to 
SMV and pravastatin in patientswith hyperlipidemia.21 In a 
study ATV therapy decreased tumor necrosis factor (TNF)-α 
production in lipopolysaccharides (LPS) activated monocytes, 
confirming the anti-inflammatory properties of this class of 
drugs.22Moreover treatment of human osteoblasts with ATV 
enhanced the expression of osteoblastic differentiation markers 
like alkaline phosphatase and osteocalcin.23 

 

Recently a study has shown ATV might have beneficial effects 
on alveolar bone loss and tooth mobility in individuals with 
periodontal disease.24 Goes et al. have shown that ATV was 
able to prevent alveolar bone loss seen on a ligature-induced 
periodontitis in Wistar rats.25 Keeping the above facts in mind, 
the present study was carried out to assess and compare the 
clinical efficacy of 1.2 % ATV gel as an adjunct to SRP in the 
treatment of chronic periodontitis. 
 

MATERIALS AND METHODS 
 

Source of Data 
 

The patients for this study were selected from the outpatient 
section of the Department of Periodontics and Oral 
Implantology, M.M College of Dental Sciences and Research, 
Mullana, Ambala. 
 

Thirty-four sites in seventeen patients, aged 25 to 48 years 
(either males and females) who were diagnosed with chronic 
periodontitis, were enrolled in this study. The study was 
conducted as per the Declaration of Helsinki (1964 revised in 
2008), with the approval of Institutional Ethical Committee of 
Maharishi Markandeshwar University. The subjects for the 
study were selected from amongst the outpatient department 
and each patient was given detailed verbal and written 
description of risks and benefits of treatment with the consent 
to treatment agreement. 
 

Selection Criteria 
 

Systemically healthy individuals with periodontal pockets 
≥5mm or relative attachment level (RAL) ≥ 4 mm and no 
history of antibiotic or periodontal therapy in the preceding 6 
months were included.  Individuals with known or suspected 
allergy to the ATV/statin group, those on systemic ATV/statin 
therapy, individuals with aggressive periodontitis, use of 
tobacco in any form, alcoholics, individuals with diabetes, 
immunocompromised individuals, and pregnant or lactating 
females were excluded. 
 

After the subject selection, thirty-four sites in seventeen 
patients , atleast two sites, one in each quadrant or contralateral 
sides of the arch were divided into two groups as Group A sites 
and Group B sites using split mouth study design.26,27 with a 
radiographic evidence of bone loss.(Fig:1) Group A sites were 
treated with scaling and root planing (SRP) only while Group B 
sites were treated with scaling and root planing along with 

Intracrevicular application of 1.2% Atorvastatin gel (1.2 
mg/0.1ml) 
 

SRP was performed at baseline until the root surface was 
considered smooth and clean by the operator. No antibiotics or 
antiplaque and anti-inflammatory agents were prescribed after 
treatment. Clinical parameters, including gingival index (GI) 
plaque index (PI), probing pocket depth (PPD) and relative 
attachment level (RAL) were recorded at baseline, one month 
and three months post operatively. The Plaque index by Silness 
and Loe 196428  was included in the study as it reflects the oral 
hygiene status of the patient throughout the study. The Loe and 
Silness 196329 Gingival index was used to visually score 
gingivitis on papillae and margins of facial and lingual 
gingivae of natural teeth. The Probing pocket depth and 
Relative attachment level  were recorded using UNC-15 probe 
(Guentsch A et al 2008)30  and occlusal stent as a reference 
point (Clark DC et al 1987).31  
 

Formulation of 1.2 % ATV Gel 
 

After intensive in vitro investigations for optimization and 
stability, the ATV gel was developed at the M.M College of 
Pharmacy, Mullana, Ambala. Methylcellulose in situ gel was 
prepared as described by Thylin et al.32 Briefly, 
methylcellulose in situ gel was prepared by adding the required 
amount of biocompatible solvent to an accurately weighed 
amount of methylcellulose. The vial was heated to 50°C to 
60°C and agitated using a mechanical shaker to obtain a clear 
solution. A weighed amount of ATV was added to the above 
solution and dissolved completely to obtain a homogeneous 
phase of polymer, solvent, and drug. Thus, the ATV in situ gel 
was prepared with a concentration ~1.2%. 
 

Local Drug Delivery 
 

For standardization, 10 μl prepared ATV gel (1.2 mg/0.1 ml) 
was loaded into the disposable syringe with an angulated blunt 
tip. The tip of the needle was slowly slided over the tooth 
surface till the base of the pocket, and then the gel was injected 
slowly till the pocket was overfilled (Fig:2). Excess gel was 
removed and the subjects were instructed to refrain from 
drinking, eating 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. 
 

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, 34 sites 
in 17 patients were required. All the preoperative and 
postoperative values were subjected to statistical analysis. The 
arithmetic mean and standard deviations were calculated for the 
requisite assessment intervals. ‘Wilcoxon Signed Rank Test’ 
was performed for intra-group variations. ‘Independent t-
Test’ was performed for comparison of inter-group variations 
in clinical parameters. Statistical significance was defined as 
p<0.05.  
 

Ex vivo Assessment of drug Retention and in vitro drug 
Permeation of Prepared gel 
The drug permeation and drug retention pattern assessment was 
carried out in the College of Pharmacy, Maharishi 
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Markandeshwar University, Mullana. The drug retention was 
assessed on alveolar mucosa taken from the extraction sites of 
the patients. Franz diffusion Cell method was 
the drug retention. The assay for drug permeability was 
analysed on UV-visible spectrophotometer. 
 

RESULTS 
 

Possible side effects of therapy including slight discomfort and 
gingival redness were evaluated. No treatment related adverse 
effects were observed in any patient. Garret 
reported that emergent adverse events constituted 
entire study population with 0.2% of them showing allergic 
response. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Intergroup comparison of Mean differences in Plaque 
index and Gingival index at different intervals

 

  PLAQUE INDEX 

 
Assessment 

Interval 

Mean 
Difference 

(A-B) 

t 
Value 

P 
Value 

Difference

GROUP 
A vs. B 

Baseline    
1 month -0.338 -2.774 .009** 
3 months -0.308 -2.368 .024 

 

Table 4 Intergroup comparison of Mean differences in Pocket 
probing depth and Relative attachment level at different intervals
 

 

  Pocket probing depth Relative attachment level

 
 

Assessment 
Interval 

Mean 
Difference 

(A-B) 

 
t 

Value 

 
P 

Value 

Mean 
Difference

(A-

Group 
A vs. B 

Baseline     
1 month -1.882 -9.097 <.001** -1.647
3 months -1.823 -8.598 <.001** -1.529

 

 

Table 1 Mean and Mean difference in Plaque index and Gingival index of Group A and B at different intervals
 

  

 
Assessment 

Interval 
Mean±SD 

 
 

GROUP A 

Baseline 1.764±0.437 
1 month 1.397±0.331 
3 months 1.426±0.339 

 
GROUP B 

Baseline 1.735±0.471  
1 month 1.029±0.277 
3 months 1.088±0.330 

 
Table 2 Mean and Mean difference in Pocket probing depth and Relative attachment level of Group A and B at different 

 

  Pocket probing depth

 
Assessment 

Interval 
Mean±SD 

 
GROUP A 

Baseline 5.823±1.236 
1 month 5.411±1.460 

3 months 5.235±1.601 

GROUP B 
Baseline 6.058±1.712 
1 month 3.764±1.921 
3 months 3.647±1.934 
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Markandeshwar University, Mullana. The drug retention was 
assessed on alveolar mucosa taken from the extraction sites of 
the patients. Franz diffusion Cell method was used to estimate 
the drug retention. The assay for drug permeability was 

Possible side effects of therapy including slight discomfort and 
gingival redness were evaluated. No treatment related adverse 

Garret et al 199933 also 
reported that emergent adverse events constituted ≤ 1% of the 
entire study population with 0.2% of them showing allergic 

Intergroup comparison of Mean differences in Plaque 
index and Gingival index at different intervals 

GINGIVAL INDEX 
Mean 

Difference 
(A-B) 

t 
Value 

P 
Value 

   
-0.338 -2.578 .015* 
-0.338 -2.578 .015* 

Intergroup comparison of Mean differences in Pocket 
probing depth and Relative attachment level at different intervals 

Relative attachment level 
Mean 

Difference 
B) 

 
t 

Value 

 
P 

Value 
   

1.647 -7.517 <.001** 
1.529 -6.770 <.001** 

Fig 1 Radiographic evidence of bone loss

Fig 2 Subgingival application of
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Mean and Mean difference in Plaque index and Gingival index of Group A and B at different intervals

PLAQUE INDEX GINGIVAL INDEX
Mean Difference 
From Baseline 

Z Value P Value Mean±SD 
Mean Difference
From

   1.882±0.523  
0.367±0.332 -3.042 .002 1.426±0.361 0.455±0.321
0.338±0.341 -2.901 .004 1.426±0.361 0.455±0.321

  1.852±0.523 
0.705±0.377 -3.455 .001** 1.058±0.300 0.794±0.435
0.647±0.415 -3.359 .001** 1.058±0.300 0.794±0.435

Mean and Mean difference in Pocket probing depth and Relative attachment level of Group A and B at different 
intervals 

Pocket probing depth Relative attachment level

Mean 
Difference 

From Baseline 
Z Value P Value 

Mean±SD 
 

Mean 
Difference

From

   8.411±2.093 
0.411±0.507 -2.646 .008 8.000±2.318 0.411±0.507
0.588±0.618 -2.887 .004 7.823±2.455 0.588±0.618

   8.764±2.634 
2.294±0.685 -3.695 <.001** 6.705±2.568 2.058±0.747
2.411±0.618 -3.710 <.001** 6.647±2.596 2.117±0.696

A Split Mouth Study Design Showing Clinical Efficacy of Subgingivally Delivered 1.2% Atorvastatin in Chronic 

32112 | P a g e  

Radiographic evidence of bone loss 

 
Subgingival application of 1.2 % Atorvastatin Gel 

 
A 

 
b 

Mean and Mean difference in Plaque index and Gingival index of Group A and B at different intervals 

GINGIVAL INDEX 
Mean Difference 
From Baseline 

Z Value P Value 

  
0.455±0.321 -3.325 .001 
0.455±0.321 -3.325 .001 

   
0.794±0.435 -3.482 <.001** 
0.794±0.435 -3.482 <.001** 

Mean and Mean difference in Pocket probing depth and Relative attachment level of Group A and B at different 

Relative attachment level 

Mean 
Difference 

From Baseline 
Z Value P Value 

   
0.411±0.507 -2.646 .008 
0.588±0.618 -2.887 .004 

   
2.058±0.747 -3.741 <.001** 
2.117±0.696 -3.777 <.001** 
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Figure 3 a- Preoperative PPD,  b-1 month Postoperative PPD,c
Postoperative PPD 
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Figure 4 a- Preoperative RAL,  b-1 month Postoperative RAL, c

Postoperative RAL 
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1 month Postoperative RAL, c- 3- months 

DISCUSSION 
 

Advantages of using the subgingival drug
include achieving high intrasulcular drug concentrations, 
avoiding its systemic side effects, and better patient
compliance.34,35 Therefore, this in vivo study using ATV in situ 
gel formulation was carried out to assess the benefits of a local 
drug-delivery system. 
 

Fajardo et al. in a study found that ATV admini
increased alveolar bone height, decreased the CEJ to alveolar 
bone distance and had beneficial effect on tooth mobility in 
individuals with periodontal disease over a period of 3 
months.24 Effects of statins on the periodontium are quite 
poorly understood. Saxlin et al
medication on the periodontium and showed that individuals 
with no gingival bleeding, statin medication was found to be 
associated with an increased likelihood of having deepened 
periodontal pockets.36 Previously Morris 
effect of injectable SMV in three walled
Class 2 furcations defects, and edentulous alveolar ridges in 
beagle dogs by histomorphometric analysis, 29% greater ridge 
thickness was found with SMV, but bone 
detected in the interproximal intrabony and furcation defects.
In the present study there was a significant decrease in GI 
index from baseline to 3 months, suggesting an anti
inflammatory effect of ATV. A similar anti
effect of statin was observed by Lindy 
chronic periodontitis who were on systemic statin therapy. 
Patients with periodontitis taking statins had 37% fewer 
pathologic periodontal pockets than those not taking statin 
medication.  
 

Recently, ATV has been reported to inhibit inflammatory cells 
and matrix metalloproteinases (MMPs), which play a role in 
the connective tissue destruction in periodontal disease.
MMPs levels have been reported to be highly correlated to PD 
and bleeding on probing.39 Similarly SMV has been found to 
show the anti-inflammatory effect on human oral epithelial 
cells, apparently involving Rac1 GTPase inhibition and 
decreased IL-6 and IL-8 production.
treatment with ATV reduced CD36 expressi
nuclear NFκB levels which is known to be involved in TNF
production, in circulating monocytes from patients with type 2 
diabetes.22 CD36 is a class B family scavenger receptor which 
is able to bind Ox-LDL, is up
oxidative stimuli, such as oxidatively modified low
lipoprotein (Ox-LDL) itself and IL
pathway involving protein kinase C.
in the gingival crevicular fluid and has shown to enhances IL
production in epithelial cells.41

be part of the stress response to oxidative stimuli, the reduction 
of the nuclear-active and the increase of the cytosolic
NFκB form observed in these patients, after ATV treatment, 
might indicate reduced oxidative stress.
 

Moreover, Majima et al. suggested beneficial effect of ATV, 
on bone metabolism by reducing bone resorption rather than by 
stimulating bone formation in hypercholesterolaemic
treated for 3 months.42 Additionally, ATV has 
increase numbers of circulating endothelial progenitor 
cells.43ATV increases the secretion of OPG, a potent inhibitor 
of bone resorption in human osteoblasts.
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Advantages of using the subgingival drug-delivery system 
include achieving high intrasulcular drug concentrations, 
avoiding its systemic side effects, and better patient 

Therefore, this in vivo study using ATV in situ 
gel formulation was carried out to assess the benefits of a local 

. in a study found that ATV administration 
increased alveolar bone height, decreased the CEJ to alveolar 
bone distance and had beneficial effect on tooth mobility in 
individuals with periodontal disease over a period of 3 

Effects of statins on the periodontium are quite 
et al. found dual effect of statin 

medication on the periodontium and showed that individuals 
with no gingival bleeding, statin medication was found to be 
associated with an increased likelihood of having deepened 

eviously Morris et al. studied the 
effect of injectable SMV in three walled periodontal IBDs, 
Class 2 furcations defects, and edentulous alveolar ridges in 

dogs by histomorphometric analysis, 29% greater ridge 
thickness was found with SMV, but bone height loss was 
detected in the interproximal intrabony and furcation defects.37  

In the present study there was a significant decrease in GI 
index from baseline to 3 months, suggesting an anti-
inflammatory effect of ATV. A similar anti-inflammatory 

of statin was observed by Lindy et al.18 in patients with 
chronic periodontitis who were on systemic statin therapy. 
Patients with periodontitis taking statins had 37% fewer 
pathologic periodontal pockets than those not taking statin 

Recently, ATV has been reported to inhibit inflammatory cells 
and matrix metalloproteinases (MMPs), which play a role in 
the connective tissue destruction in periodontal disease.38 
MMPs levels have been reported to be highly correlated to PD 

Similarly SMV has been found to 
inflammatory effect on human oral epithelial 

cells, apparently involving Rac1 GTPase inhibition and 
8 production.20 In a study, 8-week 

treatment with ATV reduced CD36 expression and decreased 
nuclear NFκB levels which is known to be involved in TNF-α 
production, in circulating monocytes from patients with type 2 

CD36 is a class B family scavenger receptor which 
LDL, is up-regulated in response to 

oxidative stimuli, such as oxidatively modified low-density 
LDL) itself and IL-4 and by a signaling 

pathway involving protein kinase C.40 OxLDL has been found 
in the gingival crevicular fluid and has shown to enhances IL-8 

41 Since NFκB activation seems to 
be part of the stress response to oxidative stimuli, the reduction 

active and the increase of the cytosolic-inactive 
NFκB form observed in these patients, after ATV treatment, 

duced oxidative stress.22 

. suggested beneficial effect of ATV, 
on bone metabolism by reducing bone resorption rather than by 
stimulating bone formation in hypercholesterolaemic patients 

Additionally, ATV has been reported to 
circulating endothelial progenitor 

ATV increases the secretion of OPG, a potent inhibitor 
of bone resorption in human osteoblasts.23 Second, statins 
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directly affect osteoclasts through mechanisms, which closely 
resemble the mode of action of nitrogen-containing 
bisphosphonates and a third paracrine pathway, which acts 
through osteoblast-osteoclast cross talks and involves the 
RANKL/OPG system.19,23  
 

This study showed that there was statistically significant 
difference in PI and GI. However, a highly significant 
reduction in PPD (3.764±1.921 at 1month and 3.647±1.934 at 3 
months)  and gain in RAL(6.705±2.568 at 1 month and 
6.647±2.596 at 3 months) was observed in Group B as 
compared to Group A (p<0.001). This was in accordance to the 
study by Pradeep AR et al (2010)7 who showed significantly 
greater probing depth reduction and significant improvement in 
CAL for the use of simvastatin gel with SRP in comparison to 
the control group having SRP with placebo gel. 
ATV is a lipophilic statin which appear to have a more potent 
bone-sparing effect as compared to hydrophilic statins such as 
pravastatin.44,21,45  

 

The current study has considered the technique of 
subgingivally delivering ATV directly into peridontal pockets 
in individuals with chronic periodontitis as the LDD system 
offer the advantages of high concentrations at the target site 
with reduced dosage, fewer applications, and high patient 
acceptability.46 Compared to a systemic regimen, local delivery 
may offer important benefits in terms of adverse reactions and 
patient compliance as it is also reported in previous study.7,47 

 

Statins are effective drugs in the treatment of hyperlipidaemia 
and the prevention of cardiovascular events. However, despite 
the proven efficacy and safety of statins, relevant side effects 
exist and should be considered when treating patients. Statins 
are safe and have few side effects like muscle toxicity with 
myopathy and rhabdomyolysis, which is rare and mostly occurs 
in patients on higher statin doses and on drugs that interact at 
the level of hepatic metabolism.48 

 

CONCLUSION 
 

This clinical trial thus demonstrates that local delivery of 1.2% 
ATV(Group B) into the periodontal pockets in individuals with 
chronic periodontitis stimulated a highly significant reduction  
in Plaque index, Gingival index, Pocket probing depth and gain 
in Relative attachment level at 1 and 3 months from baseline as 
compared to Group A in adjunct to SRP. The overall 
observations of the present study were encouraging and showed 
promising results with significant improvement in all the 
clinical parameters. However, long-term studies, using 
different vehicles and concentrations of ATV, should be carried 
out to affirm the observations of our study. 
 

Acknowledgments 
 

The authors express their gratitude to Dr. Vipin Saini, 
Principal, Dr. Sumeet Gupta and Dr. Tulsi Chakraborty, M.M 
College of Pharmacy, Mullana for providing ATV and for 
helping us in preparing ATV gel. The authors acknowledge 
Mrs.Kusum, Statistician, Chandigarh, India, for preparing the 
statistics. The authors report no potential conflict of interests. 
 
 
 
 
 
 
 

References 
 

1. Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV. 
Novel host response therapeutic approaches to treat 
periodontal diseases. Periodontol 2000 2007;43:294-315. 

2. Jacob E, Setterstrom JA, Bach DE, Heath JR 3rd, 
McNiesh LM, Cierny G 3rd. Evaluation of 
biodegradable ampicillin anhydrate microcapsules for 
local treatment of experimental staphylococcal 
osteomyelitis. Clin Orthop 1991;267:237-244. 

3. Benoit MA, Mousset B, Delloye C, Bouillet R, Gillard 
J.Antibiotic-loaded plaster of Paris implants coated with 
poly lactide-co-glycolide as a controlled release delivery 
system for the treatment of bone infections. Int Orthop 
1997;21:403-408. 

4. Gohel MC, Parikh RK, Nagori SA, Jena DG. Fabrication 
of modified release tablet formulation of metoprolol 
succinate using hydroxypropyl methylcellulose and 
xanthan gum. AAPS PharmSciTech 2009;10:62-68.  

5. Zou W, Cao G, Xi Y, Zhang N. New approach for local 
delivery of rapamycin by bioadhesive PLGA-
carbopolsnanoparticles. Drug Deliv 2009;16:15-23.  

6. Sanna V, Peana AT, Moretti MD. Effect of vehicle on 
diclofenac sodium permeation from new topical 
formulations: In vitro and in vivo studies. Curr Drug 
Deliv 2009;6:93-100. 

7. Pradeep AR, Thorat MS. Clinical Effect of 
Subgingivally Delivered Simvastatin  in the Treatment 
of Patients With Chronic Periodontitis: A Randomized 
Clinical  Trial. J Periodontol 2010;81:214-22. 

8. Elavarasu S, Suthanthiran TK, Naveen D. Statins: A new 
era in local drug delivery. Journal of Pharmacy and 
Bioallied Sciences 2012;4(2)Part 2:248-51. 

9. Mundinamane DB, Suchetha A, Venkataraghavan K, 
Garg A.  Newer Trends In Local Drug Delivery For 
Periodontal Problems. IJCD 2011;2(4):59-62. 

10. Al-Kassas RS, El-Khatib MM. Ophthalmic controlled 
release in situ gelling systems for ciprofloxacin based on 
polymeric carriers. Drug Deliv 2009;16:145-152. 

11. Ravikumara NR, Madhusudhan B, Nagaraj TS, Hiremat 
SR, Raina G. Preparation and evaluation of 
nimesulideloaded ethylcellulose and methylcellulose 
nanoparticles and microparticles for oral delivery. J 
Biomater Appl 2009;24:47-64. 

12. Final report on the safety assessment of 
hydroxyethylcellulose, hydroxypropylcellulose, 
methylellulose, hydroxypropyl methylcellulose and 
cellulose gum. J Am Coll Toxicol 1986;5:260.  

13. Goodson JM. Antimicrobial strategies for treatment of 
periodontal diseases. Periodontology 1994 2005;142-68. 

14. Hitzig C, Charbit Y, Bitton C, Fosse T, Teboul M, 
Hannoun L et al. Topical metronidazole as an adjunct to 
subgingival debridement in the treatment of chronic 
periodontitis. J Clin Perio 1994;21:146-51. 

15. Okuda K, Wolff L, Oliver R, Osborn J, Stoltenberg J, 
Bereuter J et al. Minocycline slow release formulation 
effect on subgingival bacteria. J Periodontol 1992;63:73-
9. 

16. Liao JK, Laufs U. Pleiotropic effects of statins. Ann Rev 
Pharmacol Toxicol 2005; 45:89-118. 



International Journal of Recent Scientific Research Vol. 10, Issue, 04(G), pp. 32110-32115, April, 2019 

 

32115 | P a g e  

17. Mundy G, Garrett R, Harris S  Chan J, Chen D, Rossini 
G et al. Stimulation of bone formation in vitro and in 
rodents by statins. Science 1999;286:1946-9. 

18. Lindy O,  Suomalainen K,  Makela M, Lindy S. Statin  
use  is  associated with fewer periodontal lesions: A 
retrospective study. BMC Oral Health 2008;8:16-23. 

19. Staal A, Frith JC, French MH et al.The ability of statins 
to inhibit bone resorption is directly related to their 
inhibitory effect on HMG-CoA reductase activity. J 
Bone Miner Res 2003;18: 88–96. 

20. Sakoda K, Yamamoto M, Negishi Y, Liao JK, Node 
K,Izumi Y. Simvastatin decreases IL-6 and IL- 8 
production in epithelial cells. J Dent Res 2006;85: 520-
523. 

21. Jones P, Kafonek S, Laurora I, Hunninghake D. 
Comparative dose efficacy study of atorvastatin versus 
simvastatin, pravastatin, lovastatin, and fluvastatin in 
patients with hypercholesterolemia (the CURVES 
study). Am J Cardiol 1998 1;81: 582-587. 

22. Mandosi E, Fallarino M, Gatti A etal. Atorvastatin 
downregulates monocyte CD36 expression, nuclear 
NFkappaB and TNFalpha levels in type 2 diabetes. J 
Atheroscler Thromb 2010;17: 539-545. 

23. Viereck V, Gründker C, Blaschke S et al. Atorvastatin 
stimulates the production of osteoprotegerin by human 
osteoblasts. J Cell Biochem 2005;96: 1244-1253. 

24. Fajardo ME, Rocha ML, Sánchez-Marin FJ, Espinosa-
Chávez EJ. Effect of atorvastatin on chronic 
periodontitis: a randomized pilot study. J Clin 
Periodontol 2010;37: 1016-1022. 

25. Goes P, Lima AP, Melo IM, Rêgo RO, Lima V. Effect 
of Atorvastatin in radiographic density on alveolar bone  
loss in wistar rats. Braz Dent J 2010;21: 193-198.  

26. Ramfjord SP, Nissle RR, Shick RA Cooper H, Jr. 
Subgingival curettage versus surgical elimination of 
periodontal pockets. J Periodontol 1968;39:167-75. 

27. Antczak-Bouckoms AA, Tulloch JF, Berkey CS. Split-
mouth and cross-over designs in dental research. J Clin 
Periodontol 1990;17:446-53. 

28. Silness J, Loe H. Periodontal disease in pregnancy II: 
Correlation between oral hygiene and Periodontal 
condition. Acta Odontol Scand 1964;22:121-35. 

29. Loe H, Silness J. Periodontal disease in pregnancy I: 
Prevelance and severity. Acta Odontol Scad 
1963;21:533-41.  

30. Guentsch A, Jentsch H, Pfister W, Hoffmann T, Eick S. 
Moxifloxacin as an adjunctive Antibiotic in the 
Treatment of Severe Chronic Periodontitis. J Periodontol 
2008;79:1894-1903. 

31. Sastravaha G, Yotnuengnit P, Booncong P, 
Sangtherapitikul P. Adjunctive periodontal treatment 
with centella asiatica and Punica granutum extracts. A 
Preliminary study. J Int Acad Periodontol 2003;5:106-
15.  

32. Thylin MR, McConnell JC, Schmid MJ, et al. Effects of 
statin gels on murine calvarial bone. J Periodontol 2002; 
73:1141-1148. 

33. Garrett S, Johnson L, Drisko CH. Two multicenter 
studies evaluating locally delivered doxycycline hyclate, 
placebo control, oral hygiene and scaling and root 

planing in the treatment of periodontitis. J Periodontol 
1999;70:490-503. 

34. Goodson JM, Hogan PE, Dunham SL. Clinical responses 
following periodontal treatment by local drug delivery. J 
Periodontol 1985;56(Spec. Issue): 81-87. 

35. Needleman IG, Pandya NV, Smith SR, Foyle DM. The 
role of antibiotics in the treatment of periodontitis (Part 
2 – Controlled drug delivery). Eur J Prosthodont Restor 
Dent 1995;3:111-117. 

36. Saxlin T, Suominen-Taipale L, Knuuttila M, Alha P, 
Yl.stalo P. Dual effect of statin medication on the 
periodontium. J Clin Periodontol 2009;36: 997-1003. 

37. Morris MS, Lee Y, Lavin MT, et al. Injectable 
simvastatin in periodontal defects and alveolar ridges: 
Pilot studies. J Periodontol 2008;79: 1465-1473. 

38. Kamio K, Liu XD, Sugiura H et al.Statins inhibit matrix 
metalloproteinase release from human lung 
fibroblasts.Eur Respir J 2010;35: 637-646. 

39. Rai B, Kharb S, Jain R, Anand SC. Biomarkers of 
periodontitis in oral fluids. J Oral Sci 2008;50: 53-56. 

40. Collot-Teixeira S, Martin J, McDermott-Roe C, Poston 
R, McGregor JL: CD36 and macrophages in 
atherosclerosis. Cardiovasc Res 2007;75: 468-477. 

41. Suzuki K, Sakiyama Y, Usui M, Obama T, Kato R, Itabe 
H, Yamamoto M. Oxidized low-density lipoprotein 
increases interleukin-8 production in human gingival 
epithelial cell line Ca9-22. J Periodontal Res 
2010;45:488-495. 

42. Majima T, Komatsu Y, Fukao A, Ninomiya K, 
Matsumura T, Nakao K. Short-term effects of 
atorvastatin on bone turnover in male patients with 
hypercholesterolemia. Endocr J 2007;54: 145-151. 

43. Minami Y, Satoh M, Maesawa C et al. Effect of 
atorvastatin on microRNA 221/222 expression in 
endothelial progenitor cells obtained from patients with 
coronary artery disease. Eur J Clin Invest 2009;39: 359-
367. 

44. Maeda T, Kawane T, Horiuchi N. Statins augment 
vascular endothelial growth factor expression in 
osteoblastic cells via inhibition of protein prenylation. 
Endocrinology 2003;144: 681-692. 

45.  Dart A, Jerums G, Nicholson G et al. A multicenter, 
double-blind, one-year study comparing safety and 
efficacy of atorvastatin versus simvastatin in patients 
with hypercholesterolemia. Am J Cardiol 1997;80: 39–
44. 

46. Greenstein G, Polson A. The role of local drug delivery 
in the management of periodontal diseases: a 
comprehensive review. J Periodontol 1998;69: 507-520. 

47. Stein D, Lee Y, Schmid MJ, et al. Local simvastatin 
effects on mandibular bone growth and inflammation. J 
Periodontol 2005;76: 1861-1870. 

48. Jeger R, Dieterle T. Statins: have we found the Holy 
Grail? Swiss Med Wkly 2012;142: w13515. 

 


