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Abstract: Simvastatin is an anti-hyperlipidemic drug which reduces the cholesterol synthesis and also has anti-
inflammatory, immunomodulatory and anti-microbial action against the bacteria. This develops the interest of 
periodontologist to use it in combination with conventional treatment to treat periodontal diseases. The objective of the 
study was to develop the gel and mouthwash of simvastatin and use it locally to treat gingivitis and periodontitis as an 
adjunct to scaling and root planning. The patients were randomly allocated into three groups that were standard treatment 
group, gel treatment group and mouthwash treatment group. Results indicated that simvastatin gel and mouthwash in 1% 
preparation showed favorable results by significantly reducing periodontal parameters and inflammatory biomarkers (p≤ 
0.001) as compared to standard treatment. Thus, we strongly suggest the use of simvastatin by local drug delivery system 
as an adjunct treatment of scaling and root planning. 
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INTRODUCTION 
 
Simvastatin is an anti-hyperlipidemic drug which 
decreases the cellular cholesterol synthesis. It is an 
inhibitor of HMG CoA reductase enzyme and used for 
prophylaxis to reduce cardiovascular diseases (Kim et al., 
2018). It not only reduces the cholesterol synthesis but 
also have anti-inflammatory, immunomodulatory and 
anti-microbial action against the bacteria (Kaminska et 
al., 2018) which develops the interest of periodontologist 
to used it  in combination with conventional treatment to 
treat periodontal diseases. 
 
The atherosclerotic process increases during periodontal 
diseases initiating humoral and cell mediated 
inflammation. A positive connection was found between 
periodontal diseases and CV diseases. This is due to P. 
gingivalis that moves in the aorta’s endothelial cell and 
heart to promote the aggregation of platelets and 
formation of thrombus by releasing collagen and toxic 
substances. Modification in humoral and cell mediated 
response improves the severity and progression of 
inflammation by using an effective anti-inflammatory and 
anti-microbial agent. A very low value of MIC of 
simvastatin proved to be an effective anti-microbial agent 
with anti-inflammatory properties (Emani et al., 2018).  
 
Different researches are going on the local drug delivery 
system in dentistry since 1979. Researchers found out 

good results by the use of different drugs which are 
delivered locally to treat periodontal diseases. These local 
preparations applied in to the periodontal pockets with 
scaling and root planning because only scaling and root 
planning does not completely eradicate the bacteria from 
inaccessible sites. As a result, the bacteria regrow there 
and form a complex biofilm which may lead to re-
infection. This drug delivery system requires less 
intervention, lessens the dose and sustains the drug’s 
therapeutic level in the gingival crevicular fluid for long 
periods, causing minimum or no side effects (Agarwal et 
al., 2016; Gunjiganur et al., 2017). 
 
The role of inflammatory mediators in gingivitis and 
periodontitis is well known. Now a day’s saliva is used as 
an inflammatory biomarker in many inflammatory 
diseases including, periodontal diseases (Prasad et al., 
2016). Macrophages and gingival fibroblasts release 
TNF-α and IL-1β which are accountable for the 
production of prostaglandin E2, IL-6 and IL-8 (Hasturk et 
al., 2012). Nitric oxide levels are also imbalanced in 
gingivitis and periodontitis and the numbers of free 
radicals are increased during these inflammatory 
conditions (Gupta et al., 2015).  
 
The pro-inflammatory cytokines increases the activity of 
osteoclasts thus causing loss of alveolar bone and 
consequently attachment and tooth loss. In a study, oral 
use of simvastatin for consecutive 3 years showed 
reduction in alveolar bone loss (Cunha-Cruz et al., 2005). 
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Simvastatin blocks the production of mevalonate which 
decrease the number of osteoclasts and production of IL-
6. On the other hand, it increases alkaline phosphatase 
activity, endothelial growth factor and increases 
mineralization thus improves osteoblastic proliferation 
and differentiation of periodontal ligament cells. So the 
use of these low cost drugs in local formulations increases 
osteoblastic activity, produce bone growth factors and a 
very cheap alternative to treat bone defects (Agarwal et 
al., 2016). 
 
Thus, the objective of the study was to develop the gel 
and mouthwash of simvastatin and use it locally to treat 
gingivitis and periodontitis as an adjunct to scaling and 
root planning. 
 

MATERIALS AND METHODS 
 

Preparation of Simvastatin 1% gel and mouthwash 
Tablets of 20 mg of simvastatin were used for 1% gel 
preparation. After dissolving the tablets in distilled water, 
the preparation was added in 1% carbapol gel containing 
preservatives. The pH of the final preparation was 
adjusted by adding triethanolamine solution. The 
viscosity, syringeability, spreadability, mucoadhesiveness 
and pH of the gel were evaluated before its application in 
to the patient’s mouth. The microbial count was also done 
for quality control of the formulation (Ranjan et al., 
2017). 
 
Similarly, 1% mouthwash was also prepared, using 20 mg 
tablets of simvastatin by dissolving them in distilled 
water. Sodium benzoate was included as preservative 
followed by glycerin and natural food color and flavor to 
be tolerated by mouth. The final preparation was then 
adjusted for its pH by adding triethanolamine solution. 
The quality of mouthwash was also assessed before its 
application.    
 

Study design 
Randomized clinical control trial 
 
Data source 
This study was done in the Pharmacology department of 
Karachi University, Sindh, Pakistan and HEJ Research 
Institute of Chemistry Karachi University, Sindh, 
Pakistan. The patients were enrolled during December, 
2017 to March, 2018. The patients who were agreed to 
participate in the study signed the consent form. Complete 
medical and dental history of the patients was taken 
before starting the procedure.  
 
Ethical approval 
All methods included in this study involving human 
subjects were in accordance to the Helsinki declaration 
(2013). Approval of the studies was obtained from the 
board of advanced studies and the Independent Ethics 
committee of International Center for Chemical and 

Biological sciences ICCBS/IEC-029-HS2017/Protocol/ 
1.0.  
 

Patient’s inclusion criteria 
 Patients of gingivitis and periodontitis without any 

systemic diseases 
 Adult patients of more than 18 years of age. 

 
Patient’s exclusion criteria 
 Patients taking any medicines from six months 
 Patients had periodontal treatment since last two 

months 
 Pregnant females and lactating mothers 

 

Patients group 
Thirty patients were allocated randomly into three groups. 
Scaling and root planning was done in each mouth 
quadrant once a week for 4 consecutive weeks in each 
group.  
Group A: Received only scaling and root planning. 
Group B: Gel was applied in the treated quadrant after 48 
hours of each session.  
Group C: Mouthwash was used by the patients after the 
completion of each session. 
 

Oral clinical parameters 
The following six oral clinical parameters were observed 
a) Probing depth (Ranjan et al., 2017) 
b) Clinical attachment level (Ranjan et al., 2017)  
c) Plaque and gingival index (Caygur et al., 2017) 
d) Tooth mobility (Zhang et al., 2017) 
e) Bleeding on probing (Pei et al., 2017) 
All the parameters were taken before and after 4 weeks of 
treatment. 
 

Collection of saliva and analysis of salivary biomarkers 
Standard protocol was used for the collection of 
unstimulated saliva. The saliva samples were refrigerated 
after centrifugation. PGE2 (Zhang et al., 2017), TNF- α 
(Zhang et al., 2017), and nitric oxide (Cintra et al., 2016) 
levels in saliva were measured by means of enzyme-
linked immunosorbent assay kits (Glory science 
company, Ltd, USA and Invitrogen, California). 
 

STATISTICAL ANALYSIS  
 
Statistical analysis was done by using SPSS version 21 
software of IBM. The data represented as mean± standard 
deviation. One way analysis of variance (ANOVA) was 
used for analysis of data. Bonferroni’s test was used for 
post-hoc analysis for inter group comparisons. 
Differences between groups were considered significant 
at p≤ 0.05   
 
RESULTS  
 
A significant reduction was observed in pocket depth and 
clinical attachment level (p≤0.001) in patients treated with 
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gel and mouthwash (table 1a). Gingival index, plaque 
index was also reduced with decreased bleeding in 
patients treated with gel and mouthwash (p≤0.001) (table 
1b). 
 
Table 2a, 2b and 2c shows PGE2, TNF-α, and nitric oxide 
levels, which reduced in both treatment groups (p≤ 0.001) 
in comparison to conventional treatment group. 
Inflammatory biomarkers were reduced more in patients 
treated with simvastatin gel (p≤0.001) in comparison to 
group of patients treated with simvastatin mouthwash. 
 

DISCUSSION 
 
Inflammation of periodontal tissues is associated with the 
release of certain mediators such as tumor necrosis factor-
α, interleukin 1β, interleukin 6, interleukin 8, matrix 
metalloproteinases and PGE2 as well due to release of 
reactive oxygen species by neutrophils in increase 
amounts (Yucel-Lindberg and, Bage, 2013). As a 
consequence of disturbance in bone homeostasis; there is 
an increase in the osteoclastic activity and a decrease in 
osteoblastic activity which cause alveolar bone loss and 
degradation of connective tissue. This inflammation is 
due to the presence of increase number of anaerobic 
bacteria present in the dental plaque which releases 
proteases and lipopolysaccharide (Hienz et al., 2015). 
Clinical signs and symptoms associated with periodontal 
diseases include edema, erythema, enlarged gingival 
tissues and bleeding. Certain secondary factors are also 
associated with increased inflammation of periodontal 
tissues such as pregnancy in which there is a hormonal 
imbalance in the body (Corbella et al., 2016), some type 

of drugs (Antoniazzi et al., 2016) and certain systemic 
diseases (Bui et al., 2019).  Environmental factors, 
including stress and smoking are also linked with 
periodontal diseases (Bawankar et al., 2018). 
Disturbances in chemotaxis and migration of neutrophils, 
the process of phagocytosis and the release of mediators 
of inflammation occur in patients who are smokers, so 
these patients do not respond to the normal conventional 
periodontal treatment (Tymkiw et al., 2011). 
 
Various traditional drugs are used to modulate these 
inflammatory responses. Anti-inflammatory drugs have 
an important role in inhibition of prostaglandin, pro-
inflammatory cytokines and matrix metalloproteinases, 
which decreases the severity of the disease by reducing    
inflammation (Reddy et al., 2003). Systemic antibiotics 
are also used adjunct to periodontal treatment to treat 
infection (Ong et al., 2019). However, high doses of both 
these agents are essential to attain therapeutic 
concentrations at target sites which lead to increased risks 
of developing side effects such as GI bleeding and 
allergic reactions (Pretzl et al., 2019). Since last 30 years, 
anti-inflammatory agents and antibiotics by the local drug 
delivery system have been used to treat periodontal 
diseases (Szulc et al., 2018). Local drug delivery provides 
adequate concentration of drug at target sites without any 
systemic side effects (Jepsen and Jepsen, 2016). 
 

Researchers found that statins have additional anti-
inflammatory, anti-bacterial, immune-modulatory, anti-
thrombotic and endothelium stabilizing effects with its 
lipid lowering effects. It is found to be effective in the 
inhibition of pro-inflammatory cytokines, including 

Table 1a: Measurement of oral health parameters before and after treatment (n=10) 
 

Groups 

Probing pocket depth Clinical attachment level Tooth mobility 
Before 

treatment 
(n=10) 

After 
treatment 

(n=10) 

Before 
treatment 

(n=10) 

After treatment 
(n=10) 

Before 
treatment 

(n=10) 

After treatment 
(n=10) 

Standard 
treatment group 

3.89 ± 0.81 3.74 ± 0.93 3.75 ± 0.54 3.55 ± 1.00 0.60 ± 0.67 0.60 ± 0.67 

Gel treatment 
group 

3.27 ± 0.36 1.37 ± 0.25*** 3.40 ± 0.52 1.69 ± 0.51*** 1.10 ± 0.32 0.50 ± 0.53 

Mouthwash 
treatment group 

3.32 ± 0.14 1.45 ± 0.18*** 3.41 ± 0.21 1.56 ± 0.18*** 1.10 ± 0.32 0.50 ± 0.52 

 
Table 1b: Measurement of oral health parameters before and after treatment (n=10) 
 

Groups 

Bleeding on probing Plaque index Gingival index 
Before 

treatment 
(n=10) 

After 
treatment 

(n=10) 

Before 
treatment 

(n=10) 

After treatment 
(n=10) 

Before 
treatment 

(n=10) 

After 
treatment 

(n=10) 
Standard treatment 
group 

0.89 ± 0.31 0.73 ± 0.24 2.62 ± 0.16 2.30 ± 0.14 2.62 ± 0.36 1.88 ± 0.76 

Gel treatment group 0.85 ± 0.29 0.00 ± 0.00*** 2.47 ± 0.42 0.33 ± 0.49*** 2.48 ± 0.27 0.32 ± 0.22*** 
Mouthwash treatment 
group 

0.87 ± 0.29 0.00 ± 0.00*** 2.28 ± 0.64 0.35 ± 0.54*** 2.31 ± 0.52 0.30 ± 0.32*** 

Mean ± SD. ***p≤ 0.001, shows significance with standard treatment 
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interleukins, TNF-α, IFN-γ from different cells, thus 
offers immunomodulatory effects. These effects seem 
beneficial in the treatment of gingivitis and periodontitis 
(Petit et al., 2019). In this study our prepared gel of 
simvastatin reduced inflammation in patients with 
gingivitis and periodontitis, thus reducing the probing 
pocket depth, improves attachment level, and decrease 
bleeding (p≤0.001). Gingival and plaque index were also 
reduced (p≤0.001). The mouthwash preparation of 1% 
simvastatin also shows great results with the reduction in 
all parameters observed before and after treatment. 
However, a change in the degree of tooth mobility was 
not observed by both gel and mouthwash (p≥0.05). This 
may be due to the limitation of our study duration as 
many investigators (Agarwal et al., 2016; Pradeep and 
Thorat, 2010) in their studies proved bone gain after six 
months by the use of simvastatin gel by placing it in 
periodontal pockets of patients with periodontal diseases. 
 
This study noted great reduction in the levels of PGE2, 
TNF-α, and nitric oxide in patients received treatment 
with gel (group B) and mouthwash (group C) after scaling 
and root planning in comparison to the patients 
undergoing only scaling and root planning (group A). 
This property of simvastatin in reducing the inflammatory 
mediators proved it as a potent anti-inflammatory, 
immunomodulatory and endothelial stabilization affecting 
agent (Petit et al., 2019). 
 
This study also found that inflammatory biomarkers were 
highly reduced in patients received gel of simvastatin as 
compared to the group received mouthwash. This may be 
due to the viscosity of gel and its mucoadhesiveness 
which makes it an ideal choice in treating gingivitis and 
periodontitis. Due to these properties the gel remains in 
periodontal pocket for a long period without affecting its 

efficacy (Aslani et al., 2016). Mouthwash is also effective 
in reducing the inflammation of gingiva and periodontium 
and the inflammatory biomarkers to a significant level 
which makes it a good option to be used via local drug 
delivery system in providing immediate relief from 
inflammation, pain and bleeding.  
 

CONCLUSION  
 
Our study revealed that 1% simvastatin gel and 
mouthwash showed favorable results clinically by 
reducing periodontal parameters and inflammatory 
biomarkers. Thus we strongly suggest the use of 
simvastatin by local drug delivery system as an adjunct 
treatment of scaling and root planning. Besides the 
limitation of this study which includes small population 
and short time period, the results are promising and 
encouraging that is why more studies should be done on 
larger scale to acquire its full benefits in the treatment of 
periodontal diseases.      
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