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ABSTRACT 
  
 

Objectives:    Cardiovascular disease (CVD),  including heart attack, angina, and 

stroke,  is ranked as the number one cause of mortality world wide. High blood 

cholesterol is linked to CVD and is an important risk factor.  Statins – cholesterol 

lowering drugs-  are first choice drugs for reducing the chance of suffering a CVD event.  

In the USA alone, approximately 32 million individuals take statins.  

 Although randomized control trials of statins have demonstrated their 

efficacy in preventing CVD, much less information has been reported on their unintended 

effects. Although not thought of traditionally as antimicrobials, statins have been shown 

to have antimicrobial effects in vitro. The statins belong to a family of drugs that lower 

cholesterol levels by inhibiting 3-hydroxy-3-methylglutaryl-CoA reductase, a rate 

limiting enzyme in the human mevalonate pathway of which cholesterol in the 

biosynthetic end product. The mevalonate pathway is an important cellular metabolic 

pathway present in  many bacteria. Hence, the aim of this study was to assess the in vitro 

efficacy of statins against selected strains of oral streptococci, as determined by the 

minimum inhibitory concentration.  A second related objective is to assess the in vitro 

effect of statins on single species biofilm formation , as determined by binding of the 

same streptococci to hydroxyapatite pegs.  

Methods:  The effect of statins on S. mutans, S. sanguis, and S. salivarius was 

determined by finding the minimum inhibitory concentration (MIC) by  broth dilution 

assays.  Simvastatin, pravastatin atorvastatin, and rousuvastatin were used in this study. 

The minimum inhibitory concentration was considered to be the lowest concentration of 



 

 iii 

statin that prevented bacterial growth, i.e.  a clear test tube. Experiments were repeated 

twice for each bacterial species. The effect of simvastatin, atorvastatin, and pravastatin on 

the ability of S. mutans and S. sanguis to form single species biofilm was assayed using 

sterile microplates and the MBEC Biofilm Inoculator (Innovatech).   

Results:   Two trials indicated that the MIC of simvastatin against the selected oral 

bacteria was determined to be 15.6  µg/ml  for S. mutans  and  S. sanguis,  and 7.8  µg/ml  

for  S. salivarius. The MIC of rosuvastatin and atorvastatin was determined to be 100 

µg/ml against all three streptococci, whereas the MIC of pravastatin was even higher (200 

µg/ml) against all three streptococci. Likewise, two trials indicated that statins decreased 

single species biofilm formation by S. mutans and S. sanguis.  For simvastatin, biofilm 

formation was decreased by concentrations eight fold below the MIC .  The results were 

substantiated by spectrophotometric assay . For atorvastatin and pravastatin, biofilm 

formation was decreased by concentrations 3-4 fold below the MIC. 

Conclusions: These experiments demonstrate the in vitro antimicrobial effect of 

statins on S. mutans, S.sanguis, and S. salivarius.  The data indicate that the statins inhibit 

growth of the test organisms with MIC’s ranging from 7.8-200 µg/ml. Simvastatin has in 

vitro efficacy against the specific strains of bacteria used in this study at concentrations 

slightly less than the observed MIC’s of 15.6-7.8  µg/ml .  The MIC’s for atorvastatin, 

pravastatin, and rosuvastatin are much higher than simvastatin, in the range of 100-200 

µg/ml .  The effects of statins on biofilm parallels the effect on growth of the bacteria. 
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CHAPTER 1 

 

INTRODUCTION 

  

Cardiovascular disease (CVD),  including heart attack, angina, and stroke,  is 

ranked as the number one cause of mortality world wide (Mozaffarian et al 2013).    High 

blood cholesterol is linked to CVD and is an important risk factor (Taylor et al. 2013).  

Statins – cholesterol lowering drugs-  are first choice drugs for reducing the chance of 

suffering a CVD event.  In the USA alone, approximately 32 million individuals take 

statins (Wehrwein 2011).   Statins inhibit 3-hydroxy-3-methylglutaryl coenzyme A 

(HMG-CoA) reductase leading to decreased synthesis of endogenous cholesterol 

(Steinberg 2008).  

Although randomized control trials of statins have demonstrated their efficacy in 

preventing CVD, much less information has been reported on their unintended effects 

(Macedo 2014).  Statins modulate immune response and attenuate the pathophysiologic 

responses of sepsis (Dobesh et al. 2009, Kwak 2000).   For example, statin users admitted 

to the hospital for acute infections show reduced morbidity and mortality when compared 

with non-statin users (Dobesh et al. 2009, Janda et al. 2010).   Statins have biologically 

significant antioxidant and anti-inflammatory effects and reduce the plasma inflammatory 

markers like C-reactive protein (CRP) (Davignon and Laaksonen  1999). Statin-mediated 

decrease in CRP concentrations in the vascular tissues could be due to inhibition of IL-6 

(Mundy et al. 1999).  
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 Statins modulate bone formation by increasing the expression of bone 

morphogenetic protein-2, inflammation, and angiogenesis (Mundy et al. 1999).   Animal 

studies (Henwood et al. 1988, Todd and  Goa 1990)  have shown that simvastatin assists 

in bone regeneration as well as anti-inflammatory effect when applied systemically or 

locally. Simvastatin, at low concentration, exerts a positive dose dependent effect on the 

proliferation and osteoblastic differentiation of human periodontal ligament (PDL) cells, 

and may be related to the inhibition of the mevalonate pathway (Yazawa et al. 2005).   

Simvastatin also dose dependently stimulates vascular endothelial growth factor (VEGF) 

release and may promote bone formation and osteoblast differentiation via VEGF 

expression in bone tissue (Henwood et al. 1988).   The addition of statins, including 

simvastatin, induce a two- to threefold increase of new bone formation in organ cultured 

neonatal murine calvarial bone (Mundy et al. 1999).    

 Statins may have a potential role in periodontal regenerative therapy. Pradeep and 

Thorat (2010)  reported a greater decrease in gingival index and probing depth at chronic 

periodontitis sites treated nonsurgically with scaling and root planing and locally 

delivered simvastatin, compared to scaling and root planing plus placebo in humans. In 

addition, simvastatin-treated individuals exhibit more clinical attachment level gain as 

well as significant intrabony defect fill, and combining simvastatin with bone grafts may 

enhance their regenerative potential (Yazawa et. 2005). 

Although not thought of traditionally as antimicrobials, statins have been shown 

to have antimicrobial effects in vitro (Jerwood  and Cohen 2008) .    Statins inhibit 

several clinical isolates of  methicillin-resistant Staphylococcus aureus (MRSA), 
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vancomycin-resisitant enterococci,  Escherichia coli, Porphyromonas gingivalis and 

Aggregatibacter actinomycemtemcomitans in vitro (Masadeh et al. 2012).  Hence, the aim 

of this study was to assess the in vitro efficacy of statins against selected strains of oral 

streptococci, as determined by the minimum inhibitory concentration.  A second related 

objective is to assess the in vitro effect of statins on single species biofilm formation , as 

determined by binding of the same streptococci to hydroxyapatite pegs. 
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CHAPTER 2 

MATERIALS AND METHODS  

 Bacterial cultivation and preparation of cells.   Streptococcus mutans (25175), 

Streptococcus sanguis (10556), Streptococcus salivarius (2593) were purchased from the 

American Type Culture Collection (Manassas, Va.).  The purchased freeze dried cells 

were reconstituted in brain heart infusion broth (BHI, DIFCO, Inc) and then streaked  on 

agar plates.   Colonies were examined for purity and single colonies were transferred to 

broth and grown to log phase at which time they were used experimentally. All 

streptococci  were inoculated in/on BHI broth/agar.   The concentration of log phase cells 

that were used was between 108-1010 CFU/ml as determined by serial plating.  

 Preparation of  Statins:   Simvastatin (5 mg, mw =418,Sigma Chemical Co., St. 

Louis, Mo.) was solubilized in 1 ml 100 % dimethylsulfoxide (DMSO), and 1:2 dilutions 

were made in 10 steps to make stock solutions ranging from 0.5-5 mg/ml.  Rosuvastatin 

(10 mg, mw 1001.14, Santa Cruz Biochemical Co 10mg), was solubilized in 1 ml 100 % 

simethylsulfoxide (DMSO), and 1:2 dilutions were made in 10 steps to make stock 

solutions ranging from 0.1-10 mg/ml.   Atorvastatin (5 mg, mw 604.69, Sigma Chemical 

Co., St. Louis, Mo.) was solubilized in 0.5 ml 100 % simethylsulfoxide (DMSO), and 1:2 

dilutions were made in 10 steps to make stock solutions ranging from 0.1-10 mg/ml.  

Pravastatin (25 mg, mw 446,  Sigma Chemical Co., St. Louis, Mo.) was solubilized in 2.5 

ml 100% dimethylsulfoxide (DMSO),  and then 1:2 dilutions in 10 steps were made with 

DMSO to make stock solutions ranging from 0.1-10 mg/ml. 
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Determination of MIC by Broth Dilution Assay:  For bacterial growth studies, 

50 µl  of each simvastatin/DMSO solution was used.  To this, a fixed culture of bacteria 

(50 µl bacterial suspension, OD 600 nm = 1.5, 1010-1012 CFU/ml ) and 2.5 ml media was 

added  to obtain a final volume of 2.6 ml.   The final concentration of DMSO in each 

experimental tube was  2.0%.   DMSO alone (50 µl ), added to bacterial suspension (50 

µl) and media (2.5 ml),was used as control. The minimum inhibitory concentration was 

considered to be the lowest concentration of statin that prevented bacterial growth, i.e.  a 

clear test tube. Experiments were repeated twice for each bacterial species.  For 

simvastatin, growth curves were generated for each tube by removing 100 µl samples  

and measuring turbidity on a spectrophotometer at 600 nm.   All tubes, broths,  agars and 

pipet tips were sterilized prior to use  by autoclaving at 121 C for 20 minutes.  

 Effect of Statins on Single Species Biofilm Formation:  Single species biofilm 

formation by S. mutans and S. sanguis was measured similar to the method of OToole 

(2011).  The effect of simvastatin, atorvastatin, and pravastatin on the ability of S. mutans 

and S. sanguis to form single species biofilm was assayed using sterile microplates and 

the MBEC Biofilm Inoculator (Innovatech).  All experiments were conducted in a 

laminar control hood (Environmental Air Control, Inc., Hagerstown, Md).  The surface of 

the hood was wiped with chlorox wipes prior to conducting  the experiments.   

Experiments were conducted as follows:  to each well in a series of 12 wells of a 

microdish was added 150 µl BHI media and 40 µl bacteria (either S. mutans or S. 

sanguis).  Then 10 µl  of  two fold dilutions of statins were added sequentially  to the 
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wells.  Several microdish wells did not contain statin and served as positive control and 

to establish a growth curve to ensure that bacteria were multiplying. 

Hydroxyapatite pegs of the MBEC TM Biofilm Inoculator  were then inserted 

into the microdish wells and they were incubated with rotation for 6 hrs. at 37 C.  After 6 

hours the pegs were rinsed thoroughly with distilled water and stained with crystal violet 

(Sigma Chemical Co) for 15 min.  Crystal violet is a dye that is specifically taken up by 

gram positive bacteria.  The pegs were then thoroughly rinsed and allowed to dry 

overnight.  Several untreated pegs were incubated with crystal violet to serve as a 

negative control (i.e. binding of crystal violet to untreated hydroxyapatite peg). 

Stained biofilm was removed from each hydroxyapatite peg by immersing the pegs in 

100 ul of  30% acetic acid for 5 minutes.   The elutant (100ul) was then added to 900 ul 

distilled water and the absorbance was measured on a spectrophotometer at 500 nm. 

Control pegs that were not immersed in broth or biofilm, but were immersed in crystal 

violet, served as control (i.e. binding of crystal violet to peg alone).  The control was used 

to auto-zero the spectrophotometer.  Spectropohotometic analysis of crystal violet 

staining was used to quantitate the effects of statins on single species biofilms. 
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CHAPTER 3 

 

RESULTS 

Determination of MIC by Broth Dilution Assay.  Two trials indicated that the MIC 

of simvastatin against the selected oral bacteria was determined to be 15.6  µg/ml  for S. 

mutans  and  S. sanguis,  and 7.8  µg/ml  for  S. salivarius.  The effect of simvastatin on 

S. mutans is shown in Figure 1 and a growth curve for S. mutans in the presence of 

simvastatin is shown in Figure 2.   The MIC of rosuvastatin and atorvastatin was 

determined to be 100 µg/ml against all three streptococci, whereas the MIC of pravastatin 

was even higher (200 µg/ml) against all three streptococci (Fig 3). 

Figure 1. Effect of simvastatin on 
S. mutans. Example of 24 hr growth. From left; control; DMSO alone (showing no effect 
on growth); (tube #3 is 31.2 µg/ml, tube #4 is MIC or 15.6 µg/ml); further dilutions had 
no effect on 24 hour growth. 
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Figure 2. Growth Curve of S.  mutans in the Presence of Simvastatin: an example 
of the interference caused by the MIC concentration (15.6  µg/ml) and at two 
concentrations (7.8 and 3.9 µg/ml)  below the MIC. 
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 Figure 3:  Effect of Atorvastatin and Pravastatin on  24 Hr. Growth of 
Streptococci.  Front row from left: 2 rows of controls showing growth of  S. mutans; A1 
atorvastatin 200 µg/ml (no growth); A2 atorvstatin 100 µg/ml (no growth [MIC]);  P1 
pravastatin 200 µg/ml no growth [MIC]); P2 pravastatin 100 µg/ml growth.  Back two 
rows are similar results for S. sanguis and S. salivarius. 
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Effect of Statins on Single Species Biofim Formation:  Two trials indicated that statins 

decreased single species biofilm formation by S. mutans and S. sanguis.  For simvastatin, 

biofilm formation was decreased by concentrations eight fold below the MIC (Figure 4).  

The results were substantiated by spectrophotometric assay (Figure 5).  In the same way, 

Table 1 shows the optical densities for atorvastatin and pravastatin in cultures 

representing the effects of these substances on biofilm formation by S. mutans and S. 

sanguis. For atorvastatin and pravastatin, biofilm formation was decreased by 

concentrations 3-4 fold below the MIC. 

 

 

Figure 4: Effect of Simvastatin on Biofilm Formation by S. mutans (top row) and S. 
sanguis (bottom row):  Decreasing two-fold concentrations were added to growing cells 
(from right to left) starting with  MIC (15.6 µg/ml). The far left pegs are positive 
controls, i.e. growing cells with no simvastatin. 
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Figure 5:  Effect of Simvastatin on Biofilm Formation by S. mutans and S. sanguis.  
Increasing concentrations of simvastatin inhibit biofilm formation. 
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Atorvastatin	
OD	500	
(S.mutans)	

OD	500	
(S.sanguis)	

0	ug/ml	 0.398	 0.421	
.125	ug/ml	 0.378	 0.414	
.25	ug/ml	 0.407	 0.387	
.5	ug/ml	 0.412	 0.398	
1.0	ug/ml	 0.347	 0.412	
1.99	ug/ml	 0.369	 0.231	
3.98	ug/ml	 0.389	 0.367	
7.98	ug/ml	 0.386	 0.119	
15.87	ug/ml	 0.356	 0.287	
31.75	ug/ml	 0.157	 0.245	
62.5	ug/ml	 0.167	 0.331	
125	ug/ml	 0	 0.012	

Pravastatin	
OD	500	(S.	
mutans)	

OD	500	
(S.sanguis)	

0	ug/ml	 0.41	 0.453	
.125	ug/ml	 0.398	 0.406	
.25	ug/ml	 0.212	 0.422	
.5	ug/ml	 0.402	 0.388	
1.0	ug/ml	 0.382	 0.397	
1.99	ug/ml	 0.356	 0.231	
3.98	ug/ml	 0.367	 0.367	
7.98	ug/ml	 0.388	 0.314	
15.87	ug/ml	 0.256	 0.298	
31.75	ug/ml	 0.143	 0.254	
62.5	ug/ml	 0.135	 0.111	
125	ug/ml	 0	 0.008	

Table 1:  Effect of Atorvastatin and Pravastatin on Single Species Biofilm Formation: 
Biofilm formation on hydroxyapatite pegs was detected by crystal violet binding to cells.  
Pegs were destained and the intensity of staining was measured on a spectrophotometer.  
Compared to positive controls ( 0 µg/ml statin), statin concentrations 3-4 fold below the 
MIC (100 µg/ml) showed decrease staining.    
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CHAPTER 4 

DISCUSSION 

Simvastatin belongs to a family of drugs that lower cholesterol levels by 

inhibiting 3-hydroxy-3-methylglutaryl-CoA reductase, a rate limiting enzyme in the 

human mevalonate pathway of which cholesterol in the biosynthetic end product (Istvan 

and Deisenhofer 2001). The mevalonate pathway is an important cellular metabolic 

pathway present in all higher eukarypotes and many bacteria. The bacteria used in this 

study possess the gene for HMG-CoA reductase (Wilding et al. 2000).  Statins also have 

a range of cholesterol independent results, including anti-inflammatory functions (Bonetti 

et al. 2003) and anti-microbial activity (Hennessy et al. 2013).  As statins reduce systemic 

chronic inflammation, they have demonstrated beneficial effects in the treatment of 

periodontitis (Subramanian et al. 2013).  Likewise, emerging evidence suggests that 

statins may exert beneficial effects in treating and preventing a range of other bacterial 

infections (Falagas et al 2008). 

 The exact mechanisms of the antimicrobial effects of statins are not known. Some 

studies have attributed the antimicrobial action to the promotion of apoptosis in microbial 

cells (Masedeh et al. 2012) or to the hydrophobic nature of statins (e.g. simvastatin) 

causing disruption of the bacterial membrane in a “soap like” manner causing cell death 

(Bergman et al. 2011).  Statins may also work to inhibit bacterial  HMG-CoA reductase. 

There are two distinct classes of HMG-CoA reductase enzymes, the human or eukaryotic 

Class I enzyme, and the prokaryotic Class II enzyme (Bochar et al. 1999).  Crystal 
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structures of a representative of each class of the enzyme have been determined, the 

Class I human enzyme (Istvan et al.  2000) and the class II enzyme from Pseudomonas 

mevalonii (Lawrence et al. 1995).  Both enzymes share a common catalytic mechanism 

but exhibit significant differences in their three-dimensional structure, and in their 

sensitivity to statins (Bishoff and Rodwell 1996).  The Class II enzymes are considerably 

less sensitive to inhibition by statin drugs, with MIC values in the millimolar range, in 

contrast to the nanomolar values for the Class I enzymes (Tabernero et al. 2003). 

 The experiments conducted in this study demonstrate the in vitro antimicrobial 

effect of statins on S. mutans,  S. sanguis, and S. salivarius.  Only data for S. mutans was 

presented in the figures, but similar results were obtained for the other bacteria, all of 

which are potentially pathogenic. S. mutans, in addition to being the primary causal agent 

responsible for dental caries (Loesche 1986), is commonly found in coronary plaque 

specimens (Nakano et al. 2009).   Along with S. mutans,  S. salivarius  and S. sanguis 

belong to the viridans group streptococci, common etiologic agents of subacute bacterial 

endocarditis (Baddour et al. 2005).  

Simvastatin has in vitro efficacy against the specific strains of bacteria used in 

this study at concentrations slightly less than the observed MIC’s of  15.6-7.8µg/ml, i.e. 

slowed growth curves were observed down to approximately 1.0 µg/ml.  DMSO, a 

cryopreservative agent routinely used in microbiology, was used to solubilize simvastatin 

and had no effect on bacterial growth (Matzneller et al. 2011).  The minimum 

bacteriocidal concentration could not be determined because the simvastatin/DMSO 

combination became insoluble at concentrations higher than 4-5 times the MIC.   
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Routinely, the MBC of bacteriostatic agents are many-fold higher than their MIC 

(Levison 2004).   At its MIC, simvastatin prevents the growth of the tested bacteria.    As 

this study was conducted using in vitro treatment of planktonic cells, it is not clear 

whether similar effects would be seen in vivo insofar as the bacteria would be contained 

within multispecies biofilm.  

The difference in MIC between statins could be related to the difference in their 

chemical structures and to how they are produced.  The molecules of stains vary form one 

another in their ring structure, chemical side groups, conformational features and 

solubility.  These differences affect the pharmacologic properties of each statin by 

varying the affinity not only to the active site of the target enzyme (HMGCR) but also 

their rates of entry into the cells.  The statins that were chosen for this study were both 

natural, simvastatin and pravastatin, and synthetic, atorvastatin and rosuvastatin.  Two of 

the statins, simvastatin and atorvastatin are lipophilic, whereas rousovastatin and 

pravastatin are more hydrophilic.  Pravastatin is highly hydrophilic compared to 

simvastatin (Serajuddin et al 1991). The streptococci are not equally sensitive to the 

statins, with simvastatin exhibiting the strongest antibacterial activity.  A similar result 

was found for simvastatin in another study, in which simvastatin was the only agent with 

activity against clinical isolates of methicillin-sensitive Staphyloccus aureas, whereas 

atorvastatin and pravastatin  were not antibacterial (Graziano et al 2015).  Although 

lipophilic like simvastatin, atorvastatin has much weaker antimicrobial activity.   This 

molecule is not derived from a fungal metabolite which may the reason for lacking 

antimicrobial effect. 
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 Simvastatin probably crosses the cell wall and membrane more easily, causing 

bacterial inhibition in a dose dependent manner.  Simvastatin is a  natural product of 

fungal fermentation, which may relate to its more intrinsic antibacterial activity than  

chemically synthesized derivatives (Jerwood and Cohen 2008).  In the same way,  

differences in antibacterial activity could be secondary to either differences in the 

primary ring structure or the side chain compounds of the various statins (Natesan et al. 

2008).  Statins differ in lipid affinity and could have different intrinsic activity, for 

example, pravastatin’s higher hydrophilicity compared to other statins  could contribute 

to its weaker antibacterial activity(Pawlotsky 2006). Different antimicrobial effects of 

statin suggest specificity with regards to statin-mediated killing of microorganisms.  

However further studies on the structure-activity relationship should be conducted to 

better understand their antimicrobial properties. 

 To better understand the antimicrobial properties of the tested statins, we 

investigated their effects on S. mutans and S. sanguis biofilm assays.  Concentrations of 

statins that inhibited growth also affected adherence to hydroxyapatite and subsequent 

biofilm formation.  Few cells adhered to the hydroxyapatite surfaces at the MIC 

concentration.  This was seen visually and  by decreased crystal violet staining.  Our 

results showed that simvastiatn was able to inhibit biofilm formation in concentrations 8 

times lower than the MIC, and that atorvastatin inhibited biofilm formation 3-4 times 

lower than the MIC.   

 Statins are one of  the mainstays of treatment for controlling hyperlipidemia.   Six 

different statins, simvastatin, pravastatin, lovastatin, fluvastatin,  rousovastatin and 
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atorvastatin are available commercially, each having different pharmacokinetic 

properties.  Four statins was used in this study.   Statins are an inactive lactone pro-drug 

which is reversibly converted to a competitive inhibitor of HMG-CoA reductase, 

simvastatic acid, in the gut wall and other tissues (Lilja et al. 1998).  The  prodrug  and 

active metabolite reach its peak plasma  concentration of 15 ng/ml,  2 hours  after 

ingesting one single dose of 60 mg  simvastatin (Backmann et al. 2000).  Thus, these 

experiments indicate that statin concentrations  needed for in vitro antimicrobial 

inhibition (1.95-100  µg/ml MIC)  greatly exceed (1000-fold) the concentration present in 

human blood or crevicular fluid during statin treatment (15 ng/ml).  This would imply 

that there is no relevant antibacterial effect of statins at concentrations attained in plasma 

or crevicular fluid.   However,  the results of in vitro studies are difficult to translate 

directly into clinical practice.  MIC values are laboratory measures of a fixed 

concentration of an antibacterial agent being tested against an initially fixed 

concentration of bacteria that does not necessarily correspond to bacterial densities at site 

of infection.   Clinical studies are warranted. Nevertheless, since the MIC is a measure of 

the potency of an antibacterial drug, these statins are  less potent than either penicillin or 

amoxicillin (MIC 0.03-0.06  µg/ml) against oral streptococci (Jarvinen et al. 1993, 

Castillo 2006).  

 As a bacteriostatic agent, simvastatin may act synergistically with other plaque 

control agents and thus work in localized adjunctive therapy.  It has been used in this way 

to eradicate Helicobacter pylori  in patients receiving triple therapy for treatment of 

peptic ulcer (Nseir 2012).  Bacteriostatic agents are often as effective as bactericidal 
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agents in the treatment of gram-positive infections in patients with uncomplicated 

infections and noncompromised immune systems (Pankey and Sabath 2004).  Thus, 

simvastatin may prove to be a good candidate for a therapeutic agent to be used in local 

drug delivery to target oral bacteria (Rosenberg et al. 2013). In this regard, the MIC of 

the tested statins against oral bacteria compares favorably with essential oil (MIC 512  

µg/ml) (Haffajee et al. 2008) ,  and simvastatin compares favorably with chlorhexidine 

gluconate (MIC 1-2 µg/ml) (Haffajee et al. 2008),  and triclosan (MIC 7.8 µg/ml ) 

(Bedran et al. 2014) .  These in vitro findings  add to the existing evidence (Elavarasu et 

al 2012)  that simvastatin has potential use as a novel antiplaque agent. 
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CHAPTER 5 

CONCLUSION 

 These experiments demonstrate the in vitro antimicrobial effect of statins on S. 

mutans, S.sanguis, and S. salivarius.  The data indicate that the statins inhibit growth of 

the test organisms with MIC’s ranging from 7.8-200 µg/ml. Simvastatin has in vitro 

efficacy against the specific strains of bacteria used in this study at concentrations 

slightly less than the observed MIC’s of 15.6-7.8  µg/ml .  The MIC’s for atorvastatin, 

pravastatin, and rosuvastatin are much higher than simvastatin, in the range of 100-200 

µg/ml .  The effects of statins on biofilm parallels the effect on growth of the bacteria.



 

 

 

20 

    REFERENCES	CITED 

Backmann Jt,Kyrklund C, Kivisto KT et al. (2000)Plasma concentrations  of active 

 simvastatin acid are increased by gemfibrozil. Clin Pharmacol Ther  68,122-29. 

Baddour LM, Wilson WRl, Bayer AS et al.  (2005) Viridans and subacute endocarditis   

 AHA Scientific Statement: Infective Endocarditis. Circulation  111;e394434. 

Bedran TBL,Grignon L, Spolidorio DP, Grenier D.  (2014) Subinhibitory    

 concentrations of triclosan promote Streptococcus mutans biofilm  formation and 

 adherence to oral epithelial cells. Plos One 9, e89059 

Bergman	P,	Linde	C,	Putsep	K,	et	al.2011.	Studies	on	the	antibacterial	effects	of	

	 statins--in	vitro	and	in	vivo.	PloS	one	6,e24394.	

Bishoff	KM,	Rodwell	VW.	1996.	3-Hydroxy-3-methylglutaryl-conzyme	A	reductase	

	 from	Haloferax	volcanii:	Purification,	characterization,	and	expression	in	

	 Escherichia	coli.	J	Bacteriol		178,19-23.	

Bochar,DA,	Stauffacher	CV,	Rodwell	VW.	1999	Sequence	comparisons	reveal	two	

	 	classes	of	3-hydroxy-3-methylglutaryl	coenzyme	A	reductase.		Mol	Genet	

	 	Metab		66,122-7	

Bonetti	PO,	Lerman	LO,	Napoli	c,	Lerman	A	(2003)	Statin	effects	beyond	lipid		

	 	lowering-	are	they	clinically	relevant.	Eur	Heart	J	24,225-48	

Castillo  A.  (2006) Interference of antibiotics in the growth of oral streptococci.   

 Int J of Antimicrobiol Agents 27,263-6	

Davignon	J,	Laaksonen	R.(1990)	Low-density	lipoprotein-independent	effects	of	

	 statins.	Current	Opinion	in	Lipidology.	10,543-559.	



 

 

 

21 

Dobesh	PP,	Klepser	DG,	McGuire	TR,	Morgan	CW,	Olsen	KM.	(2009)	Reduction	in	

	 mortality	associated	with	statin	therapy	in	patients	with	severe	sepsis.	

	 Pharmacotherapy	29,621-630.	

Elavarasu S, Suthanthiran TK, Naveen D.  (2012) Statins: A new era in local drug  

  delivery.  J Pharm Bioallied Sci   4 (Suppl2),  S248-51. 

Falagas ME, Makris GC, Matthaiou DK, Fafallidis PI (2008) Statins for infection and 

 sepsis: a systematic review of the clinical evidence. J Antimicrob Chemother 

 61,774-85 

Graziano Ts, Cuzzullin MC, Franco GC, Schwartz-Filho HO, de Andrade ED, 

 Groppo FC, Cogo-Mulle K. (2015) Statins and antimicrobial effects: 

 simvastatin as a potential drug against Staphylococcus aures biofilm. PLoS one  

 e0128098 

Haffajee AD, YasKell T, Socransky SS.  (2008) Antimicrobial effectiveness of an herbal 

 mouthrinse compared with  an essential oil and a chlorhexidine mouthrinse. J Am 

 Dent Assoc 139,606-611. 

Hennessy E, Mooij MJ, Legendre C, Reen FJ, O’Callaghan J, Adams C, O’Gara F (2013) 

 Statins inhibit in vitro virulence phenotypes of Pseudomonas aeruginosa. J 

 Antibiotics 66,99-101	

Henwood	JM,	Heel	RC.	(1988)	Lovastatin.	A	preliminary	review	of	its	

	 pharmacodynamic	properties	and	therapeutic	use	in	hyperlipidaemia.	Drugs.	

	 36,429-454.	



 

 

 

22 

Istvan	ES,	Palnitkar	M,	Buchanan	SK,	Deisenhofer	J.	(2000)				Chrystal	structure	of	

	 the	catalytic	portion	of	human	HMG-CoA	reductase:	insights	into	regulation	

	 	of	activity	and	catalysis.	EMBO	Journal		19,819-830.	

Janda	S,	Young	A,	Fitzgerald	JM,	Etminan	M,	Swiston	J.		(2010)The	effect	of	statins	 	

	 on	mortality	from	severe	infections	and	sepsis:	a	systematic	review	and	

	 meta-analysis.	J	Crit	Care.	25,656	e657-622.	

Jarvinen H, Tenovuo J, Huovinen P. (1993) In vitro susceptibility of Streptococcus 

 mutans to chlorhexidine and six antimicrobial agents. Antimicrobial Agents and 

 Chemotherapy  37,1158-1159. 

Jerwood S., Cohen J. (2008) Unexpected antimicrobial effect of statins. Journal of 

 Antimicrobial Chemotherapy  61, 362-364 

Kwak	B,	Mulhaupt	F,	Myit	S,	Mach	F.	(2000)	Statins	as	a	newly	recognized	type	of	

	 immunomodulator.	Nat	Med.	6,1399-1402.	

Lawrence	CM,	Rodwell	VW,	Stauffacher	CV.		(1995)	Chrystal	structure		of	

	 Pseudomonas	mevalonnii	HMG-CoA	reductase	at	3.0	angstrom	resolution.	

	 	Science		268,	1758-1762.	

Levison ME.  (2004) Pharmacodynamics of antimicrobial drugs.  Infect Dis Clin N Am  

 18, 451-465. 

Lilja JJ, Kivisto K, Neuvonen PJ,   (1998)Grapefruit juice-simvastatin interaction effect 

 on serum concentration of simvastatin, simvastatin acid, and HMG CoA reductase 

 inhibitors.  Clin Pharm Therapeu   64, 477-481. 



 

 

 

23 

Loesche	WJ.		(1986)	Role	of	Streptococcus	mutans	in	human	dental	decay.		

	 Microbiol	Rev	50	(4),	353-380	

Macedo	AF,	Taylor	FC,	Casas	JP	et	al.		(2014)		Unintended	effects	of	statins	from	

	 observational	studies	in	the	general	population;	systematic	review	and	meta	

	 analysis.	BMC	Medicine		12,51-55.	

Masadeh	M,	Mhaidat	N,	Alzoubi	K,	Al-Azzam	S,	Alnasser	Z.		2012.	Antibacterial	

	 activity	of	statins:	a	comparative	study	of	atorvastatin,	simvastatin,	and	

	 rosuvastatin.	Annals	of	clinical	microbiology	and	antimicrobials.	11,13-20	

Matzneller	P,	Manafi	M.	Zeitlinger	M			(2011)Antimicrobial	effect	of	statins:	organic	

	 solvents	might	falsify	microbiological	testing	results.			Int	J	of	Clincial	Pharm	

	 	and	Therapeutics		49,	666-671	

Mozaffarian	D,	Benjamin	EJ,	Go	AS,	et	al.		(2007)American	Heart	Association	

	 Statistics	Committee	and	Stroke	Statistics		Subcommittee.		Executive	

	 Summary:	Heart	disease	and	stroke	statistics	–2015	update:	a	report	from	

	 	the	American	Heart		Association.	Circulation	,	127:	e6-e245.	

Mundy	G,	Garrett	R,	Harris	S,	et	al.	(1949)	Stimulation	of	bone	formation	in	vitro	and	

	 in	rodents	by	statins.	Science.	286,1946-1949.	

Nakano	K,	Nemoto	H,	Nomura	R	et	al.			(2009)Detection	of	oral	bacteria	in	

	 cardiovascular	specimens.		Oral	Microbiol	Immunol		24,64-68.	

Natesan SK, Chandrasekar PH, Alangaden GJ, Manavathu EK. (2008) Fluvastatin 

 potentiates the activity of caspofungin against Aspergillus fumigatus in vitro. 

 Diagnostic Microbiology and Infectious Disease. 60,369-373. 



 

 

 

24 

Nseir,W, Diab H, Mahamid M et al.(2012) Randomised clnical trial: Simvastatin  as 

 adjunct therapy improves significantly the Helicobactoer pylori eradication rate . 

 Ailment Pharmacol Ther  36, 231-236. 

Pankey GA, Sabath LD. (2004) Clinical relevance of bacteriostatic versus   

  bactericidal mechanisms of action in the treatment of gram-positive  

  bacterial infections.  Clin Infect Dis  38: 864-870. 

Pradeep	AR,	Thorat	MS.	2010	Clinical	effect	of	subgingivally	delivered	simvastatin	

	 	in	the	treatment	of	patients	with	chronic	periodontitis:	a	randomized	clinical	

	 trial.	Journal	of	Periodontology.	81,214-222.	

O’Toole,GA.	2011	Microtiter	Dish	Biofilm	Formation	Assay.	J	Vis	Exp	47,pii	

	 2437.doi:10.3791/2437	

Pawlotsky JM. (2006)Therapy of hepatitis C: from empiricism to eradication. Hepatology

 . 43,S207-220. 

Rosenberg DR, Andrade CX, Chaparro AP et al.,  (2015) Short-term effects of 2% 

 atorvastatin dentrifice as an adjunct to periodontal therapy: A randomized  double 

 blind clinical trial. J Periodontol   29: 1-13. 

Serajuddin AAT, Ransdive SA, Mahoney EM. 1991 . Relative lipophiliciites,  

  solubilities, and structure-pharmacological considerations of 3-hydroxy-3-

 methylglutaryl-coenzyme A(HMG-CoA)reductase inhibitors pravastatin,  

  lovastatin, mevastain, and simvastatin. J Pharm Sci 9; 830-34 

Steinberg	D.		(2008)	The	statins	in	preventive	cardiology.	New	Eng	J	Med		 	

	 	359,1426-27.	



 

 

 

25 

Subramanian	S,	Emani	H,	Vucic	E	et	al.	(2013)	High	dose	atorvastatin	reduces	

	 periodontal	inflammation:	a	novel	pleiotropic	effect	of	statins.	J	Am	Coll	

	 Cardiol	213,	2382-91.		 	

Tabernero	L,	Rodwell	VW,	Stauffacher	CV.	(2003)Chrystal	structure	of	a	statin	

	 bound	to	a	class	II	hydroxymethylglutaryl-CoA	reductase.	J	Biol	Chem		278,	

	 19933-19938.	

Taylor	F,	Huffman	MD,	Macedo	AF	et	al.			(2013)	Statins	for	the	primary	 	

	 	prevention	of	cardiovascular	disease.		Cochrane	Database	Sys	Rev		1,	

	 CD004816.	

Todd	PA,	Goa	KL.		(1990)	Simvastatin.	A	review	of	its	pharmacological	properties	

	 and	therapeutic	potential	in	hypercholesterolaemia.	Drugs.	40,583-607.	

Wehrwein	P.	(2011)	Statin	use	is	up,	cholesterol	levels	are	down:	Are	Americans’	

	 hearts	benefiting:		Harvard	Health	Publications:	Harvard	Medical	School.	

Wilding	EI,	Brown	JR,	Bryant	AP	et	al.	(2000)	Identification,	evolution,	and		

	 essentiality	of	the	mevalonate	pathway	for	isopentenyl	diphosphate	

	 biosynthesis	in	gram	positive	cocci.	J	Bact	182,4319-4327.		

Yazawa	H,	Zimmermann	B,	Asami	Y,	Bernimoulin	JP.	(2005)Simvastatin	promotes	

	 cell	metabolism,	proliferation,	and	osteoblastic	differentiation	in	human		

	 periodontal	ligament	cells.	J	Periodontol.	76:295-302.	


