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Abstract: Statins, hydroxymethylglutaryl-coenzyme-A reductase inhibitors (HMG-Co-A), are known to reduce plasma 

cholesterol levels. However, the biocompatibility of Simvastatin with human bone tissue has not been studied thoroughly. The 

purpose of this study was to further investigate the effectiveness of different concentrations of simvastatin on the attachment, 

proliferation, toxicity, cell cycle, and apoptosis of normal human osteoblasts. Osteoblasts derived from normal human alveolar 

bone chips were cultured with simvastatin at concentrations of 1, 10, 25, 50, 75, 100 µmol/L, and 0 µmol/L as a control. The cell 

attachment was evaluated at 9 hours. The proliferation rate and cytotoxicity were investigated at 7, 14, and 21 days. Cell cycle 

and apoptosis were assessed at 1 and 3 days. Statistical analysis was performed using ANOVA. P-values ≤0.05 were considered 

statistically significant. The results showed that there was no statistical significance (P>0.05) amongst the groups in the cell 

attachment efficiency. All tested concentrations of Simvastatin showed a significant decrease in the proliferation rate (P<0.001) 

and an increase in cytotoxicity (P<0.001). Cell cycle and apoptosis significantly increased as time increased (P<0.001). In 

conclusion, the present findings showed that Simvastatin adversely affects human osteoblasts' proliferation and cell viability by 

inducing apoptosis. 
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1. Introduction 

Simvastatin has multiple functions, including 

anti-inflammation, the induction of angiogenesis, and the 

improvement of vascular endothelial cell function [1]. 

Simvastatin has been shown to have advantageous effects on 

many diseases, such as multiple sclerosis [2] and osteoporosis 

[3], which have no direct correlation with cholesterol levels. 

In rats, simvastatin given periorally increased both tibial 

and vertebral trabecular bone volume as well as vertebral 

compressive strength [4]. It also reduced ovariectomy-induced 

trabecular bone loss in vertebrae [5, 6]. In addition, there was 

evidence that simvastatin delivered in the diet could improve 

fracture repair [7] and increase bone formation and cancellous 

bone volume [6, 8]. The local application of simvastatin in the 

tooth extraction socket was reported to enhance the alveolar 

bone remodeling [9, 10] and the proliferation and osteoblastic 

differentiation of human PDL cells [11]. 

In-vitro studies suggested that simvastatin promoted 

osteoblast differentiation and mineralization demonstrated by 

an increased number of osteoblasts at all stages of 

differentiation [6]. It is further suggested that these effects led 

to the up-regulation of BMP-2 in osteoblast-like cells, 

MC3T3-E1 [12], and osteosarcoma cells [13]. The 

osseointegration of titanium implants was improved by 

Simvastatin [14] and fracture healing was enhanced [15]. It 

was noted that Simvastatin enhanced the repressive action of 

FoxO3 on the synthesis of Cyr61 in primary human 

osteoblasts and U2OS cell lines and subsequently decreased 

CCL2 production and macrophage recruitment [16]. 

It was also reported that Simvastatin might inhibit 

periapical bone resorption by diminishing macrophage 
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chemotaxis to the inflammation site [17]. The 

anti-inflammatory action of simvastatin might be associated 

with its effects to induce autophagy and inhibit apoptosis in 

osteoblasts [18]. Anti-apoptotic effect of simvastatin has been 

shown in osteoblasts [18]. Inflammatory arthritis disease 

progression and osteoblastic expression of Cyr61 were 

decreased by simvastatin, which also inhibited 

cytokine-stimulated Cyr61 expression in osteoblastic cells. 

[19]. Simvastatin may slow the course of apical periodontitis 

in rats [17]. However, it is interestingly noted that there has 

not been an article about the toxicity of Simvastatin. The 

present study was designed to study the cytotoxic effects of 

simvastatin on normal human osteoblasts. 

2. Materials and Methods 

2.1. Cell Culture 

Human intra-oral alveolar bone fragments were taken from 

healthy individuals between the ages of 18 and 50 who did not 

use steroids in the six months prior to surgery and did not have 

any systemic or metabolic bone disorders, acute infections, or 

fractures. Under IRB approval, bone samples were taken from 

wasted bone tissue during ostectomy procedures and the 

excision of dental teeth. Human osteoblast cells were obtained 

using a modified version of a previously reported approach 

[20-23]. First, a sterile surgical blade (Henry Schein) was used 

to cut away the soft tissue that was connected to the bone. 

Then, using a clean #11 surgical blade and sterile micro 

dissecting scissors, bone fragments were divided into 2-4 mm 

pieces. After the enzymatic digestion of the soft tissue and 

fibroblasts, bone fragments were cultured in a 12.5 cm
2
 flask 

containing 6 mL growth media [10% fetal bovine serum (FBS), 

1X Penicillin/Streptomycin antibiotic (100 U/mL), 

Amphotericin B anti-fungal (2.5 mg/ml) in Dulbecco’s 

Modified Eagle Medium (DMEM)]. Up until the second 

passage, the bone pieces were kept at 37°C in a typical CO2 

incubator with 5% carbon dioxide and saturated humidity. 

Once the cells had attained 80% confluence, the culture media 

was changed every three days. After using 0.05% 

Trypsin-EDTA (Thermo Fisher Scientific, USA) to separate 

the cells from the flask, they were centrifuged (TJ-6 Beckman 

Centrifuge) for 5 minutes at 1000 rpm. To conduct the studies, 

the cells gathered in the pellet were counted. 

2.2. Simvastatin Preparation 

Simvastatin was activated by dissolving 25 mg of 

Simvastatin in 100 uL of Ethanol. 150 uL of 0.1 N NaOH was 

added to the solution. The mix was incubated at 50°C for 2 

hours. The pH was tested, and it was brought down to 7.2 by 

HCL. The final concentration of the stock solution is 25 

mg/ml. The stock solution was kept at -20°C for up to a month 

[16-18, 24]. 

2.3. Cell Attachment Efficiency and Proliferation Rates 

Assessment 

Cell attachment efficiency was assessed at nine hours. The 

osteoblasts were seeded in a 24-well plate (Fisher Scientific) 

at a density of 1×105 cells per well. The cells were seeded 

with DMEM culture medium supplemented with 

concentrations of 1 umol/L, 10 umol/L, 25 umol/L, 50 umol/L, 

75 umol/L, 100 umol/L, and 0 umol/L as a control. After 9 

hours, the medium was discarded, and to get rid of any traces 

of Simvastatin, the wells were rinsed three times with 

phosphate-buffered saline (PBS) from Thermo Fisher 

Scientific. Following that, 500 uL of 10% neutral buffered 

formalin (Sigma) was added to the cells to fix them for an 

additional hour at room temperature. After that, 500 uL of 0.2% 

crystal violet stain (Sigma-Aldrich) was added and left on the 

fixed cells for an additional hour to stain them. After that, PBS 

was used to wash each well three times to get rid of any 

unbound stains. The microplate reader used a 590 nm 

wavelength to calculate the density of the labeled cells. 

The cell proliferation rates were monitored on days 7, 14, 

and 21. The cells were seeded in 24-well plates at a density of 

1.5×103 cells per well. After an optimal attachment was 

achieved in each well and before the first round of 

proliferation, i.e., after 9 hours, 1 umol/L, 10 umol/L, 25 

umol/L, 50 umol/L, 75 umol/L, 100 umol/L of Simvastatin 

were added except for the control. Before adding Simvastatin, 

the microscopically validated cell attachment in each well. 

Every three days, new culture media were added to the 

Simvastatin-supplemented media. The same procedure used in 

the attachment experiment was followed to fix and dye the 

cells at each time point. To calculate the rates of proliferation, 

the optical densities at each point in time were contrasted with 

the baseline optical density of 5×10
3
 cells at 9 hours. The 

associated cell counts were directly inversely correlated with 

the optical density of the crystal violet stain. 

2.4. Cytotoxicity Assay 

Measuring cytotoxicity is one of the most essential tasks for 

studying cell functions. The Abcam AB112118 kit utilizes a 

water-soluble dye that changes its absorption spectrum upon 

cellular reduction. The absorption ratio is directly proportional 

to the number of living cells. Briefly, osteoblasts were also 

seeded at the concentration of 500 cells per well in 96-well 

plates and were incubated for 9 hours until full attachment. 

Then, the media was replaced with 200 µL of fresh media 

containing the designated test groups. After 1, 3, 7, 10, and 14 

days of incubation, the Abcam cytotoxicity kit was used by the 

manufacturer's protocol. 40 µL of the assay solution was 

added to each well, and the samples were incubated for one 

hour. Finally, a spectrophotometer was used to measure the 

absorbance at 570 nm (OD570) and 605 nm (OD605). 

2.5. MTT Assay 

MTT (3- (4, 5- dimethylthiazon-2-yl)-2, 

5-dephenyl-2H-tetrazolium bromide) Assay Kit ab211091 is 

an easy-to-use, non-radioactive, and high-throughput assay 

for measuring cell proliferation, cell viability, and 

cytotoxicity. 

Briefly, osteoblasts were seeded at the concentration of 500 
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cells per well in 96-well plates and were incubated for 9 hours 

until full attachment. Then, the media was replaced with 200µl 

of fresh media containing the designated test groups. After 1, 3, 

7, 10, 14, 17, and 21 days of incubation, the MTT kit was used 

by the manufacturer's protocol. The media was aspirated. New 

serum-free media of 50 uL and 50 uL of MTT Reagent was 

added to each well. For the Background well, 50 uL MTT 

Reagent and 50 uL of cell culture media were added. The plate 

was incubated for 3 hours at 37°C. After incubation, remove 

the MTT Reagent-supplemented media. Add 150 µL of MTT 

Solvent into each well. Wrap the plate in foil and shake on an 

orbital shaker for 15 minutes. Read absorbance at OD = 590 

nm. 

2.6. Flow Cytometry Cell Cycle Assay 

The Propidium Iodide Flow Cytometry Kit ab139418 has 

been developed for carrying out DNA content analysis in 

tissue culture cells. This is accomplished by staining the cells 

with propidium iodide and subsequently performing flow 

cytometry analysis. Propidium iodide, a classic agent for cell 

cycle analysis, binds to DNA and fluoresces, allowing for 

quantification. The staining process is time-efficient, taking 

less than an hour, and the cells, once fixed in ethanol, 

maintain stability for a few weeks at 4°C. The kit provides 

enough content for 200 assays. 

Propidium iodide is a fluorescent compound with a broad 

binding affinity for nucleic acids, including both DNA and 

RNA. To minimize background RNA staining, RNaseA is 

included in the kit to digest cellular RNA. Ethanol is used to 

fix and permeabilize cells, as propidium iodide cannot 

permeate cell membranes. Compatibility extends to cells 

from any species, given they can be prepared as a single-cell 

suspension. Quantitative analysis requires a flow cytometer. 

Briefly, cells were seeded between 100-500,000 cells per 

well in 6-well plates. 24 hours after seeding cells, serum 

deprives the cells, about 0.05%. Add Simvastatin at 9 hours 

for osteoblasts. Use the Flow Cytometry kit on days 1 and 3. 

2.7. Flow Cytometry Annexin Apoptosis Assay 

Apoptosis, or programmed cell death, is an integral part of 

normal cellular development and life cycle. Its deregulation, 

however, is associated with various disease conditions 

including Alzheimer’s disease and cancer. It's differentiated 

from necrosis, an accidental form of cell death, by distinctive 

morphological and biochemical alterations, such as nuclear 

chromatin condensation and fragmentation, cytoplasmic 

shrinkage, and alteration in membrane asymmetry. In healthy 

cells, phosphatidyl serine (PS) is positioned on the inner side 

of the cell membrane, but during apoptosis, it shifts to the 

outer side, thus becoming exposed to the external 

environment. This PS exposure acts as a signal for 

macrophages to recognize and engulf apoptotic cells during 

leukocyte apoptosis. Annexin V, a human anticoagulant, and 

a phospholipid-binding protein, binds to PS with high affinity. 

This binding can be visualized using fluorophore or 

biotin-labeled Annexin V, thereby allowing the identification 

of apoptotic cells. 

The Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit 

with Alexa® Fluor 488 annexin V and PI offer a fast and 

user-friendly assay for apoptosis. The kit uses recombinant 

annexin V tagged with Alexa Fluor® 488 dye, providing 

optimum sensitivity due to its brightness and photostability, 

making it an excellent choice over fluorescein (FITC). The 

kit also includes propidium iodide (PI), a red fluorescent dye 

that binds to the nucleic acids in the cells but is impermeant 

to live and apoptotic cells. The staining results in apoptotic 

cells fluorescing green, dead cells fluorescing both red and 

green, and live cells showing negligible fluorescence. These 

cell populations can be distinguished using a flow cytometer. 

In the case of cells stained with Annexin V and propidium 

iodide, green fluorescence in the FITC channel corresponds 

to apoptotic cells, while necrotic or dead cells exhibit bright 

red fluorescence and no green fluorescence. Live cells, on the 

other hand, exhibit neither green nor red fluorescence. 

Concisely, cells were seeded between 100-500,000 cells per 

well. Add Simvastatin at 9 hours for osteoblasts. Use the 

Annexin kit on days 1 and 3. 

2.8. Statistics 

All experiments were performed in six replicates. Means 

and standard deviations are used to present data. Cell cycle 

and annexin were determined, as well as the means and 

standard deviations (SD) of osteoblast cell attachment 

efficiency, proliferation rate at 9 hours, 7, 14, and 21 days, and 

cytotoxicity were examined at 7, 14, and 21 days. ANOVA and 

the Student's t-test were used in statistical analysis using the 

program JMP Pro 12 (ver. 12.1.0) to find statistical differences 

between the groups. Differences were deemed statistically 

significant at p ≤ 0.05. 

3. Results 

3.1. Cell Attachment Efficiency 

It was noted that at 9 hours when comparing different 

concentrations of Simvastatin, there was no statistical 

significance amongst the groups (p > 0.05) (Figure 1). 

There was no statistically significant difference among the 

concentrations when compared to the control (p>0.05). 

The error bars represent the standard deviations of six 

replicates. 

3.2. Proliferation Rates 

It was noted that from days 7 to 21, the control group had 

significantly higher proliferation rates by multiple folds 

compared to all study groups with various concentrations of 

Simvastatin at each time point (p<0.001) (Figure 2). 
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Figure 1. Cell attachment efficiency of Osteoblasts at 9 hours with all Simvastatin concentrations (N=6). 

 
Figure 2. The proliferation rates of Human Osteoblasts when affected by Simvastatin concentrations from days 7 to 21 (N=6). 

*, **, ***- represent the significant difference (p<0.001) in cell proliferation rates between the control group and all study groups with various concentrations of 

Simvastatin 

The error bars represent the standard deviations of six 

replicates. 

3.3. Cytotoxicity 

It was noted that the osteoblasts' cell viability was 

drastically downregulated by all Simvastatin concentrations. 

Having the control at 100% cell viability at all time points, 

the Simvastatin of various concentrations decreased the 

HDPC’s viability significantly. There was statistical 

significance amongst the concentrations when compared to 

the control at all time points (p<0.001) (Figure 3). 
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***- represents the statistical significance (p<0.001) of the Simvastatin concentrations when compared to the control at all time points. 

Figure 3. Cytotoxicity of osteoblasts affected by different concentrations of Simvastatin at 1, 3, 7, 10, and 14 days. (N=6). 

The error bars represent the standard deviations of six 

replicates. 

3.4. MTT 

It was noted that the osteoblasts cell cytotoxicity was 

drastically affected by all Simvastatin concentrations. The 

control was at 0% cell toxicity at all time points. On day 1, 

25 umol/L showed the highest cytotoxicity at 43% when 

comes to the rest of the concentrations. By day 7, almost all 

concentrations showed 100% toxicity except 1 umol/L which 

was at 95%. At day 21, 1 umol/L was still showing consistent 

results of being at 95% whereas the rest of the concentrations 

were at 100% toxicity. There was statistical significance 

amongst the concentrations when compared to the control at 

all time points (p<0.001). (Figure 4) 

 
***- represents the statistical significance (p<0.001) of the Simvastatin concentrations when compared to the control at all time points. 

Figure 4. MTT of osteoblasts affected by different concentrations of Simvastatin at 1, 3, 7, 10, 14, 17, and 21 days. (N=6). 
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The error bars represent the standard deviations of six 

replicates. 

3.5. Cell Cycle 

On day 1, 1 umol/L showed an increase in the G0G1 phase 

when compared to the rest of the concentrations. In the S 

phase, 25, 50, and 75 umol/L were rising than the other groups. 

The control grew in the G2M phase (Figure 5). 

On day 3, the control and 1 umol/L had increased cells in 

the G0G1 phase. 25, 50, 75, and 100 umol/L had a significant 

number of cells in the S phase when compared to the control 

(Figure 5). 

 
*, **- represents the statistical significance (p<0.001) of the Simvastatin concentrations when compared to the control at all time points. 

Figure 5. The cell cycle of Osteoblasts is affected by different concentrations of Simvastatin at 1 and 3 days. (N=4). 

The error bars represent the standard deviations of four 

replicates. 

3.6. Annexin Apoptosis 

As shown in Figure 6, the control produced the lowest 

percentages of apoptosis on days 1 and 3. On day 1, cells 

treated with Simvastatin expressed fewer early apoptotic cells 

when compared to day 3. Surprisingly, 1 umol/L and 100 

umol/L showed similar percentages in early apoptotic cells. At 

day 3, all concentrations except for the control increased in 

early apoptotic levels and 10 umol/L expressed more dead 

cells when compared to the rest of the concentrations (Figure 

6). 

4. Discussion 

The effects of statins on bone formation have long been a 

topic of interest in medical research. One of the first pieces of 

evidence for this connection came from Mundy et al., who 

reported that statins could stimulate bone formation in 

rodents [6]. The mechanism appeared to be through the 

upregulation of bone morphogenic protein-2 (BMP-2) in 

osteoblasts, which promoted their differentiation into 

bone-forming cells [25]. Furthermore, statins may inhibit 

3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 

reductase, a process that also has a dampening effect on 

osteoclasts, the cells responsible for bone resorption [26]. 

More recent studies have also suggested that statins could 

modulate inflammation, promote osteogenesis and 

angiogenesis, and inhibit osteoblast apoptosis and 

osteoclastogenesis [4, 6, 7, 27-37]. However, this positive 

picture [38-40] has been complicated by other studies 

showing that statins might not always have beneficial effects 

on bone health [41-43]. In a randomized controlled trial, 

Simvastatin had no significant effect on bone mineral density 

and bone turnover in postmenopausal osteopenic women [44]. 

Some studies have also suggested that statins could be 

harmful to bone healing [45-54]. 

The present study observed a notable decline in the 

proliferation rates of osteoblasts and increased toxicity, which 

was confirmed by Annexin levels observed in this study with 

Simvastatin. These data seem to contradict to many previous 

reports on statin’s stimulatory effect on bone cells. The 

possible reasons for this difference could partially be the cell 

types and experimental design for the study. Many previous 

studies investigating statins' effects on osteoblasts were 
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performed either on animal cell lines, immortalized cell lines, 

malignant osteosarcoma cell lines, or stem cells. The present 

study that examined the influence of Statins on normal human 

osteoblasts makes the study unique as it mimics a situation 

more relevant to the clinical scenario. In addition, different 

passages of cells were used in this present study and other 

studies. The present experiments were performed on cell 

cultures at 2
nd

 passage. Min used cell cultures between the 5
th
 

and 7
th

 passages [55]. In this experience, the phenotypic 

behavior of normal osteoblasts would start to deter 

significantly after the 2
nd

 passage of the culture. The 

phenotype of the cells can drastically affect how Simvastatin 

reacts to it. Further, time intervals of experiment design also 

played a big role in this study. Most studies were short-term 

[11, 55-57]. The present study is unique because the long-term 

effects of Simvastatin on normal human osteoblasts for up to 

21 days were studied. 

 
Figure 6. Annexin levels of Osteoblasts were affected by different concentrations of Simvastatin at 1 and 3 days. 

Cell attachment efficiency of osteoblasts in the present 

study showed no statistical significance amongst the 

concentrations of Simvastatin. No previous study has 

investigated the attachment of osteoblasts with Simvastatin. 
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However, one previous article looked at cell attachment and 

proliferation on the SIM-loaded scaffold with pre-osteoblast 

MC3T3-E1 cells, which significantly improved the efficiency 

and the rates [58]. 

Proliferation rates decreased in all Simvastatin 

concentrations and at all time intervals of the present study 

(Figure 2). Baek et al, had similar results that the addition of 

Simvastatin decreased cell proliferation in a dose-dependent 

manner [56]. The results of the present study partially 

disagreed with many of the other studies, in which they had 

found an initial increase in proliferation rates 

dose-dependently at 24 hours, but after 72 hours, it had 

decreased [11, 59]. It has also been noticed that Simvastatin 

inhibited the cell proliferation of smooth muscle cells and 

endothelial cells [60, 61]. 

The toxicity of Simvastatin on normal human osteoblasts 

was first assessed in this study showing a dose and 

time-dependent increase in the cytotoxic effect. This finding 

confirmed the previous study that Simvastatin decreased cell 

viability in a dose-dependent manner in bone marrow stromal 

cells [56]. Multiple studies reported that higher concentrations 

of Simvastatin resulted in a decrease in cell viability [62, 63]. 

Contradicting the results of the present study, the MTT assay 

in Yazawa et al [11], noticed an increase in cell metabolism in 

human PDL cells in the initial 24 hours but decreased in the 72 

hours. 

The results in this study indicate that there was a 

significant difference among the groups in the distribution of 

the G0G1 phase, with Simvastatin-treated cells showing a 

dose-dependent increased response in osteoblasts. An 

increase was observed in all concentrations during the S 

phase compared to the control, which showed increased 

numbers in the G2M phase. The treatment of Simvastatin at 1 

umol/L led to a decrease in the peak of the cells in the G2/M 

phase [57], like the present results. Another study used MG63 

malignant human osteosarcoma cells showing an increase in 

the G0G1 phase but a decrease in the S phase [64]. Statins 

delay cell cycling in the G1 and G2/M phases and led to 

apoptosis of smooth muscle cells [65]. 

There is a lack of consistency in the published data detailing 

the anabolic effects of statins on bone [66]. Von Stechow 

evaluated the effect of statins on the elimination of bony 

defects in the mandible of rabbits and reported that the amount 

of regenerated bone was not significantly different with or 

without exposure to Statins [46]. However, the inhibitory 

function of Simvastatin on bone cell proliferation 

demonstrated in this study also demonstrated that it might 

interfere with new bone formation. 

5. Conclusion 

In conclusion, the findings of the present study compel 

evidence that Simvastatin exerts a discernible impact on the 

proliferation and cell viability of osteoblasts, ostensibly 

through the induction of apoptosis as corroborated by flow 

cytometric analysis. 

Despite the apparent potential of Simvastatin in the context 

of dental and bone health, these studies underscore the 

complexities and potential pitfalls in its application. It is of 

paramount importance that Simvastatin’s effects are fully 

comprehended prior to in vivo or clinical studies. 
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