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1. SUMMARY 

Metals, polymers and ceramics are the most common biomaterials used for the orthopedic 

implants in bone. One of the greatest innovations among these are calcium phosphate 

cements. Calcium phosphate cements are good alternatives for bone filler materials in 

orthopedics. The fact that the cements can be injected and harden in situ opens up 

opportunities for minimal invasive surgeries when filling bone defects.  However, it has been 

reported for these materials that disintegration of small particles can cause local inflammatory 

responses and bone resorption. The process of particle debris leading to bone resorption can 

be summarized as follows: Monocytes migrate towards the implant site, adhere and 

differentiate to form macrophages. The macrophages phagocytize the cement particles and 

are further activated and start produce reactive oxygen species (ROS) to recruit more 

macrophages to the site. 

Simvastatin, a cholesterol lowering drug, administered orally for over 15 years have recently 

gained a lot of interest for its properties to stimulate bone formation and its anti-inflammatory 

effects. 

In this study simvastatin was added to calcium phosphate cements in order to decrease the 

local inflammation, i.e. differentiation of macrophages and ROS production, caused by 

particle debris from cements implanted in bone.  

Premixed calcium phosphate cement samples were made with and without simvastatin. 

Cement samples were soaked in phosphate buffered saline (PBS) and at certain time intervals 

PBS samples were collected for drug release measurements and cell studies. For cell studies a 

monocytic cell line was used, RAW 264.7.  

RAW 264.7 cells were cultured and treated with calcium phosphate cement extracts with and 

without simvastatin. The cells were tested for cell viability using AlamarBlue assay followed 

by NBT assay to find the amount of ROS produced, which indicates inflammation.   

The results showed no difference between the cell groups treated with or without simvastatin. 

Further investigations showed that the cells did not produce elevated amounts of ROS when 

in contact with cement extracts with cement particle debris compared to filtered cement 

extracts (where all cement particles were removed).  
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2. INTRODUCTION 

Regenerative medicine has revolutionized today’s world as it is an emerging field of science 

from biomedical approaches to clinical therapies with its only goal to replace, repair, restore 

and rejuvenate cells, tissues, organs, and their transplantation, in order to improve the health 

and quality of life ( Mason & Dunnill 2008).  

Tissue engineering is an interdisciplinary field with combination of biology, medicine and 

engineering using developmental biology, materials science and bio informatics involving 

bio-physico-chemical factors towards the development of a functional biological substitute 

(Langer & Vacanti 1993). 

 

Biomaterials include the use of natural or man-made materials like, glass, alloys, metals, 

natural or synthetic polymers, ceramic, and nanotechnology, comprising a whole or parts of a 

living structure or biomedical device which can be used for any period of time to perform 

augments, or replacement of tissue, organ, or natural body function that have been damaged 

by disease or injury (Cooke et al. 1996).  

Blood vessel prostheses, Heart valves, Skin repair devices by using artificial tissue, Cochlear 

implants, Contact lenses, Breast implants, artificial ligaments and tendons are the various 

biomaterial implants that are in use. Orthopedic prosthetics are used to substitute diseased or 

dysfunctional joint. For example: Finger joints made from silicone rubber and bone cements 

are used as fillers to seal the free space between the prosthesis and bone. Metal rods with 

perforations for screw insertions are used to immobilize fractured sections, and dental 

implants as root devices to fix tooth. 

2.1. Bone 

The main functions of bone are: 

 To offer mechanical support to soft tissues. 

  Switches the action of muscles. 

 Protect central nervous system. 

 Maintain constant ionic environment in extracellular matrix (ECM) by releasing 

calcium and other ions. 

 Acts as shelter for production of blood cells. 

Bone is a metabolically active organ which is constantly under formation and resorption. 

(Glimcher & Krane 1968; Glimcher 1976). Bone formation is done by osteoblast and bone 

resorption by osteoclasts. Osteoclasts perform same function of macrophages in bone (Frank 

& Netter 1987). 

 

2.1.1. Types of biomaterials used for bone regeneration 

Metals, polymers, ceramics, and composite materials, are the usual biomaterials used.  

 

a. Metals: 

Stainless steel, titanium and its alloys, Cobalt base alloys, Niobium and shape memory alloys 

are the most commonly used basic metal implants due to their outstanding electrical and 

thermal conductivity and mechanical properties. But, the low rate of degradation leading to 
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removal of implant, or permanent implantation resulting in accumulation of metal ions due to 

corrosion and lack of tissue adherence are the drawbacks (Hulbert et al, 1970; Rubin & 

Yaremchuk 1997). 

 

b. Polymers: 

The polymeric systems comprise of acrylics, polyamides, polyesters, Polypropylene (PP), 

Poly (methyl methacrylate) PMMA, Polyethylene (PE), Polysiloxanes, polyurethane, 

Polytetrafluoroethylene (PTFE) called as Teflon etc. The main advantages of using polymers 

are flexibility, resistance to biochemicals, good biocompatibility, light weight, availability in 

various compositions, and easy to mend (Narang & Chava 2000; Nascimento et al. 2007). 

Their biodegradability is both an advantage and a disadvantage because of its rigorous 

interaction with the body, resulting in wear and tear as they leach. As they are difficult to 

sterilize it may lead to surface contamination sometimes. They even absorb important 

proteins and water from the blood. 
 

c. Ceramics: 

First generation ceramics were bioinert like Alumina (Al2O3), Zirconia (ZrO2), second 

generation ceramics were biodegradable, bioactive as well like Hydroxyapatite, bioactive 

glasses, glass-ceramics and the third generation ceramics are bioceramics used for bone 

regeneration like tri-calcium phosphate (TCP) that is resorbable and must be porous like 

hydroxyapatite-coated metals, alumina. 

The properties of ceramics that provoked to be used are their inertness, high compressive 

strength, brilliant wear characteristics and easy to be mended in various shapes (Narang & 

Chava 2000; Nascimento et al. 2007). But, poor mechanical properties of tension and load 

bearing are its limitations. Bioceramics have already been in use in patients in-vivo for 

example Ceramir® Crown & Bridge is a dental restorative material manufactured by Doxa 

AB (Uppsala, Sweden). 

2.1.2. Calcium Phosphate cements 

 

In the pursuit of ideal biomaterial for bone, Calcium phosphate cement (CPC) was found to 

be a synthetic hydraulic substitute of bone (Ginebra et al. 2012). The discovery of CPC by 

Brown and Chow in 1982 has led to many commercial CPC formulations (Brown & Chow 

1983).  Its biocompatibility, osseous augmentation, osteoconductivity, and moldability made 

CPC a genuine innovation in the field of bioceramics (Komath & Varma 2003). 

 

The principle behind the formulation of CPCs comprises two parts: a white powder of dry 

calcium orthophosphates (Tetracalcium phosphate, Dicalcium Phosphate) and a wetting 

medium usually de-ionized distilled water (Komath & Varma 2003). When both of these are 

mixed in suitable proportions, it forms an easily molded paste that sets and hardens by 

dissolution, precipitation. (Ginebra et al, 2006). Depending on the different start materials the 

end product that forms could be brushite (DCPD), hydroxyapatite (HA) or calcium deficient 

hydroxyapatite (CDHA) (Bohner 2007). 

 

The CPC paste must be prepared just before use, because the setting starts as soon as the 

powder comes in contact with liquid (Lemaitre et al. 2008). The uneven mixing of CPC done 

by surgeon in stress of time might influence mechanical strength resulting in poor 

performance of the implant (Lemaitre et al. 2008; Dorozhkin. 2009; Xu et al. 2007; Grover et 

al. 2008). CPC has a limitation of poor mechanical performance and hence reduced its 

application in non-load bearing conditions (Ginebra et al. 2009). 
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To resolve the mixing problem, the concept of premixed CPCs was first proposed by 

Sugawara et al., 1990. By adding glycerine to the powder phase a paste is obtained which 

remains soft for indefinite period of time (Ginebra et al. 2010). The pre-mixed calcium 

phosphate cements (PCPCs) is pre-prepared paste that can be stored until use.  

The CPCs are already in use in products such as Callos by Acumed, Beta-bsm and 

EquivaBone™ by ETEX. 

2.1.3. CPCs as drug delivery system 

 

An ideal drug carrier for bone must be bioactive, which can stimulate biological activity on 

its surface ensuring its ability to bind with bone tissue with good resorption and more 

advantageous if the materials is injectable, reducing the use of invasive surgical techniques 

(Ginebra et al. 2006). CPCs could meet these requirements and found to be cell and tissue 

compatible having the capacity of self-setting in-vivo (Driessens et al. 2000; Blom et al. 

2000; Bohner et al. 2005). CPCs have been considered good drug delivery systems as they 

can transfer the therapeutics with in its structural formulations, and distribute safely with 

sustainable release (Ginebra et al. 2006). 

 

The drugs incorporated throughout the whole material of CPC either to aqueous or powder 

form must not interfere the setting and hardening processes and is required to characterize the 

kinetics of drug release in-vitro (Ginebra et al. 2006). But, more homogenous distribution can 

be attained when incorporated in the aqueous phase (Ginebra et al. 2012). According to the 

law of Higuchi, the amount of drug released is proportional to the amount of drug 

incorporated in cement (Higuchi 1963). The release of drug is controlled by the process of 

diffusion through the matrix of cement and not by the degradation of cement (Ginebra et al. 

2006). 

 

Besides, the drug release  and the speed of CPC matrix resorption depends on various factors 

like chemical composition, microstructure (e.g. specific surface area, permeability, tortuosity 

and porosity), crystallinity of cement, degradation of matrix, solubility of the drug and type 

of interactions between drug and matrix (Mathiowitz 1999; Ratner 2004; Ginebra et al. 

2012). However, CPCs have slow resorption rates in-vivo, as their small particles were being 

phagocytosed by multinucleated cells like macrophages and foreign body giant cells, and big 

particles were resorbed by osteoclasts (Chow 2001; Basle et al. 1993). CPCs even lack an 

important property of osteoinductivity, and ability to repair and regenerate, even though 

being osteoconductive (LeGeros 2002).  

 

2.1.4. Statins 

 

Statins are specific competitive inhibitors of 3-Hydroxy-3-Methylglutaryl-coenzyme A 

(HMG-CoA) reductase, a rate limiting enzyme of mevalonic acid/ cholesterol synthesis 

pathway (Jadhav S. B., Jain G. K. 2006). These include naturally available lovastatin, 

chemically modified simvastatin and pravastatin and the synthetically derived atorvastatin, 

fluvastatin and cerivastatin (Todd P. A., Goa K. l. 1990, Kishida Y. et al., 1991, Henwood J. 

M., Heel R. C. 1988). These drugs are widely used as lipid lowering agents (Hatzitolios A. I. 

et al., 2009) therby decreasing the amounts of serum cholesterol levels and low density 

lipoproteins (LDL) to prevent heart attacks (Hmelin B. A., Turgeon J. 1998, Farnier M. 

Davignon J.1998). 
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BMP-2 is the most potent stimulators of bone formation and any compound that stimulate 

BMP-2 promoter would result in bone formation.  Both simvastatin and lovastatin could 

enhance the expression of BMP-2 leading to osteoblast differentiation and bone formation 

(Mundy G. et al. 1999).Statins possess dual action on bone metabolism by inhibiting bone 

resorption and stimulating bone formation (Chuengsamarn et al. 2010). This is done by 

inducing osteoblast activity and inhibiting osteoclasts. Statins osteoclastic bone resorption 

and stimulation of bone formation has being undergone both in-vitro (Luckman S. P., et al., 

1998, Fisher J. E. et al., 1999, Mundy G. et al., 1999, Sugiyama M. et al., 2000, Staal A. et 

al., 2003, Li X. et al., 2003) and in-vivo (Mundy G. et al., 1999, Skoglund B. et al., 2002) 

with increased expression of BMP-2 gene in cells. Direct effect on bone was exhibited in 

local application of leading to net bone growth and provoking osteogenesis (Thylin M. R. et 

al., 2002, Wong R. W. K., Rabie A. B. M. 2003, Sato D. et al., 2005, Stein D. et al., 2005). 

The pleiotropic effects of antiinflammatory and antioxidant properties were expressed by 

Statins (Davignon, Laaksonen 1999). Simvastatin, mavastatin, fluvastatin, and lovastatin 

were shown to have increased gene expression for BMP-2 in osteoblasts thereby stimulating 

bone formation (Mundy G. et al,. 1999). However, (Lima et al., 2011) proved controversial 

and negative effects of statins in bone repair. 

 

2.1.5. Simvastatin (SIM) 

Bone morphogenetic protein-2 (BMP-2), a major bone growth regulatory factor (Cochran et 

al., 1999) has been introduced into CPCs to improve the osteogenic potential (Ohura K. et al., 

1999, Blumenthal N. et al. 2002, Ruhe P. Q. et al., 2004) and was stated to enhance bone 

growth. But, it has certain drawbacks of less shelf-life, inefficient delivery to target cells, 

degradation at the site of application, activation of host immune response and cost-effective ( 

Garrett et al., 2001, Einhorn T. A. 2003). To avoid these, more efficient and cheaper drug 

was replaced with Simvastatin (SIM). Simvastatin is used in the treatment of primary 

hypercholesterolemia as it is cardiovascular lipid modifying agent available with trade name 

Zocor (Hunninghake D. B. 1998). SIM activates the promoter of BMP-2 gene, and increases 

its expression resulting in new bone formation (Mundy G. et al., 1999, Sugiyama M. et al., 

2000, Ho M. L. et al., 2009, Rutledge J. et al., 2011). SIM was shown to inhibit the ability of 

macrophages to oxidize low-density lipoproteins (LDL) to block inflammatory or 

angiogenesis (Giroux et al., 1993). 

 

Absorption of simvastatin in animal study was averaged about 85%. After the oral dosage in 

animal studies it accomplished significantly higher concentrations in liver than in non-target 

tissues. It was also predicted that less than 5% f an oral dose in man reaches the general 

circulation as active inhibitors, 13% of it was excreted in urine and 60% in feces. 

 

However, there have been conflicting results showing that administration of simvastatin 

either orally or subcutaneously did not improve bone repair, could not alter blood cholesterol 

levels, and also failed to stimulate bone formation (Anbinder et al., 2007). These may be due 

to the influence of various factors like the method of administration, duration of exposure, 

experimental animal model and bioavailability on SIM. But, use of SIM also had few side 

effects of abdominal pain, diarrhea, indigestion, and weakness etc. 80 mg is the maximum 

concentration of simvastatin dosage given which depends on other health factors. 
 

2.2. Immune response in tissue regeneration 

 

The three steps involved in tissue regeneration are: 

(1) Removal of cell debris by phagocytosis 
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(2) Recruitment of cells, their migration, and then proliferation 

(3) Development of blood vessels.   

 

Phagocytes eliminate injured or dead cells of the host and microbes, foreign particles that 

enter the body (Kwiatkowska & Sobota 1999) and play major roles in the immune system. 

Monocytes, macrophages and neutrophils were known to be ‘professional’ phagocytes of the 

immune system (Rabinovitch 1995). The mononuclear phagocytes originate from the 

precursors of bone marrow, differentiating into peripheral blood monocytes which further 

differentiate to form macrophages (Burke & Lewis 2002). 

 

The main function of macrophages is to mediate host immune and inflammatory responses 

against foreign entities. As an immune cell, macrophages secrete microbicidal and cytotoxic 

substances like superoxide, hydrogen peroxide, hydroxyl radical, nitric oxide, neutral 

proteases, acid hydrolases, and lysozyme to kill invading microbes (Stvrtinova 1995). 

 

        Figure 1. Series of actions involved in inflammatory response to biomaterial  
                                                     (James M Anderson 2001) 
 

When an implant is introduced, the macrophages immediately respond to the biomaterial 

(Solheim et al. 2000; Xia et al. 1994). Implantation of biomaterial is followed by immediate 

host response involving injury, blood-material interactions, acute inflammation, chronic 

inflammation, and foreign body reaction as shown in Figure 1 (Anderson 2000; Anderson 

2001; Gretzer et al. 2006; Luttikhuizen et al. 2006). The following are the events involved in 

the biomaterial mediated inflammatory response (i) Phagocytic transmigration (ii) 

chemotaxis towards the implant, and (iii) Adherence of phagocytes upon implant surface or 

biomaterial (Tang et al. 1998). 
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                   Figure 2. Signaling mechanism in foreign body reaction 
                                                       (James M Anderson 2001) 

 

Monocytes migrate to the site of injury, attach and differentiate to form macrophages, cells 

mainly responsible for wound healing. From Figure 2, we can see that the monocyte 

chemotactic factor (MCF) attracts macrophages towards implant surface, and get adhered 

(Chen et al. 2007). Macrophages also identify biomaterials when the proteins present in ECM 

and blood were adsorbed onto the surface of biomaterials (Kao 1999) and the specific plasma 

membrane receptors bind with complement adsorbed proteins, molecules, ligands, confined 

on the particle surface (Ward 1997) via integrin mediated adhesive interactions (Phillips & 

Kao 2005). This ligand-receptor complex activates the local rearrangement of the 

submembranous actin-based cytoskeleton that stipulates the particle engulfment by forming 

podosomal adhesive structures initiating phagocytosis (DeFife et al. 1999; Kwiatkowska & 

Sobota 1999). Conversely, the macrophages also actively respond to biomaterials in vitro 

when the above-mentioned factors are absent. Macrophage migration inhibition factor (MIF) 

immobilizes the macrophages at the site of injury and other factors like macrophage 

activating factor (MAF), is responsible for the activation of immobilized macrophages, their 

interaction with implant and inflammatory response. 

During phagocytosis, the macrophages completely envelops the engulfed particles by 

invaginating plasma membrane to form a membrane bound phagosome into which the 

lysosomes, hydrolytic enzymes were released to degrade the particles (Jutras & Desjardins 

2005). Activated macrophages have enhanced capacity to produce highly reactive oxygen 

with increased phagocytic activity (Johnston 1978; Allison 1982). Activated macrophages are 

known to produce various cytokines, chemokines, growth factors, and other bioactive agents 

that regulate inflammation, wound healing and scar formation (Bernatchez et al. 1996). 

After activation the macrophages undergo respiratory burst (Johnston 1978) due to ‘frustrated 

phagocytosis’ (Henson 1971) and secrete an array of inflammatory mediators (Anderson 

2008) of degradation such as reactive oxygen intermediates (ROIs, oxygen free radicals) and 

cytokines in between cell membrane and biomaterial surface thereby creating a highly toxic  

microenvironment (Duffield 2003). Frustrated phagocytosis is followed by increase in 

NADPH oxidase activity, in which molecular oxygen from the surrounding medium is taken 

by the cell and converted into Hydrogen peroxide (H2O2) releasing excess superoxide anion 

intermediates (Dostert et al. 2008). Superoxide anion (O2
-
) is the primary metabolite 

produced by the reduction of molecular oxygen by single electron from (Nicotinamide 

adenine dinucleotide phosphate) NADPH oxidase (Klebanoff 1992; Badwey & Karnovsky 

1986; Bellavite 1988; Tauber & Babior 1985).  
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2O2 + NADPH                            2O2
-
 + NAD(P) 

+
 + H 

+  
 (Babior et al. 1973) 

                               NAD(P)H oxidase 

2H 
+
 + 2O2

-
                                 O2 + H2O2                                 (Fridovich 1978) 

                                    SOD 

2H2O2                                         2H2O + O2 

 

 

When the particle size (10 and 100 μm) is beyond the capacity of a macrophage to engulf, the 

macrophage aggregating factor, induce aggregation of macrophages (Rouveix et al. 1981) 

leading to macrophage fusion and formation of large multinucleated foreign body giant cells 

surrounding the implant surface (Sutton & Weiss 1966; Kaplan & Gaudernack 1982). FBGC 

show high extracellular degradation capacity but are less phagocytic (Burke & Lewis 2002). 

FBGC will remain attached to the implant surface for life time in the case of big sizes like 

medical devices. 

 

The foreign body reaction at the tissue-material interface is responsible for inflammation, 

osteolytic effects and failure of bone formation resulting in biodegradation of implanted 

materials (Piattelli et al. 1997; Sack et al. 1996; Xia et al. 1994). Inflammation is a 

continuous active response until all the microbes are eradicated and restoration of tissue is 

finished (Segal 2006) which may lead to cellular damage following over production of ROS 

(Wickens 2001) as Superoxide and hydroxyl radicals are toxic to cells. This is because; ROS 

could recruit more inflammatory cells causing more ROS to be released, leading to more cell 

damage (Federico et al. 2007). The reduction of oxygen radicals at the surface of a 

biomaterial could reduce the local inflammatory response (Chamberlain et al. 2009). 

 

Macrophage response to biomaterial implants in tissue repair and regeneration are on the 

negative side rather controversial and as they take part in immune response, inflammations 

like cytotoxicity, microbicidal activity, tissue destruction and foreign body response. As the 

macrophage response to biomaterial depends on the nature of the implanted biomaterials 

(degradable or non-degradable) and the size of the material.  

 

2.3. Alamr Blue Assay:  

 

Alamar Blue is sterile indigo colored nontoxic aqueous dye which is used to 

measure cell cytotoxicity, viability and its proliferation. The assay includes redox reaction 

that shows colorimetric changes in response to cellular metabolic actions. When the cells are 

incubated with Alamar Blue; resazurin, an active, cell permeable, non-fluorescent, blue color 

compound existing is reduced to resorufin that produce bright red fluorescence after entering 

the cell. Viable cells continuously maintain reduced environment. Hence, the amount of 

fluorescence or absorbance is proportional to the number of living cells. If there was a low 

signal, then there was less metabolic activity consisting of non-viable cells. 

 

Half reaction: AlamarBlue (oxidized) + 2H + 2e
-
                 AlamarBlue (reduced)                                 

AlamarBlue is reduced when oxygen is replaced by hydrogen. Absorbance was measured at 

570 nm and 595 nm. The duration of incubation was pointed on x-axis and reduction of 

alamarBlue on y-axis to create a graph. 

There will be a significant overlap in the absorption spectra of the oxidized and reduced 

forms of AlamarBlue. They can be obtained by measuring two wavelengths (William 1965) 

only if the two constituents have different powers of light absorption at some point in the 
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spectrum. As the absorbance is directly proportional to the product of molar extinction 

coefficient and concentration, a couple of concurrent equations can be acquired from which 

the two unknown concentrations might be determined 

(http://tools.invitrogen.com/content/sfs/manuals/PI-DAL1025-

1100_TI%20alamarBlue%20Rev%201.1.pdf). 

To find out the percentage reduction of alamarBlue: 

(εOX)  λ2 A  λ1 - (εOX)  λ1 A λ2 * 100  

  

(εRED) λ1 A’λ2 - (εRED) λ2 A’λ1 

εOX   = molar extinction coefficient of oxidized form of AlamarBlue (Blue) 

εRED  = molar extinction coefficient of reduced form of  AlamarBlue  (Red) 

A     = absorbance of test wells 

A’    = absorbance of negative control (media and AlamarBlue without cells) 

A°    = absorbance of positive control  

λ1    = 570nm  

λ2    = 600nm  

Wavelength (λ) εRED εOX 

570nm                              155,677              80,586 

600nm                                14,652             117,216 

2.4. NitroBlue Tetrazolium Assay (NBT): 

There are many techniques accessible for the recognition of both intracellular and 

extracellular O2
-
 (Dahlgren & Karlsson 1999). Spectrophotometric  superoxide dismutase 

(SOD)-inhibitable ferricytochrome c reduction, peroxidase-dependent isoluminol 

chemiluminescence, and lucigenin-amplified chemiluminescence assays are used for the 

detection of extracellular O2
-
 and microscopic NBT assay, fluorometric assays ( 

diaminobenzidine (DAB), 7.dichlorofluorescein (DCF), dihydrorhodamine (DHR), 

homovanillic acid (HVA) oxidation assays), peroxidase dependent luminol-amplified 

chemiluminiscence assay, and oxidation of Fc OxyBurst for  finding intracellular O2
-
. But, 

the ferricytochrome c reduction, chemiluminescence assays were found to be relatively 

insensitive to detect O2
-
 produced by monocytes and macrophage cell lines as they produce 

less O2
-
 which is hard enough to measure. In addition, fluorometric DAB oxidation assay and 

Conventional microscopic NBT assay can give only semi-quantitative or qualitative results 

with various limitations. To eliminate these drawbacks, Colorimetric NBT assay was 

developed (Rook et al. 1985; Rainard 1986) to determine the amounts of intracellular 

superoxide anion (O2
-
) produced by even weak O2

-
 producers like RAW 264.7 cells. The O2

-
 

radical donates its unpaired electron to yellow, water soluble Y-NBT and converts it to the 

blue colored water insoluble formazan deposits as seen in figure 11. This assay has been 

modified by using 2M potassium hydroxide (KOH) and dimethylsulfoxide (DMSO) to 

dissolve formazan particles and absorbance of NBT dissolved in organic solvents (Baehner & 

Nathan 1968; Pick et al. 1981; Rook et al. 1985; Rainard 1986) was measured and evaluated. 

Hence modified Colorimetric assay was developed to be simple, sensitive, and quantitative 

http://tools.invitrogen.com/content/sfs/manuals/PI-DAL1025-1100_TI%20alamarBlue%20Rev%201.1.pdf
http://tools.invitrogen.com/content/sfs/manuals/PI-DAL1025-1100_TI%20alamarBlue%20Rev%201.1.pdf
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assay (Choi et al. 2007) and technical disadvantages of using this method haven’t been 

evaluated. 

Our aim is to study and examine the inflammatory response towards calcium phosphate 

cements in vitro and compare it with cements incorporated with simvastatin.  

 

3. RESULTS 
 

Each four tablets of CPC were made with and without simvastatin and are soaked in PBS.  

Filtered cement extracts with simvastatin (S), filtered extracts of only cement without 

simvastatin (No: S), cement particles with simvastatin (P: S) and cement particles without 

simvastatin (P: No S) were collected as samples at certain time intervals for drug release 

measurements and cell studies. Percentage cumulative release of simvastatin is studied and 

we are interested in 1 day time point and correlate to drug release. First tablet of 1 day time 

point has been used in the experiment. 

 

RAW 264.7 cells were cultured and treated with S, No: S, P: S, P: No S at dilution rates of 

10X, 20X, and 30X and untreated cells are taken as control and incubated for duration of 1 

day, and 2 days. We are considered to take only the graphs of sample groups with particles as 

we are sure about induction of inflammation by particles and filtered cement extracts have 

been ignored because as they were known to follow similar pattern in both the cases. 

 

AlamarBlue assay: 

AlamarBlue assay has been done to study the cell viability. Absorbances are taken at 570 nm 

and 595 nm and graphs have been plotted by calculating percentage reduction of AlamarBlue 

using formula mentioned previously. 

 

               
Figure 3. Graph showing the percentage reduction of AlamarBlue in sample groups of 

cement particles with and without simvastatin at dilution rate of 10X 

 

There is 80% reduction of alamarblue (Figure 3.) on first and second day in sample group of 

cement particles with simvastatin which indicates more or less similar cell proliferation and a 

little increase in proliferation can be observed on second day than that of first in sample group 

of cement particles without simvastatin as the percentage reduction is from 60-80 in 10X 

dilution rate. 
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Figure 4. Graph showing the percentage reduction of AlamarBlue in sample groups of 

cement particles with and without simvastatin at dilution rate of 20X 

 

The cell proliferation in 20X dilution is same as that of in 10X (Figure. 4) dilution as the 

percentage reduction in cement particles with simvastatin remain same on first and second 

days but in cement particles without simvastatin the percentage reduction increased from 60-

100 on second day than that of first day. 

 

 
Figure 5. Graph showing the percentage reduction of AlamarBlue in sample groups of 

cement particles with and without simvastatin at dilution rate of 30X 

 

Increase in cell proliferation can be observed in 30X dilution (Figure. 5) in both the sample 

groups of cement particles with and without simvastatin as the percentage reduction increased 

from 60-100 on second day than first day. Overall, the gradual increase in cell proliferation 

can be observed on second day in 10X, 20X, and 30X in the sample group of cement particles 

without simvastatin. 

 



12 

 

 

  
Figure 6: Picture showing RAW 264.7 cells taken before NBT assay and after AlamarBlue 

assay 
 

NBT assay: 

NBT assay is done to study the inflammation as the amount of ROS produced indicates 

inflammation. 

                  
Figure 7. Graph showing the amounts of ROS produced in sample groups of cement 

particles with and without simvastatin at dilution rate of 10X. 

  

There is no difference in ROS produced (Figure 7) on first and second day in both the sample 

groups of cement particles with and without simvastatin as the similar values can be observed 

in between 0.05 and 1. 
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Figure 8. Graph showing the amounts of ROS produced in sample groups of cement 

particles with and without simvastatin at dilution rate of 20X 

The production levels of ROS increased (Figure 8) from 0.1-0.2 nearly on second day than 

that of first day in both the sample groups of cement particles with and without simvastatin. 

 

 

 

Figure 9. Graph showing the amounts of ROS produced in sample groups of cement 

particles with and without simvastatin at dilution rate of 30X 

The number of ROS produced increased from 0.1-0.25 (Figure 9) nearly on second day in 

both the sample groups of cement particles with and without simvastatin. Overall, there is a 

gradual increase in ROS produced on second day in both the sample groups of cement 

particles with and without simvastatin from 10X, 20X, and 30X.  
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           Figure 10. The graph showing amounts of ROS produced in sample groups of CPCs 

without simvastatin, with and without particles as well as control 

There is no difference between the amount of ROS produced (Figure 10) on first and second 

days in both the sample groups of filtered extracts of only cement without simvastatin and 

cement particles without simvastatin as they show similar values between 0.05-0.1. But, in 

control sample which are untreated and induced with PMA show increased production of 

ROS ranging from 0.2-0.3 nearly.  

We know that particles induce inflammation according to which there should be more ROS 

produced in the sample group of cement particles without simvastatin as NBT assay is used 

to study inflammation. But, I could not get the expected result as this graph depicts that 

particles could not induce inflammation. First of all, there should be inflammation produced 

by the particles to find out whether simvastatin is capable of inhibiting inflammation or not. 

There might be various reasons behind these involving different factors. There may not be 

many particles present for the inflammation to be induced. 
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Figure 11: The picture showing the blue formazan crystals formed extracellularly 

The water soluble yellow NBT is converted to blue colored water insoluble formazan 

deposits formed around the cells which are later dissolved by KOH and DMSO.  

4. DISCUSSION 

The cell proliferation is more or less similar in both days of sample group of simvastatin 

cements with particles as shown in Figure 3 and there is a gradual increase in cell viability in 

10X, 20X and 30X dilutions on second day in all the sample groups of cement particles 

without simvastatin (Figure 3, 4, 5). There is no difference in the levels of ROS produced in 

both the sample groups of simvastatin cements with particles and cement particles without 

simvastatin in all the dilutions (Figure 7, 8, 9). Figure 7 shows the ROS production levels at 

0.1 and Figure 8 at 0.2. Figure 10 also does not show any inflammation. From the above 

description we can observe that particles couldn’t induce any inflammation. This may be 

because there weren’t many particles present for the inflammation to be expressed. 

The experiments have been done twice and other results were also comparable. The sample 

groups of cements with simvastatin and without simvastatin were ignored as they were 

known to follow same trends in both the cases. Production of more ROS indicates more 

inflammation occurred. We knew that particles induce inflammation, so presence of more 

particles indicates more ROS to be produced inducing more inflammation to take place. In 

the sample group of cement particles with or without simvastatin, there should be more ROS 

produced. But, unfortunately we couldn’t get much ROS produced because the particles 

couldn’t induce inflammation or there weren’t many particles present for the inflammation to 

occur. If there were enough particles present, that could induce inflammation then we can 

find out whether simvastatin has the capacity to inhibit inflammation or not. The possible 

reasons behind the failure of ROS production are explained below: 

First tablet of 1 day time points have been used for the experiment for which the 

concentration of simvastatin released into PBS was 10.87 µg/ml. This corresponds to 1µg/ml 

in 10X diluted sample groups in medium. Delbosc et al. 2002 have used simvastatin at the 
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least concentration of 4µg/ml. That is why we couldn’t get the expected results of 

inflammation towards particles as the concentration of simvastatin used was very low 

(1µg/ml). The reason why we didn’t use the cements directly is because NBT could easily 

stain the cements and also get high background as mostly colorimetric assays are used.  

In further experiments we could try to increase the amounts of simvastatin in the premixed 

cement tablets to find out whether there is any effect or else we might also have increased the 

concentration of simvastatin by dissolving at less dilution rates in the medium taken probably 

at 5X or 1X dilution rates. There is low viability of cell proliferation in the 10X dilution 

samples of simvastatin cements with particles; we can changes it to 5X dilution to get more 

effect in NBT assay. As RAW 264.7 cells are weak superoxide anion producers, in further 

experiments I could change the cell line for example THP1 cells which are active and 

produce more ROS. We can also add para-Methoxyamphetamine (PMA) to the sample 

groups as well to stimulate ROS production, in order to find out the anti-inflammatory effect 

of simvastatin. We can also add required amount and size of particles available on purpose to 

induce inflammation. 

Inflammation is detected not only by using NBT assay but also using other techniques in the 

perspective of nitric oxide (NO) and interleukins (IL) generated. Besides drugs like 

simvastatin there are many herbs like Amomum compactum (Lee et al. 2012), Myristicin can 

be acquired from basil, anise, cinnamon, clove, fennel, parsley, and star anise (Hallström & 

Thuvander 1997; Bakkali 2008) and also plants like Moringa oleifera (Muangnoi et al. 2012) 

which could inhibit inflammatory factors like NO, IL’s, in RAW 264.7 cells in-vitro.  

5. MATERIALS AND METHODS 

83.1 mg of Simvastatin (Biovision) was mixed with 2 ml of 99.5% ethanol to change its 

hydrophobic property to hydrophilic. Add 3 ml of 0.1M Sodium hydroxide (NaOH) and put 

in 50°C hot water bath for 2 hours. 0.1M Hydrochloric acid (HCl) was added carefully in 

little quantities to let the pH down to 7and then diluted it by adding 100 µl water.  

Concentration of the solution was calculated based on its total volume. A little quantity of 

solution was taken to determine the absorbance at 280 nm after performing serial dilution 

with PBS. Table 1 shows the absorbance values and concentrations of serial dilution. Rest of 

the simvastatin solution was kept for freeze drying. 

              Table 1. Absorbance of serially diluted Simvastatin in PBS 

Sample 

concentration 

(µg/ml) 

Absorbance 

(280 nm) 

51.25 2.267 

25.62 1.171 

12.81 0.554 

6.406 0.271 

3.203 0.118 

1.602 0.052 
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5.1. Preparation of Simvastatin Cements 

Calculate the required amount of hydrophilic simvastatin to be taken along with Glycerol, β-

TCP (Tri Calcium Phosphate) and MCPM (Mono Calcium Phosphate Monohydrate) and are 

mixed well. Table 2 shows the amounts of each ingredient taken. The cements without 

Simvastatin were also made as control samples. 

                             Table 2. Constituents of tablets (with and without simvastatin) prepared 

Total cement 

needed (gms) 

Simvastatin 

(93% pure) 

(gms) 

MCPM (gms) β-TCP (gms) Glycerol 

(gms) 

5 0.003 2.234 2.759 1.564 

5 - 2.246 2.766 1.567 

 

0.54 mg of simvastatin is present in each gram of cement. Cements are made in the form of 

tablets by the help of molds weighing the exact amounts cements put in. These tablets are 

drenched in PBS and were put inside the incubator. The amount of PBS added is 5 times that 

of the weight of each tablet. Table 3 shows the weight of each tablet and the volume of PBS 

added to each tablet. Table 4 indicates the absorbance values that were determined after 1 

hour, 3 hours, 1 day, 2 days, 3 days, 4 days, 5 days, 7 days and 14 days of incubation. 

 

                                Figure 12. Calibration curve 

Using the slope from calibration curve (Figure 1) and absorbance values obtained; calculate 

the concentration of simvastatin released into PBS at respective time points. 

             Table 3: Total amount of simvastatin present in each tablet 

 Weight of 

Tablet (gms) 

Amount of PBS 

added to cement 

(ml) 

Total amount 

of SVA present 

(mg) 

Tablet 1 1.661 8.307 0.897 
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Tablet 2 2.238 11.19 1.208 

Tablet 3 2.274 11.37 1.228 

Tablet 4 1.970 9.85 1.063 

 

Table 4: Absorbance values determined after respective duration of times. Tablets (1-4) were with 

Simvastatin and tablets (5-8) were without Simvastatin. 

Tablets 1 hour 3 hours 1 day 2 days 3 days 4 days 7 days 14 days 

1 0.260 0.167 0.488 0.393 0.147 0.049 0.057 0.072 

2 0.149 0.131 0.290 0.273 0.141 0.077 0.070 0.112 

3 0.146 0.122 0.418 0.307 0.158 0.081 0.068 0.072 

4 0.171 0.146 0.438 0.297 0.162 0.077 0.108 0.010 

5 0.039 0.014 0.029 0.053 0.013 0.005 -0.005 0.008 

6 0.068 0.024 0.026 0.063 0.044 0.010 -0.000 -0.015 

7 0.044 0.007 0.020 0.065 0.018 0.012 0.003 -0.005 

8 0.041 0.025 0.023 0.038 0.109 0.007 -0.001 -0.007 

 

The product of Concentration of samples and volume of the PBS added to each tablet gives 

the amount of simvastatin drug released in µg. 

µg of simvastatin released per total amount of simvastatin present in each tablet gives the 

percentage of simvastatin released from each tablet until the respective duration of time 

points.  

Based on the values obtained (Table 5) the mean and standard deviation were plotted on the 

graph to estimate the percentage cumulative release of simvastatin after individual time 

intervals as presented in Figure 2. 

Table 5: Mean and standard deviation values of all the tablets with simvastatin          

determined after respective duration of times 

 1 hour 3 hours 1 day 2 days 3 days 4 days 7 days 

14 

days 

Mean 3.745 6.667 15.09 21.65 26.06 27.52 29.08 

30.4

5 

Standard 

Deviation 1.104 1.494 2.973 4.0 6.358 6.075 5.934 

5.74

4 
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Figure 13.  Graph showing percentage cumulative release of simvastatin after respective 

duration of time 

5.2. Culture of RAW 264.7 cell line 

 

RAW 264.7 cells were usually stored in liquid nitrogen vapor phase at -70° C. When needed 

the cells were kept in hot water bath at 37° C for thawing. After the cells get defrosted, 

transfer the cell suspension into T25 flask containing pre-warmed sterile growth medium 

GIBCO Dulbecco´s Modified Eagle Medium (DMEM) (Sigma Aldrich), 10% FBS (Sigma 

Aldrich), 1% Penicillin/Streptomycin (Sigma Aldrich). Medium has to be changed at 

intervals of every two days. If the cells have grown confluent, then they need to be passaged. 

Wash the cells with pre-warmed sterile Phosphate Buffered Saline (PBS) (Sigma-Aldrich) to 

remove non-adherent cells. Fresh medium is added and scraped cells were taken in 15 ml 

tube and kept for centrifugation for 5 minutes. Supernatant is removed and cells were 

resolved in fresh medium; 150 µl of cells were added to 10 ml of medium in the flask which 

can be used for next passage. Otherwise the cells were mixed with Trypan blue (Sigma 

Aldrich) and counted on hemocytometer under microscope to select live cells among colored 

dead cells and seeded accordingly in 96 well plate for 24 hrs. 

 

5.2.1. Alamar Blue Assay 

 

The 96 well plate seeded with cells were added with 10µl alamarBlue dye (Biosource) with 

190 µl phenol free Minimum Essential Medium (MEM) (Sigma Aldrich) in each well. The 

plates were incubated for 3 hours at 37°C and later 100 µl of this alamarBlue liquid is 

transferred to another 96 well plate and absorbance was measured at 570 nm-595 nm by 

(Enzyme-linked immunosorbent assay) ELISA plate reader and results were evaluated. 

 

5.2.2. Colorimetric NBT (Nitoblue tetrazolium) Assay 

 

Cells were washed with sterile PBS after aspirating alamarBlue dye. Cells were incubated 

with 10 µl of membrane permeable yellow-colored NBT (Sigma Aldrich) along with 90 µl 

pre-warmed serum free medium (Sigma Aldrich) to each well and incubated at 37° C. Few 

cells which are taken as negative controls were incubated with Y-NBT and stimulated by 

PMA (Phorbol 12-Myristate 13-Acetate).  The Y-NBT absorbed by the cells is reduced to 

water insoluble blue formazan particles by intracellular O2
-
. After an hour, NBT was 

aspirated and washed with 50 µl methanol/ well to remove extra-cellular Y-NBT. The blue 

formazan deposits were dissolved by adding 60 µl of 2M Potassium hydroxide (KOH) 

(Sigma Aldrich) and 70 µl of Dimethyl sulfoxide (DMSO) (Sigma Aldrich) to each well 
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including control and blank by gentle shaking for 10 min at room temperature. Absorbance of 

NBT dissolved in organic solvents was measured by ELISA plate reader at 595 nm and the 

results were evaluated. 
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