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Abstract 

 

Title 

In vitro effect of an antimicrobial peptide against mono-species endodontic biofilms. 

Objective  

To determine if the synthetic peptide BM2 has antimicrobial activity against mono-species 

biofilms of common endodontic pathogens. 

Methods 

Strains of the pathogenic bacteria Enterococcus faecalis JH2-2, Streptococcus gordonii 

DL1, and Streptococcus mutans NG8 and the fungal pathogen Candida albicans ATCC 

10261 were grown from glycerol stocks in closed tubes containing Todd Hewitt Broth 

(THB) or Tryptone Soy Broth (TSB) for 24 hours. Mono-species biofilms were prepared in 

96-well plates for 72 hours before exposure to antimicrobial agents. Dilution series of the 

synthetic antimicrobial peptide BM2 (D-NH2-RRRFWWFRRR-CONH2) and the widely 

used endodontic antimicrobial agents sodium hypochlorite (NaOCl) and saturated calcium 

hydroxide (Ca(OH)2) were prepared as aqueous solutions. The efficacy of BM2 (10 µg/mL, 

20 µg/mL and 40 µg/mL), NaOCl (2,500 µg/mL, 5,000 µg/mL and 10,000 µg/mL) and 

saturated Ca(OH)2 at limiting cell growth and possibly causing biofilm disruption was 

measured using a crystal violet assay at 24, 48 and 72 hours. A more clinically relevant 

biofilm formed on sterile root canal surfaces was exposed to BM2, NaOCl and Ca(OH)2, 

stained using a LIVE/DEAD assay™ kit and visualized using confocal laser scanning 

microscopy (CLSM). 

Results  

Both the crystal violet biofilm assay and the CLSM assessment showed BM2 was an 

effective antimicrobial against all microorganisms tested. After 72h BM2 at 20 µg/mL 

caused reduction to the thickness of C. albicans biofilm and total viable cells by only 10%. 

BM2 at 40µg/ml was as effective as NaOCl (10,000 µg/mL) and saturated Ca(OH)2 against 
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S. gordonii DL1 and S. mutans NG8. Mean biofilm thickness (A600nm) was reduced and the 

remaining cell showed 25% viability or less after 72 hour of exposure. BM2 at 40 µg/mL 

showed antimicrobial activity similar to saturated Ca(OH)2 or 2,500 and 5,000 µg/mL 

NaOCl in disrupting the E. faecalis JH2-2 biofilm. Although mean biofilm thickness was 

reduced slightly non-viable cells contributed 60% of to total biofilm volume. 

Conclusion 

BM2 at 40 µg/mL showed robust antimicrobial activity against biofilms of major 

endodontic pathogens comparable to results achieved with current antimicrobial 

disinfectants. It is important to further investigate BM2 as an alternative antimicrobial 

agent in endodontic treatment.  
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Chapter 1 Literature Review 

 

1.1 Introduction 

Bacteria have been implicated as major aetiological agents of pulp and periapical disease. 

The species involved in infection of these tissues draw from a potentially large pool of up 

to 700 different microorganisms that is estimated to exist in the oral cavity (Paster et al., 

2006). However, selective pressures exerted by the root canal systems and periapical 

tissues limit the local flora to a selective and special assortment (Sundqvist, 1992). 

Studies of root canal system dynamics suggest that initial infections are dominated by 

facultative anaerobes. Over a period of time the relative proportion of obligate anaerobic 

species increases and they outnumber the earlier colonizing organisms (Fabricius et al., 

1982a). The Gram positive bacteria that are prominent in dental plaque, such as 

Streptococcus and Actinomyces species, are believed to initiate dentine infection and 

invasion (Love, 2004). As infection progresses, the microbial composition shifts to 

dominance by obligate anaerobes, such as Fusobacterium, Porphyromonas, Prevotella, 

Eubacterium, and Peptostreptococcus species (Love, 2004). Teeth with refractory 

endodontic disease are different in microbial composition to primary infections. They have 

reduced microbial load, and microbes from the Enterococcus, Streptococccus and Candida 

groups predominate (Siqueira & Rocas, 2004).  

Although individual bacteria can be recovered from an infected root canal system, bacteria 

in the root canal system exist as a biofilm. A biofilm is a complex consortia of 

microorganisms existing as communities that exhibit a wide range of physical, metabolic 

and molecular interactions. These interactions are important for the attachment, growth and 

survival of species that enable the biofilm to develop and persist in what often appear to be 

hostile environments such as the oral cavity. This community life-style provides potential 

benefits to the resident microorganisms, including a broader habitat range for growth, 

increased metabolic diversity and efficiency, and enhanced resistance to environmental 

stress, antimicrobial agents and host defenses (Marsh, 2004). 
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The dental pulp is a unique soft tissue of mesenchymal origin. It contains odontoblasts, 

arranged peripherally in direct contact with dentine matrix. Due to the close relationship 

between odontoblasts and dentine, this functional entity is referred as the dentine-pulp 

complex. The pulp houses a number of tissue elements, including nerves, vascular tissue, 

connective tissue fibres, ground substance, interstitial fluid, odontoblasts, fibroblasts, 

immunocompetent cells and other cellular components. It is encased in a protective layer 

of dentine, which in turn is covered with enamel or cementum.  

Many of the microbes that infect the root canal system have the potential to initiate 

inflammation. Although the individual species in the endodontic flora are usually of low 

virulence, the presence of other microbes in the biofilm community affects their 

pathogenicity. Factors such as interactions among microorganisms, the release of 

endotoxins, the production of enzymes that damage host tissue, an ability to interfere with 

host defence and a capability to cause host cell damage results in synergistically beneficial 

partnerships. In the presence of an antigenic challenge, sentinels such as langerhans and 

dendritic cells present antigens that invoke an inflammatory response that enhances the 

defences of the dentine-pulp complex e.g. the washing action from the outward movement 

of dentinal fluid. The initial response of the innate immune system to these challenges is a 

rapid and non-specific defence against pathogenic colonization. A host of chemical 

mediators are up-regulated during the response, including antimicrobial peptides (AMPs) 

such as defensins. AMPs are a unique assortment of molecules produced by living 

organisms of all types. These peptides demonstrate potent antimicrobial activity and are 

rapidly mobilized to neutralize a broad range of microbes, including bacteria, protozoa, 

and fungi. More significantly, the ability of these natural molecules to kill multidrug-

resistant microorganisms has focused considerable attention and clinical interest.  

Human beta defensins (HBD) 1 and 2 are consistently expressed in the cytoplasm of 

odontoblasts, suggesting a role in an innate immune response (Dommisch et al., 2005). For 

example, the expression of genes encoding hBD-1 and hBD-4 are up-regulated in 

odontoblasts in response to an antigenic stimuli such as lipopolysaccharide (LPS) or 

lipoteichoic acid (LTA) (Sebastian et al., 2009). Expression of AMPs such as defensins is 

not limited to dental pulp. Genes coding for AMPs are of ancient origin, and these peptides 
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are produced in various tissues and cell types across species that include amphibians, fish, 

insects, birds, plants and mammals.  

Initial studies into the isolation and characterisations of AMPs, found peptides with a 

spectrum of activity against microorganisms (Brogden, 2005; Klotman & Chang, 2006; 

Aerts et al., 2008). Antimicrobial activity against bacteria and fungi is of a particular 

interest to the field of endodontics, due to the role of these microbes in the aetiology and 

progression of pulp and periapical disease. Features which are common to all AMPs are a 

broad spectrum antimicrobial activity under physiological conditions and amphipathicity 

(Zasloff, 2002). With the growing microbial resistance to conventional antimicrobial 

agents, the need for different therapeutic options has become urgent. AMPs may provide 

alternative next generation antibiotics because of their broad spectrum activity, their 

unique mode of action, and the limited opportunity that they provide for the development 

of resistance, unlike conventional antibiotics (Hancock & Diamond, 2000).  

1.2 Overview of endodontic microbiology 

The majority of dental pulp and periradicular tissue diseases are associated with 

microorganisms. Humans respond to microbial activities using a combination of 

nonspecific inflammatory processes and specific immunologic responses. Endodontic 

treatment of an infected root canal system aims to disrupt the microbial ecosystem by 

chemomechanical means in order to remove the infection and then an environment to 

prevent re-infection is provided, primarily by a root filling and placement of a coronal seal. 

The human mouth has a normal flora of commensal organisms that are, in general, 

beneficial to the host due to a symbiotic relationship. However, some members of a normal 

oral flora can become opportunistic pathogens under suitable circumstances. For example 

accessibility to sterile areas such as the pulp may lead to bacterial diseases. The most 

obvious route for bacteria to reach the pulp is via direct exposure. Caries is the most 

common pathway of invasion because it exposes the dentine-pulp complex. Invading 

prokaryotic bacteria are up to 1 µm in diameter and they can approach the pulp via dentinal 

tubules which measure between 1 - 4 μm in diameter. Thus exposed dentine is a highway 

for microorganisms to reach the pulp. Exposed dentine is more permeable near the pulp 

due to the inverted cone shape of the tubules with the tubule diameter being bigger closer 
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to the pulp. The colonisation and invasion of microorganisms in carious lesions are 

restricted by several processes including the outflow of dentinal fluid and other tubular 

contents, thus delaying their inward movement. Möller et al. (1981) concluded that 

invasion is more rapid in nonvital teeth because the hollow dentinal tubules act as a “dead 

tract” thus allowing easy penetration by the bacteria. Direct exposure of dentine also 

results from trauma and restorative procedures. Continual contact with microorganisms 

and their products e.g. lipopolysacharides (LPS) will make the exposed pulp inflamed, 

infected, and it will eventually undergo necrosis. Subgingival biofilms that are associated 

with periodontal disease may also cause infection of the pulp. However, pulp necrosis as a 

result of periodontal disease will, in general, occur only if a periodontal pocket reaches the 

root apex. 

Miller (1890) demonstrated the association between bacteria and pulp diseases. The classic 

study of Kakehashi et al. (1965) proved bacteria cause pulpal and periradicular diseases. It 

was concluded that pulp exposed to normal oral microbial flora resulted in pulpal necrosis 

and periradicular disease while no pathological changes occurred in a germ-free 

environment. Endodontic infections are always polymicrobial e.g. more than one species of 

microorganism is involved. As techniques for culturing microorganisms have improved, 

the numbers of microorganisms detected in endodontic infections has increased to a range 

of 3 - 12 species for every infected root canal system and they are mostly anaerobic 

bacteria. In a study using monkeys as subjects, Fabricius et al. (1982a) found that after 

1080 days, anaerobic bacteria dominated the infected root canal system. It is believed that 

tissue fluids, necrotic pulp tissue, reduced oxygen tension and bacteria byproducts play 

major roles in determining which bacteria will be dominant in a biofilm. Facultative 

anaerobes act as the first colonizers of the root canal system while obligate anaerobes 

dominate the microflora of an established asymptomatic infected root canal system 

Streptococci making up a significant proportion of facultative species. Sundqvist et al. 

(1989) reported that strict anaerobes accounted for more than 90% of the bacteria from root 

canal systems of intact teeth with necrotic pulp. It is apparent that the polymicrobial 

ecosystem in an infected root canal system selects for a non-random association of 

anaerobic species (Sundqvist, 1976, 1992).  
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In carious dentine, the outer part is populated mainly by streptococci, lactobacilli and 

Actinomyces species (Table 1.1). In contrast, the deeper carious dentine and that close to 

the pulp is dominated by obligate anaerobes such as Eubacterium, Propionibacterium and 

Bifidobacterium species with Actinomyces, Lactobacillus, and some streptococci being 

present, but S. mutans is rare (Love & Jenkinson, 2002). This shows that different regions 

of infected dentine may contain different numbers of bacterial species. Ozaki et al. (1994) 

found that mutans group streptococci were the predominant bacteria within dentine from 

fissure and smooth-surface coronal caries. Lactobacillus spp., Eubacterium alactolyticum, 

and F. nucleatum, which were thought to be dominant populations of the microflora of 

carious dentine, were also detected but in low numbers (Table 1.1).  

Exposed dentine not caused by caries is populated by gram positive cells (Lundy & 

Stanley, 1969; Brännström & Nyborg, 1971; Tronstad & Langeland, 1971; Vojinovic et 

al., 1973; Olgart et al., 1974; Love & Jenkinson, 2002) such as streptococci and 

Actinomyces spp. (Love & Jenkinson, 2002). Mejàre et al. (1979, 1987), found few 

anaerobic gram positive cocci or gram negative organisms in exposed dentine.  
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Table 1.1 Bacterial species identified in carious coronal dentine. Modified from 

Edwardsson, 1987; Ozaki et al., 1994; Love & Jenkinson, 2002. 

 

Bacterial Species 

Frequency of Isolation From Carious Dentine 

Superficial Deep 

Streptococcus spp. High Low - moderate 

Peptostreptococcus spp. Low Low 

Actinomyces spp. High Moderate 

Eubacterium spp. High High 

Veillonella spp. Moderate Low 

Propionibacterium spp. Moderate - high High 

Lactobacillus spp. High High 

Fusobacterium nucleatum Low  Low 

Clostridium spp. Low Low 

Bifidobacterium spp. High High 

Peptococcus spp. Low Low 

Porphyromonas spp. Low Low 

Prevotella spp. Low Low 
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Sundqvist (1976) and Möller et al. (1981), found that other than streptococci, lactobacilli, 

and Actinomyces, plus other obligate anaerobic species populate infected root canal 

systems (Table 1.2). Additionally, yeast can be recovered from an infected root canal 

system (Love & Jenkinson, 2002). The more species involved in an infection, the larger the 

periapical lesion is (Fabricius et al., 1982b). In any stage of a root canal system infection, a 

highly selective environment exists. This allows gram negative anaerobes such as 

Porphyromonas and Prevotella species to dominate in the root canal system, even though 

they are not the dominant microflora in caries or infected tubules (Love & Jenkinson, 

2002). 

 

Table 1.2 Bacterial species found commonly in asymptomatic infected root canal systems. 

Adapted from Sundqvist, 1992, 1994; Le Goff et al., 1997; Love & Jenkinson, 2002. 

Gram positive Cocci Gram positive Rods Gram negative Cocci Gram negative Rods 

Streptococcus 

anginosus 

S. sanguinis 

S. mitis 

S. mutans 

Enterococcus faecalis 

Peptostreptococcus 

micros 

P. anaerobius 

Actinomyces israeli 

A. naeslundii 

Eubacterium 

alactolyticum 

E. lentum 

E. nodatum 

E. timidum 

Propionibacterium 

propionicum 

P. granulosum 

Lactobacillus 

Capnocytophaga 

ochracea 

C. sputigena 

Veillonella parvula 

Campylobacter rectus 

C. curvus 

Fusobacterium 

nucleatum 

Prevotella intermedia 

P. melaninogenica 

P. denticola 

P. buccae 

P. buccalis 

P. oralis 

Porphyromonas 

gingivalis 

P. endodontalis 

Bacteroides gracilis 
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1.3 Microbial biofilms 

A biofilm is defined as a community of microorganisms of one or more species embedded 

in an extracellular polysaccharide matrix that is attached to a solid surface. In contrast, 

planktonic organisms are free-floating single microbial cells in an aqueous environment. 

The polymicrobial biofilm community exhibits a wide range of physical, metabolic and 

molecular interactions. Such intermicroorganism interactions are key features required for 

bacteria attachment, growth and survival. A developed biofilm community is thought to be 

highly beneficial for its members as it allows an expansion of growth, increased metabolic 

diversity and efficiency, and enhanced resistance to environmental stressors, antimicrobial 

agents and host defences (Caldwell et al., 1997; Shapiro 1998; Marsh & Bowden, 2000).  

Caries, pulp and periapical disease and diseases of the periodontium are all bacterial 

related diseases which can also be called biofilm-related diseases. Biofilm development 

involves many complex stages that require interaction not only between microorganisms 

and the host, but also between microorganisms. A clear understanding of biofilm formation 

may help the development of effective methods of control. 

The first stage of a dental biofilm development is adhesion of microorganisms to the 

conditioned tooth surface e.g. aquired pellice. The adhesion by microorganisms can be 

subdivided into two types. Initially, a loose physical contact occurs within a few seconds 

that involves ionic/hydrophobic bonds. Then, adhesins from microorganisms allow 

stronger and permanent contact with host surface receptors to develop within minutes to 

hours (Jenkinson & Lamont, 1997). Love (2002) found that streptococci, which are 

primary oral colonizers, are able to bind with surface receptors in the complex 

proteinaceous pellicle derived from saliva, serum and dentinal fluid. Adhesion of bacteria 

such as Actinomyces, Veillonella and Neisseria together with other bacteria depends on 

components adsorbed onto the substratum e.g. tooth enamel or dentine. Binding of bacteria 

to the tooth surface depends on tooth structures and the surrounding environment. Thus, 

different areas in the oral cavity can have different biofilms. Xiao et al. (1998) showed that 

some strains of Enterococcus faecalis adhered better to immobilized collagen when the 

cells were grown at 46°C, while Kayaoglu et al. (2005) found the in vitro collagen-binding 

ability of E. faecalis increases in midly alkaline environment. Love (2001) reported that 
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human serum inhibits binding of S. mutans and S. gordonii to immobilised collagen but the 

binding of E. faecalis was enhanced.  

After a pioneer species has attached to the tooth surface, bacterial co-aggregation alters the 

surface environment, offering additional binding sites to other potential members of the 

biofilm community. Co-aggregation allows metabolic communication and genetic 

exchange with later colonizers which are mostly strict anaerobes. Streptococci co-adhere 

with other early colonizers and also connect with later microorganisms (Palmer et al., 

2003). Kolenbrander et al. (2002) regarded Fusobacterium nucleatum as an important 

microorganism in biofilms since it can co-aggregate with many bacteria. This helps in 

building a polymicrobial biofilm since it attracts microorganisms that do not co-aggregate. 

The third stage of biofilm development involves dynamic metabolic processes. 

Microorganisms form a community when the resources of energy and oxygen are 

sufficient. The availability of these key substrates that are derived from food (sugar), 

saliva, gingival crevicular fluid and host tissue e.g. dead pulp tissue and bacteria metabolic 

end products, attract later colonizers and plays a crucial role in biofilm development. 

Researchers studying the involvement of metabolic processes with biofilm development 

have described this link in 3 stages. These are metabolism of carbohydrates obtained by the 

pioneers; protein hydrolysis and metabolism of remaining carbohydrates by later coloniser; 

a final stage that includes protein degradation, fermentation of products derived from 

amino acids and catabolism of complex host molecules (ter Steeg & van der Hooven, 

1989). The excretion of a metabolite or breakdown of a substrate by one bacterial species 

can be a source of a nutrient for another (Kolenbrander et al., 2002). Some bacteria also 

acquire specific substrates from other bacteria besides the host e.g. heme found in 

periodontal pocket, dentinal tubules and dental pulp (Carlsson et al., 1984; Love, 2007). 

Besides useful metabolic byproducts, some inhibitory substances are also produced. Kreth 

et al. (2005) and Kreth et al. (2006) identified a complex pathway that keeps production of 

bacteriocin in check. This process is influenced by genetic factors and the environment e.g. 

cell density and pH. Bacteriocins that inhibit fellow biofilm colonizers’ growth play a role 

in the development of biofilms since they respond to various factors for cell survival e.g. 

host defence mechanisms and antimicrobial treatment. Bacteria communicate with each 
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other via their secretions and interbacterial communication helps regulate many processes 

and responses to threats.  

1.4 Disinfection of the infected root canal system 

The goal in almost all endodontic treatments is the prevention or eradication of a microbial 

infection in the root canal system. Disinfection via cleaning and shaping is the most 

important clinical step used to counter microbial challenges. Although the dynamics of 

infection of the dentine-pulp complex occurs over a period of time under experimental 

conditions (Bergenholtz & Lindhe, 1975), pulpal inflammation is detectable within a few 

hours after topical application of bacterial components to exposed dentine.  Cleaning and 

shaping of the root canal system is crucial because this determines the efficacy of 

procedures that follow. It enables removals of unwanted soft and hard tissue, allows 

disinfecting irrigants to reach the canal apex, creates space for delivery of medicaments, 

gives the canal system an optimized shape for filling (Peters, 2004) and maintains the 

integrity of the radicular structures.  

Seeding of microorganisms into the periradicular space is likely when instrumentation is 

done to a working length set at the radiographic apex (Bergenholtz et al. 1979, Bergenholtz 

& Spangberg, 2004) as this length is commonly beyond the apical foramen. Mechanical 

debridement at 0.5 mm – 0.7 mm from the canal terminus limits bacterial seeding from the 

root canal system (Kuttler, 1955). Bystrom and Sundqvist (1981) found that mechanical 

debridement alone using stainless steel instruments failed to disinfect root canal systems 

thoroughly. Dalton et al. (1998) reached the same conclusion with nickel-titanium (NiTi) 

instruments. Siquiera et al. (1999) studied the antibacterial effect of NiTi instrumentation 

combined with saline irrigation and found that increasing the size of the apical preparation 

from #30 to #40 gave greater reduction in bacteria recovered from the root canal system 

although the antibacterial effect of combined instrumentation with irrigation gave a poor 

result. Studies have shown very little antibacterial activity of instrumentation together with 

saline irrigation because of the high frequency of bacterial invasion into dentinal tubules 

and the lateral canals from the main root canal, the complex root canal system in most 

teeth, the physical limitations of available instruments and the poor antibacterial activity of 

saline. Subsequent studies have focused on debridement efficacy using solutions with 
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higher antibacterial activity. Irrigation solutions are required to eradicate microorganisms 

and a variety of chemical treatments have been introduced. The ideal irrigant must be able 

to kill bacteria, dissolve necrotic tissue, lubricate instruments, remove the smear layer, 

have limited toxicity and not cause an allergic reaction (Wesselink & Bergenholtz, 2003). 

Disinfection of the root canal system is an essential strategy in the prevention and 

treatment of endodontic diseases. Schilder (1974) suggested that canals should be prepared 

to a uniform and continuous taper and irrigants and other intracanal medicaments are 

necessary adjuncts that enhance the antimicrobial activity of mechanical cleansing and thus 

increase overall clinical efficacy (Bystrom & Sundqvist, 1981, 1983). 

1.4.1 Sodium hypochlorite  

Sodium hypochlorite (NaOCl) is the most widely used irrigating solution. A 0.5% (w/v) 

solution was used effectively during World War I to clean contaminated wounds. In 1915, 

Dakin suggested diluting commercially available NaOCl with bicarbonate solution to 

lower its pH. Dakin’s solution has antibacterial activity equivalent to unbuffered 

hypochlorite solution. Clinically, NaOCl is used at 0.5% - 5.25% and it is effective against 

most endodontic microorganisms e.g. Enterococcus, Actinomyces and yeast species (Table 

1.3). Sen et al. (1999) used infected dentine blocks to show that 0.25% NaOCl can kill E. 

faecalis in 15 min and 1% NaOCl could eliminate yeast. E. faecalis was killed in less than 

30 s by a 5.25% solution, and lower concentrations took longer (Gomes et al., 2001). An in 

vitro study by Waltimo et al. (1999) showed Candida albicans was killed in 30 s by both 

0.5% and 5% NaOCl. This result was confirmed by Radcliffe et al. (2004). NaOCl 

dissolves organic tissue e.g. pulp tissue. At concentrations 0.5% - 1%, NaOCl dissolves 

only necrotic tissue but at a higher concentration it dissolves both necrotic and vital tissue. 

It has little effect on inorganic tissue. Bystrom & Sundqvist (1985) therefore recommended 

concurrent use of demineralising agents with NaOCl to enhance cleaning of hard to reach 

areas. NaOCl is not an ideal irrigant because it has an unpleasant taste, is toxic to vital 

tissue and spills can ruin a patient’s clothing due to its bleaching effect.  
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1.4.2 Chlorhexidine  

Chlorhexidine (CHX) is a broad spectrum antimicrobial agent which acts on both gram 

positive and gram negative bacteria (Table 1.3). This cationic molecule causes cell lysis by 

attacking the bacteria’s negatively charged cell membrane. Although it has been used as an 

endodontic irrigation solution due to its antibacterial property, it was not shown to have 

any advantage when compared with NaOCl (Heling & Chandler, 1998). In contrast, Oncag 

et al. (2003) and Vianna et al. (2004) found CHX was superior to NaOCl in killing E. 

faecalis and S. aureus. Lin et al. (2003) reported that CHX was a better antimicrobial than 

Ca(OH)₂, while a combination of both showed stronger activity against microorganisms 

than used alone (Siren et al., 2004). Variations in its efficacy can be partly explained by 

differences in experiment methods. 

1.4.3 Iodine compounds 

Iodine compounds, usually in a form of Iodine potassium iodide (IPI), are traditional 

disinfectants that kill a wide spectrum of microorganisms (Table 1.3). Iodine is an 

oxidizing agent that reacts with free sulphydryl groups. Siren et al. (2004) found an 

enhanced antimicrobial effect of the combination of IPI and CHX. This killed E. faecalis 

and disinfected dentine effectively. Peciuliene et al. (2001) studied the effect of iodine 

irrigation. Obturation materials in 20 teeth with periapical periodontitis that were 

previously root treated were removed before canal preparation. Canals were then enlarged 

to at least size #40 and irrigated with 2.5% NaOCl and 17% EDTA. Out of 20 teeth tested, 

bacteria were isolated in 16 teeth before instrumentation and 5 after debridement has 

completed. Of these, 4 canals contained E. faecalis. After 5 min irrigation with IPI, E. 

faecalis persisted in only one canal. Although in vivo they give excellent results against 

endodontic bacteria, iodine compounds give a high incidence of allergic reactions. 

Haapasalo et al. (2000), Portenier et al. (2001) and Portenier et al. (2002) found several 

available disinfectants are inhibited in the presence of host’s readily organic tissue e.g. 

pulp tissue remnants. Partial or total loss of the antimicrobial activity of IPI and CHX 

occurred when in contact with dentine and protein.  



13 

 

1.4.4 Calcium hydroxide 

Calcium hydroxide (Ca(OH)₂) is the most widely used inter-appointment intracanal 

medicament in endodontics. Law & Messer (2004) concluded that Ca(OH)₂ is a reliable 

intracanal disinfectant. It is a strong alkaline substance, with pH of approximately 12.5 

(Tronstad et al. 1981; Beltes et al. 1997). The antimicrobial actions of calcium hydroxide 

come from the ionic dissociation of Ca
++

 and OH¯ ions which can cause damage to 

bacterial cellular components thus inhibiting microbial growth (Table 1.3). Ca(OH)₂ 

diffuses and concentration of OH¯ ions decreased from the dentine hydroxyapatite 

buffering property (Nerwich et al. 1993; Haapasalo et al. 2000). Tronstad et al. (1981) 

found placement of Ca(OH)₂ in a root canal system will increase the pH of root dentine. 

Additionally, pH value in the region of the canal space dropped towards the peripheral 

dentine. Ca(OH)₂ also dissolves organic tissue (Hasselgren et al., 1988). Although 

Ca(OH)₂ is a useful antimicrobial agent, its effects are only seen over a period of time 

(Sjögren et al., 1991). This makes it a suitable inter-appoinment canal medicament, even 

though it doesn’t reduce pain (Walton et al., 2003). Ca(OH)₂ is available in a dry powder 

form, a thick paste consisting of powder and liquid mixture, and as a proprietary paste 

supplied in a tube or syringe. Since chemomechanical preparations cannot reliably 

disinfect all root canal systems, the addition of intracanal medicaments between 

appointments is necessary to achieve efficient eradication (Bystrom & Sundqvist, 1985).  
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Table 1.3 Activity of common endodontic disinfectants. 

Sodium Hypochlorite 

(NaOCl) 

Chlorhexidine (CHX) Iodine Potassium 

Iodide (IPI) 

Calcium Hydroxide 

(Ca(OH)₂) 

1. Enterococci spp. 

15 min of 0.25% 

solution in 

contaminated dentine 

blocks (Yun & Kim, 

2003). 

30 min of 0.5% 

solution and 2 min of 

5.25% solution in 

direct contact with 

bacteria (Radcliffe et 

al., 2004). 

2. Actinomyces spp. 

10 s of 0.5% solution 

in direct contact with 

bacteria (Radcliffe et 

al., 2004). 

3. Candida Albicans 

1 h of 1% or 5% 

solution on root 

dentine with smear 

layer (Seidberg & 

Schilder, 1974). 

1. Enterococci spp. 

7 d of 0.5% dressing 

caused complete 

elimination (Siquiera et 

al., 2002). 

24 h caused reduction in 

cultured bacteria 

(Portenier et al., 2002) 

2. Candida Albicans 

1 h of 0.12% solution 

on root dentine with 

smear layer (Seidberg & 

Schilder, 1974). 

10 s of 0.5% solution in 

direct contact with 

bacteria (Radcliffe et 

al., 2004). 

1. Enterococci spp. 

24 h exposure of 

dentine blocks with 

4% IPI caused 

complete bacteria 

elimination (Siquiera 

et al., 2002). 

After 24 h of contact 

with 0.1% IKI, 

bacterial count were 

significantly reduced; 

but loss of activity 

noted via dentine 

powder (Portenier et 

al., 2002)  

 

 

1. Enterococci spp. 

24 h to reduce 

bacterial count below 

detection limit, but its 

activity was inhibited 

by dentine and protein 

(Portenier et al., 2002) 

7 d to render canals 

bacteria free, but 

showed little effect 

against E. faecalis 

(Bystrom & 

Sundqvist, 1985). 

Ca(OH)₂ in 0.5% 

CHX disinfected 

dentine blocks after 7 

d (Siquiera et al., 

2002).  
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1.4.5 Ethylene diamine tetra-acetic acid  

Ethylene diamine tetra-acetic acid (EDTA) has no clinical antibacterial effect. Heling & 

Chandler (1998) could not demonstrate an antimicrobial activity of EDTA on colonized 

dentine. However, it is an effective chelating agent, which builds a stable calcium complex 

with dentine particles or the smear layer. It helps avoid canal blockage and aids 

disinfection by chelating organic debris. Hulsmann et al. (2003) concluded that the effect 

of chelators in negotiating narrow and tortuous canals to establish patency depends both on 

canal width and on the amount of active substance available. This is because the 

demineralization process continues until all chelators have formed complexes with 

available calcium. EDTA is more effective than normal saline solution and is most 

effective when used together with NaOCl. 

1.4.6 MTAD
®

 

MTAD
®
 is a mixture of 3% doxycyline, 4.25% citric acid and a surface-active detergent 

(0.5% polysorbate 80 detergent). This thick antibiotic solution has a low pH of 2.15. 

Torabinejad et al. (2003) found that MTAD effectively removes the smear layer and is 

much less corrosive than EDTA. Shabahang (2003) and Shabahang & Torabinejad (2003) 

investigated the effect of MTAD on root canal systems contaminated with either saliva or 

E. faecalis and found a reduction in cells. However the use of an antibiotic for routine root 

canal system disinfection is not fully supported. 

1.4.7 Hydrogen peroxide 

Hydrogen peroxide (H₂O₂) is often used as a general disinfectant. This colourless solution 

degrades into water and oxygen. It can kill viruses, yeast, gram positive bacteria but has 

little effect against gram negative bacteria. Möller (1966) recommended disinfection with 

30% H₂O₂ after mechanical cleansing. This is useful as H2O2 destroys the organic 

substance on the tooth allowing disinfectants, such as iodine, to kill the microbes 

(Haapasalo et al., 2005). Heling & Chandler (1998) found that CHX has better 

antibacterial action than H₂O₂; however, combination of low concentration medicaments 

was more antibacterial than single medicament. Due to its limited ability in killing bacteria 

of the root canal systems, its use as a disinfectant is generally discontinued. 
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1.4.8 Ledermix
®
 

Ledermix
®
 was first recommended for use in endodontics by Schroeder & Triadan (1962), 

primarily to control pain and inflammation in vital pulp therapy. It is a combination of a 

steroid with an antibiotic. The formulation contains 3% demeclocycline and 1% 

triamcinolone with the antibiotic added to compensate a possible corticoid-induced 

reduction in the host immune response (Schroeder, 1981). Demeclocycline is a tetracycline 

antibiotic, which means it is bacteriostatic. A review of the literature showed 

demeclocyline is generally effective against common endodontic bacteria at concentrations 

ranging from 0.05 to 128mg/l (Abbott et al. 1990).  However, Abbott et al. (1988) utilised 

absorption spectrophotometric analysis and found a large amount of the antibiotic diffused 

through dentine, and minute amount through the root apex. Furthermore, the release rate of 

demeclocycline at day one was about 10 times more than the rate after one week. In spite 

of this, its clinical efficacy is controversial. 

1.4.9 Odontopaste
®

 

Another antimicrobial inter-appointment paste with anti-inflammatory effect similar to 

Ledermix
®
 is Odontopaste®. It is a zinc oxide-based paste with 5% clindamycin 

hydrochloride and 1% triamcinolone. Its antibiotic portion provides a bacteriostatic activity 

which is similar to Ledermix®. Odontopaste® also contains calcium hydroxide but only at 

a concentration of 0.5% which has been proven to be optimal for the preservation of the 

steroid component (Athanassiadis et al., 2011). 

1.4.10 Peptides 

In 1951, nisin was introduced as a food preservative to control growth of Clostridium 

butyricum and C. tyrobutiricum in cheese (Hirsch, 1951). Nisin is a class I antimicrobial 

peptide and is a type A lantibiotic produced by Lactococcus lactis. It is called a lantibiotic 

because it contains lanthionine, a rare and complex amino acid. Its antimicrobial activity 

suggests a promising advantage mostly against gram positive bacteria. It exerts its activity 

by pore formation on microbial walls and inhibits cell wall synthesis (Bonelli et al., 2006, 

Field et al., 2010 and Turner et al., 2004). Tong et al. (2012) evaluated the effect of nisin 
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against root canal system pathogens when used with MTAD
®
. They concluded that nisin 

enhances the antibacterial activity of MTAD
®
.  

Investigations have showed antimicrobial peptide, human β defensin 3 (HBD3) is produced 

in the epithelial compartment of oral tissues along with HBD1 and HBD2 and has potent 

antimicrobial activities even at low concentration against both gram positive and gram 

negative bacteria when compared with HBD1 and HBD2 (Zhao et al., 1996; Dunsche et 

al., 2002). The discoveries led to further investigations of the promising peptide. Feng et 

al. (2005) found their recombinant HBD3 was effective at killing most Candidal species at 

low micromolar concentrations while Lee et al., (2013) showed HBD3 is more effective 

against 3 weeks E. faecalis biofilms compared to aqueous Ca(OH)₂ paste and 2% CHX gel. 

1.5 Antimicrobial peptides 

1.5.1 Overview 

The increased incidence of resistance of pathogenic bacteria to available antimicrobial 

treatments has initiated intensive research efforts into identifying new sources of 

antimicrobial substances. With most microbial challenges, our bodies are equipped with an 

evolutionarily ancient, naturally occurring, non-specific immune system that allows us to 

withstand potential pathogens. Important components of this conserved innate immune 

response are the antimicrobial peptides (AMPs). These are low molecular weight 

polypeptides have potent antimicrobial activities and are rapidly mobilized to fight 

mivrobes i.e. viruses, bacteria, protozoa, and fungi (Shai, 2002).  

AMPs are small amphipathic polypeptides of variable amino acid composition and have 

lengths from 6 to 100 amino acids (Peters et al., 2010). Based on their secondary structure, 

AMPs are grouped into four major classes: β-sheet, α-helical, loop, and extended peptides 

(Giuliani et al., 2007). Most AMPs are unstructured or amphipathic molecules. 

Amphipathicity is a characteristic of AMPs that allows them to associate with membrane 

bilayers (Hancock & Patryzykat, 2002). Currently, more than 800 natural AMPs with 

defined primary sequences have been isolated from a wide range of organisms or identified 

in their genome sequences. Among the most prominent innate AMPs in humans are the 

cathelicidins found in macrophages and polymorphonuclear leukocytes (PMNs), the 

http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Granulocyte
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defensins produced by leukocytes and epithelial cells, and the histatins are secreted into the 

saliva by the parotid, mandibular, and submandibular salivary glands (Klotman & Chang, 

2006). Experimentally the activity of AMPs against pathogens is usually presented as a 

Minimal Inhibitory Concentration (MIC). MICs of less than 50 µg/mL against fungi, gram 

negative and gram positive bacteria are considered desirable (Diamond et al. 2009). 

Some AMPs bind to the cytoplasmic membrane, creating micelle-like aggregates, leading 

to a disruptive effect. This may be assisted by additional or complementary mechanisms 

such as intracellular targeting of cytoplasmic components crucial to proper cellular 

physiology (Figure 1.1) (Yeaman et al., 2003 and Harris et al., 2009). AMPs are attracted 

to bacterial surfaces via electrostatic interaction (Figure 1.2). Bacterial cell membranes 

display anionic phospholipids at their extracytoplasmic surface and a high negative 

transmembrane potential (Hancock & Diamond, 2000) that draws the positively charged 

AMPs towards it. According to Scott et al. (1999a, b), AMPs are also attracted to surface 

lipopolysaccharide (LPS) on gram negative bacteria, lipoteichoic acid on gram positive 

bacteria and the phosphomannans on yeast. As elaborated by Hancock and Patryzykat 

(2002) and Kuo et al. (2007): before cell penetration, AMPs traverse capsular 

polysaccharides and other extracellular matrices and overcome proteolytic degradation 

before interacting with LPS of gram negative bacteria or teichoic acid and teichoic acid of 

gram positive bacteria via a strong electrostatic interaction. In general, antimicrobial 

peptides act by destabilising and thereby permeabilising the membrane, or by forming 

distinct pores/channels in the membrane that allow efflux of essential ions and nutrients. 

Shai (2002) concluded that the mechanism and pathway of membrane permeation may 

vary for different peptides. Factors such as amino acid sequence, membrane lipid 

composition and peptide concentration influence permeation. Unlike bacteria, the cell 

membranes of a plant or mammal are not attracted to AMP. This is because in the 2 layers 

of the cell membrane the negatively charged layer faces inward and not to the outside 

environment (Hancock & Sahl, 2006). Upon electrostatic contact, AMPs’ amino acid 

composition, amphipathicity, cationic charge and size allow them to penetrate into the cell 

to bind intracellular molecules resulting in inhibition of cell wall biosynthesis, enzymatic 

activities and DNA, RNA, and protein synthesis which are bacteriocidal.  
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Figure 1.1 The proposed actions of antimicrobial peptides to a bacterial cell. A: Disruption 

of cell membrane integrity. B: Inhibition of DNA synthesis. C: Blocking of RNA 

synthesis. D: Inhibition of enzymes. E: Inhibition of ribosomal function. F: Blocking of 

chaperone proteins necessary for proper folding of proteins. G: Targeting of mitochondria 

for its ATP/NADH production. Illustration modified from Peters et al., 2010. 
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Figure 1.2 Disruption of cell membrane via alignment of hydrophobic sequences. Other 

efforts are random insertion into membrane and removal of membrane sections and 

formation of pores. Illustration modified from Peters et al., 2010. 

  

Brogden (2005) described pores formed by AMPs for penetration of the bilayers by 

‘barrel-stave’, ‘carpet’ or ‘toroidal-pore’ mechanisms. In the barrel-stave model, the 

attached peptides aggregate and insert into the membrane bilayer so that the hydrophobic 

peptide regions align with the lipid core region and the hydrophilic peptide regions from 

the interior region of the pore. In Figure 1.3 - Figure 1.5, hydrophilic regions of the peptide 

are shown coloured red, hydrophobic regions of the peptide are shown coloured blue 

(Brogden, 2005). In the carpet model (Figure 1.4), peptides gather in a parallel orientation 

onto the bilayer surface. They are electrostatically attracted to the anionic phospholipid 

head groups at numerous sites covering the surface of the membrane in a carpet-like 
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manner. At high peptide concentrations, the bilayer is disrupted in a detergent-like manner, 

which leads to the formation of micelles (Shai, 1999). In the toroidal model the attached 

peptides aggregate and induce the lipid monolayers to bend continuously through the pore, 

and the water core is lined by inserted peptides and the lipid head groups (Brogden, 2005) 

(Figure 1.5). The toroidal model differs from the barrel-stave model as the lipid head 

groups are always in contact with the peptide even when the head groups are at right angles 

to the external and internal surfaces of the lipid bilayer. 

 

 

 

Figure 1.3 The barrel-stave model of antimicrobial-peptide-induced killing (Brogden, 

2005). Hydrophilic regions of the peptide are in red and hydrophobic regions of the peptide 

are in blue. 
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Figure 1.4 The carpet model of antimicrobial-peptide-induced killing (Brogden, 2005). A 

critical peptide concentration leads to formation of micelles, which in turn cause disruption 

of the membrane bilayer.  

 

 

Figure 1.5 The toroidal model of antimicrobial-peptide-induced killing (Brogden, 2005).  
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Besides its bacteriocidal effects, AMPs also possess anti-viral properties which inhibit viral 

fusion and egress. Their direct contacts with the membranous viral envelope prevent 

infection and spread. These properties, combined with the broad range of activity and the 

short contact time required to cause killing of pathogens, have led to the consideration of 

AMPs as excellent candidates for development as improved therapeutic agents.  

Since odontoblasts are located at the border between dentine and pulp, they are the first 

cells that act as barrier when a microbial challenge approaches the pulp via dentinal 

tubules. The odontoblasts are involved in early inflammatory reaction because human β 

defensins (HBD) 1 and 2 are consistently expressed in the cytoplasm of odontoblasts 

(Dommisch et al. 2005). HBD2 has been shown to have antibacterial activity against S. 

mutans (Nishimura et al., 2004), a main etiological agent in caries development. Paris et 

al. (2009) studied expression of genes encoding HBD1 - 4 by using quantitative PCR 

techniques in healthy and inflamed pulps. The expression of HBD1 and HBD4 was 

significantly up-regulated in inflamed compared with healthy pulp while HBD2 and HBD3 

expression were not significantly different. These findings indicate a potential role for 

HBD1 and HBD4 peptides in the pulpal immune defense.   

Similar to defensins, other AMPs also demonstrate wide and diverse antimicrobial 

activities e.g. cathelicidins (LL37) and magainin (α-helical AMP). In a study that 

correlated caries prevalence and AMPs concentration in saliva, Tao et al. (2005) 

demonstrated that children who are caries free have higher concentration of HNP1-3 (α-

defensins) in their saliva than hBD3 (β-defensins) and LL37 (cathelicidins). Magainin II 

amide, mastoparan and indolicidin showed impressive bacteriocidal effects against 

Streptococcus milleri group, one of the most frequent facultative bacteria associated with 

necrotic pulps (Bartie et al., 2008). Candida albicans was shown to cleave histatin-5 

resulting in its deactivation (Meiller et al., 2009) by proteolytic enzymes responsible for 

host tissue degradation and invasion. 

AMPs are relatively non-toxic for mammalian cells. AMPs are able to distinguish between 

mammalian cells and microbial cells by cell membrane composition, transmembrane 

potentials, polarizations and structure of the cells (Harris et al., 2009 and Yeaman et al., 

2003). In addition to their broad antimicrobial activity, AMPs neutralize endotoxin and are 
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not affected by the known resistance mechanisms of microorganisms (Bradshaw, 2003; 

Harris et al., 2009; Peters, 2010). AMPs show synergistic therapeutic activities by 

enhancing the effects of existing antimicrobials by facilitating access into the microbial 

cell (Yeaman et al., 2003). AMPs currently are being widely used as prototype for the 

development of innovative therapeutic agents and may be of future use in endodontics.  

1.5.2 BM2  

A peptidomimetic is a small protein-like chain designed to mimic a peptide. They typically 

arise either from amendment of an existing peptide, or by fabricating similar systems that 

mimic peptides. Irrespective of the approach, the altered chemical structure is designed to 

improve the molecular properties such as, stability or biological actions. A D-peptide is a 

small sequence of D-amino acids. Since ribosomes are specific to L-amino acids, D-

peptides rarely occur naturally in organisms. Researchers have tailored and truncated 

cationic peptides and synthetically created D-peptide versions in efforts to obtain more 

powerful and biologically stable antimicrobial agents because D-peptides are less 

susceptible to be degraded by proteolysis.  

A drug discovery strategy was initiated with a hypothesis that the incorporation of a 

cationic peptide-like pattern into an antifungal would enhance its potency by concentrating 

the compound at the fungal cell surfaces. Screening of a compact 324-pool D-octapeptide 

library, which contained 1.8 million combinatorial pentopeptides linked to a C-terminal 

amidated triarginine pattern, Monk and colleagues (2005) identified a powerful, broad-

spectrum, surface-active fungicidal Pma1p inhibitor, BM0 (D-NH2-RFWWFRRR-

CONH2). Pma1p is an essential enzyme for fungal cells because of its involvement in 

energy transduction. It develops the plasma membrane electrochemical gradient that is 

useful for the maintenance of intracellular pH, cellular ion balance, and the uptake of 

numerous nutrients.  

The activity of BM0 (D-NH2-RRRFWWFR-CONH2) indicated that N-terminal extension 

of BM0 with one or more arginine residues might improve the potency of the peptide 

against the fungal pathogens. This possibility was tested with BM1 (D-NH2-

RRFWWFRRR-CONH2) and BM2 (D-NH2-RRRFWWFRRR-CONH2). The fungicidal 

activity of BM2 was twice as high as BM1 against Saccharomyces cerevisiae, Candida 

http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Peptide
http://en.wikipedia.org/wiki/Amino_acid#Isomerism
http://en.wikipedia.org/wiki/Ribosomes
http://en.wikipedia.org/wiki/Proteolysis
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species and Cryptococcus neoformans. It binds to the fungal cell surface and inhibits the 

proteon pumping, the physiological activity (Monk et al., 2005). It was also found that 

BM2 did not cause fungal cell permeabilization, significant lysis of red blood cells or death 

of cultured HEp2 epithelial cells. Research conducted by Doctor Clinical Dentistry 

candidate, V. Yoganathan (2012) found that 1 h treatment of BM2 at 160 µg/mL showed 

promising result of the AMP against E. faecalis. Since C. albicans is often associated with 

endodontic infection, the strain will be included in this study together with E. faecalis, S. 

gordonii and S. mutans.   
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1.6 Aims  

The aims of this study are: 

1. To determine efficacy of antimicrobial peptide BM2 against dentine biofilms 

created using various endodontic pathogens (Table 1.4). 

2. To assess if susceptibility to BM2 varies among the biofilm species (Table 1.4). 

3. To evaluate whether specific members of the endodontic microflora are less 

susceptible to the antimicrobial activity of BM2. 

 

 

Table 1.4 List of microbial species utilised in this study. 

 

Species Role 

Candida albicans Opportunistic pathogen 

Enterococcus faecalis Refractory endodontic infection pathogen 

Streptococcus gordonii Primary infection pathogen 

Streptococcus mutans Primary infection pathogen 

 

 

1.7 Hypothesis 

Using in vitro culture-studies and a biofilm model for evaluating antimicrobial activity, it 

is hypothesized that: 

1. BM2 will have an antimicrobial effect on mono-species endodontic biofilms.  

2. Susceptibility to BM2 will vary between different tested species. 
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Chapter 2 Materials and Method 

 

2.1. Preparation of antimicrobial peptide  

Antimicrobial peptide BM2 was sourced from Peptide 2.0 (Chantililly, Virginia, USA) as a 

fluffy lyophilized material at 95 - 99% purity.  

BM2 was solubilised in deionised distilled water (dH₂O) at 20.5 mg/mL and portions were 

diluted to produce three concentrations, 10 µg/mL, 20 µg/mL and 40 µg/mL. One millilitre 

of the BM2 preparations was stored in 1.5 mL sterile tubes (Raylab, Glendene, Auckland, 

NZ) at 0 °C - 4 °C until required. 

Prior to current experiment, preliminary results found that 10 µg/mL BM2 was just 

sufficient to exert its antifungal effect on C. albicans in the given times of this experiment 

(24, 48 and 72 h).  Similarly, 20 µg/mL BM2 showed minimum inhibitory effect on the 

tested bacteria E. faecalis, S. gordonii and S. mutans (Table 2.1). As a consequence these 

concentrations were not further tested. 

 

Table 2.1 Concentrations of BM2 used with each microorganism. 

Strain BM2 concentration 1 (µg/mL) BM2 concentration 2 (µg/mL) 

C. albicans ATCC 10261 10 20 

E. faecalis JH2-2 20 40 

S. gordonii DL1 20 40 

S. mutans NG8 20 40 
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2.2. Preparation of aqueous endodontic disinfectants 

2.2.1. Calcium Hydroxide  

A saturated solution of calcium hydroxide (Ca(OH)₂) (Sigma-Aldrich, St. Louis, MO, 

USA) was prepared by mixing 16 mg of Ca(OH)₂ powder with 10 mL of dH₂O. The 

mixture was then centrifuged at 3000 RPM for 15 min to clarify the solution. The aqueous 

supernatant layer was filtered using a sterile 0.22 µm pore size syringe filter (Millex, 

Merck Millipore, Darmstadt, Germany) into a laboratory glass bottle and the pH of the 

saturated solution of 12.2 was determined using a pH meter from the Molecular 

Biosciences Laboratory (School of Dentistry, University of Otago, NZ). Saturated 

Ca(OH)₂ solution was stored at room temperature until needed. 

2.2.2. Sodium Hypochlorite  

For preparation of sodium hypochlorite (NaOCl), a commercially available bleaching 

agent (Janola, Melbourne, VIC, AUS, 5% NaOCl) was used. Serial dilutions of NaOCl 

with dH₂O were carried out to create solutions of NaOCl (Table 2.2) which were stored at 

room temperature until required.   

 

Table 2.2 Concentrations of NaOCl. 

NaOCl (%) NaOCl 0.25% NaOCl 0.5% NaOCl 1% 

Concentration (µg/mL) 2,500 µg/mL 5,000 µg/mL 10,000 µg/mL 
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2.3. Selection and preparation of media 

2.3.1. Todd Hewitt Broth  

Todd Hewitt Broth (THB) (Difco Laboratories, Detroit, MI, USA) is a general purpose 

liquid nutrient primarily used for the cultivation of streptococci and other fastidious 

microorganisms. Todd Hewitt Broth is composed of beef heart infusion which is an 

excellent nutritional component.  

37 g of THB was mixed with 1,000 mL of dH2O and distributed into laboratory glass 

bottles and glass universal tubes which were autoclaved at 121 °C for 15 min in a high-

pressure steam autoclave (Tomy Seiko Co. Ltd., Tokyo, Japan) prior to use.  

2.3.2. Tryptone Soy Broth 

Tryptone Soy Broth (Difco Laboratories, Detroit, MI, USA) is used for the cultivation of 

both fastidious and non-fastidious microorganisms. The inclusion of casein peptone and 

soy peptone to the formula enhances the growth of many fastidious microorganisms 

without the addition of blood or serum. It can support the growth of a wide variety of 

microorganisms including aerobes, anaerobes and fungi.  

30 g of TSB was mixed with 800 mL of dH2O and distributed into laboratory glass bottles 

and glass universal tubes and autoclaved at 121 °C for 15 min in a high-pressure steam 

autoclave (Tomy Seiko Co. Ltd., Tokyo, Japan) prior to use.  

2.4. Microorganisms 

2.4.1. Preparation of bacteria 

The bacteria, Streptococcus mutans NG8, Streptococcus gordonii DL1 and Enterococcus 

faecalis JH2-2, were available for use from the Molecular Biosciences Laboratory (School 

of Dentistry, University of Otago, NZ). Bacteria were suspended in 15% (w/v) glycerol 

stock in Brain Heart Yeast extract (BHY) in sealed tubes and stored at -80 °C. A small 

amount was removed aseptically while still frozen and the tube was placed back into the 

freezer. The sample was streaked on to BHY agar plates (Brain Heart Infusion 22.2 g/L ; 

Becton Dickinson Microbiology Systems, Cockeyville, MD, USA; Yeast Extract 3 g/L ; 
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Difco Laboratories, Detroit, MI, USA and bacteriological agar 9 g/L ; Germantown, 

Danisco NZ Ltd) using an aseptic technique (platinum loop heated over Bunsen flame). 

The agar plates were placed into an anaerobic incubator at 37 °C for 24 h and stored in a 

cold room (4 °C – 8 °C). 

A single colony was re-suspended into 10 mL brain heart yeast extract broth (BHY) 

consisting of BHI (37 g/L ; Difco Laboratories, Detroit, MI, USA) supplemented with 

yeast extract (5 g/L ; Difco Laboratories, Detroit, MI, USA) and incubated at 37 °C in 

closed 20 mL glass universal tubes without shaking for 24 h. The broth was harvested by 

centrifugation (6000 g for 8 min) and the white pellet was re-suspended in 5 mL BHI broth 

containing 15% (w/v) glycerol. This was mixed on a vortex electronic mixer. The bacterial 

stock (1 mL) was stored in 1.5 mL sterile tubes (Raylab, Glendene, Auckland, NZ) and 

kept at -80 °C until required.  

In preparation for current experiment, the glycerol stock was thawed and mixed on a 

vortex, and suspensions of E. faecalis JH2-2, S. gordonii DL1 and S.mutans NG8 were 

streaked on separate BHY agar plates (Difco Laboratories, Detroit, Mi USA) and incubated 

for 37 °C for 24 h to get isolated colonies. Following incubation, 2 to 3 colonies were 

removed aseptically (platinum loop and Bunsen flame) and placed into 3 mL sterile THB 

(Difco Laboratories, Detroit, MI, USA) and incubated for 24 h. The overnight microbial 

suspension was adjusted to an optical density of 0.5 at 600 nm before being used. This 

contained approximately 5 x 10
8
 CFU/mL. The culture was further diluted 1:100 by adding 

200 µl to 19.8 mL of THB, which gave approximately 5 x 10
6
 CFU/mL as the starting 

inoculums. 

2.4.2. Preparation of fungi 

The most commonly used Candida albicans strain in the Molecular Biosciences 

Laboratory (Department of Oral Sciences, University of Otago) is C. albicans ATCC 

10261 (American Type Culture Collection, Manassas, VA, USA). C. albicans ATCC 

10261 was suspended in 15% (w/v) glycerol stock in YPD in sealed tubes and stored in a -

80 °C chest freezer. A small amount was removed and streaked aseptically (platinum loop 

and Bunsen flame) onto yeast extract peptone dextrose (YPD) agar plates (Yeast extract 10 

g/L ; Difco Laboratories, Detroit, MI, USA; Bactopeptone 20 g/L ; Difco Laboratories, 
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Detroit, MI, USA; Glucose 20 g/L ; Difco Laboratories, Detroit, MI, USA  and 

bacteriological agar 15 g/L ; Germantown, Danisco, NZ Ltd) using the Streak Plate 

Technique. The agar plates were placed into an aerobic incubator at 30 °C for 24 h. 

A single colony was re-suspended into 10 mL YPD broth (Yeast extract 10 g/L ; 

Bactopeptone 20 g/L and Glucose 20 g/L ; Difco Laboratories, Detroit, MI, USA) and 

incubated at 30 °C in 20 ml glass universal tubes with shaking for 24 h. The broth was 

harvested by centrifugation (6000 g for 8 min) and the pellet was re-suspended in 5 ml 

YPD broth containing 15% (w/v) glycerol. This was again mixed in a vortex electronic 

mixer. The C. albicans ATCC 10261 stock (1 mL) was stored in 1.5 mL sterile tubes 

(Raylab) and kept at -80 °C until required. 

In preparation for the experiments, the glycerol stock of C. albicans ATCC 10261 was 

thawed and mixed on a vortex. A suspension of C. albicans ATCC 10261 cells was 

streaked on YPD agar plates (Difco Laboratories, Detroit, MI, USA) and incubated at 30 

°C for 24 h to get isolated colonies. Following incubation, 2 to 3 colonies were transferred 

aseptically (platinum loop and Bunsen flame) into 3 mL sterile TSB and incubated at room 

temperature for 24 h.  The overnight microbial suspension was adjusted to OD600nm = 0.5. 

This contained approximately 5 x 10
7
 colony forming units CFU/mL of C. albicans. The 

culture was further diluted 1:100 by adding 200 µl to 19.8 mL of TSB, which gave 

approximately 5 x 10
5
 CFU/mL as the starting inocula. 

2.5. Microtitre plate biofilm assay 

2.5.1. Formation of biofilms 

For each microorganism, 200 µl of inoculum (5 x 10
5
 - 5 x 10

6
 CFU/mL) as described in 

sections 2.4.1 and 2.4.2 was aseptically distributed into sterile 96-well microtitre plates 

(Greiner Bio-One GmbH, Frickenhausen, Germany) using a multichannel pipette. THB or 

TSB were also distributed in the microtitre plates as control wells. Three microtitre plates 

were used for each microorganism and labelled 1, 2 and 3 (Figure 2.1). 

The microtitre plates were covered with their sterile lids and incubated for 72 h. Microtitre 

plates containing E. faecalis JH2-2, S. mutans NG8 or S. gordonii DL1 were incubated at 

37 
o
C with 5% carbon dioxide (CO2) in a modular atmosphere controlled system (Don 



32 

 

Whitney Scientific Ltd, Stipley, West Yorkshire, UK). Alternatively, microtitre plates 

containing C. albicans ATCC 10261 were incubated at 30 
o
C (Binder Inc., Bohemia, NY, 

USA). Every 22 – 24 h, 200 µl of planktonic microorganisms in the growth media was 

removed from the wells and replaced with 200 µl of sterile THB or TSB. 

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A GM GM GM GM GM GM GM GM GM GM   

B Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

C Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

D Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

E Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

F Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

G Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

H Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

Figure 2.1Illustration of a 96-well microtitre plate with microorganism (Mic) and growth 

media (GM) distribution. 

 

After 72 h incubation, the final removal of the growth media and planktonic 

microorganisms was carried out using a multichannel pipette. All wells except containing 

monospecies biofilm were washed three times with phosphate buffered saline (PBS) and 

the removal of unattached microorganisms was regarded as complete. The unwashed wells 

Row H was used as the negative controls (n = 10). 
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2.5.2. Exposure of biofilm to antimicrobials 

Biofilms grown in microtitre plates were exposed to saturated Ca(OH)2, NaOCl (0.25%, 

0.5% and 1%) or BM2 (10 µg/mL, 20 µg/mL and 40 µg/mL) (sections 2.1 and 2.2). 

Washed wells, as described above, with attached biofilms had 200 µl of an antimicrobial 

solution placed for either 24, 48 or 72 h. At every 24 h, antimicrobials in each well were 

replaced using a multichannel pipette (Figure 2.2). The control wells were filled with 200 

µl of growth media (THB or TSB). This was to promote further establishment of the 

biofilms in the negative control wells.  

 

 1 2 3 4 5 6 7 8 9 10 11 12 

A GM GM GM GM GM GM GM GM GM GM   

B Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2 Ca(OH)2   

C BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I) BM2 (I)   

D BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

BM2 

(II) 

  

E NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

NaOCl 

0.25% 

  

F NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

NaOCl 

0.5% 

  

G NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

NaOCl 

1% 

  

H Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

Figure 2.2 Illustration of 96-well microtitre plate with antimicrobials (Ca(OH)₂, BM2 and 

NaOCl). GM: growth media, Mic: microorganisms. 
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Pilot studies (Yoganathan 2012) indicated that for E. faecalis JH2-2, S. mutans NG8 and S. 

gordonii DL1 a BM2 concentration of 20 and 40 µg/mL was to be used and 10 and 20 

µg/mL for C. albicans ATCC 10261.  

2.5.3. Crystal Violet assay 

Crystal violet dye was prepared by dissolving 1 g of crystal violet powder in 1000 mL 

water. The solution was filtered aseptically using a sterile 0.22 µm pore size syringe filter 

(Millex, Merck Millipore, Darmstadt, Germany) into a laboratory glass bottle. Prior to 

performing the crystal violet assay, the contents of the 96-well microtitre plates were 

emptied and the wells were washed 3 times with PBS and left to dry for 15 min. Two 

hundred µl of 0.1% crystal violet solution was added to each well and allowed to stain for 

15 min (Table 2.3). Each plate was then shaken over a discard tray to remove the crystal 

violet solution. The wells were washed again with PBS for 3 times until the non-bound 

crystal violet had been discarded. The microtitre plates were laid inversely on a paper 

towel for 15 - 20 min to dry after a brisk tapping to remove excess liquid.  

 

Table 2.3 Timing for crystal violet assay for each monospecies biofilm grown on microtitre 

plates. Gray box: not determined. 

Microorganism X 24 h exposure  48 h exposure  72 h exposure  

Microtitre plate 1 Crystal violet assay   

Microtitre plate 2 Replace antimicrobial Crystal violet assay  

Microtitre plate 3 Replace antimicrobial Replace antimicrobial Crystal violet assay 
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The bound crystal violet was solubilised by the addition of 200 µl of 95% ethanol to each 

well. The ethanol was pipetted up and down thoroughly using a multichannel pipette in 

order to dissolve the crystal violet. The lids of the microtitre plates were replaced and the 

ethanol remained in the wells for 15 min at room temperature. The absorbance of each well 

was read at 600nm.  

2.5.4. Statistical analysis  

The optical density of the solubilised biofilm stains were analysed using one way variance 

analysis test (ANOVA) and post-hoc Tukey’s HSD (honest significant difference) Test. A 

0.05 level of confidence was used and P values of < 0.05 were considered indicative of 

significant differences between compared groups. 

2.6. Qualitative analysis of bacterial biofilm cell viability 

The need for ethical approval was investigated for this part of the experiment because of 

utilisation of bovine teeth. The University of Otago Animal Ethics Committee reported that 

ethics was not required as the permanent bovine incisors were sourced from a slaughter 

house in Timaru, New Zealand. The bovine incisors were kept in a jar filled with distilled 

water until needed. 

2.6.1. Preparation of dentine specimens 

Prior to preparation of dentine specimens, the bovine incisors were scaled with sonic 

instrument to remove any periodontal ligament tissue remnants. After washing them with 

distilled water, each incisor tooth crown was removed and the root sectioned longitudinally 

using a 16 mm diameter, 0.08 mm width diamond cutting disc (bredent medical GmbH & 

Co.KG, Senden, Germany) to produce two root specimens. Once the root canal surface of 

the incisors was exposed, pulpal tissue remnants were then cleaned in a sonic bath. The 

split bovine incisors were washed with dH2O and kept in a jar filled with dH2O. 

From each half of the bovine root, dentine cylinders of equal dimensions (5 mm x 5 mm) 

were prepared using a 5 mm trephine bur (Sabra Dental, Deer Park, NY, USA) (Figure 

2.3). Pulp remnants or smear layer on the root canal surface of the cylinders, were removed 

by placing the specimens in an ultrasonic bath (Metason 120, Struers) with 17% 
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ethylenediaminetetraacetic acid (EDTA) for 4 min, followed by 5.25% NaOCl for 4 min. 

After the chemical debridement, the specimens were placed in 1 l of sterile water for 30 

min to ensure removal of residual chemicals. Dentine cylinders were then sterilised by 

autoclaving at 121 
o
C for 15 min in a high-pressure steam autoclave (Tomy Seiko Co. Ltd., 

Tokyo, Japan) prior to next step. 

 

 

Figure 2.3 Preparation of dentine specimens. Each bovine tooth was decoronated prior to 

vertical splitting. One dentine specimen (5 mm x 5 mm) was created from each side of the 

halved root.  

 

2.6.2. Formation of biofilm on dentine specimens 

Sterile dentine specimens from section 2.6.1 were randomly assigned to groups: control (n 

= 40), E. faecalis JH2-2 (n = 40), S. gordonii DL1 (n = 40), S. mutans NG8 (n = 40) and C. 

albicans ATCC 10261 (n = 40). Each dentine specimen was placed inside wells of 

microtitre plates (Greiner Bio-One GmbH, Frickenhausen, Germany) with the root canal 

surface facing upwards. 

Using a multichannel pipette, 150 µl of each microbial inocula (5 x 10
5
 - 5 x 10

6
 CFU/mL) 

as described in sections 2.4.1 and 2.4.2 was aseptically distributed onto the root canal 

surface of the dentine cylinders in each well of the microtitre plates (Greiner Bio-One 

GmbH, Frickenhausen, Germany). Negative control wells were filled with 150 µl sterile 
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THB or TSB (Figure 2.4). The microtitre plates were covered with their sterile lids and 

incubated for 72 h.  

 1 2 3 4 5 6 7 8 9 10 11 12 

A Control Control Control Control Control Control Control Control Control Control   

B Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

C Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

D Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

E Mic Mic Mic Mic Mic Mic Mic Mic Mic Mic   

F             

G             

H             

Figure 2.4 Illustration of distribution of dentine specimens for each microorganism in a 96-

well microtitre plate. 

 

Microtitre plates containing E. faecalis JH2-2, S. mutans NG8 or S. gordonii DL1 were 

incubated at 37 
o
C with 5% carbon dioxide (CO2) in a modular atmosphere controlled 

system (Don Whitney Scientific Ltd, Stipley, West Yorkshire, UK) and microtitre plates 

containing C. albicans ATCC 10261 were incubated at 30 
o
C (Binder Inc., Bohemia, NY, 

USA). Every 22 – 24 h, the content of the wells was removed using a multichannel pipette 

and subsequently replaced with 150 µl of sterile THB or TSB. 
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2.6.3. Exposure of dentine specimens to antimicrobials 

After 72 h incubation, the final removal of the growth media and planktonic 

microorganisms was carried out using a multichannel pipette. All wells, except 10 negative 

control wells, were washed three times with PBS to ensure removal of unattached 

microorganisms.  

Dentine biofilms were exposed to Ca(OH)2, NaOCl (1%, 10,000 µg/mL) and BM2 (20 

µg/mL, 40 µg/mL) (section 2.5.2) for 72 h. At every 24 h, 150 µl of antimicrobial solution 

was replaced in experimental wells and 150 µl of growth media (THB or TSB) for control 

wells. 

2.6.4. Live-dead staining of biofilm 

Microtitre wells were emptied using a multichannel pipette and washed 3 times with PBS. 

The LIVE/DEAD
®
 BacLight Bacterial Viability Kit (L7012) or LIVE/DEAD

®
 Yeast 

Viability Kit (L7009) was used to stain the biofilm. The dyes were prepared according to 

the manufacturer’s instructions.  

For the bacteria, 54 µl of component A (SYTO9) and 54 µl of component B (Propidium 

Iodide (PI)) were mixed with 18 mL of saline. One hundred and fifty µl of the resulting 

dyes were pipetted into wells containing dentine specimens. The excess stains were 

removed by washing 3 times with PBS.  

A neutral buffered formalin fixative solution (150 µl) was added per well. After incubation 

in the dark for 30 min the formalin was discarded and the sample washed 3 times with 

PBS.  

For C. albicans ATCC 10261 biofilms, 12 µl of component A (FUN 1) and 30 µl 

component B (Calcofluor White M2R) were added to 12 mL of saline. One hundred and 

fifty µl of the resulting dyes were placed in microtitre wells and left in the dark for 30 min. 

Next, the individual dentine specimens were removed from the microtitre wells and 

mounted on individual microscope glass slides. The specimen on each glass slide was 

covered with a coverslip and the sides of the coverslip were secured using a clear adhesive 

tape. The slides were then stored in the dark before being analysed microscopically. 
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2.6.5. Confocal laser scanning microscopy 

Confocal laser scanning microscopy (CLSM) was completed to examine biofilm mass and 

distribution of viable cells before and after treatment with antimicrobials. Slides were 

viewed using an upright CLSM (Zeiss LSM 510, Axioplan 2 Imaging, Carl Zeiss 

Microscopy GmbH, Jena, Germany) (Otago Centre for Confocal Microscopy, Department 

of Anatomy and Structural Biology, University of Otago). The excitation source was an 

argon laser at 488 nm. A primary (488/543 nm) and a secondary (545 nm) double 

dichromic mirror were used. A 505 – 550 nm band pass filter was used for component A 

(STYO 9 and FUN 1) and a long pass filter for component B (PI and Calcofluor White 

M2R). The same settings were used for every slide. 

Images were taken at 20 times magnification using a Plan-Apochromat 0.6 NA objectives 

lens. The fluorescent signal in each channel was displayed using simultaneous dual-

channeling images. These images were captured using Zeiss LSM 510 control software, 

version 3.2, running with Windows XP. 

The image analysis software used to characterize the structure and distribution of each 

biofilm was Image J (http://imagej.nih.gov/ij/index.html).  
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Chapter 3 Results 

 

3.1 Crystal violet biofilm assay 

3.1.1 Biofilms after 72 h growth 

The relative growth of biofilms grown in microtitre plates for 72 h was measured using the 

crystal violet assay are presented in Table 3.1 and a graphical representation in Figure 3.1. 

At 72 h the biofilms grew well with mean absorbance at 600nm (A600nm) ± standard 

deviation (SD) ranging between 0.981 (± 0.092) and 2.048 (± 0.048). The control wells in 

which biofilm growth was absent had a mean A600nm of 0.033 (± 0.005).  

 

Table 3.1 Biofilm mass (A600nm) after 72 h growth.  

Biofilm 1 2 3 4 5 6 7 8 9 10 Mean ± 

SD 

Control 0.024  0.035 0.029 0.04 0.036 0.034 0.03 0.039 0.03 0.031 0.033 ± 

0.005 

C. albicans 

ATCC10261 

2.007 2.071 2.062 1.932 2.105 2.048 2.069 2.075 2.053 2.059 2.048 ± 

0.048 

E. faecalis 

JH2-2 

0.974 0.995 0.838 0.869 0.958 0.988 1.098 0.926 1.137 1.027 0.981 ± 

0.092 

S. gordonii 

DL1 

0.919 0.945 0.922 0.976 1.089 0.957 1.013 0.991 0.968 1.077 0.986 ± 

0.059  

S. mutans 

NG8 

0.923 1.109 1.095 1.088 0.994 0.862 1.076 1.109 1.189 1.174 1.062 ± 

0.105 
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Figure 3.1 A600nm values of crystal violet binding  to biofilms grown for 72 h. 
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3.1.2 Biofilm mass after 24 h exposure to endodontic disinfectants and BM2 

A600nm obtained using the crystal violet assay of monospecies biofilm masses remaining 

after 24 h exposure to antimicrobials are presented in Table 3.2. Data for each monospecies 

biofilm are presented in Figure 3.2 for C. albicans ATCC 10261, Figure 3.3 for E. faecalis 

JH2-2, Figure 3.4 for S. gordonii DL1 and Figure 3.5 for S. mutans NG8. 

C. albicans ATCC 10261 biomass was significantly reduced (p < 0.05) with all 

antimicrobials tested. It was equally susceptible to saturated Ca(OH)2 and NaOCl while 

BM2 was the least effective. 

S. gordonii DL1 was the organisms most susceptible to all materials tested with reductions 

in biomass (p < 0.05) to as low as 12% of the control biofilm. It was also found to be the 

organism most susceptible to BM2.  

S. mutans NG8 was most susceptible to saturated Ca(OH)2 and NaOCl, reducing the 

biomass by about 70% (p < 0.005) compared to control biofilm. In contrast BM2 was less 

effective, reducing the biomass by about 40% (p < 0.05). 

E. faecalis JH2-2 was the organism most resistant to the antimicrobials tested with only 

1% NaOCl being able to reduce the biomass by at least 40% of the control biofilm. 
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Table 3.2 Mean biofilm mass (A600nm) ± SD after 24 h exposure to antimicrobials. Values 

in brackets represent percentage of control biofilm. Gray box: not determined. 

Biofilm Control 
Saturated 

Ca(OH)2 

BM2 (10 

µg/mL) 

BM2 (20 

µg/mL) 

BM2 (40 

µg/mL) 

0.25% 

NaOCl 

(2,500 

µg/mL) 

0.5% 

NaOCl 

(5,000 

µg/mL) 

1% 

NaOCl 

(10,000 

µg/mL) 

C. albicans 

ATCC 

10261 

2.153 ± 

0.137 

(100%) 

0.771 ± 

0.342 

(36%) 

1.358 ± 

0.296 

(63%) 

1.09 ± 

0.023 

(51%) 

 

0.884 ± 

0.035 

(41%) 

0.826 ± 

0.047 

(38%) 

0.786 ± 

0.021 

(36%) 

E. faecalis 

JH2-2 

1.06 ± 

0.136 

(100%) 

0.903 ± 

0.103 

(85%) 

 

0.9 ± 

0.065 

(85%) 

0.837 ± 

0.061 

(79%) 

0.771 ± 

0.082 

(73%) 

0.728 ± 

0.093 

(69%) 

0.608 ± 

0.08 

(57%) 

S. gordonii 

DL1 

1.046 ± 

0.163 

(100%) 

0.121 ± 

0.022 

(12%) 

 

0.197 ± 

0.033 

(19%) 

0.148 ± 

0.015 

(14%) 

0.215 ± 

0.05 

(21%) 

0.208 ± 

0.052 

(20%) 

0.136 ± 

0.02 

(13%) 

S. mutans 

NG8 

1.273 ± 

0.25 

(100%) 

0.477 ± 

0.165 

(37%) 

 

0.787 ± 

0.138 

(62%) 

0.837 ± 

0.061 

(66%) 

0.378 ± 

0.02 

(30%) 

0.399 ± 

0.057 

(31%) 

0.305 ± 

0.05 

(24%) 
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Figure 3.2 Mean C. albicans ATCC 10261 biofilm mass (A600nm) after 24 h exposure. 

 

 

Figure 3.3 Mean E. faecalis JH2-2 biofilm mass (A600nm) after 24 h exposure. 
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Figure 3.4 Mean S. gordonii DL1 biofilm mass (A600nm) after 24 h exposure. 

 

 

Figure 3.5 Mean S. mutans NG8 biofilm mass (A600nm) after 24 h exposure. 
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3.1.3 Biofilms after 48 h exposure 

Table 3.3 shows mean absorbance values (A600nm) acquired using the crystal violet assay of 

monospecies biofilm masses after 48 h exposure to antimicrobials. Corresponding to the 

table are Figure 3.6 for C. albicans ATCC 10261, Figure 3.7 for E. faecalis JH2-2, Figure 

3.8 for S. gordonii DL1 and Figure 3.9 for S. mutans NG8.  

After 48 h exposure, all antimicrobials caused a reduction in biomass of all monospecies 

biofilms compared to 24 h (Table 3.2). Biofilms of C. albicans ATCC 10261 showed least 

susceptibility to BM2 compared to other antimicrobials (Figure 3.6), however BM2 did 

reduce the biomass by 60 - 70%. S. gordonii DL1 was highly susceptible to all materials (p 

< 0.05) with BM2 having similar efficacy to the others. Similarly BM2 (40 µg/mL) was as 

effective as 1% NaOCl in reducing the biomass of S. mutans NG8. For these 

microorganisms less than 20% of biofilm mass remained after 48 h of exposure to BM2 at 

40 µg/mL, a concentration 250-fold lower than that required to obtain the same effect with 

NaOCl. E. faecalis JH2-2 was most susceptible to 0.5% or 1% NaOCl (p < 0.05) compared 

to the other materials while BM2 was as effective as 0.25% NaOCl and saturated Ca(OH)2 

(p > 0.05).  
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Table 3.3 Mean biofilm mass (A600nm) ± SD after 48 h exposure to antimicrobials. Values 

in brackets represent percentage of control biofilm. Gray box: not determined. 

Biofilm Control 
Saturated 

Ca(OH)2 

BM2 (10 

µg/mL) 

BM2 (20 

µg/mL) 

BM2 (40 

µg/mL) 

0.25% 

NaOCl 

(2,500 

µg/mL) 

0.5% 

NaOCl 

(5,000 

µg/mL) 

1% 

NaOCl 

(10,000 

µg/mL) 

C. albicans 

ATCC 10261 

2.267 ± 

0. 092 

(100%) 

0.585 ± 

0.034 

(26%) 

0.896 ± 

0.066 

(39%) 

0.726 ± 

0.029 

(32%) 

 

0. 432 ± 

0.036 

(19%) 

0.372 ± 

0.022 

(16%) 

0.262 ± 

0.031 

(12%) 

E. faecalis 

JH2-2 

1.286 ± 

0.163 

(100%) 

0.735 ± 

0.169 

(57%) 

 

0.764 ± 

0.139 

(59%) 

0.695 ± 

0.05 

(54%) 

0.627 ± 

0.13 

(49%) 

0.519 ± 

0.167 

(40%) 

0.414 ± 

0.124 

(32%) 

S. gordonii 

DL1 

1.234 ± 

0.163 

(100%) 

0.113 ± 

0.019 

(9%) 

 

0.153 ± 

0.024 

(12%) 

0.109 ± 

0.008 

(9%) 

0.191 ± 

0.044 

(15%) 

0.161 ± 

0.024 

(13%) 

0.12 ± 

0.02 

(10%) 

S. mutans 

NG8 

1.473 ± 

0.226 

(100%) 

0.324 ± 

0.122 

(22%) 

 

0.388 ± 

0.117 

(26%) 

0.181 ± 

0.064 

(12%) 

0.256 ± 

0.036 

(17%) 

0.273 ± 

0.03 

(18%) 

0.189 ± 

0.057 

(13%) 
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Figure 3.6 Mean C. albicans ATCC 10261 biofilm mass (A600nm) after 48 h exposure. 

 

 

Figure 3.7 Mean E. faecalis JH2-2 biofilm mass (A600nm) after 48 h exposure. 
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Figure 3.8 Mean S. gordonii DL1 biofilm mass (A600nm) after 48 h exposure. 

 

 

Figure 3.9 Mean S. mutans NG8 biofilm mass (A600nm) after 48 h exposure. 
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3.1.4 Biofilms after 72 h exposure 

The relative biomasses of monospecies biofilm obtained after 72 h exposure to the 

antimicrobials tested are presented in Table 3.4. The crystal violet assay data are also 

represented in Figure 3.10 to Figure 3.13. The crystal violet assay performed on 

monospecies biofilms at 72 h indicated the retention of a small but significant amount of 

biofilm mass.  

Further disruption of all biofilms was evident between 48 and 72 h with remaining masses 

after 72 h binding crystal violet equivalent to A600nm ± SD of 0.094 ± 0.003 to 0.575 ± 

0.101.  

After 72 h antimicrobial exposure, the biofilm masses of C. albicans ATCC 10261 were 

reduced by about 80 - 90% (Table 3.4). The reduction with BM2 was significantly less 

than the other antimicrobials (p < 0.05). NaOCl 1% was the most effective material and 

there was no significant difference (p ˃ 0.05) between saturated Ca(OH)2 and 0.25% and 

0.5% NaOCl.  

The biomasses of S. gordonii DL1 and S. mutans NG8 were virtually eliminated by all 

antimicrobials tested (Table 3.1.4). 

For the E. faecalis JH2-2 biofilms, 72 h of exposure of the materials reduced the biomass 

by approximately 50% compared to 48 h biofilms (Table 3.3). Saturated Ca(OH)2 and 

BM2 (20 and 40 µg/mL) were equally effective (p ˃ 0.05) and reduced the biomass by 

approximately 75%. However both saturated Ca(OH)2 and BM2 (20 and 40 µg/mL) were 

significantly less effective than NaOCl (2,500, 5,000 and 10,000 µg/mL) (p < 0.05).  

In all cases, the reduction in biomass was time dependent with biomass significantly 

reduced at each time point (p < 0.05) (Figure 3.14 - Figure 3.17). 
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Table 3.4 Mean biofilm mass (A600nm) ± SD after 72 h exposure to antimicrobials. Values 

in brackets represent percentage reduction from control. Gray box: not determined. 

Biofilm Control 
Saturated 

Ca(OH)2 

BM2 (10 

µg/mL) 

BM2 (20 

µg/mL) 

BM2 (40 

µg/mL) 

0.25% 

NaOCl 

(2,500 

µg/mL) 

0.5% 

NaOCl 

(5,000 

µg/mL) 

1% 

NaOCl 

(10,000 

µg/mL) 

C. albicans 

ATCC 10261 

2.345 ± 

0.07 

(100%) 

0.297 ± 

0.023 

(12%) 

0.471± 

0.07 

(20%) 

0.415 ± 

0.023 

(18%) 

 

0.255 ± 

0.037 

(11%) 

0.284 ± 

0.033 

(12%) 

0.209 ± 

0.013 

(9%) 

E. faecalis 

JH2-2 

2.23 ± 

0.484 

(100%) 

0.537 ± 

0.133 

(24%) 

 

0.575 ± 

0.101 

(26%) 

0.472 ± 

0.11 

(21%) 

0.406 ± 

0.082 

(18%) 

0.42 ± 

0.15 

(19%) 

0.294 ± 

0.093 

(13%) 

S. gordonii 

DL1 

1.85 ± 

0.195 

(100%) 

0.094 ± 

0.003 

(5%) 

 

0.112 ± 

0.014 

(6%) 

0.096 ± 

0.005 

(5%) 

0.16 ± 

0.032 

(9%) 

0.141 ± 

0.024 

(8%) 

0.105 ± 

0.012 

(6%) 

S. mutans 

NG8 

1.957 ± 

0.206 

(100%) 

0.133 ± 

0.036 

(7%) 

 

0.21 ± 

0.063 

(11%) 

0.153 ± 

0.049 

(8%) 

0.186 ± 

0.024 

(9%) 

0.188 ± 

0.041 

(9%) 

0.16 ± 

0.048 

(8%) 
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Figure 3.10 Mean biofilm mass (A600nm) of C. albicans ATCC 10261 after 72 h exposure. 

 

 

Figure 3.11 Mean biofilm mass (A600nm) of E. faecalis JH2-2 after 72 h exposure. 
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Figure 3.12 Mean biofilm mass (A600nm) S. gordonii DL1 after 72 h exposure. 

 

 

Figure 3.13 Mean biofilm mass (A600nm) of S. mutans NG8 after 72 h exposure. 
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Figure 3.14 Mean biofilm mass (A600nm) for C. albicans ATCC 10261 from 0 – 72 h. 
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Figure 3.15 Mean biofilm mass (A600nm) for E. faecalis JH2-2 from 0 - 72 h. 
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Figure 3.16 Mean biofilm mass (A600nm) of S. gordonii DL1 from 0 – 72 h. 
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Figure 3.17 Mean biofilm mass (A600nm) of S. mutans NG8 from 0 – 72 h. 
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3.2 LIVE/DEAD biofilm assay 

3.2.1 C. albicans ATCC 10261 biofilms 

The control biofilm of C. albicans ATCC 10261 was grown on dentine for 72 h prior to 

treatment with TSB for 72 h. Figure 3.18 and Figure 3.19 show surface and cross-sectional 

views of a section (100 µm x 100 µm) of the biofilm. Both figures demonstrate 90% of the 

biofilm filled with viable cells (green) with sparse distribution of non-viable cells (red). 

The total volume was 4.18 x 10
5
 µm³. The mean height of the biofilm was 20 µm.  

  

 

 

Figure 3.18 3D reconstruction of section of C. albicans ATCC 10261 control biofilm with 

densely packed viable cells (green). 



59 

 

 

 

 

Figure 3.19 3D reconstruction of section of C. albicans ATCC 10261 control biofilm with 

sparse distribution of non-viable cells (red). 

 

The biofilm of C. albicans ATCC 10261 subjected to antimicrobials for 72 h demonstrated 

significant disruption in the biofilms structures. Figure 3.20 and Figure 3.21 show three-

dimensional reconstructions of the biofilm after 72 h of treatment with saturated Ca(OH)2. 

Non-viable cells (red) contributed the most to the total biovolume with only 30% viable 

cells (green) remained. The mean height of the biofilm was 10 µm. 
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Figure 3.20 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

saturated Ca(OH)2 for 72 h showing distribution of viable cells (green). 
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Figure 3.21 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

saturated Ca(OH)₂  for 72 h showing distribution of non-viable cells (red). 

 

A reconstruction of C. albicans ATCC 10261 biofilm subjected to BM2 (20 µg/mL) 

(Figure 3.22 and Figure 3.23) and 1% NaOCl (10,000 µg/mL) (Figure 3.24 and Figure 

3.25) for 72 h showed a biomass heavily packed with non-viable cells (red). Viable cells 

(green) only contributed 10% of the total biovolume which was located as isolated areas 

within the thick non-viable biomass. The vertical expansion of the biofilms demonstrated 

that the non-viable cells (red) were the majority of the biomass, with few viable cells 

(green) present. Both BM2 and 1% NaOCl treated biofilms had mean biofilm heights of 18 

µm. 
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Figure 3.22 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

BM2 (20 µg/mL) for 72 h showing distribution of viable cells (green). 
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Figure 3.23 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

BM2 (20 µg/mL) for 72 h showing distribution of non-viable cells (red). Note the biofilm 

is packed with dead biomass. 
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Figure 3.24 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

1% NaOCl (10,000 µg/mL) for 72 h showing distribution of viable cells (green). 
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Figure 3.25 3D reconstruction of section of C. albicans ATCC 10261 biofilm treated with 

1% NaOCl (10,000 µg/mL) for 72 h showing distribution of non-viable cells (red). Note 

the abundance of dead biomass compared to control biofilm. 

  



66 

 

3.2.2 E. faecalis JH2-2 biofilms 

The control biofilm of E. faecalis JH2-2 was grown for 72 h on dentine prior to treatment 

with THB for 72 h. Figure 3.26 and Figure 3.27 show superficial and vertical views of a 

section (100 µm x 100 µm) of the biofilm which were densely filled with viable cells 

(green) with 20% distribution of non-viable cells (red). The total volume was 4.09 x 10
5
 

µm³. The mean height of the biofilm was 30 µm. 

        

 

 

Figure 3.26 3D reconstruction of section of E. faecalis JH2-2 control biofilm with densely 

packed viable cells (green). 
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Figure 3.27 3D reconstruction of section of E. faecalis JH2-2 control biofilm with sparse 

distribution of non-viable cells (red). 

 

The biofilm of E. faecalis JH2-2 subjected to saturated Ca(OH)2 for 72 h showed minimal 

reduction of viable cells (green). The mean height of the biofilm was 15 µm with non-

viable cells (red) making up the majority of the superficial layer (Figure 3.28 and Figure 

Figure 3.29). There were equal contributions of non-viable cells (red) and viable cells 

(green) to the total biovolume. 
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Figure 3.28 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with saturated 

Ca(OH)2 for 72 h showing distribution of viable cells (green). Note the minimal reduction 

of viable cells (green) compared to control biofilm (Figure 3.26). 
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Figure 3.29 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with saturated 

Ca(OH)2 for 72 h showing distribution of non-viable cells (red). The biofilm was filled 

with dead cells. 

 

The biofilm of E. faecalis JH2-2 subjected to BM2 (40 µg/mL) for 72 h showed 

disturbance to the biofilm demonstrated by the low mean biofilm height of 10 µm (Figure 

3.30 and Figure 3.31). Non-viable cells (red) composed the main portion (60%) of the 

biomass with viable cells (green) distributed throughout the biomass. 
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Figure 3.30 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with BM2 (40 

µg/mL) for 72 h showing the distribution of viable cells (green).  
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Figure 3.31 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with BM2 (40 

µg/mL) for 72 h showing the distribution of non-viable cells (red).  

 

The biofilm treated with 1% NaOCl (10,000 µg/mL) displayed disruption to the biofilm as 

shown by the distribution of cells (Figure 3.32 and Figure 3.33) and mean biofilm height of 

10 µm. Nonviable cells (red) composed the main portion of the biomass, with a few viable 

cells (≤ 10% of biomass) located in the deeper portion of the biofilm. 
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Figure 3.32 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with 1% 

NaOCl (10,000 µg/mL) for 72 h showing distribution of viable cells (green). Note the 

reduction in viable biomass compared to control biofilm (Figure 3.26). 
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Figure 3.33 3D reconstruction of section of E. faecalis JH2-2 biofilm treated with 1% 

NaOCl (10,000 µg/mL) for 72 h showing distribution of non-viable cells (red). Note the 

abundance of dead biomass compared to control biofilm (Figure 3.27). 
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3.2.3 S. gordonii DL1 biofilms 

The control biofilm of S. gordonii DL1 was grown for 72 h on dentine prior to treatment 

with THB for 72 h. The total biomass volume was 4.15 x 10
5
 µm³ with a mean height of 

the biofilm of 30 µm. Figure 3.34 and Figure 3.35 show superficial and vertical views of a 

section (100 µm x 100 µm) of the biofilm which were densely filled (80%) with viable 

cells (green) with sparse distribution of non-viable cells (red).  

 

 

 

Figure 3.34 3D reconstruction of section of S. gordonii DL1 control biofilm showing 

viable cells (green). 
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Figure 3.35 3D reconstruction of section of S. gordonii DL1 control biofilm with few non-

viable cells (red). 

 

Treatment of the biofilm with saturated Ca(OH)2 for 72 h resulted in a biomass with only 

20% viable cells (green) and a superficial layer composed mainly of non-viable mass 

(80%). The vertical section showed saturated Ca(OH)2 caused interruption to the biofilm 

resulting in a reduced mean biofilm height of 15 µm (Figure 3.36 and Figure 3.37).  
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Figure 3.36 3D reconstruction of section of S. gordonii DL1 biofilm treated with saturated 

Ca(OH)2 for 72 h showing the distribution of viable cells (green).  
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Figure 3.37 3D reconstruction of section of S. gordonii DL1 biofilm treated with saturated 

Ca(OH)2 for 72 h showing the distribution of non-viable cells.  

 

The S. gordonii DL1 biofilm subjected to BM2 (40 µg/mL) for 72 h demonstrated a 

biomass heavily packed with non-viable cells (red) with viable cells (green) only 

contributing to 25% of the total biovolume and located as isolated areas underneath the 

thick non-viable biomass (Figure 3.38 and Figure 3.39). The biofilm demonstrated reduced 

mean biofilm height of 20 µm compared to the control biofilm (30 µm). 
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Figure 3.38 3D reconstruction of section of S. gordonii DL1 biofilm treated with BM2 (40 

µg/mL) for 72 h showing distribution of viable cells (green). Note the reduction in viable 

biomass compared to control biofilm. 
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Figure 3.39 3D reconstruction of section of S. gordonii DL1 biofilm treated with BM2 (40 

µg/mL) for 72 h showing distribution of non-viable cells (red). Note the abundance of dead 

biomass compared to control biofilm. 

 

Treatment of the biofilm with 1% NaOCl (10,000 µg/mL) for 72 h showed disturbance to 

the biofilm arrangement as shown by the distribution of cells (Figure 3.40 and Figure 

3.41). Compared to the control biofilm, the mean biofilm height of 10 µm was greatly 

reduced. Non-viable cells (red) composed the main portion of the biomass, with a few 

viable cells (< 20% biomass) located in the deeper portion of the biofilm. 
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Figure 3.40 3D reconstruction of section of S. gordonii DL1 biofilm treated with 1% 

NaOCl (10,000 µg/mL) for 72 h showing sparse distribution of viable cells (green).  
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Figure 3.41 3D reconstruction of section of S. gordonii DL1 biofilm treated with 1% 

NaOCl (10,000 µg/mL) for 72 h showing plenty distribution of non-viable cells (red).  
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3.2.4 S. mutans NG8 biofilms 

The control biofilm of S. mutans NG8 was grown for 72 h on dentine prior to treatment 

with THB for 72 h. Figure 3.42 and Figure 3.43 show superficial and vertical views of a 

section (100 µm x 100 µm) of the biofilm which was densely filled with viable cells 

(green) with sparse distribution of non-viable cells (red). The total volume of the biofilm 

was 4 x 10
5
 µm³, with viable cells (green) making up 90% of the volume, and a mean 

height of 30 µm.  

 

 

 

Figure 3.42 3D reconstruction of section of S. mutans NG8 control biofilm showing viable 

cells (green). 
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Figure 3.43 3D reconstruction of section of S. mutans NG8 control biofilm with scanty 

non-viable cells (red). 

 

Figure 3.44 and Figure 3.45 present reconstructions of biofilms of S. mutans NG8 after 72 

h of treatment with saturated Ca(OH)2. Non-viable cells (red) contributed 85% to the total 

biovolume with viable cells (green) remaining as isolated clusters beneath the overlying 

non-viable biomass. The mean height of the biofilm was 10 µm which was lower than the 

control biofilm. 
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Figure 3.44 3D reconstruction of section of S. mutans NG8 biofilm after 72 h treatment 

with saturated Ca(OH)2 showing few tiny areas of viable cells (green). 
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Figure 3.45 3D reconstruction of section of S. mutans NG8 biofilm with plenty of non-

viable cells (red) after 72 h treatment with Ca(OH)2. Note the increment of dead biomass 

compared to control biofilm. 

 

Reconstructions of S. mutans NG8 biofilms subjected to BM2 (40 µg/mL) (Figure 3.46 and 

Figure 3.47) and 1% NaOCl (10,000 µg/mL) (Figure 3.48 and Figure 3.49) for 72 h show 

that biomasses consisted of 90% non-viable cells (red) with viable cells located as remote 

spots underneath the thick non-viable biomass. Both biofilms demonstrated mean biofilm 

heights of 20 µm with bulk of biofilm made up of non-viable biomass. 
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Figure 3.46 3D reconstruction of section of S. mutans NG8 biofilm with sparse viable cells 

(green) after exposure to BM2 (40 µg/mL) for 72 h. Only 10% of the biovolume was made 

up of viable cells. 
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Figure 3.47 3D reconstruction of section of S. mutans NG8 biofilm after 72 h exposure to 

BM2 (40 µg/mL). The biofilm was made up with 90% of non-viable cells (red). 
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Figure 3.48 3D reconstruction of section of S. mutans NG8 biofilm showing viable cells 

(green). The biofilm was subjected to 1% NaOCl (10,000 µg/mL) for 72 h. 
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Figure 3.49 3D reconstruction of section of S. mutans NG8 biofilm showing non-viable 

cells (red) after the biofilm was subjected to 1% NaOCl (10,000 µg/mL) for 72 h. Note the 

abundance of non-viable cells (red) compared to the control biofilm. 
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Figure 3.50 summarises the distribution of viable cells (green) in the total biovolume for 

every biofilm and shows that BM2 was as effective as traditional antimicrobials used in 

root canal treatment in reducing viable cells in a 72 h biofilm.  

 

 

Figure 3.50 Percentage of biofilms total biovolume that was made of viable cells (green) 

after 72 h of treatment with antimicrobials. 
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Chapter 4 Discussion 

 

This study was designed to determine the in vitro effect of an antimicrobial peptide BM2 

against mono-species dentine biofilms of several important endodontic pathogens. The 

study had the secondary purpose of assessing susceptibility of these endodontic pathogens 

to BM2. It was hypothesized that BM2 would exert antimicrobial effect on the strains used 

in the experiment, and that susceptibility to BM2 would vary amongst the different 

pathogens.  

4.1 Study design and limitations 

In this study, the concentrations of BM2 investigated were 10, 20 and 40 µg/mL. These 

were applied over 72 h reflecting its potential use as an intracanal dressing rather than as 

an endodontic irrigant. These concentrations were based on pilot studies that determined 

suggested by minimum inhibitory concentration (MIC) of the AMP for both yeast and 

bacteria in 96-well microtiter plate dilution assay. The MIC for each strain was determined 

to be the lowest concentration of BM2 that completely inhibited growth detected as light 

scattering at 600 nm (A600nm). A saturated Ca(OH)₂ solution was used as a reference 

antimicrobial disinfectant to provide active hydroxyl ions at a high pH similar to an inter-

appointment intracanal Ca(OH)2 medicament. The experimental design precluded the use 

of Ca(OH)₂ paste as it would dry out in experimental conditions. This would negatively 

influence its antimicrobial effect because dissociation of hydroxyl ions is dependent on an 

aqueous environment (Sjögren et al., 1991). NaOCl was used in the experiment to act as an 

additional positive control. The concentrations of NaOCl used in current study were very 

low compared to those used in routine chemical debridement in the clinical situation. 

Furthermore, NaOCl is not an intracanal medicament thus treatment with NaOCl between 

24 and 72 h applied in the current study is not related to clinical settings. 

In an experimental setting, 72 h was deemed an appropriate time to reflect the clinical use 

of an inter-appointment intracanal medicament. Although 7 d is generally the time for an 

intracanal medicament to be left inside a root canal system, Safavi et al. (1999) showed in 
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vitro elimination of E. faecalis from infected dentine specimens after 24 h exposure to 

Ca(OH)2.  

Bovine teeth were utilised in the current study as substitutes to human teeth. This was 

necessary because human teeth of the desired qualities are hard to obtain in the quantities 

needed because teeth are normally extracted due to extensive caries or defects. It can also 

be challenging to control variations of source since the ages of collected teeth can vary 

considerably. Bovine teeth were preferred because they have a relatively large flat surface 

compared to human teeth. This allows preparation of sizeable dentine specimens. A 

literature review by Yassen et al. (2011) showed many experiments have compared the 

properties between bovine and human dentine specimens. Experiments included micro-

morphology hardness, chemical composition and physical properties. No significant 

differences were found between human and bovine dentine (Hara et al., 2003; Turssi et al., 

2010), so its use in current study is appropriate. 

Biofilms used in the present study were generated in static biofilm system. The system 

allows the handling of multiple biofilms monospecies simultaneously, and gives 

comparative data that does not require incubations for long periods of time (Merritt et al., 

2005). Most studies done on biofilms involve monospecies biofilms. The time taken to 

grow in vitro biofilms varies greatly from a couple of hours (Chavez de Paz, 2012) to six 

months (Kishen & Haapasalo, 2010). The monospecies biofilms in the current study were 

grown for 72 h in both 96-well microtitre plates and on dentine specimens. This timing was 

considered sufficient because a primary aim was to compare the antimicrobial efficacy of 

BM2 against proven medicaments, where the assays characterized both the thickness and 

vitality post-treatment biofilms. The study did not look into biofilm aging beyond 72 h of 

treatment or penetration in dentine tubules, aspect that would be appropriate for more 

mature biofilms. With that being said, a more clinically relevant experiment would involve 

biofilms on dentine specimens tested for periods much longer than 72 h. 

In this project, control and treated biofilms were not from the same specimen/source. This 

is because it is impossible to grow a biofilm, perform a biomass assay, expose to 

antimicrobial and perform a second assay on the same biofilm. Techniques such as staining 

and drying will have tremendous effects on the grown biofilm before exposure to 
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antimicrobial takes place. For that reason, this experiment utilised multiple before and after 

dentine specimens but from the same source and treated equally the same way. The low 

standard deviation of the mean value of the control biofilms reflected that standardised 

dentine biofilms were formed before they were treated with antimicrobials. 

The crystal violet assay was used to rapidly and quantitatively determine the relative mass 

monospecies biofilms in microtitre wells. The amount of remaining biofilm and cells 

following treatments indicated effectiveness of the antimicrobials. It is presumed that the 

more potent an antimicrobial is, the smaller the spectrophotometric optical density 

(OD600nm) of the stained well is. Crystal violet binds non-specifically to the nuclei in fixed 

cells, regardless of its viability (Brasaemle & Attie, 1988), thus the reading acquired 

represented total amount of cells. The method gives only an indirect indication of the 

biofilm from the adsorption of the crystal violet in the destaining solution. Despite this 

shortfall, this study found consistent results (small standard deviations within an 

experiment and between experiments) with the crystal violet assay. 

The second methodology for studying the biofilms was in situ assessment of microbial cell 

viability and biofilm structures by means of a microscopic technique. After fluorescent 

staining (LIVE/DEAD assay), biofilms were viewed under CLSM. CLSM is an important 

tool for studying biofilms as it allows reconstruction of the 3D structure of microbial 

biofilms and consequently determines the thickness and distribution of cells. It was 

decided to only perform this assessment following 72 h treatment with the antimicrobials 

at their higher concentration. The decision was based on this study’s crystal violet assay 

observation which presented time- and dose-dependency of biofilm mass disruption.  

Even though it is widely used in biological experiments, fluorescence staining and 

microscopy has its drawbacks. Limitations of fluorescence microscopy techniques include 

i) a phenomenon called photo-bleaching and ii) fluorescence signal overlap (Chavez de 

Paz, 2009). Photo-bleaching is described as a process in which the molecular structure of a 

dye is altered as a result of intense absorption of excitation light (Klein & Waharte, 2010). 

In performing parallel staining of live and dead cells, a cell may not be counted as either 

viable or non-viable due to overlapping of fluorescence signal.  
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Biofilms on all dentine samples were microscopically examined similarly, an area of 100 

µm x 100 µm that is. The examined area was chosen due to the nature of the dentine 

specimens which are concave surfaces. The base or floor of the specimens is where the 

biofilm formation was reliable and abundant compared to the walls. Qualitative images of 

the selected area of the dentine specimens (100 µm x 100 µm) presented in the results 

comprised of 2 views for each biofilm and antimicrobial. The first panel presented on each 

page is a view looking down onto the dentine surface and the bottom panel is a cross 

section of the selected area.  

In order to maintain validity of the acquired results, dentine specimens which are negative 

controls were stained and examined. This was performed to guarantee that there were no 

microbial growths or existence.  

4.2 Antimicrobial effect of BM2 

The results obtained for independent monospecies biofilm models indicated that BM2 

showed antimicrobial activity on all of the tested strains. This confirms the first hypothesis. 

Although represented in different ways, every monospecies biofilms treated with BM2 

showed reduced mass in both the crystal violet and the microscopic assay. This confirmed 

the investigation’s second hypothesis. 

4.2.1 Comparison with other tested antimicrobials 

As expected, 1% NaOCl (10,000 µg/ml) was found to be the most effective antimicrobial 

in both biofilm models, under both types of assessment. Seventy-two hour exposure to 1% 

NaOCl showed a strong bactericidal effect for the entire microorganism test panels. These 

findings support previous reports that established the antimicrobial efficacy of NaOCl as 

an endodontic irrigant (Byström & Sundqvist; 1983, 1985). BM2 at a concentration of 40 

µg/mL was statistically comparable to 0.25% and 0.5% NaOCl (2,500 and 5,000 µg/mL) 

against each strain tested. BM2 gave an antibiofilm effect at concentrations 110-fold lower 

than required for NaOCl to produce the same effect. With that being said, it was not this 

investigation’s objective to compare the efficacy of NaOCl and BM2 because NaOCl is not 

used as an intracanal medicament, however the results highlight the effectiveness of BM2. 
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In this study, each monospecies biofilm responded differently to treatment with BM2. The 

crystal violet assay indicated C. albicans ATCC 10261 biofilms were more susceptible to 

Ca(OH)₂ than BM2 (20 µg/mL). However, CLSM showed the biofilm treated with 20 

µg/mL BM2 contained only 10% viable cells after 72 h. This result is supported by an 

earlier study by Monk et al. (2005) which showed BM2 as a strong antifungal. The mode 

of action of BM2 against yeasts is linked to its powerful inhibition of the essential plasma 

membrane proton pump ATPase (Pma1p).  

Crystal violet assessment of biofilms of E. faecalis JH2-2 showed limited (80%) 

susceptibility to saturated Ca(OH)₂ and BM2 (40 µg/mL) after 72 h. The CLSM 

LIVE/DEAD stained images suggested the same where 50% of cells remained were viable 

cells after being subjected to Ca(OH)₂ for 72 h. Ca(OH)2 therefore failed to extensively 

disrupt existing biofilms of E. faecalis. This is in accordance with previous studies by 

Haapasalo & Ørstavik (1987) and Ørstavik & Haapasalo (1990). Furthermore, it is well 

documented that dentine’s buffering effect reduces the efficacy of Ca(OH)₂ (Siqueira et al., 

1999; Haapasalo et al., 2007). These two factors may explained the results of the 

antimicrobial effect of Ca(OH)₂. E. faecalis has been shown by others to be resistant to 

Ca(OH)2 (Love, 2001; Evans et al., 2002) and the present results are consistent with this. 

The crystal violet assay showed both S. gordonii DL1 and S. mutans NG8 were both 

almost completely eradicated by both BM2 (40 µg/mL) and Ca(OH)₂ after 72 h of 

exposure. However, 3D reconstructions of S. gordonii DL1 biofilms showed a slightly 

higher percentage of viable cells in biofilms subjected to BM2 suggesting a higher 

resistance to the AMP. Three dimensional reconstruction of biofilms of S. mutans NG8 

suggested higher number of viable cells in the Ca(OH)₂ treated biofilms  as the crystal 

violet assay showed the total number of cells in the biofilm regardless of their viability, 

while microscopic evaluation of the LIVE/DEAD stained biofilms distinguished viable 

from non-viable cells. In addition, the crystal violet assay and the CLSM assay were 

measuring the effect of antimicrobials on biofilms formed on 2 different surfaces e.g. 

polystyrene and dentine. Characteristics of a biofilm including its response to 

antimicrobials have been found to be influenced by the surface of its attachment (Spratt et 

al., 2001, Chavez de Paz et al, 2010). A study also found that biofilms formed on dentine 



96 

 

produced 10-fold higher colony forming units than those grown on glass (Tomiyama et al., 

2010). 

4.2.2 Persistent endodontic infection 

The microbial flora of endodontically treated teeth with persisting periapical lesions is 

different from that of teeth with untreated necrotic pulps. It is well known that only a small 

number of species is recovered from these teeth, with a predominance of gram positive 

microorganisms and facultative anaerobes (Möller 1966; Molander et al. 1998; Sundqvist 

et al. 1998; Hancock et al. 2001). E. faecalis and Streptococcus species were often 

associated with persistent endodontic infection (Sundqvist 1992, 1994; Le Goff et al., 

1997; Love & Jenkinson, 2002). Both species have evolved to be dependent upon a 

community lifestyle for survival and persistence in its natural ecosystem, a biofilm, though 

E. faecalis is less dependent on other species to form biofilms.  

It is evident from this study that BM2 at very low concentration was able to overcome the 

protection to cells afforded by the biofilm system. This study demonstrated E. faecalis 

JH2-2 and S. mutans NG8 were more susceptible to BM2 at 40 µg/mL compared to 

saturated Ca(OH)₂. BM2 caused disruption to biofilms of the aforementioned bacteria in 

both 96-well microtite plates and on dentine specimens. This suggests that application of 

BM2 as an intracanal medicament would be of assistance and it might enhance the 

management of refractory endodontic infection.  

4.2.3 Time and dose dependent effect of BM2 

The concentrations of BM2 utilised in this study were extremely low, especially when 

compared with concentrations of the other antimicrobials used in the experiment. From the 

findings, it is obvious to point out that the antimicrobial efficacy of BM2 is time- and dose-

dependent. Biofilms of all strains were efficiently disrupted at higher concentrations (20 

µg/mL for yeast and 40 µg/mL for bacteria) and following longer time of exposure. This 

observation could be translated to BM2 at higher concentration is useful as an inter-

appointment root canal system medicament rather than an antimicrobial for chairside 

debridement. 
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4.3 Future investigations 

The application of BM2 on biofilms models validates further investigation on this AMP.  

4.3.1 Investigation of toxicity 

In comparison with other routine endodontic disinfectants namely NaOCl and Ca(OH)₂, it 

is likely that BM2 is less toxic to host cells due to the surface charge. The main 

consideration for BM2’s therapeutic promise in endodontics is the surrounding host tissue 

tolerance and acceptance. As most AMPs establishes specific interactions with microbials 

cells without being lethal to mammalian cells, it is possible that BM2 would have a wide 

therapeutic opportunity.  

It has been shown that 54 µM BM2 (88 µg/mL) did not lyse red blood cells and after 24 h 

exposure caused 20% loss in viability of cultured human epithelial (HEp2) cells (Monk et 

al., 2005). If BM2 were to be utilised as an interappointment intracanal medicament, 

further in vitro haemolysis and cell culture assays should be undertaken to assess its 

toxicity. Low toxicity would be signified by BM2 only causing lysis of red blood cells or 

cell death at a much higher concentration than that required to kill endodontic pathogens. 

4.3.2 Mode of action of BM2 

A previous study by Monk et al. (2005) has shown the fungicidal effect of BM2 on fungi. 

Its intracellular effect on the microorganism was fungicidal. In the current study, 

application of BM2 was not restricted to only C. albicans. Bacteria, namely E. faecalis, S. 

gordonii and S. mutans were also susceptible to BM2. The mode of action of its promising 

bacteriocidal effects on these bacteria is not known. A greater understanding of its mode of 

action against bacteria might enable is use against bacteria other than the strains used in 

this study.  

Microscopy offers a feasible way of detecting morphological alterations by AMPs on 

microbial cells. Methods for assessing AMPs mode of action on cells include cell surface 

fluorescent labelling and confocal microscopy (Futaki et al., 2001; Niimi et al., 2004), 

flow cytometry and scanning electron microscopy (Pacor et al., 2002; Benincasa et al., 

2009).  
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4.3.3 BM2 as an adjunct to endodontic regimen 

This research demonstrated the application of BM2 in an aqueous form against 

monospecies biofilms of common endodontic pathogens. Its efficacy in an aqueous form 

towards these strains gives promising hope in utilizing the AMP in a real clinical situation 

as an intracanal medicament. It will be interesting to find out what the in vitro 

antimicrobial effectiveness of a gel form of BM2 on dentine bound biofilm, just like an 

intracanal medicament would be.  

Here, BM2 was tested against monospecies biofilms of endodontic pathogens. Future 

studies could demonstrate the action of BM2 on multispecies biofilms, which reflects the 

real endodontic infection that contains complex microbial communities. Together in a gel 

form, BM2 against multispecies biofilms on dentine surfaces could really determine 

BM2’s potential for clinical application. In this study the concentration (10, 20 and 40 

µg/mL) and time of exposure (24, 48 and 72 h) were low. Future investigations should 

elicit the minimal concentration and time of exposure because the results obtained from 

current study suggested BM2’s antibiofilm effect is time- and dose-dependent. 

Other than that, it would be useful to know interactions between BM2 and NaOCl and 

EDTA if it were to be used as an interappointment intracanal medicament. Both NaOCl 

and EDTA are routine substances used in endodontic treatment. By carrying out this 

investigation, synergistic or incompatibility of BM2 and these materials will give idea on 

the role of BM2 in endodontic.  

4.4 Conclusion 

AMPs are an ancient group of defence molecules. They are widely distributed in nature 

and display bactericidal as well as immunomodulatory properties. BM2, a previously 

studied peptidomimetic antifungal offers a potential avenue to manage endodontic 

infection. Within the limit of this in vitro study BM2 at 40 µg/mL showed robust 

antimicrobial activity against biofilms of major endodontic pathogens comparable to 

results achieved with current antimicrobial disinfectants. It is important to further 

investigate BM2 as an alternative antimicrobial agent in endodontic treatment. 
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Appendix 

 

Crystal violet assay data 

The readings (A600nm) following ethanol dissolution of biofilms was recorded as raw data. 

Numbers (1 – 10) on the first row of tables represented number of wells of microtitre plate.  

1. C. albicans ATCC 10261  

i. Before treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

1.906 1.933 1.964 2.062 2.008 1.976 2.005 1.911 2.173 2.045 Empty 1.998 
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ii. 24 h treatment 

 1 2  3  4  5  6  7  8  9  10  Agent  Mean  

0.024 0.035 0.029 0.04 0.036 0.034 0.03 0.039 0.03 0.031 GM 0.033 

1.142 1.201 1.132 1.204 1.186 1.094 1.792 1.202 1.868 1.759 BM2 

(10 µg/ml) 

1.358 

1.068 1.104 1.082 1.094 1.11 1.084 1.087 1.072 1.099 1.097 BM2 

(20 µg/ml) 

1.089 

0.969 0.833 0.993 1.005 0.972 0.921 0.874 0.957 0.097 0.093 Ca(OH)2 0.771 

0.843 0.832 0.912 0.917 0.913 0.93 0.847 0.859 0.875 0.911 NaOCl 

(0.25%) 

0.884 

0.859 0.873 0.851 0.89 0.83 0.831 0.822 0.734 0.75 0.821 NaOCl 

(0.5%) 

0.826 

0.8 0.8 0.807 0.753 0.761 0.802 0.752 0.801 0.806 0.78 NaOCl 

(1%) 

0.786 

1.924 2.195 2.082 2.086 2.241 2.132 2.346 1.958 2.339 2.226 Empty 2.153 
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iii. 48 h treatment 

 1 2  3  4  5  6  7  8  9  10  Agent  Mean  

0.035 0.039 0.031 0.043 0.048 0.039 0.042 0.047 0.051 0.041 GM 0.042 

0.838 0.822 0.987 0.795 0.985 0.873 0.941 0.909 0.925 0.88 BM2 

(10 µg/ml) 

0.896 

0.756 0.781 0.701 0.72 0.71 0.711 0.743 0.68 0.73 0.731 BM2 

(20 µg/ml) 

0.726 

0.582 0.615 0.609 0.625 0.605 0.605 0.53 0.541 0.546 0.587 Ca(OH)2 0.585 

0.472 0.44 0.456 0.474 0.403 0.476 0.413 0.386 0.403 0.393 NaOCl 

(0.25%) 

0.432 

0.365 0.402 0.398 0.382 0.36 0.349 0.367 0.362 0.396 0.338 NaOCl 

(0.5%) 

0.372 

0.309 0.287 0.284 0.274 0.267 0.234 0.249 0.27 0.242 0.202 NaOCl 

(1%) 

0.262 

2.212 2.23 2.197 2.142 2.38 2.241 2.386 2.187 2.395 2.304 Empty 2.267 
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iv. 72 h treatment 

 1 2  3  4  5  6  7  8  9  10  Agent  Mean  

0.057 0.049 0.038 0.048 0.057 0.053 0.05 0.054 0.06 0.049 GM 0.052 

0.568 0.382 0.48 0.571 0.502 0.473 0.39 0.49 0.477 0.379 BM2 

(10 µg/ml) 

0.471 

0.459 0.393 0.409 0.453 0.418 0.405 0.416 0.399 0.404 0.393 BM2 

(20 µg/ml) 

0.415 

0.261 0.289 0.33 0.307 0.315 0.313 0.268 0.278 0.298 0.312 Ca(OH)2 0.297 

0.21 0.256 0.267 0.295 0.215 0.255 0.289 0.214 0.233 0.314 NaOCl 

(0.25%) 

0.255 

0.328 0.23 0.244 0.31 0.286 0.254 0.274 0.292 0.297 0.32 NaOCl 

(0.5%) 

0.284 

0.226 0.194 0.193 0.214 0.228 0.217 0.217 0.198 0.209 0.194 NaOCl 

(1%) 

0.209 

2.341 2.403 2.294 2.197 2.401 2.307 2.402 2.3 2.407 2.384 Empty 2.345 
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2. E. faecalis JH2-2 

i. Before treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.974 0.995 0.838 0.869 0.958 0.988 1.098 0.926 1.137 1.027 Empty 0.981 
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ii. 24 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.071 0.073 0.065 0.065 0.081 0.071 0.082 0.075 0.082 0.083 GM 0.075 

0.783 0.762 0.92 0.922 0.737 0.984 0.905 0.953 1.048 1.02 Ca(OH)2 0.903 

0.927 0.869 0.895 0.779 0.792 0.967 0.98 0.926 0.956 0.905 

BM2 

(20 µg/ml) 

0.9 

0.99 0.78 0.838 0.833 0.82 0.824 0.862 0.744 0.821 0.853 

BM2 

(40 µg/ml) 

0.837 

0.844 0.745 0.853 0.746 0.748 0.735 0.801 0.899 0.585 0.752 

NaOCl 

(0.25%) 

0.771 

0.85 0.531 0.832 0.738 0.713 0.774 0.782 0.731 0.602 0.726 

NaOCl 

(0.5%) 

0.728 

0.534 0.505 0.477 0.679 0.718 0.657 0.69 0.643 0.55 0.622 

NaOCl 

(1%) 

0.608 

0.942 0.969 0.997 1.2 0.93 1.122 1.27 0.956 1.278 0.935 Empty 1.06 
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iii. 48 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.073 0.074 0.074 0.068 0.086 0.074 0.085 0.077 0.086 0.086 GM 0.078 

0.439 0.601 0.774 0.618 0.673 0.643 0.855 0.841 0.993 0.916 Ca(OH)2 0.736 

0.546 0.556 0.795 0.762 0.685 0.823 0.95 0.724 0.925 0.87 

BM2 

(20 µg/ml) 

0.764 

0.774 0.695 0.638 0.722 0.686 0.737 0.629 0.627 0.707 0.734 

BM2 

(40 µg/ml) 

0.695 

0.8 0.606 0.573 0.644 0.344 0.627 0.569 0.794 0.703 0.607 

NaOCl 

(0.25%) 

0.627 

0.79 0.504 0.372 0.716 0.479 0.383 0.649 0.347 0.323 0.624 

NaOCl 

(0.5%) 

0.519 

0.38 0.216 0.318 0.497 0.314 0.5 0.403 0.604 0.565 0.344 

NaOCl 

(1%) 

0.414 

1.126 1.058 1.491 1.234 1.188 1.352 1.592 1.261 1.341 1.213 Empty 1.286 
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iv. 72 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.079 0.079 0.076 0.07 0.087 0.076 0.09 0.08 0.088 0.09 GM 0.082 

0.381 0.372 0.342 0.554 0.669 0.596 0.518 0.69 0.561 0.689 Ca(OH)2 0.537 

0.527 0.527 0.414 0.585 0.641 0.479 0.712 0.547 0.569 0.744 

BM2 

(20 µg/ml) 

0.575 

0.521 0.536 0.507 0.644 0.537 0.305 0.306 0.4 0.42 0.54 

BM2 

(40 µg/ml) 

0.472 

0.357 0.326 0.317 0.516 0.467 0.464 0.502 0.304 0.45 0.354 

NaOCl 

(0.25%) 

0.406 

0.76 0.486 0.508 0.363 0.337 0.344 0.48 0.283 0.23 0.407 

NaOCl 

(0.5%) 

0.419 

0.288 0.2 0.184 0.298 0.263 0.217 0.39 0.421 0.438 0.236 

NaOCl 

(1%) 

0.294 

2 1.65 1.993 2.657 2.671 1.424 2.053 2.585 2.354 2.913 Empty 2.23 
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3. S. gordonii DL1 

i. Before treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.919 0.945 0.922 0.976 1.089 0.957 1.013 0.991 0.968 1.077 Empty 0.986 
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ii. 24 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.087 0.084 0.05 0.06 0.058 0.058 0.064 0.077 0.076 0.064 GM 0.068 

0.117 0.094 0.122 0.104 0.158 0.109 0.114 0.109 0.167 0.113 Ca(OH)2 0.121 

0.243 0.231 0.245 0.211 0.188 0.199 0.158 0.172 0.165 0.155 

BM2 

(20µg/ml) 

0.197 

0.136 0.131 0.132 0.144 0.145 0.172 0.133 0.17 0.148 0.165 

BM2 

(40µg/ml) 

0.148 

0.182 0.261 0.199 0.153 0.162 0.192 0.275 0.318 0.207 0.204 

NaOCl 

(0.25%) 

0.215 

0.161 0.132 0.168 0.247 0.258 0.288 0.257 0.24 0.184 0.149 

NaOCl 

(0.5%) 

0.209 

0.169 0.174 0.115 0.108 0.121 0.132 0.13 0.148 0.133 0.134 

NaOCl 

(1%) 

0.136 

0.942 0.963 0.973 0.906 0.918 0.998 0.918 1.209 1.228 1.403 Empty 1.046 
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iii. 48 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.088 0.09 0.064 0.071 0.062 0.064 0.07 0.079 0.081 0.077 GM 0.075 

0.103 0.093 0.119 0.103 0.143 0.103 0.108 0.105 0.151 0.106 Ca(OH)2 0.113 

0.165 0.136 0.169 0.15 0.174 0.189 0.113 0.122 0.16 0.149 BM2 

(20µg/ml) 

0.153 

0.109 0.104 0.111 0.116 0.117 0.096 0.098 0.114 0.107 0.122 BM2 

(40µg/ml) 

0.109 

0.178 0.257 0.183 0.141 0.154 0.185 0.243 0.248 0.184 0.134 NaOCl 

(0.25%) 

0.191 

0.159 0.118 0.161 0.169 0.152 0.191 0.188 0.184 0.158 0.127 NaOCl 

(0.5%) 

0.161 

0.112 0.164 0.114 0.103 0.106 0.109 0.121 0.146 0.107 0.122 NaOCl 

(1%) 

0.120 

0.945 0.983 1.289 0.988 0.922 1.084 1.191 1.418 1.842 1.682 Empty 1.234 
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iv. 72 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.09 0.092 0.074 0.077 0.067 0.069 0.073 0.082 0.086 0.081 GM 0.072 

0.092 0.09 0.094 0.095 0.097 0.095 0.096 0.089 0.097 0.096 Ca(OH)2 0.094 

0.135 

 

0.091 0.117 0.097 0.115 0.133 0.104 0.102 0.115 0.109 BM2 

(20µg/ml) 

0.112 

0.102 

 

0.095 0.094 0.093 0.097 0.093 0.089 0.101 0.09 0.106 BM2 

(40µg/ml) 

0.096 

0.137 

 

0.178 0.167 0.121 0.136 0.177 0.198 0.212 0.159 0.118 NaOCl 

(0.25%) 

0.160 

0.126 

 

0.111 0.129 0.142 0.128 0.178 0.172 0.168 0.134 0.12 NaOCl 

(0.5%) 

0.141 

0.096 0.126 0.102 0.094 0.094 0.104 0.096 0.124 0.098 0.116 NaOCl 

(1%) 

0.105 

2.204 1.625 1.954 1.984 1.944 1.624 1.956 1.865 1.627 1.716 Empty 1.85 

 

  



126 

 

4. S. mutans NG8 

i. Before treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.923 1.109 1.095 1.088 0.994 0.862 1.076 1.109 1.189 1.174 Empty 1.062 
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ii. 24 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.062 0.085 0.073 0.071 0.084 0.062 0.073 0.083 0.062 0.063 GM 0.072 

0.375 0.313 0.345 0.239 0.572 0.68 0.712 0.34 0.541 0.655 Ca(OH)2 0.477 

0.538 0.628 0.862 0.761 0.743 0.671 0.841 0.88 0.994 0.95 BM2 

(20µg/ml) 

0.787 

0.99 0.78 0.838 0.833 0.82 0.824 0.862 0.744 0.821 0.853 BM2 

(40µg/ml) 

0.837 

0.355 0.428 0.377 0.381 0.351 0.375 0.372 0.371 0.38 0.385 NaOCl 

(0.25%) 

0.378 

0.354 0.39 0.396 0.313 0.417 0.322 0.377 0.465 0.48 0.472 NaOCl 

(0.5%) 

0.399 

0.374 0.347 0.259 0.301 0.303 0.384 0.31 0.277 0.279 0.211 NaOCl 

(1%) 

0.305 

1.059 0.864 1.334 1.172 1.133 1.341 1.768 1.28 1.612 1.166 Empty 1.273 
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iii. 48 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.063 0.088 0.074 0.075 0.086 0.07 0.077 0.089 0.073 0.07 GM 0.077 

0.323 0.203 0.219 0.233 0.357 0.234 0.407 0.242 0.441 0.578 Ca(OH)2 0.324 

0.52 0.263 0.318 0.542 0.449 0.214 0.308 0.38 0.353 0.53 BM2 

(20µg/ml) 

0.388 

0.331 0.203 0.213 0.16 0.222 0.138 0.158 0.134 0.11 0.144 BM2 

(40µg/ml) 

0.181 

0.25 0.219 0.238 0.206 0.218 0.28 0.316 0.275 0.296 0.263 NaOCl 

(0.25%) 

0.256 

0.304 0.273 0.284 0.197 0.285 0.29 0.283 0.25 0.275 0.284 NaOCl 

(0.5%) 

0.273 

0.261 0.227 0.135 0.169 0.151 0.127 0.301 0.182 0.188 0.152 NaOCl 

(1%) 

0.189 

1.293 1.426 1.492 1.401 1.391 1.352 1.917 1.314 1.852 1.293 Empty 1.473 
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iv. 72 h treatment 

1 2 3 4 5 6 7 8 9 10 Agent Mean 

0.066 0.088 0.076 0.079 0.087 0.076 0.079 0.09 0.075 0.073 GM 0.079 

0.128 0.162 0.109 0.112 0.117 0.132 0.127 0.093 0.221 0.125 Ca(OH)2 0.133 

0.306 0.203 0.245 0.215 0.175 0.168 0.159 0.131 0.322 0.174 BM2 

(20µg/ml) 

0.21 

0.264 0.174 0.16 0.18 0.174 0.11 0.138 0.12 0.092 0.12 BM2 

(40µg/ml) 

0.153 

0.237 0.185 0.183 0.2 0.14 0.174 0.183 0.184 0.175 0.195 NaOCl 

(0.25%) 

0.186 

0.275 0.236 0.137 0.198 0.153 0.164 0.173 0.182 0.174 0.184 NaOCl 

(0.5%) 

0.188 

0.255 0.204 0.12 0.139 0.138 0.105 0.215 0.135 0.151 0.135 NaOCl 

(1%) 

0.16 

2.234 1.617 1.773 1.835 1.902 1.831 2.19 2.13 2.146 1.911 Empty 1.957 
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