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ABSTRACT 

 

Introduction 

Dental caries and periodontal diseases are the most common bacterial oral infections in 

humans. Prevention and treatment of these infections are oral hygiene measures including 

antimicrobial compounds which can be chemical agents or natural products. Dodonaea 

viscosa var. angustifolia is an indigenous South African plant that has antibacterial, antiviral 

and anticandida properties. This study investigated the antibacterial and antivirulence effect 

of D. viscosa var. angustifolia on cariogenic bacteria and the causative organisms of 

periodontal diseases. 

Materials and methods 

Plant leaves were extracted in acetone, methanol and ethanol. The minimum bactericidal 

concentration of extracts were determined for cariogenic bacteria including Streptococcus 

mutans NCTC 10919, 4 clinical isolates of S. mutans and Lactobacillus spp. , Lactobacillus 

casei and periodontal pathogens including Porphyromonas gingivalis, Prevotella  intermedia, 

Capnocytophaga spp. and Fusobacterium  nucleatum. The effect of the subinhibitory 

concentration of crude ethanol plant extract on the biofilm (dental plaque), extracellular 

polysaccharide production (EPS) and acid production by S. mutans were investigated. The 

effect of the crude ethanol plant extract on protease activities such as Arg-gingipain and Lys-

gingipain of P. gingivalis were also studied.  

Results 

Cariogenic bacteria were eliminated at concentrations of 1.56 - 12.5 mg/ml and periodontal 

pathogens at concentrations of 0.02 - 0.09 mg/ml of crude plant extract. The ethanol extract 

was the most effective against S. mutans and was used for all subsequent experiments. The 



vi 

 

crude ethanol plant extract significantly inhibited the adherence of cells in preformed 

biofilms when exposure time was 24 hours (p < 0.01) rather than limited to 1 minute. 

However, it significantly reduced the formation of biofilms at 6, 24 and 30 hours. No effect 

of the crude ethanol plant extract on EPS production was observed. However it reduced the 

production of acid by planktonic cells but it had no effect on the production of acid in 

biofilms. The activity of Arg-gingipain and Lys-gingipain was significantly reduced by 

approximately 28 % and 50 % respectively. 

Conclusion 

Dodonaea viscosa var. angustifolia at high concentrations eliminates cariogenic bacteria. At 

low concentrations it will continue to kill periodontal pathogens and at subinhibitory 

concentrations it will render P. gingivalis avirulent. At subinhibitory concentrations the plant 

extract will not allow biofilm formation and acid production by S. mutans which are the 

major virulent factors in the development of dental caries. This study has shown that D. 

viscosa var. angustifolia has a potential to be developed into a preventative and therapeutic 

agent for commonly occurring oral diseases, dental caries and periodontal diseases. However, 

further research is required to establish active chemical constituents, cytotoxicity and in vivo 

efficacy of D. viscosa var. angustifolia. 
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CHAPTER 1: INTRODUCTION 

 

Most individuals suffer at some time in their life from localized episodes of disease in the 

mouth caused by the imbalance in the composition of their natural oral flora (Susumu and 

Hiroshi, 2005). These diseases include dental caries, periodontal diseases and oral 

candidiasis. The preventative measures commonly used are chemical agents which have 

antimicrobial properties (Nisengard and Newman, 1994). The use of medicinal plant 

extracts and natural products as alternative antimicrobial agents in the treatment of oral 

diseases has been reported (Tapsoba and Deschamps, 2005). This study investigated the 

antimicrobial properties of an indigenous South African medicinal plant that can 

potentially be used in the control and prevention of dental caries and periodontal diseases.  

 

1.1  Literature Review 

1.1.1  Oral Pathogens 

The oral cavity is a complex ecosystem comprised of many surfaces coated with a wide 

variety of natural microflora that exists in harmony with the host. Over 750 species of 

bacteria colonize different surfaces of the oral cavity due to the binding of specific 

adhesins that are present on the bacterial surface to complementary specific receptors on 

a specific oral surface resulting in variation of microbial colonies (Jenkinson and Lamont, 

2005; Aas et al, 2005). However, streptococci and gram-positive rods comprise the 

majority of the total viable count (Hamada and Slade, 1980). An imbalance between the 

host and the opportunistic microflora may occur due to dietary constituents, systemic 

illnesses, poor saliva flow and oral hygiene resulting in the alteration of microbial 
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communities which leads to the development of disease (Susumu and Hiroshi, 2005).  

The two most common diseases are dental caries which results in the demineralization of 

the tooth and periodontal diseases that affect the tooth supporting tissues. Dental caries is 

most common in children and periodontal diseases are common in adults (Lemos and 

Burne, 2008; Nisengard and Newman, 1994). The gram-positive cocci and bacilli (dental 

caries) and gram-negative rods (periodontal diseases) are present in high proportions in 

areas of the mouth in which these diseases are prevalent (Hamada and Slade, 1980).  

 

1.1.2  Dental caries 

Dental caries is one of the most common childhood diseases, although people may be 

susceptible to the disease throughout their lifetime (Selwitz et al, 2007). It is a chronic 

disease that causes the demineralization of the hard dental tissues due to acids (Figure 

1.1, page 3) and initiates within the bacterial biofilm or dental plaque on the surface of 

the tooth (Koo et al, 2000). There are many types of caries affecting various tooth 

surfaces within the mouth. These surfaces include, buccal and lingual smooth surfaces 

(smooth surface caries), approximal sites (approximal surface caries) and fissures on 

occlusal surfaces are the most caries prone sites (fissure caries). Rampant caries usually 

develops in immunocompromised individuals such as xerostomic patients with a reduced 

salivary flow due to radiation treatment, individuals who suffer from Sjogrens syndrome 

or could be due to certain medications (Marsh and Martin, 1999).  
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Figure 1.1: Root surface caries lesions with heavy microbial deposits 

particularly in the upper left canine (Fejerskov and Kidd, 2008). 

 

 

 

 

 

 

 

 

 

 

 

 

Generally the formation of dental plaque on the tooth surface is natural and beneficial to 

the host as it prevents colonization of exogenous species (Marsh, 1994). It is essentially a 

microbial biofilm formed by organisms tightly bound to each other and to the solid 

substratum and enclosed in an exopolysaccharide matrix produced by oral streptococci on  

the tooth surface (Koo et al, 2002; Sbordone and Bortolaia, 2003). These biofilms can be 

considered a community of over 500 bacterial species varying from their planktonic state 

by displaying different physiological properties, susceptibility to antimicrobial agents, 

immunological responses and its interaction with host tissues (Sbordone and Bortolaia, 

2003). The colonization of bacteria and the formation of the biofilm follow a regular 

pattern which involves the adhesion of initial colonizers usually coccal bacteria such as 

Streptococcus mutans to the enamel salivary pellicle followed by interbacterial adhesion 
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(secondary colonization). Adhesins and molecular interactions contribute to plaque 

development and integrity (Rosan and Lamont, 2000).  

 

 Dental caries is a multifactorial disease affected by oral bacteria, salivary flow and 

composition, exposure to fluoride and consumption of dietary sugars (Selwitz et al, 

2007). Oral plaque bacteria interact with dietary constituents particularly sucrose 

resulting in the production of organic acids such as lactic, acetic, formic and propionic 

acid which leads to the slow decomposition of teeth (Nisengard and Newman, 1994; 

Featherstone, 2004). Sucrose is the major fermentable carbohydrate which also acts as a 

substrate for the synthesis of polysaccharides in dental biofilms. Starch can also be seen 

as an important source of fermentable carbohydrates but is considered non-cariogenic 

although combinations of starch and sucrose have the potential to be more cariogenic 

than either carbohydrate alone (Duarte et al, 2008).  

 

1.1.2.1  Microorganisms of dental caries 

1.1.2.1.1  Streptococcus mutans 

1.1.2.1.2  Habitat, morphology and growth requirements 

The main causative agents of dental caries are the gram-positive bacteria, Streptococcus 

mutans. Streptococcus mutans belongs to a group of cariogenic species called Mutans 

streptococci (Yoo et al, 2005).  They are a homogenous group of non-motile, catalase-

negative, gram-positive bacteria (Hamada and Slade, 1980). The natural habitat of S. 

mutans is the human mouth and it is the main causative agent in the development and 
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establishment of cariogenic biofilms (Song et al, 2007). They are spherical bacteria 

varying in diameter between 0.5 and 2 µm (Nisengard and Newman, 1994). 

 

 The most widely used agar for the selective isolation of S. mutans is mitis salivarius agar 

(MSA). Streptococcus mutans produces a characteristic colonial morphology on MSA 

which differentiates it from other oral streptococci (Emilson and Bratthall, 1976). This 

agar can be modified to be more selective by the addition of bacitracin (MSB agar), 

sulphonamide (MC agar), polymyxin and supplemented sucrose (Hamada and Slade, 

1980). A non-selective medium such as blood agar (Figure 1.2, page 6) is often used to 

quantitatively relate S. mutans to the total number of recoverable bacteria (Emilson and 

Bratthall, 1976).  

 

1.1.2.1.3  Pathogenicity of Streptococcus mutans 

Streptococcus mutans is implicated in the initiation of dental caries. There are three major 

virulence factors that play a role in pathogenesis, these include its ability to adhere and 

form biofilms on the tooth surface (plaque formation), to produce organic acids through 

fermentation of carbohydrates (acidogenic) whilst withstanding environmental stresses 

including acidic conditions (aciduric) and to produce extra- and intracellular 

polysaccharides (Lemos and Burne, 2008). The adherence of S. mutans to the surface of 

the tooth is necessary for colonization and infection to occur. Adhesion results due to 

specific stereo-chemical interactions between bacterial adhesins present on the microbial 

cell surface and receptors in the saliva-derived conditioning film, the acquired enamel 

pellicle (Marsh and Martin, 1999; Shimotoyodome et al, 2007). 
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The acquired pellicle is formed by the adsorption of heterogeneous salivary proteins to 

dental enamel hydroxyapatite promoting the adhesion of S. mutans through specific and 

nonspecific mechanisms (Shimotoyodome et al, 2007). Streptococcus mutans readily 

adheres to hydroxyapatite treated with proline-rich proteins (PRPs). Particular organisms 

will therefore bind to different regions of the acidic PRPs. The mutans streptococci 

usually bind to the glucan receptor present on the tooth surface (acquired pellicle) with a 

glucan binding protein (Marsh and Martin, 1999). There are however a number of 

proteins that function as adhesins. 

  

Figure 1.2: Spherical or oval, white colonies of Streptococcus mutans cultured on 

blood agar for 48 hours at 37 °C under CO2. 
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Streptococcus mutans also synthesizes extracellular polysaccharides (Figure 1.3) from 

carbohydrates especially dietary sucrose. Polysaccharides are condensation polymers of 

monosaccharides which are joined together by glycosidic bonds (Smelcerovic et al, 

2008). The polysaccharides produced may be soluble which are more labile and are often 

metabolized by other bacteria or insoluble which contributes to the structural integrity of 

the plaque and facilitates with the attachment of bacteria within the plaque. Sucrose is 

more readily metabolized because it acts as a substrate as the glucose and fructose bond 

moieties have sufficient energy on cleavage to support polysaccharide synthesis (Marsh 

and Martin, 2009).  

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1.3: The metabolic fate of dietary carbohydrates in the mouth (Marsh and Martin, 

1999). 
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Polysaccharides are synthesized by glucosyltransferases (GTFs). Streptococcus mutans 

produces three GTFs, GTF B which synthesizes α 1,3-linked insoluble glucans, GTF C 

synthesizes α 1,6-linked soluble and insoluble glucans and GTF D which is responsible 

for the synthesis of the soluble glucans. However, the essential virulence factors 

associated with dental caries are GTF B and C (Koo et al, 2003). The mixed-linkage (α 

1,3, α 1,6) water-insoluble glucans are collectively referred to as mutans. A high content 

of α 1,3-linkages are mostly associated with water insolubility and α 1,6-linked side 

chains contributes to the adhesive properties of the biopolymers (Wiater et al, 2004). The 

size and structures of mutans produced is dependant upon the type of GTF and mutan 

properties depend on the relative activity and interactions of different GTF enzymes 

(Colby and Russell, 1997). Mutans contribute to the stabilization of the plaque biofilm by 

mediating the attachment of bacteria to the tooth surface and to each other (Wiater et al, 

2004). They are also resistant to enzymes present in plaque. Water-insoluble glucans 

comprise approximately 1.5 % of the total dry material of dental plaque.  

 

Streptococcus mutans also produces fructosyltransferase (FTF), which acts as a catalyst 

for the synthesis of fructan from fructose derived from sucrose (Ebisu et al, 1975). 

Fructans are usually metabolized during periods of nutrient deprivation. One of the main 

types of fructans are levans which are naturally occurring homopolymers of fructose. Its 

main chain is composed of repeating five-member fructofuranosyl rings which are 

connected by β-2,6 links and branched at C-1. Bacterial levans are large ranging from 2 - 

100 million Da and are synthesized by a single inducible exoenzyme, levansucrase which 

utilizes sucrose as a substrate (Smelcerovic et al, 2008).   
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1.1.2.2  Lactobacillus species 

1.1.2.2.1  Habitat, morphology and growth requirements   

Lactobacilli are saprophytes that comprise a group of more than 80 species that inhabit 

ecological habitats such as plants, animals, dairy products, the oral cavity (less than 1%), 

gastrointestinal tract and female genital tract (Caufield et al, 2007; Samaranayake, 2002). 

They are cylindrical cells (large or small rods), rounded, square or tapered at the ends and 

are approximately 0.2 to 1 µm in diameter and 10 µm in length. The majority of the 

Lactobacilli grow readily under anaerobic conditions, however they are capable of 

growing under a low oxygen tension with 5 – 10 % carbon dioxide (Nisengard and 

Newman, 1994). They grow at an acidic pH (6.0) under microaerophilic conditions. 

Growth is favored by a media enriched with glucose or blood (Samaranayake, 2002). The 

most commonly used agar is Rogosa agar (Figure 1.4).  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4: Round, white colonies of Lactobacillus casei cultured on 

Rogosa agar for 48 hours at 37 °C under CO2. 
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1.1.2.2.2  Pathogenicity of Lactobacilli 

Lactobacilli are the major etiological agents of dental caries and are implicated in the 

progression of caries (Caufield et al, 2007). The most common species present in the oral  

cavity are L. planetarium, L. salivarius, L, oris and L. casei (Nisengard and Newman, 

1994). They have been isolated in high numbers in both superficial and deep carious 

lesions where the pH tends to be acidic (Byun et al, 2004). Lactobacilli are usually the 

secondary invaders as they are only associated with caries after the lesion is formed and 

predominate in advanced lesions in adults (Caufield et al, 2007).  

 

They may be classified into three groups namely, homofermenters which produce lactic 

acid from glucose fermentation (L. casei), heterofermenters which produce acetate, 

ethanol, carbon dioxide as well as lactic acid (L. fermentum) and facultative 

heterofermenters which primarily produce lactic acid but also have inducible enzymes 

capable of producing other fermentation products (Samaranayake, 2002). They are 

prolific lactic acid producers because they ferment carbohydrates to form acids and have 

a high tolerance for acidic environments (Samaranayake, 2002). Some Lactobacilli are 

capable of producing extra and intracellular polysaccharides. 

 

1.1.2.3  Pathogenesis of dental caries 

The mechanism of dental caries is similar for all types of caries. The causative bacteria, 

S. mutans have three properties that distinguish them from other bacteria, namely: (1) the 

rapid transportation of sugars if in competition with other plaque bacteria, (2) the ability 

to rapidly produce acid from these sugars, (3) acidogenic and aciduric properties which 
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allow them to maintain these activities under extreme environmental conditions and 

influence the local pH values in the mouth causing it to drop, resulting in 

demineralization of the teeth (Marsh and Martin, 1999). Demineralization occurs due to 

the loss of hydroxyapatite crystals when acid diffuses into the enamel, dentin or 

cementum of the teeth (Featherstone, 2004).  

 

The causative bacteria colonize and live on the non-shedding surfaces of the teeth in 

microcolonies encapsulated in an organic matrix of polysaccharides, salivary proteins and 

DNA secreted by cells (Selwitz et al, 2007). This allows them to be protected from host 

defenses and offers resistance to antimicrobial agents. Cavitation my eventually result if 

there is continuous diffusion of carbonate, calcium and phosphate out of the teeth leading 

to demineralization. This is usually caused by acidogenic and aciduric bacteria. 

Demineralization of dentin results in the exposure of the collagen fibrils. Bacterially 

derived enzymes particularly proteolytic enzymes such as proteases usually produced by 

gram-negative anaerobic bacteria then breakdown the collagen present in the dentin 

(Clarkson et al, 1986; Kawasaki and Featherstone 1997). Therefore, the pathology of 

dental caries is mainly associated with bacterial metabolism. This causes the destruction 

of biomolecules due to catabolism of nutrients present in saliva, the host’s diet, reactive 

oxygen species and other factors (Lemos and Burne, 2008).     

 

1.1.2.4  Control and Prevention  

Control and prevention of bacteria, particularly S. mutans and Lactobacilli which are 

found in biofilm (dental plaque) is important. Prevention and control of dental plaque will 
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in turn control dental caries. This can be achieved by controlling plaque formation or 

removing fully formed plaque. 

 

1.1.2.5  Natural prevention of dental plaque 

The mouth retains moisture and lubrication due to the presence of saliva which flows 

over all internal surfaces of the oral cavity (Marsh and Martin, 1999). Saliva is produced 

by and enters the mouth via the submandibular and sublingual glands and the major 

paired parotid and minor glands. Saliva has four important functions in the maintenance 

of oral health: (1) lubrication and mechanical washing action which are powerful 

mechanisms causing bacteria to be washed and swallowed thus killed my gastric acid, (2) 

buffering action (bicarbonate system) and pH which prevents colonization of pathogenic 

microorganisms by stabilizing pH to about 6.7 keeping the mouth alkaline, (3) 

maintenance and tooth integrity, (4) antibacterial activity due to the presence of 

immunoglobulins that may act as specific agglutinins which interact with surface 

receptors present on bacteria (Humphrey and Williamson, 2001; Nisengard and Newman, 

1994). Saliva contains proteins and glycoproteins such as lactoperoxidases which alters 

the metabolism of plaque bacteria and lactoferrin and lysozymes that inhibit the growth 

and colonization of exogenous bacteria. These proteins and glycoproteins are also a 

source of nutrients to resident microflora and adsorb to the tooth surface forming the 

acquired pellicle to facilitate the attachment of microorganisms which are later cleared 

from the mouth by swallowing (Marsh and Martin, 1999).  
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Dental caries may also be controlled by good oral hygiene practices such as the 

mechanical removal of plaque by brushing teeth regularly. A reduction in the amount and 

the frequency of sugar intake may reduce the chances of developing caries, therefore a 

healthy diet should be maintained. Another approach is the application of fissure sealants 

containing antimicrobial compounds which acts as a barrier over caries prone areas such 

as occlusal pits and fissures (Marsh and Martin, 1999). 

 

1.1.2.6  Chemicals used in prevention and control  

1.1.2.6.1  Chlorhexidine gluconate  

Chemical agents have also shown to be potentially effective against dental caries 

(Nisengard and Newman, 1994). Chlorhexidine gluconate (CHX) is an antimicrobial 

agent that inhibits fungi, gram-positive and gram-negative bacteria present in the oral 

cavity. It targets the membrane structure of bacteria through electrostatic forces that 

allow the binding to the negatively charged sites on the bacterial wall causing leakage of 

intracellular components (Dogan et al, 2003). It is used as a mouthwash and has proven 

to be effective on fully formed plaque and in the inhibition of plaque formation. Oral 

surfaces also have the ability to absorb CHX which is later slowly released (substantivity) 

for a prolonged effect (Dogan et al, 2003). 

 

1.1.2.6.2  Fluoride 

The most effective and widely used chemotherapeutic method involves the utilization of 

fluorides. Fluoride exerts a topical and systemic effect after ingestion (Marsh and Martin, 

1999). Topical mechanisms of action involve the inhibition of bacterial metabolism due 
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to the diffusion of the hydrogen fluoride molecule into bacterial cells when plaque is 

acidified, prevention of demineralization at the crystal surfaces and remineralization by 

functioning as a catalyst allowing the diffusion of phosphate and calcium into the tooth 

(Featherstone, 2000). This produces a rebuilt crystalline structure more resistant to acid 

(Selwitz et al, 2007). The systemic effect is achieved through supplementation by tablets. 

Oral fluids generally have low levels of fluoride which forms the thermodynamically 

stable fluorapatite when it interacts with the surface of the enamel or erupted teeth. 

Fluorapatite displays high resistance to acid dissolution. Fluoride also has the ability to 

inhibit the metabolism of plaque bacteria by reducing glycolysis through inhibition of 

enolase, inhibiting sugar transport, inactivating key metabolic enzymes by acidifying the 

interior of cells, inhibiting the synthesis of intracellular storage compounds and altering 

the bacterial membrane permeability thereby interfering with the structural integrity of 

the plaque biofilm (Marsh and Martin, 1999). 

 

1.1.2.6.3  Iodine 

Iodine is a widely used effective antiseptic. It is active against a variety of 

microorganisms such as bacteria, fungi, protozoa, viruses and yeasts (Zinner et al, 1961). 

However, its use intraorally is more limited due to its insolubility and instability as well 

as its staining and irritating properties. It has been successfully used for the preparation of 

oral mucosal sites before surgery. Iodine has been proven to exhibit antiplaque activity 

against preformed plaque. Studies have shown that the number of viable microorganisms 

in saliva and gingival crevices are reduced by the administration of prophylactic topical 

iodine (Tanzer et al, 1977).  
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1.1.2.6.4  Triclosan 

Triclosan is a lipophilic, water insoluble chemical used as an antibacterial agent in 

toothpastes, and other oral related products (Loftsson et al, 1999). Triclosan is 

approximately 65 % as effective as CHX and studies have shown a reduction in plaque 

ranging between 0 and 30 % over a period of six months (Nisengard and Newman, 1994). 

Also, the availability and substantivity of triclosan is significantly less than that of CHX. 

The antiplaque effect of triclosan can be improved by the addition of other compounds 

such as triclosan containing liposomes and triclosan/copolymer dentrifice (Loftsson et al, 

1999). 

 

1.1.2.6.5  Essential oils 

Essential oils are natural, complex, multi-component systems composed of a mixture of 

phenolic compounds and methylsalicylate contained in mouthwashes which exhibit 

moderate antiplaque activity resulting in plaque reduction as proven by clinical trials 

(Edris, 2007; Nisengard and Newman, 1994).  Essential oils are usually extracted from 

different parts of the aromatic plant by distillation (Edris, 2007). They have been used 

against a wide variety of bacteria and fungi including oral pathogens (Filoche, 2005). 

Essential oils have been used for many years in oral hygiene products such as the 

mouthrinse Listerine, whose efficacy has been reported since the 1890s.  

 

1.1.3  Periodontal diseases  

The prevalence of periodontal diseases (disease of the supporting structure of teeth) is 

relatively high and affects up to 90 % of the population (Pihlstrom et al, 2005). The 
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progression of plaque formation around the gingival margin and the subgingival region 

leads to periodontal diseases (Koo et al, 2000). Periodontal diseases are usually classified 

into two groups, those that affect only the gingiva causing gingivitis and those that cause 

the destruction of the underlying structures on the periodontium including bone causing 

periodontitis (Williams, 1990). 

 

Gingivitis, the mildest form of periodontal disease, is the inflammation of the gingiva 

which causes it to undergo changes in appearance and can be characterized by bleeding 

of gingival crevices (Nisengard and Newman, 1994). It is characterized by a change in 

the position of the gingival margin, redness and swelling (Figure 1.5, page 17). It is often 

a direct immune response due to the microbial plaque build-up on the teeth surface and is 

reversible as it does not affect the underlying supporting structures of the teeth (Kinane, 

2001; Pihlstrom et al, 2005). A severe form of gingivitis is acute necrotizing ulcerative 

gingivitis (trench mouth or Vincent’s infection) which is often seen in adolescents and 

immunocompromised individuals. This is characterized by pain and tissue necrosis 

(Williams, 1990). Gingivitis is influenced by several factors such as hormonal 

disturbances, smoking, drugs, diseases such as diabetes and medication that reduces 

salivary flow. 
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Periodontitis arises when inflammation of the deeper structures of the periodontium 

occurs (Figure 1.6, page 18). This results due to the spread of infection from the gingiva 

to the periodontal ligament and alveolar bone and is characterized by the formation of 

periodontal pockets, mobility of teeth and eventually loss of bone. Periodontal pockets 

are formed due to the destruction of the periodontal ligament and the resorption of the 

alveolar bone which causes the gingiva to migrate along the root surface (Williams, 

1990). Progression of the disease involves the rapid destruction of tissue followed by 

some repair and disease remission periods (Listgarten, 1986). The initiation of disease 

development is dependent upon the formation of plaque above and below the gingival 

margin (Koo et al, 2000). This plaque contains capnophilic and obligatory anaerobic 

bacteria. 

Figure 1.5: Redness and swelling of gingiva and plaque build-up on 

teeth surfaces (Wen, 1985). 
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1.1.3.1  Microorganisms of periodontal diseases 

Many anaerobic oral bacteria cause periodontal diseases but the primary causative gram-

negative anaerobic bacteria are Porphyromonas gingivalis, Prevotella intermedia, 

Capnocytophaga spp. and Fusobacterium nucleatum. These are opportunistic pathogens 

which do not readily induce disease in a healthy host but rather in an 

immunocompromised one. Therefore, they are present in periodontally healthy subjects 

in the sub- and supragingival plaques (Cortelli et al, 2008).  

 

1.1.3.1.1  Porphyromonas gingivalis 

Porphyromonas gingivalis are obligate anaerobes that grow only in the absence of 

oxygen (Hansen et al, 2000). They are most commonly found at subgingival sites in 

patients with advanced periodontal diseases and are very rarely recovered from the 

Figure 1.6: Severe periodontitis: Swelling of gingiva due to the plaque 

formation above and below gingival margin (Wen, 1985). 
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tongue and tonsils. These bacteria are non-motile, short, pleomorphic gram-negative rods 

that grow with dark pigmentation on media containing lysed blood (Figure 1.7, page 20). 

Identification is usually based on biochemical characteristics, although DNA and 

molecular probing has been successfully implemented to identify these organisms from 

plaque samples (Samaranayake, 2002). They are the key causative agents of adult 

periodontitis (Brochu et al, 2001).  

 

Pathogenic factors include fimbriae which mediates adhesion to sites to facilitate 

colonization and a capsule to protect it against phagocytosis. The main virulence factor is 

the production of gingipains such as Arg-gingipain and Lys-gingipain which are cysteine 

proteases responsible for the trypsin-like activity of the bacterium (Lourbakos et al, 

2010). There are three different genes present that are responsible for encoding arginine –

X-specific cysteine proteases and lysine-X-specific cysteine proteases and these are 

responsible for most of the proteolytic activity. Two genes code for an Arg-specific 

(RgpA and RgpB) and one for a Lys-specific (Kgp) protease (Potempa et al, 2003). They 

are responsible for the degradation of human plasma and tissue component proteins 

including immunoglobulin G, haemoglobin, bio-active peptides, fibrinogen and collagen 

and the modulation of host cytokine networks (Brochu et al, 2001; Yamanaka et al, 

2007). Other virulence factors include, lipopolysaccharides, haemagglutinin, complement 

and haem-sequestering proteins (Samaranayake, 2002). Porphyromonas gingivalis also 

has the ability to inhibit the accumulation of IL-8 which is dependant upon the invasion 

of the epithelial cells by the bacteria itself (Lourbakos et al, 2010). 
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1.1.3.1.2  Prevotella intermedia 

Prevotella intermedia are predominantly present in the human oral cavity. They are non-

motile, gram-negative rods that are identified as brown-black colonies on blood agar 

(Figure 1.8, page 21) and give off a brick red fluorescence when exposed to ultraviolet 

light (Samaranayake, 2002; Nisengard and Newman, 1994). Identification is usually 

achieved by the use of molecular techniques (Samaranayake, 2002). Prevotella 

intermedia ferment sugars by producing β-galactosidase. They are usually dominant in 

individuals suffering from moderate-to-severe gingival inflammation, acute necrotizing 

ulcerative gingivitis and chronic adult periodontitis (Nisengard and Newman, 1994). 

Figure 1.7: The black pigmented colonies of Porphyromonas gingivalis cultured on 

blood agar for 7 days at 37 °C under anaerobic condition.  
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Pathogenicity of P. intermedia involves the degradation of immunoglobulins, invasion of 

eukaryotic cells and immunosupression of B and T cells (Silva et al, 2003). Tissue 

destructive factors include the production of various enzymes such as acid and alkaline 

phosphatase and a trypsin-like enzyme and gelatinase. Toxic factors include, ammonia, 

epitheliotoxins, endotoxins, fibroblast growth inhibitors and indole. It is also responsible 

for the production of IgG and C3 proteases and superoxide dismutase to counteract host 

defenses. Colonization by the bacterium is facilitated by a capsule and pili (Nisengard 

and Newman, 1994). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.8: Black pigmented colonies of Prevotella intermedia cultured on blood 

agar for 7 days at 37 °C under anaerobic condition. 
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1.1.3.1.3  Fusobacterium nucleatum 

Several subspecies of F. nucleatum have been identified. The most common are those 

that may be found in healthy gingival crevices (F. nucleatum subsp. polymorphum) and 

in periodontal pockets (F. nucleatum subsp. nucleatum). These bacteria are anaerobic, 

non-sporing, non-motile, gram-negative cigar-shaped bacilli with pointed ends (Bolstad 

et al, 1996; Samaranayake, 2002). Cells are 5 to 10 µm long and are most commonly 

isolated from dental plaque. They require rich media for growth such as blood agar 

(Figure 1.9, page 23) or media containing trypticase, peptone or yeast extract and may be 

identified by dull, granular colonies with an irregular rhizoid edge (Samaranayake, 2002).  

 

Fusobacterium nucleatum is characterized by its ability to produce an endotoxin that is 

involved in pathogenesis (Bakken et al, 1990). Also produced are butyrate, propionate 

and ammonium ions which inhibit the proliferation of human gingival fibroblasts thus 

compromising the potential for rapid wound healing. They have the ability to penetrate 

the gingival epithelium and are present in high amounts in plaque associated with 

periodontitis. These factors provide F. nucleatum with an etiological role in periodontal 

diseases (Bartold et al, 1991; Singer and Buckner, 1981). It is the causative agent of 

halitosis as it is capable of removing sulphur from cysteine and methionine which results 

in the production of odoriferous hydrogen sulphide and methylmercaptan (Samaranayake, 

2002).  
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1.1.3.1.4  Capnocytophaga species 

The genus Capnocytophaga consists of gram-negative, fermentative, facultative 

anaerobes that grow under capnophilic conditions (Socransky et al, 1979). They include 

three species namely, C. ochracea, C. sputigena and C. gingivalis (Sinnott et al, 1988).  

Their natural habitat is the human oropharynx and they are predominantly isolated from 

the subgingival area, characterized by long, thin fusiform cells with gliding motility. 

Colonies of pink, yellow or white are usually spread over the agar surface and are 

characteristic of Capnocytophaga spp. (Figure 1.10, page 24). They are identified by their 

cell morphology and gliding motility as well as by biochemical reactions and acid end-

Figure 1.9: Dull, white granular colonies with irregular rhizoid edges of 

Fusobacterium nucleatum cultured on blood agar for 7 days at 37 °C under 

anaerobic condition. 
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products (Samaranayake, 2002). Studies have shown that these bacteria are responsible 

for alveolar bone loss in gnotobiotic rats and are known to cause human neutrophil and 

fibroblast dysfunction in vitro (Crawford et al, 1977; Irving et al, 1976; Stevens et al, 

1980). They are the major cause of sepsis in individuals with malignancy complicated by 

profound granulocytopenia and oral mucositis. Species belonging to this genus have also 

been implicated in juvenile periodontal diseases and periodontal diseases associated with 

insulin-dependent diabetes mellitus (Forlenza et al, 1981). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surface attachment may be mediated by external appendages, membrane capsules and 

vesicles and endotoxic lipopolysaccharides. Colonization of the oral cavity then takes 

place through bacterial interactions, host, nutritional and physical and chemical factors. 

Figure 1.10: White spreading colonies of Capnocytophaga species cultured 

on blood agar for 7 days at 37 °C under CO2. 
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The unique gliding motility serves as a transport system to transport black-pigmented 

organisms such as Bacteroides and other non-motile pathogenic organisms from one oral 

site to another playing a role in pathogenesis (Slots and Genco, 1984).  They produce a 

dialyzable heat stable protein that induces abnormalities in neutrophil morphology and 

inhibits chemotaxis and a protease that is capable of cleaving human IgAI in the oral 

cavity (Sinnott et al, 1988). 

 

1.1.3.2  Pathogenic characteristics   

Periodontal pathogens have virulence factors that cause direct damage to the 

periodontium (Rose et al, 2000). Infection by these pathogens causes an imbalance in 

host machinery performing protective and destructive functions. The common virulence 

factor among the pathogens is the production of proteases (Nisengard and Newman, 

1994). However, both the host and the bacteria in the periodontal biofilm are responsible 

for the release of proteolytic enzymes that cause tissue destruction (Pihlstrom et al, 

2005). These proteases are responsible for the destruction of the gingival tissue and of the 

collagen bridges in the gingival crevices.  

 

Direct toxic effects may also be due to the production of toxins, mitogens and antigens 

that trigger host cells (Rose et al, 2000). Periodontal pathogens have the ability to kill 

neutrophils thus evading the neutrophil-protective response exhibited by the host. 

Bacteria produce chemotactic peptides which recruit neutrophils to the sites of infection; 

they damage the epithelial cells resulting in the release of cytokines that further attract 

neutrophils. When these neutrophils become congested with bacteria, they explode 
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resulting in the release of toxic enzymes that cause tissue damage (Kinane, 2001). The 

induction of macrophages and fibroblasts leads to the production of metalloproteinases 

which destroy the extracellular matrix components of the gingiva including the 

periodontal ligament, inflammatory cytokines such as IL-1 and reactive oxygen species 

which in turn lead to the destruction of connective tissue and to the resorption of the 

alveolar bone. They are able to penetrate the gingival epithelium by secreting endotoxins, 

immunologically active compounds and cytotoxic enzymes directly to host inflammatory 

cells (Loesche, 2010). These are usually accompanied by the release of bacterial 

leucotoxins, collagenases, fibrinolysins and other proteases (Pihlstrom et al, 2005).  

 

1.1.3.3  Control and Prevention   

There are primarily two factors that need to be targeted for the control and prevention of 

periodontal diseases. These include the removal of plaque and calculus around the teeth 

and the maintenance of good oral hygiene practices (Ismail et al, 1993).  

 

1.1.3.3.1  Mechanical control 

Clinical trials confirm that effective plaque removal by brushing every 12 - 24 hours is 

associated with healthy periodontium tissues. Professional care such as scaling and 

polishing of teeth may also prove to be effective. Scaling involves the use of sharp dental 

instruments to remove calcified dental plaque and bacteria around gingival tissues and 

inside the gingival pocket. Removal of stains and plaque is then achieved by addition of 

an abrasive. Another method of prevention is root planing. Root planing may involve the 
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surgical exposure of the root through the opening of the gingival flap (Pihlstrom et al, 

2005). 

 

1.1.3.3.2  Chemical control 

An alternative to these procedures involves the use of antimicrobial agents. Many 

products are commercially available containing different types of antimicrobial 

compounds. These include the use of oral rinses that may contain antimicrobials such as 

CHX, iodine, triclosan and essential oils that also control dental caries (see 1.1.2.6). 

Mouthwashes and toothpastes may also contain biocides, surfactants and polymers that 

have the potential to reduce biofilm (Pihlstrom et al, 2005).  

 

Another alternative is systemic antibiotic therapy aimed at combating severe periodontal 

infections (Slots and Ting, 2002). Antibiotics may be defined as synthetic organic 

substances that have the potential to kill or inhibit selective microorganisms when used in 

low concentrations (Slots, 2004). Systemic antibiotics target the periodontal tissues and 

pockets and can affect organisms that are usually not reached by cleaning instruments or 

topical anti-infective chemotherapeutics. Therapy may also suppress periodontal 

pathogens present on the tongue and other oral surfaces. The most common antibiotics 

used in the treatment of periodontal diseases are metronidazole, clindamycin, 

penicillins/amoxicillin and tetracycline/doxycycline (Slots, 2004). These antibiotics may 

also be used in combination with each other. This is referred to as combination therapy 

(Slots and Ting, 2002). This is often used in periodontitis caused by a variety of 
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periodontal pathogens that differ in antimicrobial susceptibilities and to cover aerobic and 

anaerobic bacteria. 

 

1.1.4  Medicinal Plants   

Natural products have been used for thousands of years in folk medicine for various 

human diseases in many parts of the world (Koo et al, 2000). The high incidence of oral 

diseases and the increased resistance by bacteria to antibiotics are the main reasons for 

the development of alternative prevention and treatment options (Palombo, 2009). 

Synthetic chemical antimicrobial agents such as CHX and triclosan have broad and 

strong antimicrobial properties but also have long term side effects such as the 

disturbance of the oral bacterial ecology and intra oral staining, thus providing another 

reason for the development of alternative treatments (Ciancio, 2007; Phan and Marquis, 

2006). The use of indigenous medicinal plant extracts and natural products as alternative 

antimicrobial agents in the treatment of oral diseases has been reported (Tapsoba and 

Deschamps, 2005). These natural products serve as a useful source of biologically active 

compounds which have been involved in the development of new chemicals for 

pharmaceuticals.  

 

Of the 500 000 plant species occurring worldwide, only 1 % has been phytochemically 

investigated, therefore there is still great potential for the discovery of more useful 

bioactive compounds. Studies have investigated the effect of plant extracts and plant 

products against oral pathogens and the ability of the plant to inhibit the adhesion of 
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pathogenic microorganisms to the surface of the tooth thereby inhibiting biofilm 

formation (Palombo, 2009).   

 

An example of such an agent is sanguinarine, an extract from the rhizome of the 

Sanguinaria canadensis plant (Dzink and Socransky, 1985). This has been used in oral 

rinses that are commercially available and has shown to be effective against a wide range 

of organisms such as fungi, yeasts and phages. Another natural agent that has been used 

for thousands of years is the chewing stick and its extracts (Almas and Al-Lafi, 1995; 

Kassu et al, 1999; Lafl and Ababneh, 1995). The most common source of chewing sticks 

is the Salvadora persica plant. These sticks contain large amounts of fluoride and silica 

which are beneficial and help reduce plaque. Other substances that have proven to exhibit 

antibacterial activity include, spice and herb extracts like cinnamon bark oil, papua-mace 

extracts and clove bud oil (Palombo, 2009). 

 

Propolis has been extensively researched and it is commercially available. Propolis is a 

resinous hive product from tree buds, collected by bees and mixed with beeswax (Koo et 

al, 2000). Its pharmacological activities have been proven as an ethanol extract of 

propolis was able to serve as an anti-inflammatory, anaesthetic and cytostatic in studies 

performed and cited by Ghisalberti (1979), Bankova et al, (1989) and Grange and Davey 

(1990). It serves as a successful antimicrobial as it is active against a wide range of oral 

bacteria and also affects the adherence of S. mutans and S. sobrinus to glass and inhibits 

the synthesis of water soluble glucan (Koo et al, 2000).  
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1.1.5  Dodonaea viscosa var. angustifolia  

Dodonaea viscosa var. angustifolia is a dioecious or monoecious indigenous South 

African plant that grows mainly in the coastal regions (Figure 1.11, page 31) belonging to 

the Sapindaceae family (Van Wyk et al, 2002). The long, narrow leaves and tips are the 

main components of the plant that are used for medicinal purposes (Figure 1.12 and 1.13, 

page 32). It has traditionally been used for the treatment of fever, colds, influenza, 

stomach trouble, oral thrush, pneumonia, tuberculosis, measles and has been used as an 

antipyretic (Van Wyk et al, 2002). The stem or leaf infusions are often used to treat sore 

throats, fever, rheumatism and aches. The origin of D. viscosa is said to be Australia. It is 

also found in regions such as India, New Zealand, Mexico, Northern Mariana Islands, 

Virgin Islands, South America and Florida (Reddy, 2009). It is most popularly known as 

the sand olive, hop bush or hop seed bush. The roots along with other plant parts may be 

used to treat sprains, bruises, burns and wounds (Rani et al, 2009). Digestive system 

disorders such as indigestion, ulcers, constipation and diarrhea are also treated using the 

leaves and roots. 

 

This plant contains diterpenoids, triterpenes, flavonoids, saponins and a complex mixture 

of other phenolic compounds (Rani et al, 2009; Van Wyk et al, 2002). The therapeutic 

activity is associated with polyvalent pharmacological effects occurring due to a 

synergistic combination of several constituents instead of a single isolated one (Reddy, 

2009). Four kaempferol methyl ethers that showed antibacterial and antioxidant activities 

have been isolated from D. viscosa Jacq. var. angustifolia leaf extracts (Teffo et al, 

2010). Dodonaea viscosa var. angustifolia is known to have antimicrobial and anti-
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inflammatory activity (Pirzada et al, 2010 and Getie et al, 2003). The antibacterial and 

antifungal properties of this plant have been investigated and was found to inhibit gram-

positive bacteria such as Staphylococcus aureus, Micrococcus luteus, Escherichia coli, 

Pseudomonas aeruginosa and fungi such as Candida albicans (Khurram et al, 2009; 

Khurram et al, 2011). The essential oils and extracts obtained from the leaves are 

responsible for this activity. The plant has also proven to have antiviral activity against 

HIV types 1 and 2 (Asres et al, 2001). Derivatives from the seeds, bark and leaves such 

as 3-methoxy flavones exhibit antiviral activity against poli-, rhino- and picorna-viruses 

(Rani et al, 2009).  Its anticandida activity has also been proven by the performance of in 

vitro studies by Patel and Coogan (2008), including the ability to inhibit the adherence of 

C. albicans to oral epithelial cells thereby inhibiting the initial stage of colonization and 

infection (Patel et al, 2009).  

To date nothing is known about the effect of this plant on oral opportunistic 

pathogens which coexist with C. albicans in the oral cavity. 

 

 

 

 

 

 

 

 

 

Figure 1.11: The indigenous plant Dodonaea 

viscosa var. angustifolia may be found in these 

regions (green on map) in South Africa (Van Wyk 

et al, 2002). 
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Figure 1.13: The long, narrow leaves and flowers of Dodonaea 

viscosa var. angustifolia. 

Figure 1.12: The dioecious or monoecious plant 

Dodonaea viscosa var. angustifolia. 
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1.2  Aim   

The purpose of this study was to investigate the antimicrobial effect of D. viscosa var. 

angustifolia on oral pathogens that cause dental caries and periodontal diseases and the 

effect of D. viscosa var. angustifolia on the pathogenicity of S. mutans and P. gingivalis. 

 

1.3  Specific Objectives 

 To determine the most effective D. viscosa var. angustifolia crude extract and 

minimum bactericidal concentration against S. mutans, Lactobacillus spp., P. 

gingivalis, P. intermedia, F. nucleatum and Capnocytophaga spp.  

 To determine the effect of the subinhibitory concentration of crude plant extract 

on preformed biofilms of S. mutans. 

 To determine the effect of the subinhibitory concentration of crude plant extract 

on S. mutans biofilm formation. 

 To analyze the extracellular polysaccharide production by S. mutans biofilm and 

planktonic cells after treatment with subinhibitory concentration of crude plant 

extract. 

 To determine the effect of the subinhibitory concentration of crude plant extract 

on the acid production by S. mutans biofilm and planktonic cells. 

 To study the effect of the subinhibitory concentration of crude plant extract on 

the production of proteases by P. gingivalis. 
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CHAPTER 2: MATERIALS AND METHODS 

 

2.1  Plant Material 

Plant material harvested in April 2010 was collected from the Pypeklipberg, Mkhunyane 

Eco Reserve in Mpumalanga, South Africa. The plant was identified as Dodonaea 

viscosa var. angustifolia Benth. belonging to the family Sapindaceae by Mrs. Ranee 

Reddy, a taxonomist, from the Herbarium at the University of the Witwatersrand. 

Voucher specimens number J 94882, were previously deposited in this Herbarium (Patel 

and Coogan, 2008). 

 

2.2  Plant extract  

Leaves of D. viscosa var. angustifolia were dried in the shade and milled to a fine 

powder. Extracts were prepared using a method described by Eloff, (1999). One gram of 

powder was mixed with 10 ml of acetone (Merck Chemicals Pty. Ltd, SA), vortexed for 5 

minutes using Genie 2 (Lasec, SA) and centrifuged at 10000 rpm for 10 minutes using a 

micro centrifuge 5424 (Merck Chemicals Pty. Ltd, SA). The supernatant was collected in 

a pre-weighed 100 ml beaker. The above procedure was repeated three times using the 

same powder. All three supernatants were pooled together in the same beaker and acetone 

was allowed to evaporate under a cold air stream. The beaker was weighed again with the 

dried plant extract. A yield of dried extract was calculated by subtracting the weight of 

the empty beaker from the weight of the beaker with the plant extract. Similarly 

extractions were prepared using two other solvents; methanol (Merck Chemicals Pty. Ltd, 

SA) and ethanol (Sigma-Aldrich, SA). The crude extracts were then re-dissolved in 
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dimethyl sulphoxide (Sigma-Aldrich, SA) to yield a final solution containing 50 mg of 

crude plant extract per ml of solution. Fresh plant extracts were prepared for each 

experiment. 

  

2.3  Bacterial cultures 

Streptococcus mutans NCTC 10919 and clinical strains of S. mutans, Lactobacillus casei, 

Lactobacillus spp., P. gingivalis, P. intermedia, F. nucleatum and Capnocytophaga spp. 

were used throughout the study. All the test strains were isolated from the oral cavities of 

patients attending clinics at Wits Oral and Dental teaching Hospital, Johannesburg. 

Ethical clearance, clearance number (M10205) was obtained from The Committee for 

Research on Human Subjects (Medical), University of the Witwatersrand (Appendix 3, 

page 135). Streptococcus mutans and Lactobacillus spp. were isolated from saliva and P. 

gingivalis, P. intermedia, F. nucleatum and Capnocytophaga spp. from periodontal 

pocket debris samples. Four strains of S. mutans and Lactobacillus spp. were randomly 

selected, identified and used in the study. Lactobacillus spp. strains were identified using 

a gram reaction and cultural characteristics. Streptococcus mutans strains were identified 

using cultural characteristics and a series of biochemical reactions using the Analytical 

Profile Index (API) 20 Strep standardized system (BioMerieux, SA).  

 

This system comprised of 20 biochemical reactions that allow for identification of 

streptococci and enterococci. The biochemical reactions took place on cardboard strips 

that contain dehydrated substances incorporated into microtubules. The substances were 

rehydrated with the addition of inoculum. The microtubules of the strip containing the 
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tests based on enzymatic activity were inoculated with a dense suspension of a pure 

culture of organism which reconstituted the dehydrated enzymatic substrates. 

Fermentation tests were inoculated with an enriched medium that rehydrates the sugar 

substrates and carbohydrate fermentation was detected by a shift in the pH indicator. 

 

Strips were incubated for 4 hours to obtain the first reading and a further 24 hours to 

obtain a second reading according to a reading table supplied by the manufacturer (Table 

2.3.1, page 37). The metabolism of these substrates during incubation produced 

spontaneous colour changes or colour changes that were only revealed by the addition of 

reagents. Identification was obtained through the use of an API or identification software 

whereby a numerical profile was recorded on a results sheet. The tests were separated 

into groups of three and a value of one, two or four was indicated for each group. The 

values corresponding to positive reactions within each group were added together to 

obtain a 7-digit profile number. 

 

Streptococcus mutans NCTC 10919 and Lactobacillus casei were used as control strains. 

Streptococcus mutans was cultured on blood agar (Oxoid Ltd, UK) and Lactobacillus 

spp. on Rogosa agar (Condalab, SA). These were incubated in a candle jar (CO2) for 48 

hours. Porphyromonas gingivalis, P. intermedia and F. nucleatum were identified using a 

polymerase chain reaction (PCR) technique as described by Ashimoto et al, (1996) and 

Avila-Campos et al, (1999) by the staff of the Oral Microbiology Laboratory. 

Capnocytophaga spp. was identified by a gram reaction, morphology and cultural 
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Table 2.3.1 Reading table for API 20 Strep standardized system (BioMerieux, SA) 

characteristics. These strains were cultured on blood agar in an anaerobic jar for 7 days at 

37 °C and used throughout the study. 
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2.4  Antibacterial activity assay  

Minimum bactericidal concentration tests (MBC) were performed using a microtitre 

double dilution technique (Koo et al, 2000). These tests were carried out to obtain the 

lowest concentration of crude plant extract that resulted in the complete elimination of 

growth of bacteria. Generally minimum inhibitory concentration (MIC) is obtained to 

determine antibacterial properties. In this study, it was not possible to determine MIC 

because the crude plant extract precipitated with the culture medium. Instead MBC was 

determined where the concentration that caused complete killing of bacteria was 

recorded. 

 

 Two-fold dilutions of crude plant extracts were prepared using brain heart infusion 

(BHI) broth (Biolab Diagnostics Pty. Ltd, SA) for S. mutans and Rogosa broth for 

Lactobacilli. One hundred microliters of crude plant extract was added to each well of a 

96-well round bottom microtitre plate (Corning Incorporated, US) in varying initial 

concentrations of 50, 25, 12.5, 3.125, 1.56, 0.78 mg/ml. For anaerobic bacteria, plant 

extracts were diluted with tryptone soy broth (Biolab Diagnostics Pty. Ltd, SA) 

containing haem and menadione which was used for P. gingivalis and P. intermedia. 

Similarly, dilutions were prepared with tryptone soy broth for Capnocytophaga spp. and 

Fusi Form medium for F. nucleatum. Plant extracts were diluted 15 times (50 - 0.0006 

mg/ml) and 100 µl of each concentration was added to each well (Figure 2.1, page 39).  
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Figure 2.1: Microtitre plate showing the growth of Prevotella intermedia 

after an incubation period of 7 days at 37 °C under anaerobic condition 

with various concentrations of crude plant extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Colonies of bacterial cultures were emulsified in the respective media in which the plant 

dilutions were made for each organism. Optical density was measured at 405 nm and 

adjusted to 0.2 which had approximately 10
7 

CFU/ml. These suspensions were used as 

inoculums. One hundred microliters of inoculums were transferred into each well of a 

microtitre plate and was incubated for 48 hours at 37 ºC under CO2 (S. mutans and 

Lactobacillus spp.), 4 days at 37 °C under CO2 (Capnocytophaga spp.) and 7 days at 37 

°C under anaerobic condition (P. gingivalis, P. intermedia, F. nucleatum). The addition 

of inoculum diluted the plant extract by half giving the first well a concentration of 25 

mg/ml and subsequent wells had two-fold dilutions. After incubation each dilution was 



 40 

subcultured on blood agar (S. mutans and periodontal pathogens) and Rogosa agar 

(Lactobacillus spp.) to detect the viable bacteria. The lowest concentration that had no 

growth or viable bacteria was recorded as MBC for that test organism. Minimum 

bactericidal concentration experiments for acetone, methanol and ethanol extracts were 

repeated three times for each of the five S. mutans and Lactobacillus spp. test strains. For 

P. gingivalis, P. intermedia, F. nucleatum and Capnocytophaga spp. minimum 

bactericidal concentration experiments were repeated three times using the three extracts. 

Median MBC was calculated for each organism and extract.  

 

Crude extracts prepared using the solvent ethanol was used in subsequent experiments. 

From the results, subinhibitory concentrations of crude ethanol plant extract for S. mutans 

and P. gingivalis were selected for the subsequent experiments. For S. mutans the 

subinhibitory concentration was 0.78 mg/ml and for P. gingivalis they were 0.02, 0.01, 

0.006, 0.003, 0.001 mg/ml. With each test dimethyl sulphoxide (DMSO) was used as a 

vehicle fluid control, water as a negative control and CHX as a positive control. 

 

2.5  Biofilm Assay 

2.5.1  Effect of crude ethanol plant extract on Streptococcus mutans biofilm 

(preformed) 

These experiments were carried out to study the effects of the crude ethanol plant extract 

on the adherence of S. mutans in preformed biofilms. The biofilms were grown in sterile 

250 ml beakers on five sterile glass slides placed at an angle of 90 ° in 150 ml tryptone 

broth containing 1 ml S. mutans inoculum. Inoculum was prepared by suspending freshly 
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grown S. mutans colonies in phosphate buffered saline (PBS) and adjusting optical 

density (OD) to 0.2 at 405 nm to obtain approximately 10
7
 CFU/ml. Glass slides were 

held in place by autoclave tape. Beakers and slides were covered with foil and autoclaved 

before use for all experiments. The cultures were incubated for 48 hours at 37 ºC under 

CO2 to allow bacterial deposition and biofilm formation according to a method described 

by Koo et al, (2003) with some modifications. During incubation media was changed 

once after 24 hours. One slide containing two day old biofilm was taken as the initial 

number of cells in the biofilm. The attached cells were aseptically scraped off the slide 

using a sterile glass slide and suspended in 5 ml phosphate buffered saline (Calbiochem, 

US). Ten-fold dilutions from 1:10 to 1:10000 were prepared using PBS and 20 µl of each 

dilution was spread on blood agar. Plates were incubated for 48 hours at 37 °C under 

CO2. The number of colonies on each plate was quantified and the counts were multiplied 

by dilution factors and 50 to determine viable bacterial count (CFU/ml). The resultant 

count was taken as the initial bacterial count in biofilm.  

 

The second slide containing two day old biofilm was then exposed to 0.78 mg/ml of 

crude ethanol plant extract diluted in tryptone broth (150 ml tryptone broth, 2.34 ml 

concentrated crude plant extract) by placing into the mixture for 1 minute and the third 

slide with medium (150 ml) and water (2.34 ml) which served as a control. After 1 

minute slides were removed, gently rinsed with PBS and transferred to a fresh tryptone 

broth medium and incubated for 6 hours. The above 1 minute exposure to 0.78 mg/ml 

crude ethanol plant extract (test) and media and water (control) was repeated after 6 

hours, the second and third slides were then removed and bacterial counts were obtained 
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as described for the first slide. The fourth slide with biofilm was further incubated 

overnight with the mixture containing 0.78 mg/ml crude ethanol plant extract diluted with 

medium and the fifth slide with medium and water only (control) to obtain complete 24 

hours exposure.  

 

After incubation biofilm was removed from the medium, rinsed and the count of 

surviving bacteria was obtained as described for the first slide.  These experiments were 

performed three times for each of the five S. mutans test strains. The bacterial counts of 

the controls (untreated – slide three and five) biofilm were compared with the bacterial 

counts of biofilm treated with the crude ethanol plant extract during two 1 minute 

exposures (slide two) and a 24 hour exposure (slide four) using the Wilcoxon rank-sum 

test (Mann-Whitney). 

 

In summary biofilms incubated for 6 hours were exposed to the crude ethanol plant 

extract twice at 0 hours and 6 hours for 1 minute. Whereas biofilms that were incubated 

for 24 hours were exposed to the crude ethanol plant extract for a full 24 hours. 

 

2.5.2  Effect of crude ethanol plant extract on biofilm formation by Streptococcus 

mutans   

These experiments were performed to study the formation of S. mutans biofilm in the 

presence of crude ethanol plant extract. Effect of crude ethanol plant extract on biofilm 

formation was studied using a technique described by Limsong et al, (2004) with some 

modifications. Two sterile 250 ml beakers with three glass slides held in an upright 
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position (90°) by autoclave tape were prepared and autoclaved. In one beaker (control) 

150 ml tryptone broth and 2.34 ml water in the second beaker 150 ml tryptone broth 

containing 2.34 ml of crude ethanol plant extract (subinhibitory concentration of 0.78 

mg/ml) was added. One milliliter of S. mutans inoculum was added to each beaker and 

incubated for 6 hours at 37 ºC under CO2. Inoculum was prepared by suspending freshly 

grown S. mutans colonies in PBS and adjusting OD to 0.2 at 405 nm to obtain 

approximately 10
7
 CFU/ml. One glass slide from each of the beakers were removed and 

rinsed with PBS. The attached cells were aseptically scraped off the slides using sterile 

slides and the cells were resuspended and vortexed in 5 ml PBS. Ten-fold serial dilutions 

from 1:10 to 1:10000 were prepared using PBS and 20 µl of each dilution was spread on 

blood agar. Plates were incubated for 48 hours at 37 °C under CO2, the number of 

colonies on each plate was quantified and the counts were multiplied by the dilution 

factors and 50 to determine viable bacterial count (CFU/ml). 

 

The resultant count from the control beaker was taken as the 6 hour control and the count 

from the beaker with plant extract was taken as the 6 hour biofilm count in the presence 

of crude ethanol plant extract. Beakers with the remaining slides were re-incubated. The 

above procedure was repeated after 24 hours for one slide from each of the beakers and 

after 30 hours for the last slides. The media was changed after 24 hours maintaining 

sterile conditions. These experiments were repeated three times for each of the five S. 

mutans test strains. The bacterial counts of the control and tests for each time interval (6 

hours, 24 hours, 30 hours) was compared using the Wilcoxon rank-sum test (Mann-

Whitney). 
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2.6  Effect of crude ethanol plant extract on the production of extracellular 

polysaccharides    

These experiments were carried out to study the mass of polysaccharides produced by S. 

mutans biofilm and planktonic cells in the presence and absence of crude ethanol plant 

extract. The effect of the crude plant extract on the production of extracellular 

polysaccharides by S. mutans biofilm was studied using a technique described by Koo et 

al, (2003) with some modifications. Biofilms were grown in 250 ml beakers on two glass 

slides at an angle of 90 ° in 150 ml tryptone broth containing 1 ml S. mutans inoculum for 

48 hours at 37 °C under CO2. Inoculum was prepared by suspending freshly grown S. 

mutans colonies in PBS and adjusting OD to 0.2 at 405 nm to obtain approximately 10
7
 

CFU/ml.  

 

During incubation, media was changed once after 24 hours. Slides with biofilms were 

rinsed with PBS and aseptically scraped using sterile glass slides to harvest adherent 

cells. Adherent cells were transferred to two McCartney bottles, one containing 19.7 ml 5 

% sucrose broth and 0.312 ml concentrated crude ethanol plant extract to obtain a 

subinhibitory concentration of 0.78 mg/ml and one containing 19.7 ml 5% sucrose broth 

and 0.312 ml water (control). Both bottles containing biofilm cultures were then 

incubated for 48 hours at 37 °C under CO2. After 48 hours, the bacterial cultures were 

diluted one in ten in 10 % sodium acetate (Saarchem Pty. Ltd, SA) to determine EPS 

production. Two milliliters of each culture was then placed into two separate 100 ml pre-

weighed beakers. Into the first beaker, 2.4 ml of absolute alcohol was added in order to 

precipitate glucans and into the second beaker 5 ml of absolute alcohol was added to 
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precipitate levans (Beighton et al, 1981). This was allowed to stand at room temperature 

for 48 hours.  

  

The polysaccharides were precipitated, the solvent was allowed to evaporate under a cold 

air stream and the precipitate was quantified by measuring the dry mass using a standard 

laboratory scale (Denver Instrument S-403). These experiments were repeated three times 

for each of the five S. mutans test strains. Dry mass of glucans and levans produced by 

cells exposed to the crude ethanol plant extract was compared to the dry mass of controls 

individually and collectively (total polysaccharides) using a student’s t-test (two-sample). 

Bacterial counts of the control were compared to the counts of the cells exposed to the 

crude ethanol plant extract using the Wilcoxon rank-sum test (Mann-Whitney). 

 

Similar experiments were performed to study the effect of crude ethanol plant extract on 

the production of extracellular polysaccharides by S. mutans planktonic cells. Nineteen 

milliliters 5 % sucrose broth was inoculated with 1 ml of bacterial suspension of S. 

mutans in PBS with OD of 0.2 at 405 nm and 0.78 mg/ml (0.312 ml) of crude ethanol 

plant extract in McCartney bottles. Controls containing 19 ml 5 % sucrose broth, 1 ml 

bacterial suspension of S. mutans and 0.312 ml water were also included. Glucan and 

levan production was detected as described above in biofilm experiments. These 

experiments were repeated three times for each of the five S. mutans test strains. Dry 

mass of glucans and levans produced by cells exposed to the crude ethanol plant extract 

was compared to the dry mass of controls individually and collectively (total 

polysaccharides) using a student’s t-test (two-sample). Bacterial counts of the control 
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were compared to the counts of the cells exposed to the crude ethanol plant extract using 

the Wilcoxon rank-sum test (Mann-Whitney). 

 

2.7  Acid production  

2.7.1  Effect on the acid production by biofilms of Streptococcus mutans 

The effect of the crude ethanol plant extract on the acid production by S. mutans biofilm 

was studied using a technique described by Kim et al, (2008) with modifications. These 

experiments were carried out to study the effect of the crude ethanol plant extract on the 

production of acid by cells of S. mutans in the biofilm form. Biofilms were allowed to 

grow in 250 ml beakers on two glass slides at 90 ° in 150 ml tryptone broth containing 1 

ml S. mutans inoculum for 48 hours at 37 °C under CO2 with a change of medium after 

24 hours. Inoculum was prepared by suspending freshly grown S. mutans colonies in PBS 

and adjusting OD to 0.2 at 405 nm to obtain approximately 10
7
 CFU/ml. One slide with 

biofilm was then exposed to 0.78 mg/ml of crude ethanol plant extract for a period of 30 

minutes (150 ml tryptone broth, 2.34 ml concentrated crude ethanol plant extract). The 

second slide with biofilm which served as a control was exposed to media (150 ml) and 

water (2.34 ml). Slides were rinsed in PBS, scraped using a sterile glass slide and 

adherent cells were transferred to 16 ml tryptone broth and incubated at 37 °C under CO2. 

The pH of both the cultures was measured every 2, 4, 6, 8, 13 and 22 hours. These 

experiments were repeated three times for each of the five S. mutans test strains. The pH 

values of the control and the tests were compared for each time interval using the 

Wilcoxon rank-sum test (Mann-Whitney). 
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2.7.2  Effect on the acid production by planktonic cells of Streptococcus mutans 

The effect of crude ethanol plant extract on the acid production by planktonic cells of S. 

mutans was studied using a technique described by Nalina and Rahim, (2007) with some 

modifications. These experiments were performed to determine the effect of the crude 

ethanol plant extract on the production of acid by cells of S. mutans in the planktonic 

form. Tryptone broth (16 ml) containing 0.25 ml concentrated crude ethanol plant extract 

(final concentration 0.78 mg/ml) was inoculated with 100 µl of culture containing 10
7
 

CFU/ml of S. mutans in PBS with OD of 0.2 at 405 nm. Similarly, tryptone broth (16 ml) 

with water (0.25 ml) inoculated with 100 µl of a culture of S. mutans was also included as 

a control. Cultures were incubated at 37 °C under CO2 and allowed to grow for a period 

of 10 hours. The pH was read at 0 hours, 10 hours and every 2 hours thereafter for 16 

hours. The bacterial count was done at 0 hours, 12 hours and 16 hours using a serial 

dilution technique described in 2.5.1. These experiments were repeated three times for 

each of the five S. mutans test strains. The pH values of the control and tests were 

compared for each time interval using the Wilcoxon rank-sum test (Mann-Whitney). 

 

2.8  Effect on protease activity by Porphyromonas gingivalis  

The effect of the crude ethanol plant extract on Arg-gingipain and Lys-gingipain activity 

was evaluated as detailed by Yamanaka et al, (2007) with modifications. These tests were 

carried out to determine the effect of the crude ethanol plant extract on the activity of the 

two major proteases produced by P. gingivalis. Porphyromonas gingivalis was grown for 

7 days in 20 ml tryptone soy broth with supplements (0.02 ml haem and 0.02 ml 

menadione) at 37 °C under anaerobic condition. Seven day old P. gingivalis cultures 
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Figure 2.2: Chemical structure of Nα-Benzoyl-L-arginine 4-

nitroanilide hydrochloride used as a substrate for Arg-gingipain 

obtained from Sigma-Aldrich, SA. 

were harvested by centrifugation at 5000 g for 20 minutes using Centrifuge 5804 (Merck 

Chemicals Pty. Ltd, SA), washed three times, resuspended and vortexed in 5 ml of 50 

mM PBS (pH 7.4) to an optical density of 2.0 at 660 nm. Nα-Benzoyl-L-arginine 4-

nitroanilide hydrochloride (Figure 2.2) and N-(p-Tosyl)-Gly-Pro-Lys 4-nitroanilide 

acetate salt (Figure 2.3, page 49) in 0.1 M Tris-HCL (Calbiochem, US), pH 8.0 

containing 1 mM dithiothreitol (Merck Chemicals Pty. Ltd, SA) was used as substrates 

for Arg-gingipain and Lys-gingipain, respectively. 
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One hundred and sixty microlitres of the two substrates were dispensed into five wells of 

a microtitre plate. Twenty microlitres of different concentrations of crude ethanol plant 

extract diluted in DMSO (0.02, 0.01, 0.006, 0.003, 0.001 mg/ml) were added to each of 

the five wells. The sixth well was inoculated with 180 µl substrate and 20 µl inoculum 

and the seventh well with 160 µl substrate and 40 µl 0.01 g/ml proteinase K (Merck 

Chemicals Pty. Ltd, SA). These wells served as the positive controls. Bacterial cell 

suspensions (20 µl) were added to the first six wells and incubated aerobically at 37 º C 

for 20 minutes (Figure 2.4A, page 51). Controls were set up for each concentration of 

plant extract without the addition of substrates to determine any colour change by 

DMSO. These readings were called control readings and were subtracted from the test 

readings to obtain correct enzymatic activity (Figure 2.4B, page 51)  

  

For each well adsorption at a wavelength of 405 nm was determined using a 

spectrophotometer (Jenway 6300 Spectrophotometer). This experiment was repeated 21 

times for Arg-gingipain and 18 times for Lys-gingipain. Experiments were repeated 18 

Figure 2.3: Chemical structure of N-(p-Tosyl)-Gly-Pro-Lys 4 nitroanilide acetate salt 

used as a substrate for Lys-gingipain obtained from Sigma-Aldrich, SA. 
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times only for Lys-gingipain due to inadequate quantity of substrate for analysis. Relative 

enzymatic activity was determined as follows: [(A405 with bacterial cells and plant extract 

– A405 of DMSO control)/(A405 with bacterial cells – A405 of DMSO control)] x 100 

(Figure 2.4C, page 51). The protease inhibition for both substrates was statistically 

compared using the student’s t-test (one-sample).  

 

2.9  Statistical Analysis 

A statistician was consulted with regards to the number of strains and repeats to be used 

for each experiment to allow for adequate degrees of freedom so that hypotheses may be 

tested accordingly using the appropriate statistical techniques. Statistical significance was 

referred at p < 0.05. All results were analyzed using the Stata 10 software (StataCorp. 

College Station, Texas). 
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160 µl substrate + 20 µl crude ethanol plant extract + 20 µl inoculum 
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40 µl proteinase K 

1a 2a 4a 5a 

0.02 

mg/ml 

0.01 

mg/ml 

0.006 
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0.001 

mg/ml 

160 µl DMSO + 20 µl crude ethanol plant extract + 20 µl inoculum 

Figure 2.4: (A) Wells showing tests and positive controls, (B) wells showing dimethyl sulphoxide controls for each concentration 

of crude ethanol plant extract, (C) the formula used to calculate percentage enzymatic activity 

 

C. Colorimetric reading at 405 nm (OD) 

  

 Formula: OD(1)  - OD(1a) 

 

   OD(6)  - OD(1a) 

 

          =  % enzymatic activity 
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No. of acetone extractions Yield per gram of dried leaves (g)

1 0.169

2 0.142

3 0.156

4 0.159

5 0.157

6 0.187

Average yield 0.2

No. of methanol extractions Yield per gram of dried leaves (g)

1 0.314

2 0.248

3 0.345

4 0.354

5 0.361

Average yield 0.3

CHAPTER 3: RESULTS 

 

 

3.1  Dodonaea viscosa var. angustifolia crude extract yield 

Plant leaves were extracted in acetone, methanol and ethanol and the dried extracts were 

reconstituted in DMSO. All extracts were successfully used for all MBC experiments 

against cariogenic bacteria and periodontal pathogens. The crude extract yield of dried 

leaves for all extracts is shown in Tables 3.1.1 - 3.1.3. 

 

Table 3.1.1 The dry weight of acetone extracts of Dodonaea viscosa var. angustifolia  

 

 

 

 

 

 

Table 3.1.2 The dry weight of methanol extracts of Dodonaea viscosa var. angustifolia  
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No. of ethanol extractions Yield per gram of dried leaves (g)

1 0.147

2 0.247

3 0.212

4 0.218

5 0.208

6 0.186

7 0.202

8 0.197

9 0.189

10 0.188

11 0.214

12 0.241

13 0.228

14 0.213

15 0.123

16 0.226

17 0.256

18 0.207

19 0.255

20 0.2

21 0.185

22 0.207

23 0.215

24 0.201

25 0.197

26 0.209

27 0.209

28 0.201

29 0.216

30 0.211

31 0.204

32 0.164

Average yield 0.2

Table 3.1.3 The dry weight of ethanol extracts of Dodonaea viscosa var. angustifolia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The highest yield was obtained when the plant leaves were extracted using methanol. 

Acetone and ethanol produced the same quantity of plant extract, however, ethanol was 

chosen for all subsequent experiments to examine the effect of the plant on the 

pathogenic characteristics of S. mutans and P. gingivalis. Ethanol extracts were selected 

for the subsequent experiments because they produced the lowest minimum bactericidal 
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concentrations, meaning the extraction of an active ingredient was the highest with this 

solvent.  

 

3.2  Identification of Streptococcus mutans using the API 20 Strep standardized 

system 

 

Strains of S. mutans were identified using an API 20 strep strip containing substrates for 

the analysis of enzymatic activity and the fermentation of sugars. The results were read 

based on colour reactions (Figure 3.1). A numerical profile was recorded on a results 

sheet to obtain a 7-digit profile (Figure 3.2, page 55). 

 

The colour reactions are those which have been obtained after a 24 hour incubation 

period. These colour reactions are characteristic of species that have been identified by 

the API 20 strep system as S. mutans. Each colour reaction was given a score according 

to the identification software. Clinical strains 1, 6 and 13 were all identified as 99. 9 %  S. 

mutans. Clinical strain 7 and NCTC 10919 were identified as 93.2 % and 51.1 % S. 

mutans respectively. These results were further verified using a Microscan (Walkaway) 

SI40 (Siemens, US) that confirmed all cultures as S. mutans based on a series of 

biochemical reactions. 

 

 

 

 

 

 

Figure 3.1: The 20 biochemical reactions characteristic of species that gave 99.9 % 

Streptococcus mutans match on an API 20 strep strip. 
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3.3  Antibacterial activity assay 

Dodonaea viscosa var. angustifolia exhibited bactericidal activity against cariogenic 

bacteria and periodontal pathogens. The median MBC of three plant extracts for all 

bacterial strains under investigation are represented in Tables 3.3.1, page 56, 3.3.2, page 

57, 3.3.3, page 58. The positive control (CHX) showed no growth, the negative control 

(water) and vehicle fluid control (DMSO) should growth for all strains under 

investigation. The effect of DMSO on all periodontal pathogens are represented 

separately in Table 3.3.4, page 59. A summary of the median MBC of three plant extracts 

for both cariogenic bacteria and periodontal pathogens are represented in Table 3.3.5, 

page 60. All experiments were performed in triplicate and the median MBC was 

determined. 

 

 

 

Figure 3.2: The results sheet showing the numerical profile of species that gave 99.9 % 

Streptococcus mutans match on an API 20 strep strip. 
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Cultures Repeats                              MBC mg/ml

Acetone extract Ethanol extract Methanol extract

S. mutans 1 0.78 1.56 3.125

Clinical strain 1 2 3.125 3.125 6.25

3 3.125 6.25 6.25

Median 3.125 3.125 6.25

S. mutans 1 3.125 6.25 6.25

Clinical strain 6 2 6.25 6.25 12.5

3 6.25 6.25 12.5

Median 6.25 6.25 12.5

S. mutans 1 3.125 6.25 6.25

Clinical strain 7 2 6.25 6.25 6.25

3 6.25 6.25 6.25

Median 6.25 6.25 6.25

S. mutans 1 0.78 0.78 1.56

Clinical strain 13 2 3.125 1.56 3.125

3 3.125 6.25 6.25

Median 3.125 1.56 3.125

S. mutans 1 6.25 6.25 12.5

NCTC 10919 2 6.25 6.25 12.5

3 12.5 6.25 12.5

Median 6.25 6.25 12.5

Table 3.3.1 Minimum bactericidal concentrations of crude plant extracts of Dodonaea 

viscosa var. angustifolia against Streptococcus mutans 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Positive control: CHX – no growth 

Negative control: water – growth 

Vehicle fluid control: DMSO – growth 

 

Median MBCs of acetone extracts for S. mutans ranged from 3.125 - 6.25 mg/ml. Median 

MBCs of ethanol extracts ranged from 1.56 - 6.25 mg/ml. This extract produced the 

lowest MBC (0.78 mg/ml) as seen for S. mutans clinical strain 13. Median MBCs of 

methanol extracts, which produced the highest yield, ranged from 3.125 - 12.5 mg/ml, 
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Cultures Repeats                             MBC (mg/ml)

Acetone extract Ethanol extract Methanol extract

Lactobacillus spp. 1 6.25 6.25 12.5

Clinical strain 1 2 6.25 12.5 12.5

3 12.5 12.5 12.5

Median 6.25 12.5 12.5

Lactobacillus spp. 1 1.56 1.56 0.78

Clinical strain 4 2 3.125 1.56 0.78

3 3.125 3.125 0.78

Median 3.125 1.56 0.78

Lactobacillus spp. 1 12.5 12.5 12.5

Clinical strain 5 2 12.5 12.5 12.5

3 12.5 12.5 12.5

Median 12.5 12.5 12.5

Lactobacillus spp. 1 6.25 6.25 6.25

Clinical strain 8 2 6.25 6.25 12.5

3 12.5 12.5 12.5

Median 6.25 6.25 12.5

Lactobacillus casei 1 12.5 12.5 12.5

2 12.5 12.5 12.5

3 12.5 12.5 12.5

Median 12.5 12.5 12.5

producing the highest MBC when compared to the other two extracts. In each experiment 

the positive control showed no growth, the negative control and vehicle fluid control 

showed growth. 

 

Table 3.3.2 Minimum bactericidal concentrations of crude plant extracts of Dodonaea 

viscosa var. angustifolia against Lactobacillus species. 

 

 

 

 

 

 

 

 

 

 

 

 

Positive control: CHX – no growth 

Negative control: water – growth 

Vehicle fluid control: DMSO – growth 

 

Median MBCs for Lactobacillus spp. ranged from 0.78 - 12.5 mg/ml. The lowest MBC 

(0.78 mg/ml) was obtained for Lactobacillus clinical strain 4 using the methanol extract. 
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Cultures Repeats                               MBC mg/ml

Acetone extract Ethanol extract Methanol extract

P. intermedia 1 0.04 0.04 0.04

2 0.04 0.09 0.04

3 0.04 0.09 0.04

Median 0.04 0.09 0.04

P. gingivalis 1 0.04 0.09 0.09

2 0.04 0.09 0.09

3 0.04 0.09 0.09

Median 0.04 0.09 0.09

F. nucleatum 1 0.09 0.04 0.02

2 0.09 0.09 0.02

3 0.09 0.09 0.04

Median 0.09 0.09 0.04

Capnocytophaga spp. 1 0.02 0.01 0.02

2 0.04 0.02 0.02

3 0.04 0.02 0.04

Median 0.04 0.02 0.02

All other strains were killed at a relatively high concentration of methanol extract (12.5 

mg/ml). Ethanol proved to be the most effective solvent yet again, killing Lactobacillus 

spp. at concentrations ranging from 1.56 - 12.5 mg/ml. Acetone proved to be the second 

most effective extract producing MBCs ranging from 3.125 - 12.5 mg/ml. 

 

Table 3.3.3 Minimum bactericidal concentrations of crude plant extracts of Dodonaea 

viscosa var. angustifolia against periodontal pathogens 

 

 

 

 

 

 

 

 

 

 

Positive control: CHX – no growth 

Negative control: water – growth 

Vehicle fluid control: DMSO (see Table 3.3.4 on page 59) 

 

All MBCs obtained for periodontal pathogens were lower when compared to MBCs 

obtained for cariogenic bacteria. The lowest MBC (0.02 mg/ml) was observed for 

Capnocytophaga spp. using both ethanol and methanol extracts. The highest MBC (0.09 
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Cultures Repeats     % solution

DMSO - diluent

P. intermedia 1 12.5

2 12.5

3 12.5

Median 12.5

P. gingivalis 1 12.5

2 6.25

3 6.25

Median 6.25

F. nucleatum 1 12.5

2 12.5

3 12.5

Median 12.5

Capnocytophaga spp. 1 25

2 50

3 50

Median 50

mg/ml) was obtained for P. intermedia, P. gingivalis and F. nucleatum using the ethanol 

extracts. Acetone and methanol proved to be the most effective extracts against P. 

intermedia, killing this bacterium at a low concentration of 0.04 mg/ml. Acetone extract 

killed P. ginigivalis at a concentration of 0.04 mg/ml, proving to be more effective than 

ethanol and methanol (0.09 mg/ml). Methanol proved to be the most effective extract 

against F. nucleatum, killing this bacterium at 0.04 mg/ml. 

 

Table 3.3.4 Minimum bactericidal concentrations of dimethyl sulphoxide against 

periodontal pathogens 

 

 

 

 

 

 

 

 

 

 

 

 

 

All periodontal pathogens tested were killed at relatively high concentrations of DMSO. 

The DMSO, however, does not have any influence on the elimination of both the 

cariogenic bacteria and periodontal pathogens by the crude plant extract as it was used in 

the concentrated form for all experiments and was further diluted by the respective media 

and the inoculum used in each experiment. Therefore, the concentration of DMSO would 
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have been too low to have a killing effect in all MBC experiments testing the effect of the 

crude plant extract on cariogenic bacteria and periodontal pathogens. These results 

showed that the slight antibacterial effect of DMSO did not influence the MBC results of 

test organisms. 

  

Table 3.3.5 Summary of median minimum bactericidal concentrations of acetone, 

ethanol and methanol extracts of Dodonaea viscosa var. angustifolia against cariogenic 

bacteria and periodontal pathogens 

 

 

 

 

 

 

 

 

 

 

3.4  Streptococcus mutans biofilm assay 

3.4.1  Effect of crude ethanol plant extract on preformed biofilm of Streptococcus 

mutans  

Results of the effect of the crude ethanol plant extract on S. mutans biofilm are 

represented in Table 3.4.1.1, page 61. Each culture was treated with the subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract by two 1 minute exposures and 

6 hour incubation and a 24 hour exposure. Experiments were performed in triplicate and 
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Cultures Repeats Initial bacterial                Growth of S. mutans in biofilm (cfu/ml) 

count in biofilm                         6 hrs (two, 1 min exposures)        24 hrs treatment

cfu/ml control plant extract control plant extract

S. mutans 1 7.6 x 108 1.9 x 1010 8.0 x 1010 3.6 x 109 2.1 x 107

Clinical strain 1 2 1.6 x 109 1.6 x 1010 1.2 x 109 1.3 x 109 2.4 x 104

3 1.9 x 109 1.4 x 1010 5.5 x 109 3.8 x 109 1.2 x 107

Mean 3.7 x 108 1.6 x 1010 2.9 x 1010 2.9 x 1010 1.1 x 107

±SD 338082830.1 2516611478 44306094389 1389244399 10523126.53

S. mutans 1 2.6 x 107 6.5 x 108 2.4 x 107 1.6 x 108 5.0 x 105

Clinical strain 6 2 1.5 x 107 7.0 x 107 1.7 x 108 1.2 x 108 1.0 x 105

3 2.3 x 107 1.9 x 108 1.4 x 108 7.7 x 108 9.0 x 105

Mean 2.1 x 107 3.0 x 108 1.1 x 108 3.5 x 108 5.0 x 105

±SD 5686240.703 306159000.1 77105987.66 364280112 400000

S. mutans 1 1.1 x 108 5.6 x 108 2.4 x 108 1.3 x 109 9.0 x 106

Clinical strain 7 2 1.4 x 108 3.0 x 108 1.1 x 109 1.4 x 109 4.5 x 106

3 2.3 x 108 1.9 x 1010 4.7 x 108 1.5 x 108 9.2 x 106

Mean 1.6 x 108 6.6 x 109 6.0 x 108 9.5 x 108 7.6 x 106

±SD 62449979.98 10722182614 445234020.9 694622199 2657693.235

S. mutans 1 2.9 x 108 9.3 x 108 5.3 x 108 5.4 x 108 1.5 x 108

Clinical strain 13 2 4.2 x 108 1.2 x 109 4.2 x 108 1.6 x 109 1.5 x 107

3 3.8 x 108 9.4 x 108 1.0 x 109 6.5 x 108 1.5 x 108

Mean 3.6 x 108 1.0 x 109 6.5 x 108 9.3 x 108 1.1 x 108

±SD 66583281.18 153079500 308058436 582837885 77942286.34

S. mutans 1 1.9 x 108 8.0 x 108 1.5 x 108 2.9 x 109 2.9 x 104

NCTC 10919 2 7.2 x 107 1.4 x 107 4.4 x 107 5.8 x 107 4.3 x 106

3 1.2 x 108 2.0 x 107 2.1 x 107 7.4 x 107 1.1 x 105

Mean 1.3 x 108 2.8 x 108 7.2 x 107 1.0 x 109 1.5 x 106

±SD 59340823.5 452075215 68806491.94 1636230220 2442816.066

Combined Mean 2.1 x 108 4.9 x 109 6.1 x 109 1.2 x 109 2.5 x 107

Combined ±SD 195385260.4 7638431859 20498316797 1266707423 51100132.2

Wilcoxon rank-

sum test  

(p values) 0.3614 p < 0.01

the bacterial counts (CFU/ml) in the biofilm after the two exposure times are listed in the 

table. The mean and standard deviation is also represented for each strain. The bacterial 

counts in the biofilm after the two exposures to the crude ethanol plant extract are also 

represented graphically as log CFU/ml and exposure time (Figure 3.3, page 62). 

 

Table 3.4.1.1 Effect of subinhibitory concentration (0.78 mg/ml) of crude ethanol plant 

extract on preformed biofilm of Streptococcus mutans 
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The initial count is representative of the number of bacteria that constituted the biofilm 

after 48 hours of incubation before treatment with crude ethanol plant extract (Table 

3.4.1.1). The bacterial counts of the control and the biofilm exposed to the crude ethanol 

plant extract during the two 1 minute exposures were not significantly different (p > 

0.05). The bacterial counts in the control were slightly high but not significantly higher, 

for all strains, when compared to those of the plant extract treated biofilm. The plant 

extract, therefore, had no effect on the number of cells in the biofilm after 6 hours with 

two exposures to subinihibitory concentration of crude ethanol plant extract for 1 minute.  

Figure 3.3: Bacterial counts (log CFU/ml) in Streptococcus mutans biofilm after 6 

hours (two 1 minute exposures) and 24 hour exposure to subinhibitory concentration 

(0.78 mg/ml) of crude ethanol plant extract. * = p: < 0.01. 

*: Comparison between bacterial counts of control and plant extract exposed biofilms 

of Streptococcus mutans after 24 hour exposure to subinhibitory concentration of 

crude ethanol plant extract using the Wilcoxon rank-sum test (Mann-Whitney). 
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However, biofilm exposed to the plant extract for a period of 24 hours showed a 

significant difference (p < 0.01) compared to the control. The bacterial counts in the 

biofilms treated with subinhibitory concentration of crude ethanol plant extract were 

lower than the control biofilms for all the test strains. The crude ethanol plant extract was 

able to reduce 1.68 log CFU of S. mutans present in biofilm.  

 

3.4.2  Effect of crude ethanol plant extract on Streptococcus mutans biofilm 

formation 

The results of the effect of the crude ethanol plant extract on the growth of S. mutans 

biofilms are represented in Table 3.4.2.1, page 64 and Figure 3.4, page 65. The bacterial 

counts (CFU/ml) in biofilm developed for 6, 24 and 30 hours with subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract are depicted. Experiments were 

performed in triplicate for each strain and a mean and standard deviation were calculated. 

 

The crude ethanol plant extract significantly reduced the adherence of S. mutans biofilms 

to the glass slides showing a reduced number of bacteria (Table 3.4.2.1). This was 

observed for all tested strains. The log CFU/ml of S. mutans were higher for all control 

slides for all the exposure time intervals when compared to biofilms developed in the 

presence of crude ethanol plant extract. The number of S. mutans adhering to the glass 

slides increased with time but control slides were still significantly higher than plant 

extract exposed slides (p < 0.01). The crude ethanol plant extract reduced the bacterial 

counts in biofilm by 1.3, 0.95 and 1.95 logs after 6, 24 and 30 hours respectively. The 
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Cultures Repeats                        Growth of S. mutans in biofilm (cfu/ml)

control plant control plant control plant

S. mutans 1 7.9 x 105 4.3 x 103 9.7 x 106 5.0 x 104 2.7 x 107 4.5 x 105

Clinical strain 1 2 1.4 x 105 6.7 x 103 5.1 x 106 7.7 x 104 1.8 x 107 2.0 x 105

3 1.3 x 105 8.7 x 103 1.0 x 106 8.6 x 104 2.2 x 107 2.1 x 105

Mean 3.5 x 105 6.6 x 103 5.3 x 106 7.1 x 104 2.2 x 107 2.9 x 105

±SD 378197.5 2203.028 4352394 18734.99 4509250 141539.2

S. mutans 1 8.3 x 104 6.7 x 103 4.2 x 106 1.1 x 105 1.6 x 107 1.9 x 105

Clinical strain 6 2 8.7 x 104 6.1 x 103 6.2 x 106 7.3 x 104 5.8 x 107 4.0 x 105

3 7.7 x 104 8.4 x 103 7.4 x 106 1.6 x 105 1.1 x 108 2.4 x 105

Mean 8.2 x 104 7.1 x 103 5.9 x 106 1.1 x 105 6.1 x 107 2.8 x 105

±SD 5033.223 1193.035 1616581 43661.58 47088569 109696.6

S. mutans 1 2.6 x 104 4.1 x 103 1.5 x 107 1.8 x 105 1.3 x 108 4.5 x 106

Clnical strain 7 2 3.8 x 104 3.0 x 103 1.8 x 107 3.0 x 105 1.6 x 108 3.7 x 106

3 4.0 x 104 2.8 x 103 1.0 x 107 3.5 x 105 1.2 x 108 7.1 x 105

Mean 3.5 x 104 3.3 x 103 1.4 x 107 2.8 x 105 1.4 x 108 5.1 x 106

±SD 7571.878 700 4041452 87368.95 20816660 1997674

S. mutans 1 1.7 x 104 2.7 x 103 1.3 x 107 7.7 x 105 1.5 x 108 9.0 x 105

Clinical strain 13 2 2.9 x 104 2.4 x 103 1.4 x 107 4.1 x 105 2.3 x 108 6.1 x 105

3 4.5 x 104 8.5 x 102 1.3 x 107 6.2 x 105 1.2 x 108 8.7 x 105

Mean 3.0 x 104 2.0 x 103 1.3 x 107 6.0 x 105 1.7 x 108 7.9 x 105

±SD 14047.54 992.8914 577350.3 180831.4 56862407 159478.3

S. mutans 1 1.7 x 104 8.3 x 103 2.5 x 106 6.8 x 104 1.6 x 107 1.8 x 105

NCTC 10919 2 8.8 x 104 7.1 x 103 5.0 x 106 2.5 x 105 4.4 x 107 4.5 x 105

3 2.0 x 104 9.8 x 103 3.3 x 106 1.8 x 105 4.2 x 107 6.1 x 105

Mean 4.2 x 104 8.4 x 103 3.6 x 106 1.7 x 105 3.4 x 107 4.1 x 105

±SD 40153.87 1352.775 1276715 91804.14 15620499 217332.3

Combined mean 1.1 x 105 5.5 x 103 8.5 x 106 2.5 x 105 8.4 x 107 9.5 x 105

Combined ±SD 192691.4 2761.629 5175694 214457.4 66315480 1310666

Wilcoxon rank-

sum test

(p values) p < 0.01  p < 0.01 p < 0.01

            6 hrs            24 hrs            30 hrs

results were statistically significant at each test time. These results showed that the crude 

ethanol plant extract reduced the biofilm formation by S. mutans. 

 

Table 3.4.2.1 Effect of subinhibitory concentration (0.78 mg/ml) of crude ethanol plant 

extract on biofilm formation by Streptococcus mutans 
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Figure 3.4: Growth of Streptococcus mutans biofilm in the presence of subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract (log CFU/ml) in biofilm 

after 6, 24 and 30 hour exposures to plant extract. *, **, *** = p: < 0.01. 

*, **, ***: Comparison between bacterial counts of control and plant extract exposed 

biofilms of Streptococcus mutans after 6, 24 and 30 hours using the Wilcoxon rank-

sum test (Mann-Whitney). 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

3.5  Extracellular polysaccharide analysis 

The results of the EPS produced by bacteria in the biofilm and planktonic form of S. 

mutans, unexposed and exposed to subinhibitory concentration (0.78 mg/ml) of crude 

ethanol plant extract are represented in Table 3.5.1 - 3.5.2, pages 66 and 68 and Figures 

3.5 and 3.6, pages 67 and 69. For each strain experiments were performed in triplicate. 

Mean and standard deviations were calculated for the mass of polysaccharides produced. 

Polysaccharides are represented as glucans and levans separately and as total 

polysaccharides (glucans and levans). 
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Table 3.5.1 Extracellular polysaccharide production by Streptococcus mutans biofilm after exposure to subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract 

Cultures Repeats                                                   Polysaccharide production by S. mutans biofilm (g)         Polysaccharide production by S. mutans biofilm 

                                         Control              Plant

Final bacterial count Glucans Levans Total Final bacterial count Glucans Levans Total

cfu/ml (g)  (g) Polysaccharides (g) cfu/ml (g)  (g) Polysaccharides (g)

S. mutans 1 4.5 x 106 0.148 0.142 0.29 1.3 x 106 0.148 0.148 0.296

Clinical strain 1 2 7.0 x 106 0.151 0.146 0.297 1.2 x 106 0.152 0.142 0.294

3 4.1 x 107 0.143 0.144 0.287 6.4 x 105 0.146 0.159 0.305

Mean 1.8 x 107 0.147333 0.144 0.291333333 1.0 x 106 0.1486667 0.1496667 0.298333333

±SD 20389948.5 0.004041 0.002 0.005131601 355715.2419 0.0030551 0.0086217 0.005859465

S. mutans 1 7.6 x 107 0.158 0.143 0.301 7.2 x 105 0.143 0.153 0.296

Clinical strain 6 2 1.6 x 107 0.142 0.151 0.293 1.7 x 105 0.162 0.15 0.312

3 2.8 x 107 0.153 0.151 0.304 6.4 x 105 0.147 0.16 0.307

Mean 4.0 x 107 0.151 0.14833333 0.299333333 5.1 x 105 0.1506667 0.1543333 0.305

±SD 31749015.73 0.008185 0.0046188 0.005686241 297153.1592 0.0100167 0.0051316 0.008185353

S. mutans 1 3.7 x 105 0.144 0.157 0.301 1.5 x 107 0.111 0.156 0.267

Clinical strain 7 2 1.1 x 107 0.164 0.153 0.317 8.0 x 106 0.15 0.166 0.316

3 8.3 x 106 0.145 0.16 0.305 5.7 x 106 0.141 0.153 0.294

Mean 3.1 x 107 0.151 0.15666667 0.307666667 9.6 x 106 0.134 0.1583333 0.292333333

±SD 44953149.31 0.011269 0.00351188 0.008326664 4843896.503 0.0204206 0.0068069 0.02454248

S. mutans 1 3.6 x 106 0.139 0.143 0.282 4.0 x 105 0.162 0.155 0.317

Clinical strain 13 2 1.5 x 106 0.142 0.133 0.275 8.5 x 105 0.141 0.14 0.281

3 3.4 x 106 0.138 0.138 0.276 5.5 x 105 0.147 0.138 0.285

Mean 2.8 x 106 0.139667 0.138 0.277666667 6.0 x 105 0.15 0.1443333 0.294333333

±SD 1159022.577 0.002082 0.005 0.003785939 229128.7847 0.0108167 0.0092916 0.019731531

S. mutans 1 1.6 x 106 0.152 0.143 0.295 9.7 x 104 0.151 0.144 0.295

NCTC 10919 2 1.5 x 106 0.146 0.15 0.296 4.2 x 105 0.145 0.148 0.293

3 3.5 x 104 0.147 0.145 0.292 2.1 x 105 0.153 0.136 0.289

Mean 1.0 x 106 0.148333 0.146 0.294333333 2.4 x 105 0.1496667 0.1426667 0.292333333

±SD 876113.5771 0.003215 0.00360555 0.002081666 163909.5279 0.0041633 0.0061101 0.00305505

Combined Mean 1.9 x 107 0.147467 0.1466 2.4 x 106 0.1466 0.1498667 0.296466667

Combined ±SD 27303801.14 0.00712 0.00710935 0.011215211 4153269.811 0.0117218 0.0087167 0.013495325

                              #              *               **                                #                *               **

p values                         # 0.01     * 0.7085     ** 0.3393

*, **: Comparison between the mass of glucans and levans produced by the control and plant exposed cells using the student’s t-test 

#      : Comparison between the bacterial counts of the control and plant exposed cells using the Wilcoxon rank-sum test (Mann-Whitney) 
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Figure 3.5: Extracellular polysaccharides produced by Streptococcus mutans in 

biofilm after exposure to subinhibitory concentration (0.78 mg/ml) of crude ethanol 

plant extract. 

 

 

 

 

 

 

 

 

 

 

 

 

The crude ethanol plant extract had no effect on the production of both the 

polysaccharides by S. mutans biofilms compared to the controls. All the test strains 

behaved similarly. Although bacterial counts were higher in control samples (p = < 0.01), 

the amount of polysaccharides produced were similar to the plant extract treated biofilms. 

Therefore, no significant difference can be seen between control and plant extract treated 

biofilms in terms of the mass of polysaccharides produced (p > 0.05). The plant extract 

therefore, had no effect on the amount of polysaccharides produced by S. mutans in the 

biofilm form. The subinhibitory concentration of crude plant extract may have killed 

some of the bacteria but the reduction in the number of bacteria did not affect the EPS 

production.
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Table 3.5.2 Extracellular polysaccharide production by planktonic cells of Streptococcus mutans in the presence of subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract 

Cultures Repeats                                                            Polysaccharide production by S. mutans planktonic cells

             Control                  Plant

Final bacterial count Glucans Levans Total Final bacterial count Glucans Levans Total

cfu/ml (g) (g) Polysaccharides (g) cfu/ml (g) (g) Polysaccharides (g)

S. mutans 1 6.6 x 107 0.145 0.139 0.284 8.4 x 105 0.151 0.158 0.309

Clinical strain 1 2 1.1 x 107 0.144 0.15 0.294 4.0 x 103 0.148 0.147 0.295

3 5.5 x 107 0.143 0.147 0.29 9.8 x 105 0.159 0.145 0.304

Mean 4.4 x 107 0.144 0.1453333 0.289333333 6.0 x 105 0.152666667 0.15 0.302666667

±SD 29103264.42 0.001 0.0056862 0.005033223 527742.3614 0.005686241 0.007 0.007094599

S. mutans 1 8.0 x 105 0.143 0.145 0.288 2.1 x 104 0.132 0.149 0.281

Clinical strain 6 2 3.0 x 104 0.141 0.147 0.288 2.0 x 104 0.154 0.144 0.298

3 2.4 x 104 0.139 0.146 0.285 1.8 x 104 0.139 0.146 0.285

Mean 2.8 x 105 0.141 0.146 0.287 2.0 x 104 0.141666667 0.14633333 0.288

±SD 446301.8411 0.002 0.001 0.001732051 1527.525232 0.01123981 0.00251661 0.008888194

S. mutans 1 1.6 x 107 0.164 0.16 0.324 8.4 x 105 0.15 0.158 0.308

Clinical strain 7 2 6.0 x 106 0.156 0.158 0.314 1.0 x 107 0.16 0.158 0.318

3 8.9 x 107 0.161 0.153 0.314 2.6 x 106 0.16 0.157 0.317

Mean 3.7 x 107 0.16033333 0.157 0.317333333 4.5 x 106 0.156666667 0.15766667 0.314333333

±SD 45310043.04 0.00404145 0.0036056 0.005773503 4860781.83 0.005773503 0.00057735 0.005507571

S. mutans 1 1.9 x 106 0.151 0.148 0.299 3.3 x 105 0.152 0.159 0.311

Clinical strain 13 2 2.0 x 106 0.163 0.157 0.32 5.5 x 105 0.158 0.16 0.318

3 2.3 x 106 0.158 0.158 0.316 8.2 x 105 0.16 0.153 0.313

Mean 2.1 x 106 0.15733333 0.1543333 0.311666667 5.7 x 105 0.156666667 0.15733333 0.314

±SD 208166.5999 0.00602771 0.0055076 0.011150486 245424.8018 0.004163332 0.00378594 0.003605551

S. mutans 1 5.8 x 105 0.132 0.132 0.264 2.1 x 105 0.142 0.131 0.273

NCTC 10919 2 2.4 x 105 0.133 0.141 0.274 2.5 x 105 0.139 0.14 0.279

3 2.1 x 105 0.143 0.144 0.287 1.8 x 105 0.144 0.13 0.274

Mean 3.4 x 105 0.136 0.139 0.275 2.1 x 105 0.141666667 0.13366667 0.275333333

±SD 205507.5019 0.00608276 0.006245 0.011532563 35118.84584 0.002516611 0.00550757 0.00321455

Combined Mean 1.7 x 107 0.14773333 0.1483333 0.296066667 1.2 x 107 0.149866667 0.149 0.298866667

Combined ±SD 28693081.84 0.010464 0.0078801 0.017806366 2529212.324 0.009006876 0.00987059 0.016539419

                              #                  *               **                                #                   *                **

p values                         # 0.03         * 0.6328     ** 0.7235

*, **: Comparison between the mass of glucans and levans produced by the control and plant exposed cells using the student’s t-test 

#      : Comparison between the bacterial counts of the control and plant exposed cells using the Wilcoxon rank-sum test (Mann-Whitney) 
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Figure 3.6: Extracellular polysaccharides produced by Streptococcus mutans planktonic 

cells in the presence of subinhibitory concentration (0.78 mg/ml) of crude ethanol plant 

extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Although cells in the planktonic form behave differently than those in biofilm form, no 

effect of crude ethanol plant extract on polysaccharide production in planktonic cells 

were observed. The mass of glucans and levans produced were similar for both the 

control and test, although bacterial counts were higher in control samples (p < 0.05). 

Therefore, no significant difference in mass of polysaccharides produced can be seen 

between control and test for all strains (p > 0.05). The crude ethanol plant extract 

therefore, had no effect on the amount of polysaccharides produced by S. mutans in the 

planktonic form. The subinhibitory concentration of crude ethanol plant extract may have 

killed some of the bacteria but the reduction in the number of bacteria did not affect the 

EPS production. 

 



 70 

3.6  Acid production 

3.6.1  Effect of crude ethanol plant extract on the acid production by Streptococcus 

mutans in biofilms 

The results of acid production by biofilms of S. mutans in the presence and absence of 

crude ethanol plant extract are represented in Table 3.6.1.1, page 71. The amount of acid 

produced by biofilms exposed to the crude ethanol plant extract and those that remained 

unexposed are represented as a means of pH (Figure 3.7, page 72). The means and 

standard deviations of pH were calculated for each test strain. 

 

The biofilms treated with the crude ethanol plant extract and the untreated biofilms 

showed a gradual drop in pH from time 0 to 22 hours and the gradual drop was similar in 

both the groups. The crude ethanol plant extract had no effect on the amount of acid 

produced by biofilm. At time 0, pH values for all strains were approximately neutral and 

dropped to approximately 4 over a period of 22 hours which suggests that the cells in the 

biofilm were viable and metabolically active. Therefore, the crude ethanol plant extract 

had no effect on the production of acid by S. mutans in biofilms. 
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Cultures Repeats                                                           Acid production by S. mutans in biofilm (pH values)

control plant control plant control plant control plant control plant control plant control plant

S. mutans 1 7 7 6.78 6.8 6.53 6.4 6.06 5.74 5.56 5.06 4.42 4.2 3.97 3.89

Clinical strain 1 2 7 7 6.76 6.83 6.54 6.38 6.02 5.58 5.16 4.93 4.19 4.19 3.9 3.84

3 7 7 6.68 6.85 6.35 6.64 5.69 6.18 4.98 5.54 4.19 4.34 3.89 3.94

Mean 7 7 6.74 6.83 6.47 6.47 5.92 5.83 5.23 5.18 4.27 4.24 3.92 3.89

±SD 0 0 0.0529 0.02517 0.1069 0.1447 0.2031 0.3107 0.2969 0.3213 0.1328 0.0839 0.0436 0.05

S. mutans 1 7 7 6.72 6.82 6.04 6.48 5.15 5.78 4.6 5.07 4.27 4.36 3.94 4.05

Clinical strain 6 2 7 7 6.82 6.83 6.45 6.4 5.61 5.52 4.78 4.64 4.25 4.19 3.97 3.98

3 7 7 6.74 6.76 6.18 6.32 5.23 5.51 4.51 4.66 4.2 4.2 3.97 3.99

Mean 7 7 6.76 6.8 6.22 6.4 5.33 5.6 4.63 4.79 4.24 4.25 3.96 4

±SD 0 0 0.0529 0.03786 0.2084 0.08 0.2458 0.1531 0.1375 0.2427 0.0361 0.0954 0.0173 0.0379

S. mutans 1 7 7 6.89 6.85 6.45 6.52 5.85 5.88 5.09 5.12 4.41 4.41 4.08 4.12

Clinical strain 7 2 7 7 6.73 6.88 6.14 6.48 5.35 5.76 4.8 4.94 4.33 4.32 4.1 4.09

3 7 7 6.8 6.86 6.38 6.52 5.66 5.8 4.93 4.95 4.33 4.3 4.1 4.09

Mean 7 7 6.81 6.86 6.32 6.51 5.62 5.81 4.94 5 4.36 4.34 4.09 4.1

±SD 0 0 0.0802 0.01528 0.1626 0.0231 0.2524 0.0611 0.1453 0.1012 0.0462 0.0586 0.0115 0.0173

S. mutans 1 6.98 6.98 6.83 6.83 6.7 6.54 6.24 5.97 5.75 5.06 4.33 4.21 3.84 3.83

Clinical strain 13 2 6.98 6.98 6.79 6.83 6.62 6.56 6.16 5.93 5.23 5.04 4.26 4.19 3.83 3.85

3 6.98 6.98 6.85 6.83 6.54 6.65 5.95 6.23 5.11 5.43 4.42 4.5 3.86 3.8

Mean 6.98 6.98 6.82 6.83 6.62 6.58 6.11 6.04 5.36 5.18 4.34 4.3 3.84 3.83

±SD 0 0 0.0306 0 0.08 0.0586 0.1498 0.1629 0.3402 0.2196 0.0802 0.1735 0.0153 0.0252

S. mutans 1 7 7 6.9 6.83 6.45 6.32 5.68 5.49 4.87 4.8 4.44 4.38 3.99 4.01

NCTC 10919 2 7 7 6.87 6.84 6.45 6.29 5.64 5.29 4.81 4.63 4.37 4.32 4 3.91

3 7 7 6.86 6.87 6.34 6.4 5.35 5.56 4.64 4.78 4.33 4.38 3.99 3.97

Mean 7 7 6.88 6.85 6.41 6.34 5.56 5.45 4.77 4.74 4.38 4.36 3.99 3.96

±SD 0 0 0.0208 0.02082 0.0635 0.0569 0.1801 0.1401 0.1193 0.0929 0.0557 0.0346 0.0058 0.0503

Combined Mean 6.99 6.99 6.8 6.83 6.41 6.46 5.71 5.74 4.99 4.98 4.31 4.3 3.96 3.96

Combined ±SD 0.0083 0.0083 0.0664 0.02874 0.1803 0.1128 0.3382 0.2634 0.3432 0.2643 0.0863 0.0983 0.0876 0.1028

Wilcoxon rank-

sum test

(p values) 1 0.0914 0.3766 0.7294 0.92 0.6256 0.8945

22 hrs0 hrs 2 hrs 4 hrs 6 hrs 8 hrs 13 hrs
 

 

 

 

 

 

 

 

 

 

 

 

Table 3.6.1.1. The effect of subinhibitory concentration (0.78 mg/ml) of crude ethanol plant extract on acid production by biofilms of 

Streptococcus mutans 
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Figure 13: Mean pH values for all strains of S. mutans over a period of 22 h. 

Figure 3.7: Mean pH values of Streptococcus mutans in biofilm after exposure to 

subinhibitory concentration (0.78 mg/ml) of crude ethanol plant extract.  
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3.6.2  Effect of crude ethanol plant extract on the acid production by planktonic 

cells of Streptococcus mutans 

The results of the acid produced by planktonic cells of S. mutans in the presence of 

subinhibitory concentration (0.78 mg/ml) of crude ethanol plant extract are represented in 

Table 3.6.2.1, page 73. The acid production was measured by reading pH every 2 hours 

following a 10 hour incubation period after inoculation. The bacterial counts at 0, 12 and 

16 hours are represented in Table 3.6.2.2, page 74. The mean pH values and bacterial 

counts (log CFU/ml) are represented together in Figure 3.8, page 75. Mean and standard 

deviation values are shown for each time interval. 
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Cultures Repeats                                   Acid production by S. mutans in planktonic cells (pH values)

               16 hrs

control plant control plant control plant control plant control plant

S. mutans 1 7 7 4.84 6.98 4.49 6.56 4.41 6.11 4.3 5.65

Clinical strain 1 2 7 7 4.9 6.99 4.5 6.54 4.41 6.06 4.32 5.61

3 7 7 4.9 6.97 4.51 6.6 4.4 6.11 4.33 5.63

Mean 7 7 4.88 6.98 4.5 6.57 4.41 6.09 4.32 5.63

±SD 0 0 0.034641 0.01 0.01 0.0305505 0.005774 0.0288675 0.0152753 0.02

S. mutans 1 6.98 6.98 5.26 6.66 4.56 6.16 4.28 5.59 4.1 5.15

Clinical strain 6 2 6.98 6.98 5.03 6.66 4.47 6.2 4.24 5.59 4.06 5.13

3 6.98 6.98 5.1 6.69 4.48 6.1 4.26 5.71 4.06 5.22

Mean 6.98 6.98 5.13 6.67 4.5 6.15 4.26 5.63 4.07 5.17

±SD 0 0 0.1178983 0.017321 0.049329 0.0503322 0.02 0.069282 0.023094 0.047258

S. mutans 1 7 7 5.6 6.94 4.7 6.59 4.4 6.13 4.3 5.67

Clinical strain 7 2 7 7 5.56 6.95 4.69 6.62 4.38 6.2 4.25 5.71

3 7 7 5.62 6.95 4.64 6.63 4.38 6.19 4.24 5.67

Mean 7 7 5.59 6.95 4.68 6.61 4.39 6.17 4.26 5.68

±SD 0 0 0.0305505 0.005774 0.032146 0.0208167 0.011547 0.0378594 0.0321455 0.023094

S. mutans 1 7 7 5.42 6.75 4.59 6.69 4.34 6.38 4.18 5.97

Clinical strain 13 2 7 7 5.46 6.77 4.58 6.74 4.33 6.46 4.12 5.98

3 7 7 5.32 6.77 4.56 6.72 4.33 6.48 4.1 5.96

Mean 7 7 5.4 6.76 4.58 6.72 4.33 6.44 4.13 5.97

±SD 0 0 0.072111 0.011547 0.015275 0.0251661 0.005774 0.052915 0.0416333 2.973464

S. mutans 1 7 7 5.91 6.69 4.88 6.44 4.4 5.97 4.15 5.34

NCTC 10919 2 7 7 5.63 6.69 4.64 6.45 4.27 5.97 4.05 5.39

3 7 7 5.84 6.71 4.71 6.5 4.27 6.07 4.1 5.46

Mean 7 7 5.79 6.7 4.74 6.46 4.31 6 4.1 5.4

±SD 0 0 0.1457166 0.011547 0.123423 0.0321455 0.075056 0.057735 0.05 0.060277

Combined Mean 6.99 6.99 5.36 6.81 4.6 6.5 4.34 6.07 4.18 5.57

Combined ±SD 0.0082808 0.008281 0.3449941 0.133088 0.11244 0.2014755 0.061991 0.2757898 0.103058 0.283006

Wilcoxon rank-

sum test

(p values) 1 p < 0.01 p < 0.01 p < 0.01 p < 0.01

   0hrs 10hrs 12hrs 14hrs

Table 3.6.2.1. The effect of subinhibitory concentration (0.78 mg/ml) of crude ethanol plant extract on the acid production by planktonic 

cells of Streptococcus mutans 
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Cultures Repeats                Growth of S. mutans planktonic cells (cfu/ml)

            0 hrs            12 hrs            16 hrs

control plant control plant control plant

S. mutans 1 1.1 x 107 1.2 x 107 5.5 x 108 1.6 x 108 1.1 x 109 2.5 x 108

clinical strain 1 2 1.1 x 107 1.1 x 107 3.5 x 108 2.1 x 108 4.9 x 108 2.6 x 108

3 1.0 x 107 1.0 x 107 3.4 x 108 3.1 x 107 4.7 x 108 1.9 x 108

Mean 1.1 x 107 1.1 x 107 4.1 x 108 2.3 x 108 6.9 x 108 2.3 x 108

±SD 577350.3 1000000 118462371 92359803.7 358096821 40414519

S. mutans 1 1.2 x 107 1.4 x 107 2.3 x 108 1.9 x 108 3.6 x 108 8.5 x 108

clinical strain 6 2 1.3 x 107 1.2 x 107 1.7 x 108 1.9 x 108 1.5 x 108 2.6 x 108

3 1.3 x 107 1.4 x 107 2.1 x 108 7.5 x 108 8.2 x 108 8.2 x 108

Mean 1.3 x 107 1.3 x 107 2.0 x 108 3.8 x 108 4.4 x 108 6.4 x 108

±SD 577350.27 1154700.5 30550505 323316151 342685473 332315112

S. mutans 1 1.5 x 107 1.3 x 107 2.2 x 108 8.4 x 107 4.5 x 108 2.0 x 108

clinical strain 7 2 1.2 x 107 1.3 x 107 1.7 x 108 2.1 x 108 2.5 x 109 2.3 x 108

3 1.5 x 107 1.3 x 107 1.5 x 108 1.2 x 108 4.8 x 108 1.6 x 108

Mean 1.4 x 107 1.3 x 107 1.8 x 108 1.4 x 108 1.1 x 109 2.0 x 108

±SD 1732050.8 0 36055513 64899923 1175003546 35118846

S. mutans 1 4.8 x 106 4.5 x 106 6.5 x 107 1.6 x 107 1.1 x 108 1.8 x 108

clinical strain 13 2 4.0 x 106 4.8 x 106 1.1 x 107 8.1 x 107 1.2 x 108 1.7 x 108

3 4.7 x 106 3.7 x 106 4.7 x 107 2.9 x 107 5.5 x 108 1.1 x 108

Mean 4.5 x 106 4.3 x 106 4.1 x 107 4.2 x 107 2.6 x 108 1.5 x 108

±SD 435889.89 568624.07 27495454 34394767 251197134 37859389

S. mutans 1 2.6 x 106 2.4 x 106 1.5 x 107 1.1 x 107 9.7 x 107 1.3 x 107

NCTC 10919 2 2.4 x 106 3.3 x 106 4.4 x 107 1.1 x 107 6.2 x 107 5.8 x 107

3 2.2 x 106 2.8 x 106 1.0 x 107 1.6 x 107 7.1 x 107 4.2 x 107

Mean 2.4 x 106 2.8 x 106 2.3 x 107 1.3 x 107 7.7 x 107 3.8 x 107

±SD 200000 450924.98 18357560 2886751.35 18175074.5 22810816

Combined Mean 8.9 x 106 8.9 x 106 1.7 x 108 1.4 x 108 5.2 x 108 2.5 x 108

Combined ±SD 4799831.3 4639273.3 153685145 185654749 623265250 248827211

t -test 

p values 0.944639 0.3778766 0.1325282

Table 3.6.2.2  The bacterial counts (CFU/ml) of Streptococcus mutans planktonic cells in 

the presence and absence of subinhibitory concentration (0.78 mg/ml) of crude ethanol 

plant extract 
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Figure 3.8: Mean pH values and the bacterial counts (log CFU/ml) of 

Streptococcus mutans in planktonic form after exposure to subinhibitory 

concentration (0.78 mg/ml) of crude ethanol plant extract.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The crude ethanol plant extract effectively reduced the production of acid by planktonic 

cells of S. mutans (Table 3.6.2.1). All the test strains behaved similarly. The control 

cultures experienced a significant drop in pH (p < 0.01) over a 16 hour period (pH 7 to 

4.18) compared to the cultures exposed to plant extract (7 to 5.57). The bacterial counts 

for both control and plant extract exposed cultures were not significantly different (p > 

0.05) from each other indicating that the growth and number of organisms had no effect 

on the pH over a period of time (Table 3.6.2.2). Thus, the difference in pH is due to the 

effect of the plant extract on the metabolism of the bacteria and not on the number of 

bacterial cells. 
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3.7  Effect of the crude ethanol plant extract on the activity of proteases of 

Porphyromonas gingivalis       

The effect of the crude ethanol plant extract on the activity of the specific gingipains, 

Arg-gingipain and Lys-gingipain by P. gingivalis was evaluated. Nα-Benzoyl-L-arginine 

4-nitroanilide hydrochloride and N-(p-Tosyl)-Gly-Pro-Lys 4-nitroanilide acetate salt 

were used as substrates for Arg-gingipain and Lys-gingipain respectively. 

Porphyromonas gingivalis was exposed to five different subinhibitory concentrations of 

crude ethanol plant extract (0.02, 0.01, 0.006, 0.003, 0.001 mg/ml). These concentrations 

were chosen based on MBC results. 

  

Crude ethanol plant extract was diluted in DMSO (1:2) and used as controls. It was also 

used in the actual experiments together with the various substrates and inoculum to 

examine protease activity. Therefore a control containing DMSO and substrate only was 

used to evaluate the effect of DMSO on the substrate itself. It was found that DMSO had 

no significant effect on substrate degradation. A positive control containing proteinase K 

and substrate only was used to check if the actual method worked. The results showed 

that proteinase K was able to degrade both substrates. The complete degradation of 

substrates by protease produced by P. gingivalis was given a value of 100 % (control). 

Values lower than 100 % were taken as inhibition of protease activity. The results of the 

percentage of activity of Arg-gingipain and Lys-gingipain produced by P. gingivalis 

exposed to the various subinhibitory concentrations of crude ethanol plant extract are 

represented in Table 3.7.1, page 77 and Figure 3.9, page 78 and Table 3.7.2, page 79 and 

Figure 3.10, page 80 respectively. The results as absorbances at 405 nm are represented 
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Repeats                     Protease activity (%)

Control                        Crude plant extract concentrations

0.02 mg/ml 0.01 mg/ml 0.006 mg/ml 0.003 mg/ml 0.001 mg/ml

1 100 90 66 93 75 63

2 100 81 74 82 76 99

3 100 71 80 63 93 90

4 100 91 104 88 85 84

5 100 96 120 73 79 86

6 100 112 107 90 72 75

7 100 84 85 92 96 88

8 100 84 82 90 102 77

9 100 95 76 96 107 101

10 100 148 52 49 53 54

11 100 50 33 76 41 53

12 100 60 71 64 35 50

13 100 52 77 59 83 62

14 100 57 71 83 60 67

15 100 65 70 64 72 68

16 100 61 66 69 81 58

17 100 69 47 67 57 64

18 100 70 66 63 64 58

19 100 68 62 61 64 65

20 100 39 80 63 64 69

21 100 62 63 63 55 59

Mean 100 76 74 74 72.1 70.95

±SD 0 0.24254 0.196975 0.137882 0.188783 0.151244

t -test 

(p values) p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01

in Table 2.1, page 133 and Table 2.2, page 134 (Appendix 2). The activities of the two 

gingipains are represented together in Figure 3.11, page 81. 

 

Table 3.7.1 Arg-gingipain activity (%) by Porphyromonas gingivalis exposed to 

subinhibitory concentrations of crude ethanol plant extract  
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Figure 3.9: The protease activity of Arg-gingipain after exposure to different 

subinhibitory concentrations of crude ethanol plant extract. *, **, #, $, ~ = p: < 

0.01. 

*, **, #, $, ~: Comparison between the protease activity of Arg-gingipain in cells 

of Porphyromonas gingivalis unexposed and exposed to subinhibitory 

concentrations of crude ethanol plant extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The control containing no crude ethanol plant extract showed 100 % degradation of Nα-

Benzoyl-L-arginine 4-nitroanilide hydrochloride. The different subinhibitory 

concentrations of crude ethanol plant extract significantly reduced (p < 0.01) the activity 

of Arg-gingipain as degradation at all concentrations was less than 100 % (Table 3.7.1). 

Activity was inhibited by approximately 24 - 28 % for all tested concentrations. All 

tested concentrations produced similar inhibition of activity. 
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Repeats                                                     Protease activity (%)

Control                        Crude plant extract concentration

0.02 mg/ml 0.01 mg/ml 0.006 mg/ml 0.003 mg/ml 0.001 mg/ml

1 100 72 79 71 98 79

2 100 77 68 72 75 73

3 100 79 72 70 77 71

4 100 48 41 49 54 44

5 100 44 42 47 56 61

6 100 49 37 42 42 35

7 100 45 41 45 32 37

8 100 42 44 37 36 44

9 100 49 40 45 43 47

10 100 44 46 48 47 53

11 100 51 50 49 51 40

12 100 37 38 42 35 47

13 100 35 39 30 30 36

14 100 37 41 44 44 45

15 100 47 44 40 51 44

16 100 43 42 38 47 58

17 100 42 40 40 40 43

18 100 43 48 38 36 43

Mean 100 49 47 47 50 50

±SD 0 0.131547 0.124097 0.12017 0.176868 0.131597

t -test 

(p values) p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01

Table 3.7.2 Lys-gingipain activity (%) by Porphyromonas gingivalis exposed to 

subinhibitory concentrations of crude ethanol plant extract 
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Figure 3.10: The protease activity of Lys-gingipain after exposure to different 

subinhibitory concentrations of crude ethanol plant extract. *, **, #, $, ~ = p: < 

0.01 

*, **, #, $, ~: Comparison between the protease activity of Lys-gingipain in cells 

of Porphyromonas gingivalis unexposed and exposed to subinhibitory 

concentrations of crude ethanol plant extract. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The control containing no crude ethanol plant extract showed 100 % degradation of N-(p-

Tosyl)-Gly-Pro-Lys 4-nitroanilide acetate salt. The different subinhibitory concentrations 

of crude ethanol plant extract significantly reduced (p < 0.01) the activity of Lys-

gingipain as degradation at all concentrations was less than 100 % (Table 3.7.2). Activity 

was reduced by approximately 50 % for all tested concentrations of crude ethanol plant 

extract.  
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Degradation of substrates in the absence of crude ethanol plant extract was given a value 

of 100 % (control). Results show that the crude ethanol plant extract causes greater 

inhibition of Lys-gingipain activity compared to Arg-gingipain. The plant extract, 

however, significantly reduces both the activities of the respective gingipains. Highest 

inhibition of Arg-gingipain was obtained at the lowest concentration (0.001 mg/ml) of 

crude ethanol plant extract, whereas the highest inhibition of Lys-gingipain was obtained 

at 0.01 and 0.006 mg/ml crude ethanol plant extract. 

 

Figure 3.11: The protease activity of Arg-gingipain and Lys-gingipain produced 

by Porphyromonas gingivalis exposed to various subinhibitory concentrations of 

crude ethanol plant extract. *, **, #, $, ~ = p: < 0.01 

*, **, #, $, ~: Comparison between the protease activity of Arg-gingipain and 

Lys-gingipain in cells of Porphyromonas gingivalis unexposed and exposed to 

subinhibitory concentrations of crude ethanol plant extract. 
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CHAPTER 4: DISCUSSION 

 

Dental caries and periodontal diseases are the most common bacterial oral infections in 

humans. According to the World Health Organization (WHO) report, dental caries 

remains a major public health problem worldwide, affecting 60 - 90% of school children 

and the vast majority of adults. Although it appears to be less common and less severe in 

the greater part of Africa, the report anticipates that in light of changing living conditions 

and dietary habits, the incidence of dental caries will increase in many of the continent’s 

developing countries (Petersen and Lennon, 2004). Periodontal diseases contribute 

significantly to the global burden of oral diseases. Limited attention has been given to 

this disease by providers and public health administrators (Petersen and Ogawa, 2005). 

Their significance in overall human health has been minimized due to their non-life-

threatening nature. However, economic burden for treatment can be staggering.  

 

Good oral hygiene is the common preventative measure for both the diseases which can 

be achieved by mechanical and chemical application. Among many chemicals, plant and 

plant products have been used for centuries for the management of oral health-related 

problems throughout the world (Tapsoba and Deschamps, 2005). These chemicals either 

target the actual number of causative organisms or their virulence to render them inactive. 

Dodonaea viscosa var. angustifolia one of the medicinal plants has antifungal activity 

against C. albicans and the authors suggest its use in the oral cavity where other oral 

pathogens coexist (Patel et al, 2009). Therefore this study investigated the antibacterial 
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and anti-virulence effect of D. viscosa var. angustifolia, a medicinal plant on the 

cariogenic bacteria and the causative organisms of periodontal diseases. 

 

The results showed that at high concentrations of crude extract, D. viscosa var. 

angustifolia has bactericidal effect on cariogenic bacteria such as S. mutans and 

Lactobacillus spp. At subinhibitory concentrations, this plant extract reduces acid 

production and biofilm formation by S. mutans, the two key pathogenic characteristics 

responsible for the development and progression of dental caries. However extracts of D. 

viscosa var. angustifolia had no effect on the production of extracellular polysaccharides 

by S. mutans and it could only remove fully developed biofilm after 24 hour exposure. 

On the other hand periodontal pathogens were killed at very low concentrations and at 

subinhibitory concentrations it inhibited the protease activity of P. gingivalis leaving 

them avirulent. Therefore this plant has a potential to be developed into a therapeutic 

agent for prevention of dental caries and periodontal diseases. These results are discussed 

under separate sections. 

 

4.1  Minimum bactericidal concentration assay 

Dodonaea viscosa var. angustifolia was successfully extracted using acetone, methanol 

and ethanol with average yield of 0.2 g from 1 g of dried leaves powder (Tables 3.1.1, 

3.1.2 and 3.1.3). Clinical strains of S. mutans were successfully identified using API 20 

Strep standardized system which is based on the method described by Facklam et al, 

(1984). This is a cheap, easy and effective method of identification compared to the 

genetic methods with DNA probes (Cangelosi et al, 1994) and immunological methods 
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(Hamada and Slade, 1980). These results were further verified by using a Microscan 

(Walkaway) that confirmed the identification of all S. mutans strains using biochemical 

reactions. 

 

Instead of MIC, MBC were determined for all the test organisms because the crude 

extract of D. viscosa var. angustifolia precipitated with the growth medium and the 

visible growth of the test organisms was not possible. The crude extracts completely 

killed S. mutans (1.56 – 12.5 mg/ml) and Lactobacillus spp. (0.78 – 12.5 mg/ml) but the 

concentrations were high (Table 3.3.1 - 3.3.2). Cariogenic bacteria are generally resistant 

to medicinal plant extracts. When four Brazilian medicinal plants were tested by Alviano 

et al, (2008), the MICs for cariogenic bacteria ranged from 1.6 to 16 mg/ml. If this plant 

extract is developed into an oral hygiene product such as a mouth rinse, gel or toothpaste 

with these high doses as shown in this study it could reduce the number of both of these 

cariogenic bacteria in the saliva. Reduction in the salivary bacterial count may reduce the 

time required to develop dental plaque which is a prerequisite in the development of 

dental caries.  However, such effective high concentrations are difficult to maintain in the 

mouth because of the constant salivary flow.  

 

Similar results with C. albicans and D. viscosa var. angustifolia were reported where it 

was found that at high concentrations C. albicans was completely killed but at 

subinhibitory concentrations which are generally found in the oral cavity due to the 

dilution with saliva, the adherence of this organism to oral epithelial cells was inhibited 

rendering them avirulent (Patel et al, 2009). This led to further investigations on the 
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effects of the subinhibitory concentration of crude plant extract on the pathogenic 

characteristics of S. mutans which is the primary causative organism of dental caries. 

 

Periodontal pathogens proved to be more sensitive to D. viscosa var. angustifolia giving 

MBC ranges from 0.02 to 0.09 mg/ml. Similar results were found by Alviano et al, 

(2008) with four Brazilian medicinal plants, where lower MIC values were noted for the 

periodontal pathogens compared to the cariogenic bacteria. Santos et al, (2002) tested 

fractions of propolis and found MICs between 0.064 and 0.1 mg/ml. All the periodontal 

pathogens tested here gave MBC results similar to the propolis and Brazilian plant study. 

Rios et al, (1988) demonstrated that natural crude extracts which have the ability to 

exhibit antimicrobial activity at concentrations lower than 100 µg/ml are most likely to 

possess great antimicrobial potential due to the fact that the active compounds can be 

isolated and used at lower concentrations. Dodonaea viscosa var. angustifolia caused the 

complete elimination of P. intermedia, P. gingivalis, F. nucleatum and Capnocytophaga 

spp. at concentrations lower than 100 µg/ml, therefore it has great potential as an 

antimicrobial agent. 

 

The active constituent having antimicrobial effect in D. viscosa var. angustifolia extract 

remains unknown. However, its beneficial effect is well known, dating as far back as the 

1700s. Oral infections were and still are treated using a decoction of the leaves (Van Wyk 

et al, 2002). Amabeoku et al, (2001) used high performance liquid chromatography 

(HPLC) finger printing and identified the presence of flavonoids, reducing sugars, 

alkaloids, saponins and tannins. Among these chemical components flavonoids could be 
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responsible for the antibacterial effect because flavonoids are phenolic compounds that 

are known to have medicinal properties including antibacterial and antiviral properties 

(Dixon et al, 1983). They are usually synthesized by plants in response to microbial 

infection and their antimicrobial activity has been proven in vitro against a wide variety 

of microorganisms. A major leaf flavonoid from D. viscosa var. angustifolia has already 

been identified as 5,7,4’-trihydroxy-3,6-dimethoxyflavone by Van Heerden et al, (2000).  

 

The ethanol extract was chosen for all subsequent experiments investigating the effect of 

the crude plant extract on the pathogenic characteristics of S. mutans because the MBC 

results suggested that the active ingredient responsible for the antibacterial effect may be 

better extracted in ethanol as this produced the lowest MBC values particularly for S. 

mutans, when compared to the other two extracts. Ethanol extracts are often used in 

dilution assays and have shown successful antimicrobial activity against various bacteria 

such as, Staphylococcus aureus and Mycobacterium smegmalis (Reddy, 2009).  

 

4.2  Inhibitory effects on Streptococcus mutans biofilm  

Many different types of oral bacteria are present in a mature thick biofilm called dental 

plaque. Since S. mutans is the pioneer species that initiates biofilm formation, only S. 

mutans was used to produce biofilms. The biofilms were grown in the presence of plant 

extract and the growth was measured in all three phases shown by Li et al, (2001) which 

are the adherent phase (0-4 hours), the active accumulated phase (4-20 hours) and the 

slow or plateau accumulated phase (after 20 hours). The results showed that the plant 

extract reduced the biofilm formation and all three phases were affected, 6 hours being 
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the adherent, 24 hours being the active accumulative and 30 hours being the plateau 

accumulated phase (Table 3.4.2.1). However, a short exposure (two, 1 minute exposures) 

of the crude ethanol plant extract did not have any effect on the 48 hour mature biofilm 

but a longer exposure (24 hours) with subinhibitory concentration (0.78 mg/ml) 

significantly removed the mature biofilm (Table 3.4.1.1). This is generally acceptable 

because several different approaches have been aimed at controlling biofilm such as 

prevention of biofilm formation, disruption of existing biofilm, prevention of further 

biofilm growth and killing microorganisms in the biofilm (Sbordone and Bortolaia, 2003) 

but generally commercially available oral hygiene chemicals have only one target 

property.  

 

Dodonaea viscosa var. angustifolia has proven to target the biofilm formation and further 

re-growth rather than disruption of existing biofilm. This exposure times were chosen so 

as to mimic the usual routine brushing of an individual, during a 24 hour period. These 

results suggest that the crude ethanol plant extract affects the adherence mechanism of S. 

mutans to surfaces or the extract has a good substantivity, forming a film on the glass 

slide and not allowing the adherence of S. mutans. This effect was observed at the 

subinhibitory concentration meaning it could not have been due to the bacterial cell 

death. The plant extract therefore prevents the adherence of some of the bacteria to the 

glass surface. Possible explanations for these results are, (1) the plant extract may have 

formed a film on the glass slide, (2) disrupted the synthesis of adhesins by the bacteria 

preventing them from adhering to the glass surface or, (3) the plant extract may have 

caused the mechanical disruption of the adhesins already present. Similar suggestions 
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have been made by Jagtap and Karkera (2000) where an extract of Juglandaceae regia 

was found to inhibit the adherence of S. mutans to a glass slide due to its effect on the 

activity of glucosyltransferase which is one of the adhesins that facilitate with the binding 

of S. mutans to a surface. 

 

The three major protein antigens that facilitate the binding of S. mutans to surfaces are 

the surface fibrillar adhesins (AgI/II), glucosyltransferases (GTFs) and the glucan-

binding protein (Russell et al, 2004) which may have been affected by the plant extract. 

Since the crude ethanol plant extract has no effect on the production of polysaccharides 

by S. mutans, the plant extract has no effect on GTFs which are responsible for the 

production of polysaccharides (glucans). Therefore, the plant extract may have either 

blocked the binding site of AgI/II or may have prevented the formation of this antigen by 

S. mutans. Since this experiment did not involve the presence of saliva for ultimate 

binding, it is more likely that the plant extract may have prevented the formation of this 

antigen by the bacteria or the antigen already present could not bind due to blockage of 

enzyme-binding site as AgI/II usually binds to the salivary component or salivary 

agglutinin glycoprotein (SAG) in a lectin-like interaction (Demuth et al, 1990).  

 

The crude ethanol plant extract may have also prevented glucan-induced aggregation 

which is an important mechanism that results in the accumulation of S. mutans on the 

surface of the tooth which ultimately leads to the formation of dental plaque. 

Streptococcus mutans aggregate on the tooth surface by means of a cell-surface glucan-

binding protein that binds high molecular weight glucan (Jagtap and Karkera, 2000). 
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Since sucrose was present in the growth medium, the bacteria were most likely able to 

synthesize glucan using GTF at subinhibitory concentration but the binding of the protein 

to glucan was probably inhibited by the plant extract. Such as the Chinese Nutgall, some 

plants are known to exhibit strong inhibition of glucan-induced aggregation of S. mutans 

(Wu-Yuan et al, 1988).  

 

Since there is no effect on the fully formed biofilm, perhaps the plant extract is not 

capable of penetrating the slimy biofilm matrix which consists of bacteria, salivary 

compounds and the bacterial byproducts. However the 24 hour results were significant 

which suggests that the bacteria were either killed within the surface layer of the biofilm, 

or the plant extract may have caused the detachment of the bacteria from the biofilm 

thereby reducing the bacterial count. Similar results were found by Rukayadi and Hwang 

(2005) with a chemical xanthorrizol (XTZ) isolated from the java turmeric (Curcuma 

xanthorrizol Roxb.). They showed that exposure time and the phase of growth of bacteria 

are two important factors when studying the effects on cells in biofilm form. The older 

biofilms (> 20 hours) require a higher concentration of antimicrobials over a short period 

of time or a low concentration of antimicrobials over a long period of time.  

 

If a toothpaste and mouth rinse containing D. viscosa var. angustifolia is used in the 

morning, the tooth brushing technique will remove the plaque layer and the high 

concentration of plant extract will kill the bacteria. As the concentrations drop due to the 

saliva flow the plant extract will still have an additional effect on reduction in new plaque 

formation. Although this is an in vitro study, if the low concentrations are maintained, 
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plaque that was not removed in the morning will also be reduced.  Further research is 

required to test the substantivity of this plant extract. Also the biofilm formed in the 

actual oral cavity will be chemically and microbiologically different and consistency will 

also be different. This biofilm will have mix flora containing aerobic and anaerobic 

bacteria. Therefore, a mixture of byproducts and salivary glycoproteins will be different 

making it more tenacious which will reduce the penetrability.  

 

Similar studies were carried out by Limsong et al, (2004) investigating the effect of six 

herbal extracts on the adherence of S. mutans to a glass slide showing similar results with 

Chinese black tea and guava being the superior. The inhibition of S. mutans by oolong tea 

is also known (Ooshima et al, 1993; Nakahara et al, 1993). These herbal extracts are rich 

in polyphenols, majority of them being tannins of the catechin group and their efficacy 

towards S. mutans adherence has been established.  

 

A number of polyphenols have been isolated and reported for D. viscosa var. angustifolia 

(Rani et al, 2009). It is possible that the inhibition of adherence of S. mutans to the glass 

slides is due to the presence and action of phenolic compounds present in the plant 

extract. Dodonaea viscosa var. angustifolia contains tannins which can bind to proline-

rich proteins present on the salivary pellicle or with the cell-surface lipoteichoic acid, 

thereby reducing the attachment of S. mutans (Hogg and Embery, 1982; Wolinsky and 

Sote, 1984). Tannins have the ability to cause changes to the insoluble enzyme structure 

or bind to the active site. Plant tannins may also prevent the adsorption of GTF to 

bacterial cells thereby preventing the production of glucans that may facilitate in the 
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attachment of bacteria to the tooth surface (Jagtap and Karkera, 2000). Bacterial 

membranes may also be damaged by tannins belonging to the catechin group. Catechins 

interact with bacterial surface proteins causing distortion and loss of tertiary structure 

resulting in loss of function (Ikigai et al, 1993; Hamilton-Miller, 2001). These results 

suggest that an in vivo study should be considered. 

 

4.3  Effect on extracellular polysaccharide production in planktonic and biofilm 

forms  

Streptococcus mutans has an adherence mechanism due to the adhesins present on the 

cell wall which allow them to adhere to the tooth surface. The results in the adherence 

study showed that this mechanism may have been impaired by D.viscosa var. 

angustifolia. Production of extracellular polysaccharides (EPS) by these organisms also 

contribute to the adherence of S. mutans not only to the tooth but also to each other 

(Freedman and Tanzer, 1982), and in the process contribute to the structural integrity of 

the plaque which makes the plaque more resistant to penetration. In addition EPS acts as 

a food reserve (Guggenheim, 1970).  

 

As suggested by some of the researchers, reduction in the production of EPS should also 

be one of the targets for caries development and prevention (Matos-Graner et al, 2000; 

Nobre dos Santos et al, 2002). Therefore this study examined the effect on the ability of 

S. mutans to produce EPS in the presence of D.viscosa var. angustifolia. The results 

showed that subinhibitory concentration had no effect on the production of both the types 

of polysaccharides, glucans and levans in biofilm and planktonic forms of S. mutans 
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(Tables 3.5.1 - 3.5.2) and further suggests that the subinhibitory concentration of plant 

extract may not have affected glucosyltransferase which is responsible for the synthesis 

of EPS as shown by studies with propolis. 

 

Koo et al, (2003) isolated two compounds from propolis, apigenin and tt-farnesol, which 

have two distinct mechanisms of action with respect to the reduction of polysaccharide 

production. Apigenin was found to inhibit the production of glucans by targeting the GTF 

enzymes, GTF B and C which are responsible for the production of insoluble glucans. 

The compound tt-farnesol affects the production of glucans by causing damage to the 

bacterial cell membrane. By inflicting damage to the cell membrane tt-farnesol may 

reduce bacterial metabolism and glucan synthesis by S. mutans (Bowen, 2002; Marquis et 

al, 2002).  However, propolis had weak anti-S. mutans properties. Similarly defatted 

cocoa bean extract inhibited the EPS production but not the growth of oral bacteria 

(Paolino and Kashket, 1985). In this study D. viscosa var. angustifolia does not inhibit 

the production of polysaccharides, however, it reduces the number of bacteria in the 

planktonic and biofilm form and due to some other mechanism such as interference of 

adhesins, the adherence is also reduced. However high sucrose intake is one of factors 

implicated in the development of dental caries and therefore S. mutans that survived the 

antibacterial property of D. viscosa var. angustifolia if provided with sucrose, will still 

produce polysaccharides normally. 
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4.4  Acid production in biofilms and planktonic cells  

The definition of dental caries is “demineralization of mineralized area of the tooth due to 

the microbial (S. mutans, usually in a biofilm form) action (acids and EPS production) on 

the fermentable carbohydrate (sucrose). This study discussed the antibacterial effect of D. 

viscosa var. angustifolia on S. mutans, and effect on the biofilm and EPS production by 

this organism. However, the virulence of S. mutans is directly related to its acid 

producing ability through glycolysis in dental plaque (Sturr and Marquis, 1992). 

Therefore, the effect of this study plant on the acid production by planktonic and biofilm 

forms of S. mutans were investigated.  

 

The results showed that D. viscosa var. angustifolia inhibits the acid production 

significantly by S. mutans cells if they are in a planktonic form. However once they are in 

a biofilm form embedded in an extracellular matrix D. viscosa var. angustifolia has no 

effect on the acid production by this organism (Table 3.6.1.1). The difference in the pH 

of the controls and the tests could have been due to the reduction of the number of S. 

mutans due to some antibacterial effect of the plant extract. This phenomenon was 

verified by performing bacterial counts at an initial point, at 12 hours and at 16 hours 

which were found to be comparable to the control (Figure 3.8), suggesting that the effect 

may have been on the glycolysis of carbohydrates which is responsible for the acid 

production and not due to antibacterial effect of the plant. 

 

This plant extract was able to inhibit the conversion of sucrose to lactic acid by possibly 

acting on the acid sensitive glycolytic enzymes responsible (Nalina and Rahim, 2007). 
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Acid sensitization in S. mutans can readily be seen in glycolytic pH-drop experiments in 

which cells are supplied with excess glucose. Cells can then rapidly degrade glucose 

causing a drop in the pH of the suspension to a minimum value at which the bacteria can 

no longer maintain a cytoplasmic pH compatible with glycolytic enzymes (Duarte et al, 

2006). In the results the final pH values after a 16 hour period was approximately 5.2 - 

5.9 compared with 4.1 - 4.3 for cells not exposed to the plant extract (control). Thus D. 

viscosa var. angustifolia has the potential to prevent enamel dissolution even after 16 

hours as pH values of approximately 5.2 - 5.9 are still above the critical pH for enamel 

dissolution which is 5.5 and below. The maintenance of higher pH values in bacterial 

cells treated with the plant extract may also be due to the possibility that the plant may be 

preventing the uptake of sucrose via the phosphotransferase system which is usually 

active at a high pH (Marsh et al, 1984). 

 

The exercise of determining bacterial cells in the biofilm throughout the incubation 

period was not possible and it was not necessary because the results showed that the 

amount of acid produced by the control and the test was exactly the same. This suggests 

that the number of organisms were the same in both the test and the control. The quantity 

of acid was increasing in the medium of both the test and the control meaning the 

organisms were metabolically active in these biofilms (Figure 3.7). However the initial 

count of the biofilms in the control as well as test was performed to standardize the initial 

stage and the results showed similar bacterial counts. During the experiment, biofilm 

bacterial counts were not possible because the cultures were not homogenized due to the 

biofilm clumps and a pipetting error could occur.  
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In the experiments with planktonic cells, S. mutans was exposed to the plant extract 

throughout the experiment period which was 16 hours, meaning the extract was 

constantly harming the cells. Whereas in the biofilm study, the biofilms were exposed to 

the plant extract for 30 minutes only which may not have been enough to penetrate the 

cells in the biofilm to cause an effect on the metabolism of the bacteria. The pH values of 

controls dropped to 4.5 which is a highly acidic environment for any cells to survive and 

proliferate. Streptococcus mutans are known to be acidogenic and aciduric meaning they 

are capable of producing acid and successfully tolerating the acidic environment. 

Streptococcus mutans are acid-tolerant organisms that have developed mechanisms to 

alleviate the influences of acidification. These mechanisms include increasing proton-

translocating F-ATPase activity in response to low pH (Sturr and Marquis, 1992; Quivey 

et al, 2000). 

 

The role of F-ATPase is to transport protons out of cells through adenosine triphosphate 

(ATP) hydrolysis in order to maintain an intracellular pH that is more alkaline than the 

extracellular environmental pH (Sturr and Marquis, 1992). The detrimental pH for the 

demineralization of teeth is 5.5 and below (Marsh and Martin, 1999). Figure 3.8 shows 

that the control attained that pH only after 8 hours but the test containing plant extract 

reach that pH only after 16 hours meaning double the amount of time. This suggests that 

if this plant extract has a good substantivity, low concentrations will be maintained in the 

oral cavity and the beneficial effects will continue not only on the biofilm formation but 

also on the acid production.  
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Investigations carried out by Duarte et al, (2006), have identified cranberry as an 

inhibitor of acid production by biofilms of S. mutans due to the presence of polyphenols. 

They identified flavonols, anthocyanins and proanthocyanidins that alone or in 

combination significantly affected the production of acid by S. mutans biofilms. Similar 

chemicals identified from green propolis and Baccharis dracunculifolia have been 

suggested to be responsible for the inhibition of acid production (Leitao et al, 2004). 

Tannins such as catechin are also known to affect the acid production by S. mutans 

biofilm (Maeyama et al, 2005). A preliminary gas chromatography-mass spectrometry 

(GC-MS) analysis of D. viscosa var. angustifolia has revealed the presence of 

polyphenols such as catechin or chromene group, calcones with trimethoxyphenyl group, 

tannin with 4-O-β-D-xylopyranoside and stigmasterol (Patel M, 2011).  Catechins usually 

have better antibacterial properties against gram-positive than gram-negative bacteria 

(Toda et al, 1992) because of the repulsion between catechins and the surface of gram-

negative bacteria which is coated with lipopolysaccharides. The test microorganism was 

gram-positive which suggests catechins may have been responsible for the antibacterial 

effect. Catechin penetrates the lipid bilayer of bacterial cells and causes leakage of small 

molecules (Ikigai et al, 1993). This may have reduced the adherence of S. mutans to glass 

surfaces and the acid production.  

  

The neutralization of pH within biofilms is difficult due to the limited access of saliva 

and the presence of EPS, thus low pH values are easily maintained (Dibdin and Shellis, 

1988, Duarte et al, 2006). Biofilms are physiologically different from cells in the 

planktonic form and have a higher resistance to antibiotics and are also able to better 
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withstand the defense mechanisms of the host (Gillbert et al, 1997). Therefore, the effect 

on the acid production by planktonic cells has an important implication. It is not known if 

the damage is temporary or permanent to the cells of S. mutans but if the damage is 

permanent in the production of acid, the biofilm formed by S. mutans may be impaired in 

acid production which will eventually prevent the development of caries.  

 

4.5  Inhibition of proteolytic activity of Porphyromonas gingivalis 

Many anaerobic gram-negative bacteria are implicated in periodontal diseases. Among 

these organisms P. gingivalis is one of the most aggressive pathogens because it produces 

lipopolysaccharides, fimbriae, hemagglutinin and proteases. The proteolytic activity of P. 

gingivalis is due to gingipains, collegenase and dipeptidyl aminopeptidase IV (Potempa 

et al, 1995; Grenier and La, 2011).  The new drug target approaches have been suggested 

to target these proteases. Among these proteases, extracellular Arg-gingipain and Lys-

gingipain are the most important virulence factors because they down regulate 

polymorphonuclear neutrophils, modulate host cytokine networks and degrade 

extracellular proteins which are the gingival tissues (Brochu et al, 2001; Yamanaka et al, 

2007). Because the gingipains are the major contributors in the pathophysiology of 

periodontitis, therapeutic agents may be developed to either inhibit the growth of this 

pathogen or inhibit the production of gingipains. Inhibitors of periodontal proteases may 

reduce bacterial pathogenicity and in turn have a positive effect on periodontal diseases. 

This study investigated the potential of D. viscosa var. angustifolia not only in the 

elimination of P. gingivalis but also the effect on the production of Arg-gingipain and 

Lys-gingipain.  
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The results showed that the five subinhibitory concentrations of crude ethanol plant 

extract of D. viscosa var. angustifolia significantly inhibited the production of both the 

gingipains (Table 3.7.1 - 3.7.2). Inhibition of Lys-gingipain was better than Arg-

gingipain by 20%. However, there was no difference in the effect of various 

concentrations of the plant extract. This inhibition could be due to the effect of the plant 

extract on these enzymes, causing structural changes resulting in less cleavage of 

substrate which was detected colorimetrically in this test. It is also possible that the crude 

ethanol plant extract may have affected the substrate by blocking the enzyme-binding site 

thus preventing cleavage.  

 

Gingipains may be essential to P. gingivalis as they provide iron, peptides and amino 

acids from environmental proteins (Grenier et al, 2001.).  Iron is important for the growth 

and virulence of P. gingivalis. One of the major sources of iron is human transferrin 

which is contained in high amounts in the gingival crevicular fluid. Gingipains are 

responsible for the cleavage of human transferrin which promotes growth and formation 

of hydroxyl radicals that play an important role in tissue destruction during periodontitis 

(Bodet et al, 2006). They may also contribute to the processing and maturation of several 

cell-surface proteins of P. gingivalis (Kadowaki et al, 2000). Therefore, inhibition of 

gingipains by D. viscosa var. angustifolia will also deprive P. gingivalis of available iron 

and prevent some of the tissue destruction due to the lack of hydroxyl radicals. 

  

Degradation of substrates in the absence of D. viscosa var. angustifolia was given a value 

of 100 % (Yamanaka et al, 2007). The crude ethanol plant extract significantly reduced 
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the activity of Arg-gingipain by approximately 24 - 28 % for all tested concentrations 

(Figure 3.9). Arg-gingipain is an arginine-specific enzyme and is a high molecular mass 

form of gingipain. It consists of a 50-kDa gingipain noncovalently complexed with 44-

kDa binding proteins specifically hemagluttinins (Pike et al, 1994). It can either occur as 

a single chain, part of a proteinase-hemagluttinin complex or a free protease (Potempa et 

al, 1995). Arg-gingipain is usually activated by cysteine which is the most effective 

reducing agent. Activation of this enzyme is also brought about by the activity of 

dithiothreitol (Pike et al, 1994) and therefore dithiothreitol was used in experiments 

examining the effect of D. viscosa var. angustifolia on Arg-gingipain as well as Lys-

gingipain. 

 

Arg-gingipain often cleaves very long substrates containing extracellular matrix 

components, various plasma proteins, cytokines and their receptors and various host cell 

surface proteins (Potempa et al, 2000). Their specific activity however is very limited as 

they mimic the action of highly regulated host proteins (Potempa et al, 2003). Since Arg-

gingipain specifically cleaves after arginine residues, the plant extract therefore inhibited 

cleavage by 24 - 28 % after the L-arginine residue in the substrate used for analysis. 

Therefore, cleavage was not completely inhibited at the tested concentrations of plant 

extract. Higher concentrations of plant extract could possibly result in higher inhibition of 

activity but concentrations for experiments were kept at a minimum as the plant showed 

bactericidal activity at fairly low concentrations (0.04 - 0.09 mg/ml) and the purpose of 

this experiment was to investigate the effect of subinhibitory concentrations of this plant 

extract which could normally be found in the oral cavity due to the saliva flow. 
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The crude ethanol plant extract significantly reduced the activity of Lys-gingipain by 

approximately 50 % for all tested concentrations (Fig. 3.9). Lys-gingipain is a 60-kDa 

lysine-specific protease where cysteine is the most effective reducing agent in the 

activation of the enzyme followed by dithiothreitol (Pike et al, 1994). Therefore it was 

used to measure the enzyme activity in this study. The enzyme is most stable and active 

under conditions dominating advanced P. gingivalis colonization of periodontal pockets 

such as pH values of approximately 7.5 - 8.0 and higher and in the presence of reducing 

agents (Bickel and Cimasoni, 1985). In this investigation, pH was maintained at 8.0 to 

allow for stabilization and activation of the enzyme. The plant extract therefore inhibited 

cleavage by approximately 50 % after the lysine residue in the substrate used for analysis. 

 

The plant extract showed greater inhibition of Lys-gingipain activity (50 %) when 

compared to Arg-gingipain (25 %). This may be due to the fact that Lys-gingipain has 

proven to be a less stable, poor protease when compared to Arg-gingipain (Abe et al, 

1997; Potempa et al, 2003). Lys-gingipain is however, a more important virulence factor 

when compared to Arg-gingipain (Potempa et al, 2003). It is also greatly affected by 

residues more upstream from the scissile bond than penultimate lysine. Both gingipains, 

however, are similar in terms of enzymatic properties and structural features (Abe et al, 

1997; Okamoto et al, 1996). However, much of the data obtained with respect to 

molecular mass, substrate specificity, hemagluttinin activity and sensitivity of these 

enzymes to various inhibitors have been unclear (Okamoto et al, 1996). 
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The results obtained in this study are comparable to similar studies carried out by 

Yamanaka et al, (2007), in which the inhibitory effect of cranberry polyphenol fractions 

on the cysteine proteases of P. gingivalis was investigated. They found that the cranberry 

polyphenol inhibited the activities of the two gingipains and the effect was dose 

dependent. The polyphenol fraction at 100 µg/ml produced 87 - 91 % inhibition of 

gingipain activities. The cranberry polyphenol preparation significantly reduced the 

activities of the gingipains at a low concentration suggesting that small molecules of 

polyphenols are capable of producing an inhibitory effect on proteases. Investigations 

conducted by Bodet et al, (2006) also showed that the non-dialyzable material prepared 

from cranberry efficiently inhibited the activities of both Arg-gingipain and Lys-

gingipain respectively. Catechins have also been suggested to be responsible for the 

antibacterial and antiproteolytic effects against P. gingivalis (Okamoto et al, 2004). Thus, 

it is possible that at low concentrations the polyphenols such as catechin present in D. 

viscosa var. angustifolia may be responsible for the inhibitory effect on the gingipains 

tested.  

 

The results of this study have shown that if D. viscosa var. angustifolia is developed into 

a mouth rinse, gel or a toothpaste, the high concentrations and much diluted 

concentrations (0.09 mg/ml) will eliminate four periodontal pathogens including P. 

gingivalis and as the concentrations are reduced (0.02 - 0.001 mg/ml) further due to the 

salivary flow and depending on the substantivity of this plant extract it will render P. 

gingivalis avirulent. This validates the potential of this plant to be used as a preventive 
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and therapeutic agent of periodontal diseases. A summary of the results obtained in 

this research project are represented in Table 4.1, page 103. 
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Dental 

caries 

S. mutans (initiate) 

Lactobacillus spp. 

(progress) 

Antimicrobial effect 

Effect on 

pathogenicity of  

S. mutans 

 

At high concentrations plant extract 

eliminated S. mutans and Lactobacilli 

At subinhibitory concentration, plant 

extract inhibited biofilm formation 

At subinhibitory concentration, plant 

extract reduced the mature biofilm only 

after 24 hours 

At subinhibitory concentration, plant 

extract reduced the acid production by 

planktonic cells but not by the cells in 

biofilm form 

At subinhibitory concentration, plant 

extract had no effect on the EPS 

production by planktonic and biofilm 

forms of S. mutans 

Diseases Pathogens 

Periodontal 

diseases  

Many including: 

P. gingivalis (major) 

P. intermedia 

F. nucleatum 

Capnocytophaga spp. 

 

Antimicrobial  

effect 

Effect on  

pathogenicity 

of P. gingivalis 

At low concentrations, plant extract 

eliminated periodontal pathogens 

At subinhibitory concentrations, plant 

extract inhibited protease activity of 

P. gingivalis 

Figure 4.1 Effect of Dodonaea viscosa var. angustifolia on the cariogenic bacteria and periodontal pathogens: A summary of the 

findings 
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CHAPTER 5: CONCLUSION, FUTURE RESEARCH AND 

LIMITATIONS TO THE STUDY 

 

Conclusion 

The crude extracts of medicinal plant D. viscosa var. angustifolia have shown to 

effectively eliminate cariogenic bacteria at high concentrations of 1.56 - 12.5 mg/ml (S. 

mutans) and 0.78 - 12.5 mg/ml (Lactobacillus spp.). At a subinhibitory concentration of 

0.78 mg/ml D. viscosa var. angustifolia inhibited the dental plaque biofilm formation 

within 6 hours and continued to inhibit up to 30 hours. However, D. viscosa var. 

angustifolia had no significant effect on the fully developed mature biofilm that received 

two 1 minute exposures to the plant extract but the same biofilm incubated for 24 hours 

with the plant extract showed significantly reduced bacterial growth. Subinhibitory 

concentration of this plant extract also inhibited the acid production by the planktonic 

cells of S. mutans but not by the cells in a biofilm form. D. viscosa var. angustifolia had 

no effect on the extracellular polysaccharides production.  

At low concentrations, the crude extract of D. viscosa var. angustifolia eliminated four 

periodontal pathogens. At subinhibitory concentrations it also inhibited the protease 

production by one of the major periodontal pathogens, P. gingivalis rendering them 

avirulent. 

There are three major oral diseases that commonly occur in all age populations. They are 

oral candidiasis, dental caries and the periodontal diseases. The pathogens coexist in the 
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oral cavity as commensals. The beneficial effect of D. viscosa var. angustifolia has been 

established. Therapeutic agents may target the pathogenic organisms by eliminating them 

or their ability to cause infection by inhibiting the virulence factors. Dodonaea viscosa 

var. angustifolia if regularly used in the oral cavity, at high concentrations will kill 

cariogenic bacteria and the periodontal pathogens. As the saliva flow reduces the 

concentrations it will continue to kill periodontal pathogens and when the concentrations 

are even lower it will render P. gingivalis avirulent. At low concentrations the plant 

extract will not allow biofilm formation and acid production which are the major virulent 

factors in the development of dental caries. This study has shown that D. viscosa var. 

angustifolia has a potential to be developed into a preventative and therapeutic agent for 

commonly occurring oral diseases. However, further research is required to establish its 

safety and in vivo activity. 

 

Future research 

1. Extraction, isolation and identification of chemical constituents of D. viscosa var. 

angustifolia responsible for the beneficial effects on the oral pathogens and their 

virulence requires extensive research involving chromatography. Essential oils of 

this plant can also be extracted and obtained from distillation to study their 

antimicrobial effect. 

2. Responsible chemicals can be cheaply synthesized and commercialized for the 

prevention of dental caries and periodontal diseases, as well as treatment of 

periodontal diseases. Threads impregnated with plant extract can be developed 
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which are placed in the periodontal pockets and sockets of tooth extracted areas. 

Tetracycline and clove oil impregnated threads are used regularly. 

3. Although D. viscosa leaves are toxic in cattle if ingested in a large quantity 

(Colodel et al, 2003), the plant extract has been proven to be safe in mice (Khalil 

et al, 2006). Therefore cytotoxicity and carcinogenic effects of the plant extract in 

human cells can be established to determine the safe usage.  

4. Clinical trials can be performed using the plant extract in either a mouth rinse, gel 

or a toothpaste form and monitor the effect on the oral hygiene and the plaque and 

bleeding index which are responsible for both the diseases. 

5. Substantivity meaning absorption to oral surfaces, slow release and maintenance 

of low concentration of this plant extract can be determined. 

6. Periodontal diseases are caused by byproducts of anaerobic bacteria and the host 

response itself. It is a chronic inflammatory disease. Recently some medicinal 

plants have been explored for their effect on the host response such as secretion of 

various cytokines, matrix metalloproteinase and interleukin (Yanti et al, 2009; La 

et al, 2009; La et al, 2010
a
; La et al, 2010

b
). Similarly efficacy of D. viscosa var. 

angustifolia can be studied. 

7. Mechanism responsible for the inhibition of adherence of S. mutans to surfaces 

can be investigated by studying the cell surface adhesins and glucan binding 

proteins. 

8. Mechanism responsible for the inhibition of acid production by S. mutans requires 

further investigation. Each step of glycolysis can be monitored for the effect on 

any of the enzymes responsible for the glycolytic pathways and acid production. 
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For example fluoride inhibits the acid production by S. mutans by acting on the 

enzyme enolase which is responsible for the conversion of phosphoenole to 

phosphoenole pyruvate which subsequently prevents acid production.  

9. Effect of D. viscosa var. angustifolia on collagenase can be studied and the  

beneficial effect on the gingipains which was established in this study can be 

further analysed in terms of responsible mechanism.   

10. Since only the MBC values were studied, a percentage-kill study can be 

performed. This can be done by determining number of surviving bacteria at 

various concentrations and exposure time. 

 

Limitations to the study 

1. Minimum bactericidal concentration values were determined for all the organisms 

instead of MIC values. Dodonaea viscosa var. angustifolia precipitates with 

culture medium used in the study therefore visible growth was not possible which 

is required for the determination of MIC values. P-Iodonitrotetrazolium violet that 

detects the metabolic activity of cells could have been used but the intensity in the 

colour change would be difficult due to the heavy precipitation and pigment 

production by anaerobes. Minimum bactericidal concentration values are the 

ultimate results and it is generally known that MIC values falls few dilutions 

below the MBC values.  

2. In the study where effect on the acid production by biofilm was established, 

bacterial counts at various time intervals similar to the planktonic study would 

have been ideal. However, it was not possible because the cultures with biofilms 
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were not homogenous but rather full of clumps and pipetting would not give 

comparable results.  

3. Although an acceptable and referenced method was used for the experiments 

analyzing extracellular polysaccharide production, it could have been improved 

by adding positive controls such as synthetic glucans and levans. This could not 

be done as these were not available in the lab.  

4. The effects of volatiles could not be tested as these were lost during the plant 

extraction procedure where air caused oxidation. 
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CHAPTER 7: APPENDICES 

 
 

Appendix 1 

 

Composition and preparation of media 

 

Nα-Benzoyl-L-arginine 4-nitroanilide hydrochloride (BAPNA) 

 

0.02 g  BAPNA 

100 ml  distilled water 

 

Dissolved in water 

 

Blood agar 

 

39 g  Columbia agar (Oxoid Ltd, UK) 

1000 ml distilled water 

5 g  sterile defibrinated blood 

 

39 g Columbia agar base was suspended in 1000 ml distilled water. It was dissolved 

completely by bringing to the boil. It was sterilized by autoclaving at 151b and 121 °C 

for 10 minutes. Allowed to cool to 50 °C and 5 % sterile defibrinated blood was added. It 

was poured into plates and allowed to set. Plates were labeled and refrigerated until use.  

Brain Heart Infusion Broth 

 

37 g  brain heart powder (Biolab Diagnostics Pty. Ltd, SA) 

1000 ml distilled water 

 

These were mixed, dissolved by heating the solution, dispensed into bottles and 

autoclaved at 151b and 121 °C for 15 minutes. 

Dithiothreitol (DTT) 

 

 

0.154 g  DTT  

1000 ml  distilled water 

 

Dissolved in water. 
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Fusi Form Medium 

 

37 g   brain heart infusion (Biolab Diagnostics Pty. Ltd, SA) 

3 g   yeast extract 

2 g   soluble starch 

1000 ml  distilled water 

pH 7.6 

 

Medium was dissolved in water and autoclaved at 151b and 121 °C for 15 minutes. 

 

 

N- (p-Tosyl)-Gly-Pro-Lys 4-nitroanilide acetate salt 

 

0.03 g   N-(p-Tosyl)-Gly-Pro-Lys 4-nitroanilide acetate salt 

100 ml  distilled water 

 

Dissolved in water. 

 

 

Phosphate buffered saline 

 

4.2 g   sodium chloride 

0.078 g  sodium dihydrogen phosphate (NaH2PO4.2H2O) 

0.64 g   sodium hydrogen phosphate (NaHPO4) 

500 ml  distilled water 

 

These were suspended in water and autoclaved at 151b and 121 °C for 15 minutes. 

 

Proteinase K 

 

0.01 g   proteinase K 

1 ml   distilled water 

 

Dissolved in water.  

 

Tryptone Broth 

 

12.5 g   tryptone powder (Biolab Diagnostics Pty. Ltd, SA) 

7.5 g   yeast extract 

5 g   sucrose 

500 ml  distilled water 

pH 7.0 

 

Medium was dissolved in water and autoclaved at 151b and 121 °C for 15 minutes. 
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Tris-HCL 

 

15.76 g  Tris-HCL 

1000 ml  distilled water 

  

Dissolved in water. 

 

 

Tryptone Soy Broth 

 

30 g   Tryptone soy broth (Biolab Diagnostics Pty. Ltd, SA) 

1000 ml distilled water 

 

Medium was dissolve in water and autoclaved at 151b and 121 °C for 15 minutes. 

 

 

Tryptone soy broth 

 

15 g   tryptone soy broth 

0.5 ml   haem 

0.5 ml   menadione  

500 ml  distilled water 

 

Medium was dissolved in water and autoclaved at 151b and 121 °C for 15 minutes. 

 

5 % Sucrose Broth 

 

10 g   tryptone 

5 g   protease peptone no. 3 (Difco Laboratories, USA) 

5 g   protease peptone (Difco Laboratories, USA) 

1 g   glucose 

50 g   sucrose 

4 g   dipotassium phosphate 

1000 ml  distilled water 

 

Half the water was heated to boiling point. The solids were dissolved in a small amount 

of water and added to boiling water. The remaining water was added and heated to 

boiling point. Mixture was poured into large bottles and autoclaved at 151b and 121 °C 

for 15 minutes. 
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10 % Sodium Acetate 

 

50 g   sodium acetate 

500 ml  distilled water 

 

Dissolved in water. 

 

 

Rogosa Agar  

 

82 g   Rogosa agar (Condalab, SA) 

1000 ml  distilled water 

 

Half the water was heated to boiling point. The powder was dissolved in water and added 

to the remaining water. Mixture was poured into large bottles. Sterilized at 151b and 121 

°C for 15 minutes. Plates were labeled and refrigerated until use.  

 

Rogosa Broth 

10 g  tryptone 

5 g  yeast extract 

20 g  glucose 

1 g  tween 

6 g  potassium dihydrogen phosphate 

2 g  ammonium citrate 

25 g  sodium acetate 

1.32 ml  glacial acetic acid 

0.58 g  magnesium sulphate 

0.34 g  ferrous sulphate 

0.02 g  bromocresol green 

1000 ml distilled water 

 

Ingredients were mixed until dissolved. The solution was dispensed into bottles and 

autoclaved at 101b and 121 ºC for 20 minutes. 
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Repeats                                          Protease activity at 405 nm (OD) at various subinhibitory concentrations of crude plant extract

       0.02 mg/ml         0.01 mg/ml         0.006 mg/ml         0.003 mg/ml           0.001 mg/ml P.gingivalis + Proteinase K +

control plant control plant control plant control plant control plant substrate substrate

1 0.661 2.847 0.742 2.287 0.683 2.929 0.676 2.484 0.637 2.18 2.623 0.188

2 0.612 2.636 0.833 2.505 0.704 2.672 0.769 2.53 0.53 3.083 3.1 0.22

3 0.618 2.386 0.528 2.587 0.54 2.152 0.624 2.927 0.57 2.848 2.718 0.174

4 0.44 1.676 0.458 1.856 0.443 1.641 0.46 1.594 0.412 1.576 1.8 0.234

5 0.506 1.753 0.455 2.08 0.485 1.45 0.447 1.51 0.424 1.602 1.422 0.216

6 0.404 1.969 0.397 1.895 0.394 1.661 0.339 1.39 0.407 1.455 1.505 0.187

7 0.542 2.541 0.656 2.569 0.677 2.738 0.681 2.824 0.555 2.627 2.911 0.207

8 0.432 2.505 0.699 2.519 0.572 2.675 0.708 2.955 0.704 2.403 2.374 0.192

9 0.512 2.783 0.472 2.338 0.627 2.82 0.556 3.085 0.537 2.927 2.175 0.185

10 0.363 2.101 0.334 0.954 0.358 0.934 0.336 0.976 0.303 0.973 1.456 0.219

11 0.262 0.905 0.384 0.759 0.33 1.248 0.335 0.827 0.311 0.964 1.349 0.21

12 0.398 1.087 0.362 1.193 0.331 1.1 0.348 1.124 0.306 0.924 1.413 0.179

13 0.345 0.97 0.323 1.263 0.29 1.03 0.352 1.333 0.341 1.082 1.319 0.262

14 0.375 1.038 0.339 1.187 0.35 1.33 0.319 1.045 0.326 1.141 1.519 0.278

15 0.321 1.11 0.329 1.162 0.317 1.097 0.269 1.176 0.322 1.148 1.537 0.197

16 0.346 1.077 0.286 1.111 0.347 1.169 0.32 1.305 0.321 1.032 1.536 0.226

17 0.329 1.164 0.323 0.865 0.327 1.137 0.329 1.012 0.271 1.08 1.41 0.245

18 0.316 1.168 0.319 1.121 0.291 1.082 0.274 1.088 0.294 1.013 1.535 0.263

19 0.302 1.141 0.281 1.064 0.34 1.069 0.337 1.1 0.3 1.098 1.422 0.241

20 0.449 0.869 0.338 1.295 0.377 1.103 0.329 1.1 0.304 1.152 1.242 0.25

21 0.334 1.089 0.237 1.061 0.326 1.083 0.273 0.963 0.303 1.029 1.348 0.24

Mean 0.422238 1.6578571 0.4330952 1.603381 0.4337619 1.6247619 0.43242857 1.63561905 0.40371429 1.58747619 1.795904762 0.219666667

±SD 0.113682 0.7089286 0.1666076 0.6489186 0.1410067 0.71088697 0.16395535 0.78567032 0.13069206 0.74920702 0.589304752 0.030254476

Appendix 2: Results of Porphyromonas gingivalis protease activity assay 

 

Table 2.1 The protease activity (OD) of Arg-gingipain exposed to subinhibitory concentrations of Dodonaea viscosa var. angustifolia 

where controls are those for each concentration of crude plant extract using dimethyl sulphoxide (Figure 2.7B) 
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Repeats                            Protease activity at 405 nm (OD) at various subinhibitory concentrations of crude plant extract

      0.02 mg/ml        0.01 mg/ml      0.006 mg/ml       0.003 mg/ml      0.001 mg/ml P.gingivalis + Proteinase K +

control plant control plant control plant control plant control plant substrate substrate

1 0.532 2.224 0.535 2.386 0.601 2.217 0.683 2.328 0.551 2.398 2.608 1.494

2 0.466 2.33 0.742 2.188 0.64 2.252 0.609 2.325 0.566 2.268 2.882 1.517

3 0.568 2.402 0.546 2.228 0.652 2.223 0.572 2.36 0.575 2.221 2.841 1.526

4 0.423 1.599 0.524 1.489 0.421 1.626 0.449 1.753 0.422 1.495 2035 1.836

5 0.427 1.516 0.528 1.505 0.437 1.582 0.523 1.854 0.444 1.92 2.133 1.929

6 0.374 1.612 0.487 1.368 0.485 1.48 0.412 1.453 0.462 1.306 2.09 1.935

7 0.444 1.534 0.438 1.447 0.434 1.539 0.359 1.177 0.459 1.356 2.396 1.972

8 0.473 1.481 0.497 1.555 0.482 1.358 0.443 1.323 0.448 1.527 2.144 1.959

9 0.409 1.623 0.436 1.419 0.384 1.503 0.476 1.509 0.407 1.579 2.036 1.991

10 0.49 1.539 0.544 1.624 0.447 1.622 0.524 1.631 0.495 1.751 2.017 1.95

11 0.45 1.69 0.455 1.673 0.43 1.638 0.444 1.685 0.469 1.431 2.136 1.98

12 0.438 1.348 0.455 1.381 0.448 1.461 0.446 1.293 0.414 1.58 2.049 1.986

13 0.475 1.314 0.409 1.378 0.507 1.214 0.45 1.172 0.44 1.327 1.924 1.925

14 0.408 1.323 0.463 1.455 0.471 1.529 0.46 1.52 0.494 1.575 1.923 1.938

15 0.398 1.571 0.426 1.511 0.361 1.378 0.363 1.648 0.378 1.473 1.909 1.994

16 0.419 1.485 0.485 1.491 0.402 1.349 0.435 1.574 0.421 1.837 2.495 1.971

17 0.436 1.465 0.47 1.433 0.42 1.416 0.442 1.418 0.415 1.479 2.693 2.033

18 0.428 1.473 0.412 1.591 0.465 1.379 0.394 1.279 0.407 1.48 2.629 1.999

Mean 0.4476667 1.6405 0.491778 1.61789 0.4715 1.59811 0.471333 1.62789 0.459278 1.66683 115.2169444 1.885277778

±SD 0.0476285 0.329391 0.076753 0.31225 0.082144 0.31166 0.083548 0.3776 0.057111 0.3327 479.1147992 0.176625162

Table 2.2 The protease activity (OD) of Lys-gingipain exposed to subinhibitory concentrations of Dodonaea viscosa var. angustifolia 

where controls are those for each concentration of crude plant extract using dimethyl sulphoxide (Figure 2.7B) 
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Appendix 3 

Ethical clearance 

 

 

 

 

 

 

 

 

 

 

 

 

 


