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SUMMARY 

The use of medicinal plants in the treatment of infectious diseases is an acceptable 

and popular phenomenon in South Africa and worldwide. The potential of extracts 

from these plants as antimicrobial agents necessitates their scientific evaluation. 

Therefore, this study evaluated the antimicrobial activity of Carpobrotus edulis; 

Cotyledon orbiculata; Datura stramonium; Dodonaea angustifolia; and 

Zanthoxylum capense against Porphyromonas gingiva/is; Tannerella forsythensis 

and Actinobacillus actinomycetemcomitan. Given that most currently used drugs are 

cytotoxic, the possible cytotoxic effect of these medicinal plants on human 

periodontal ligaments fibroblasts and human gingival fibroblasts was also 

determined. 

The modified broth micro dilution method incorporating resazurin as an indicator of 

cell growth in 96-well microtitre plates was used to determine the antibacterial 

activity of the test plants extracts. The extracts showed some significant antibacterial 

activity against Porphyromonas gingiva/is, Tannerella forsythensis and 

Actinobacillus actinomycetemcomitans. The activity varied with respect to 

individual test bacteria. Their minimum inhibitory concentration (MIC) values 

ranged from 10 to 0.01mg.mrl. All bacteria tested were inhibited by the highest 

concentration of the selected plant extracts ( 1 Omg.mr 1 
). 

The MTT [3-( 4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] method 

was used to determine the cytotoxic effect of test extracts. All extracts tested with the 

exception of Carpobrotus edulis, inhibited the growth of both human periodontal 
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ligament fibroblasts and human gingival fibroblasts at the tested dilutions, with the 

cytotoxicity levels being directly related to the concentration of the extracts. 

The extract of Carpobrotus edulis inhibited the tested cells at 1 o-1 for human 

periodontal ligaments fibroblasts and 2: 1 o-2 for human gingival fibroblasts. All other 

tested concentrations of Carpobrotus edulis extracts enhanced the growth of both 

human periodontal ligaments and human gingival fibroblasts. 

The study provided a scientific evidence of the important role that medicinal plants 

play as antibacterial agents in the treatment of oral infections. 
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CHAPTER 1: INTRODUCTION 

Periodontal diseases are amongst the most prevalent diseases in the world. Previous 

studies indicated that the disease is associated with an increased risk of heart disease 

and low birth weight (1, 2, 3). Periodontal lesions are also amongst the most 

commonly encountered oral manifestation of HIV infection. Their prevalence 

estimates ranges from very low in otherwise symptoms free HIV -positive individuals 

to 6-10% in a population with significant HIV -related disease ( 4, 5). In South Africa 

the prevalence is relatively high, as 8.5% of HIV -infected patients presents with 

periodontal diseases ( 6). 

A large percentage of the population worldwide has relied on resources within their 

environment to survive since creation and medicines of plant origin are mostly used 

to cure different type of diseases. It has been estimated that about 80% of the rural 

population in Africa depends on this type of treatment for various types of diseases 

(7). Previous studies have also documented their use in oral lesions treatment (8). 

In South Africa a large percentage of the population rely on traditional treatments 

and the government, in line with the World Health Organization's (WHO) strategy 

for traditional medicines, has created the platform for the evaluation of these 

indigenous medicines (9). Medicinal plants may be the source of potential 

antimicrobial agents, however, largely unexplored. There is still insufficient 

documented evidence of their therapeutic effectiveness. Therefore, this study will 

attempt to add to the scientific understanding of the use of medicinal plants in the 

treatment of periodontal diseases. The study will evaluate the antibacterial activity 

of selected South African medicinal plants against major periodontal pathogens 
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namely: Porphyromonas gingiva/is; Tannerella forsythensis and Actinobacillus 

actinomycetemcomitans. The study will also evaluate the cytotoxicity of these South 

African plants on human periodontal ligament fibroblasts and human gingival 

fibroblasts. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Definition of periodontitis 

Periodontitis is a term referring to the inflammation of the periodontium. The 

periodontium consists of gingiva, periodontal ligament, cementum, and alveolar 

bone. The healthy gingival tissue are firm, do not bleed on probing and is supposed 

to be free from histological evidence of inflammation, although most of them are 

slightly inflamed due to the constant presence of microbial plaque (1 0). The 

inflammation of the periodontium leads to pocket formation in the gingival tissue, 

attachment loss, bone destruction, and eventually, tooth loss (11, 12, 13). 

2.2 Pathogenesis of periodontitis 

The mechanisms underlying this destructive process involve both direct tissue 

damage resulting from plaque bacterial products, and indirect damage through 

bacterial induction of the host inflammatory and immune responses (14). The host's 

infected cells and bacteria in the periodontal biofilm release proteolytic enzymes that 

damage tissue and chemotactic factors that recruit polymorphonuclear leucocytes 

into the affected tissues. Recruited polymorphonuclear leucocytes, if sustained, 

release various enzymes that break down tissues ( 15). 

The severity of periodontal diseases can be quantified with measurements of the 

pocket depth harboring the infection at the junction between teeth and gums and by 

the loss of supporting structures around the tooth, which is indexed clinically as 

attachment loss (12). 
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2.3 Microorganisms as causative agents of periodontitis 

2.3.1 History of oral microbiology 

The earliest observation of micro-organisms in the oral cavity was recorded by 

Antonij van Leeuwenhoek in the late 1600. Van Leeuwenhoek reported his 

observation of little organisms moving in water suspension of material taken from 

between his teeth. He also found these organisms in the saliva and in soft material 

around the teeth but did not make any suggestion of the possible relationship of these 

organisms to tooth decay (16). 

The foundation of the relationship of micro organisms to caries production was laid 

by Willoghby Dayton Miller who extensively identified many different bacteria 

around the teeth and in the mouth. He directly admitted his inability to isolate a 

single causative agent of caries according to Koch's postulate. Some of these micro 

organisms are now identified as the normal microbial flora of the oral cavity ( 16). 

2.3.2 The normal oral microflora 

The normal human oral cavity contains approximately 1010 bacteria (including more 

than 500 bacterial species) inhabiting the teeth, gingival crevices, buccal mucosa and 

tongue. Most of these micro-organisms maintain a commensal relationship with the 

host ( 17). The different bacteria colonize the major oral surfaces such as the mucosal 

epithelium and teeth thereby forming a complex microbial biofilm, which is known 

as dental plaque. Colonization begins at birth and the first bacteria found in the 

mouth are derived from the mother ( 18). 
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2.3.3 The function of the normal oral microflora 

The normal oral microflora is commensal bacteria which forms an integral part of a 

complex of natural mechanisms on mucosal surfaces that safeguard the resistance of 

the host against pathogenic microorganisms. At an optimal composition, it prevents 

attachment and multiplication of pathogenic micro-organisms on the surfaces of the 

oral cavity ("colonization resistance") and their invasion into epithelial cells and 

circulation ( 19). 

2.3.4 Bacterial colonization of the oral cavity 

In the first step of colonization on the cleaned tooth surface, oral micro-organisms 

drift to and become attached to the acquired pellicle, proliferate there, and develop 

micro colonies as early colonizers. Other micro-organisms, which are able to bind to 

the early colonizers, join as microbial habitants on the tooth surface and early plaque 

formation occurs. The nutritional source of early plaque is derived from saliva, and 

dental plaque eventually becomes thick enough for the formation on an anaerobic 

zone at the bottom of the plaque (20). 

Bacterial colonization does not necessarily induce infection resulting in the 

destruction of the periodontium. The destruction of the tooth supporting structures 

during periodontal infection is a product of both the infection and subsequent 

inflammation of the periodontium. Bacterial competition within the oral cavity and 

interaction between bacteria and the host will determine if organisms are eliminated, 

remain at non pathogenic levels, or proliferate and provoke inflammatory lesions 

(18). 
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2.3.5 Microorganisms of periodontitis 

Although, it is evident that the microflora of periodontitis is multi microbial and 

mainly anaerobic, Porphyromonas gingiva/is; Tanerella forsythensis (formerly 

known as Bacteroides forsythus) and Actinobacillus actinomycetemcomitans have 

been identified as causative agents in the periodontal destruction associated with 

chronic periodontitis (21; 22). When conditions are favorable these bacteria will 

colonize the tissue, firmly establish themselves within the tissue, then express 

virulence factors that will take effect and lead to active periodontal disease (1 0). 

Therefore, the use of antibacterial agents against these organisms may play a major 

role in the treatment and prevention of periodontitis. 

Three main commonalities have been highlighted within these bacteria which play a 

major role in the pathogenesis of chronic periodontitis, namely: 

• They are all gram negative bacteria and therefore produce lipopolysacharide, 

which can modulate the local inflammatory response in host cells that 

expresses pattern recognition receptors (22). 

• They are capable of invasion of the mucosal barrier to infection and possibly of 

being sequestered inside epithelial cells therefore re-emerge when conditions 

are favorable for their growth (22). 

• They produce factors that enable them to evade the antibacterial function of the 

innate immune response either passively (anti-phagocytic capsule) or actively 

(leukotoxin, gingipain, other toxin pro teases, induction of apoptosis) (22). 

2.4 Treatment of periodontitis 

Periodontal therapy should establish periodontal health, arrest the progression of 

disease, prevent recurrence of disease, and preserve the dentition in a state of health, 
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comfort, and function (15). The aim of the therapy is therefore, to remove the 

bacterial deposits from the tooth surface and to shift pathogenic microbiota to one 

compatible with periodontal health (23). This objective is accomplished mainly by 

removing dental plaque and calculus from tooth-crown and root surfaces (scaling and 

root planing) using various manual or powered instruments, reinforcement of oral 

hygiene, and control or elimination of causal and risk factors (24). 

2.4.1 Antibacterial agents in the treatment of periodontitis 

Due to the role of microorganisms in the pathogenesis of periodontal diseases, 

antibacterial agents form part of periodontal therapy. Several chemical agents have 

been evaluated over the years, relative to their antimicrobial effects on oral 

pathogens and their effects on oral health. Among these antimicrobial agents are: 

chlorhexidine, phenolic compounds, quaternary ammonium agents, stannous fluoride 

and oxygenating compounds, among others which have effective plaque-inhibiting 

properties, however all are associated with side effects that prohibit their regular 

long-term use (25, 26, 27). 

Antibiotics such as penicillins, metronidazole, tetracycline and macrolides are widely 

used in dentistry. However, resistance of some oral bacterial isolates to these 

antibacterial agents has been reported (28). The search for new antimicrobial drugs 

derived from plant material is therefore an alternative measure to address the wide­

spread problem of antibiotic resistance and the undesirable side effects of other 

antimicrobial agents. 

It has been estimated that plant materials are present in or have provided the models 

for about 50o/o of Western drugs (29). High antimicrobial activity of methanolic leaf 

extracts of Ageratum conyzoides (Compositae) and Euphorbia hirta (Euphorbiaceae) 
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on selected gram-negative and gram-positive organisms was previously reported 

(30). 

Some plant based extracts were reported to be effective in the treatment of infectious 

diseases while simultaneously mitigating many of the side effects that are often 

associated with synthetic antimicrobials (31 ). Furthermore, natural crude drug 

extracts and biologically active compounds isolated from plant species used in 

traditional medicine were identified as potential resources for new drugs (32). 

Man has used plants to treat common infectious diseases since antiquity, and some of 

these traditional medicines are still included as part of the treatment of various 

diseases. The use of plants such as bearberry (Arctostaphylos uva-ursi) and 

cranberry juice ( Vaccinium macrocarpon) to treat urinary tract infections is reported 

in different manuals of phytotherapy, while species such as lemon balm (Melissa 

officina/is), garlic (Allium sativum) and tee tree (Melaleuca alternifolia) are 

described as broad-spectrum antimicrobial agents (33). 

2.4.2 Medicinal plants in the treatment of periodontitis 

Various studies in the growing literature on traditional medicine have reported the 

indigenous use of medicinal plants in the treatment of oral diseases (34). Neem 

(Azadirachta indica) has been used in India and Asia as the preferred tool for 

maintaining healthy teeth and gums. The Neem twigs were used regularly as 

toothbrushes, and the leaf gel was used to fight periodontal disease. The antiplaque 

activity ofNeem has also been reported (35). 

Propolis is a resin rich in flavonoids which is manufactured from plants. The results 

of previous studies suggested that Propolis can prevent dental carries and periodontal 

diseases since it demonstrated significant antibacterial activity against 
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microorganisms of such diseases and especially, inhibition of dental plaque 

formation in vitro (36). 

Sanguinaria canadensis (bloodroot or redroot) contains a mixture of 

benzophenanthridine alkaloids, mainly sanguinarine. Its value, particularly in mouth 

rinses has been explored. Studies have demonstrated that, the extract from 

Sanguinaria canadensis, significantly decreased gingivitis, due to its astringent, anti­

inflammatory and antiglycolytic properties (25). 

2.5 South African medicinal plants used for the treatment of periodontitis 

In South Africa with its large floral biodiversity, a large percentage of the population 

still use medicinal plants as an alternative or supplement to visiting a western health 

care practitioner. The practitioners in this type of treatment methods rely on 

symptomatic diagnoses of diseases and therefore generalize the treatment. 

Previous studies undertaken on South African plants reported the ability of Grewia 

occidentalis, Polystichum pungens, Cheilanthes viridis, Combretum caffrum, 

Spiloxene capensis and Sagittaria latifolia to inhibit the growth of tested Gram 

negative and positive bacteria as well as fungi. The studies highlighted the possible 

broad spectrum antimicrobial abilities of the plants (38,39). 

Although, the reports on plants used for the treatment of periodontitis in South 

Africa are rare, some authors have documented the following plants to be amongst 

those that are used to treat oral diseases in South Africa namely: Acacia karoo; 

Berula erecta; Carpobrotus edulis; Cotyledon orbiculata; Datura stramonium; 

Dodonaea angustifolia; and Zanthoxylum capense (3 7). 
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There is currently no scientific literature worldwide pertaining to the antibacterial 

activity of these South African plants on periodontal pathogens or their cytotoxicity 

on cells origination from the oral cavity in vitro. Therefore, the present study aims to 

provide some information contributing to the literature. 

2.6 Description of medicinal plants used in this study 

Carpobrotus edulis also known as ghaukum (Khoi), sour fig (English) and suurvy 

(Afrikaans) is a perennial, mat like creeper, fast growing succulent of the Aizoaceae 

family. In South Africa the plant is found on virtually all soil types. The juice of the 

leaf of Carpobrotus species is highly astringent and is used to treat mouth, throat and 

fungal infections. It is also believed to be effective against earache, toothache and 

oral and vaginal thrush (37). Previous studies also demonstrated the antibacterial 

activity of the crude extract of Carpobrotus edulis ( 40). 

Figure 2.1. An example of Carpobrotus edulis depicting yellowish to grass 

green leaves, redish tips on some leaves with yellow and pale pink 

flowers. 
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Cotyledon orbiculata is a small shrub with woody branches and thick fleshy, bright 

green to yellow, often with reddish margin leaves. The plant belongs to the 

Crassulaceae family and is known as seredile (Sotho), imphewula (Xhosa), pig's ear 

(English), plakkie (Afrikaans) or kouterie (Afrikaans, Khoi). Cardiac glycosides of 

the bufadienolide type have been isolated from Cotyledon orbiculata that was 

reported as being highly toxic to animals (37, 41, 42). The warmed leaf juice is used 

traditionally as drops on infected gingival tissue (37). 

Figure 2.2. An example of Cotyledon orbiculata depicting thick yellow - green 

leaves with red line around the margin and orange - red hanging, 

tubular/bell-shaped flowers which are carried in a cluster on the 

ends of an elongated flower stalk. 

Datura stramonium is an exotic weed that grows up to 1.5 metres in height with 

irregularly toothed, large bright green leaves with an unpleasant smell when crushed. 

This is a member of the Solanaceae family commonly known as lethsowe (Sotho), 

iloyi, iloqi (Zulu), ijoyi, urnhlabavuthwa (Xhosa), stink blaar (Afrikaans) or 

thomapple (English). The fresh green fruit of this plant is applied locally for the 

relief of pain in the gums (3 7). 
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Figure 2.3. An example of Datura stramonium depicting long irregular 

shaped leaves, trumpet shaped white to purple flowers and an egg 

shaped fruit covered with prickles. 

Dodonaea angustifolia commonly known as mutata-vhana (Venda) or 

ysterhouttoppe (Afrikaans) is a shrub of about 5 metres high, with long irregular, 

narrow, pale green leaves (37, 43). The plant contains 5,7,4-trihydroxy-3,6-

dimethoxyflavone as its major flavonoid (44). A decoction of the leaves is used as a 

gargle for throat and oral infections (37). 
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Figure 2.4. An example of Dodonaea angustifolia depicting rusty red and 

resinous branch lets, simple pale green leaves rounded at the tips 

and pale green fruits. 

Zanthoxylum capense is a small, multi branched tree that grows up to 5 -10 metres in 

height known as small knobwood (English), kleinperdepram (Afrikaans), 

monokwane (Sotho), umnungamabele (Zulu) or umlungumabele (Xhosa). The plant 

is characterized by the presence of thick thorns on the grey bark, the leaves which are 

divided into several pairs of leaflets, greenish white flowers and small orange brown 

fruit resembling minute oranges. It is assumed that as in other Zanthoxylum species, 

Zanthoxylum capense is likely to contain sanguinarine that has antiplaque and anti­

inflammatory activity. Decoction of the plant's bark or root is used as a mouth rinse 

(37). 
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Figure 2.5. An example of Zanthoxylum capense depicting a grey tnorny bark. 

In recognition of historic evidence of the use of medicinal plants, plants extracts and 

plant derived chemicals in the treatment of oral diseases and maintenance of oral 

hygiene it is therefore accepted that medicinal plants plays a major role in the 

development of therapeutic agents. Moreover, the application of modem scientific 

methods in research and development of drugs further boosts the process of 

developing medicinal plants as drugs leads. 

Periodontal diseases are characterized by an increase of up to 80% of gram negative 

microorganisms, which colonize the gingival groove forming sub-gingival plaque. 

Among the bacteria present, Porphyromonas gingiva/is, Actinobacillus 

actinomycetemcomitans, and Tannerella forsythensis have found to be associated 

with development and progression of chronic peridontitis (44). Anti microbial 

agents directed toward killing or inhibiting the growth of these bacteria will arrest the 

progression of disease therefore establishing periodontal health. 
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In South Africa, there is a rich tradition of using medicinal plants for the treatment of 

many infectious diseases as well as to improve dental health. The fact that these 

indigenous plants may represent a good proportion of natural sources of curative and 

antimicrobial substances cannot be dismissed. Therefore, this study evaluate the 

antibacterial activity of Carpobrotus edulis; Cotyledon orbiculata; Datura 

stramonium; Dodonaea angustifolia; and Zanthoxylum capense against 

Porphyromonas gingiva/is, Actinobacillus actinomycetemcomitans, and Tannerella 

forsythensis using the microtitre plate based method incorporating resazurin as an 

indicator of cell growth ( 45). 

Medicinal qualities of plants are mostly derived from the substances they produce to 

protect themselves against microbial attacks ( 46). These substances, if identified and 

isolated could be used to treat human ailments. Plants could also use these 

substances to protect themselves from mammalian attack; therefore, therapeutic 

substances from plants could be toxic to mammalian cells. 

Cell culture experiments are currently one of the most popular and effective methods 

to test the sensitivity of selected group of cells to substances present in their 

microenvironment (47). Therefore, the current study also aims to determine the 

possible cytotoxic effect of Carpobrotus edulis; Cotyledon orbiculata; Datura 

stramonium; Dodonaea angustifolia; and Zanthoxylum capense on human 

periodontal ligaments fibroblasts and human gingival fibroblasts using the MTT [3-

( 4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] technique ( 48). 
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CHAPTER 3: HYPOTHESIS AND OBJECTIVES 

3.1 HYPOTHESIS 

The study will test the following hypothesis: 

• Medicinal plants possesses some considerable antibacterial properties 

• Medicinal plants are toxic to human cells at specific concentration in vitro. 

3.2 GENERAL OBJECTIVES 

• To investigate the in vitro antibacterial activity of Carpobrotus edulis; 

Cotyledon orbiculata; Datura stramonium; Dodonaea angustifolia; 

and Zanthoxylum capense against Porphyromonas gingiva/is; 

Tannerella forsythensis and Actinobacillus actinomycetemcomitans. 

• To determine the possible cytotoxic effect of these medicinal plants 

on human periodontal ligaments fibroblasts and human gingival 

fibroblasts. 

3.3 SPECIFIC OBJECTIVES 

• To select medicinal plants using available literature and depending 

on availability of plant material. 

• To evaluate the in vitro antibacterial activity of selected medicinal 

plants using the dilution method. 

• To determine the possible cytotoxic effect of these medicinal plants 

on human periodontal ligaments fibroblasts and human gingival 

fibroblasts using the MTT [3-( 4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide] method. 
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CHAPTER 4: MATERIAL AND METHODS 

4.1. Preparation of plant extracts 

Plants for investigation were identified from the documented literature (3 7). 

Selected plants were obtained from the Tip Top nursery (Plot number 151, Berg 

Avenue, Heatherdale, Pretoria North, South Africa). Carpobrotus edulis; Cotyledon 

orbiculata; Datura stramonium and Dodonaea angustifolia were washed with 

distilled water and air dried at room temperature for four weeks. Dried material was 

ground to fine powder using a grinder ( Junke & Kunkel (supplied by Labotec, P. 0. 

Box 6553, Halfway house, South Africa)). One gram of plant powder was soaked in 

1 OOml of 96 % ethanol ( 1% solution) for 48 hours with constant shaking using a 

Labcon shaker (Labotec, P.O. Box 6553, Halfway house, South Africa). The 

suspension was then filtered through a Whattman No.I filter paper (National 

Separations, P. 0. Box 2062, Halfway House, South Africa) using a vacuum 

filtration method. The filtrates were evaporated to dryness in a BUCHI Rotavapor 

(Labotec, P. 0. Box 6553, Halfway house, South Africa) and weighed on Labcon 

weighing balance (Labotec, P. 0. Box 6553, Halfway house, South Africa). 

The 96 % ethanol extracts were dissolved in 10 % Dimethyl sulphoxide (DMSO), 

(Sigma- Aldrich (PTY) Ltd, 17 Pomona Road, Kempton Park, South Africa) at a 

concentration of 1%. The test material was prepared by serially diluting the extract 

in Trypticase soy broth (Merck (PTY) Ltd, P. 0. Box 1998, Halfway House, South 

Africa) from 10-1 to 10-7
• Undiluted samples of the test material were also included. 

The 96% ethanol extract of Zanthoxylum capensis could not dissolve in the solvent 

used, therefore a decoction of this plant was prepared by boiling the plant in sterile 

distilled water at a ratio of 1:2 (mass of wet plant: volume of sterile distilled water 

i.e. approximately lOg of dry plant in 20ml of sterile distilled water) for 10 minutes 
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and the mixture was then filtered through Whattman No.1 filter paper (National 

Separations, P. 0. Box 2062, Halfway House, South Africa). Plant mass were 

reduced by 50% after the drying process. The preparation was included as the 

undiluted test material was further diluted in Trypticase soy broth (Merck (PTY) Ltd, 

P. 0. Box 1998, Halfway House, South Africa) from 10-1 to 10-7
· 

4.2 Preparation of bacteria 

Porphyromonas gingiva/is (ATCC 33277); Tannerella forsythensis (ATCC 43037) 

and Actinobacillus actinomycetemcomitans (ATCC 33385) strains were obtained 

from the American Type Culture Collection (ATCC, 10801 University Boulevard. 

Manassas, 20110-2209 United States of America) and cultivated as follows: 

Tannerella forsythensis was cultivated on N-Acetyl Muramic Acid (NAM) media 

whilst Porphyromonas gingiva/is and Actinobacillus actinomycetemcomitans were 

cultivated on Trypticase soy agar (Merck (PTY) Ltd, P. 0. Box 1998, Halfway 

House, South Africa) with 5o/o horse serum (Highveld Biological (PTY) Ltd, 1 

Modderfontein Road, Sandringham, South Africa). Anaerobic conditions were 

induced by incubating cultures in anaerobic jar (Merck (PTY) Ltd, P.O. Box 1998, 

Halfway House, South Africa) using Anaerocult A (Merck (PTY) Ltd, P. 0. Box 

1998, Halfway House, South Africa). 

4.3 Preparation of the inoculum 

After initial propagation, all test bacteria were grown anaerobically for 48 hours on 

Trypticase Soy Agar (Merck (PTY) Ltd, P. 0. Box 1998, Halfway House, South 

Africa) at 37°C, and inoculums for the assays was prepared by diluting cells in 

Ringer's solution (Merck (PTY) Ltd, P. 0. Box 1998, Halfway House, South Africa), 

adjusted to McFarland standard 0.5 (49) and confirmed by spectrophotometrical 

reading at 580 nm with a GBC UV/VIS 916 spectrophotometer (supplied by Wirsam 

Scientific, P. 0. Box 91058, Auckland, 2006, Johannesburg, South Africa) 
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was duplicated. Plates were incubated for 24 hours at 37°C and then assessed 

visually for colour changes. The lowest concentration at which colour change 

occurred was recorded as the Minimum Inhibitory Concentration (MIC) value. 

Well Description 
And 

Well Number 
Selected test material 
(160Jtl) + bacterial 
suspension (20Jtl) + 
resazurin indicator 
solution (20J1l) 

Selected test material 
(160Jtl) +bacterial 
suspension (20Jtl) + 
resazurin indicator 
solution (20Jtl) 

Serial dilutions of 2.5% 
chlorhexidine gluconate 
solution as positive 
control 

Serial Dilution in Tests Wells 

Figure 4.1. Layout of 96-well test plate showing wells for testing activity of 
selected plant extracts on individual test bacteria i.e. 2 types of 
plants per plate ( • and o )(green), negative control wells (-)(pink), 
positive control wells <+)(purple) and sterility control wells 
(ST)(blue). 
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4.2 In vitro Cytotoxicity 

4.2.1 Preparation of plant extracts 

The 96 % ethanol extracts of Carpobrotus edulis; Cotyledon orbiculata; Datura 

stramonium and Dodonaea angustifolia that were prepared as previously described 

(see 4.1, p17 - 18) were dissolved in 10 %Dimethyl sulphoxide (DMSO) in Eagle's 

Minimum Essential Medium (EMEM) (Highveld Biological (PTY) Ltd, 1 

Modderfontein Road, Sandringham, South Africa) at a concentration of O.lg extract 

in 1 Oml 10% DMSO solution. The test material was prepared by serially diluting the 

extract in EMEM + 5% fetal calf serum (Highveld biological (PTY) Ltd, 1 

Modderfontein road, Sandringham, South Africa) from 10-1 to 10-7
• The undiluted 

test material was also included. A decoction of Zanthoxylum capense was prepared 

as described previously (see 4.1, p17- 18). The undiluted suspension and dilutions 

-1 -7 
of 10 to 10 in EMEM containing 5% fetal calf serum were used in the study. 

4.2.2 Cytotoxicity screening 

Human periodontal ligament fibroblasts (HPLF) and human gingival fibroblasts 

(HGF) in the 6th passage were obtained from the cell collection of the Division for 

Stomatological Research, Department of Community Dentistry, University of 

Pretoria. The cells were grown to confluency in EMEM with 5o/o fetal calf serum. 

Cells were used at approximately 2 - 4 x 104 cells.mr1 media and 200J.Ll of the cell 

suspension was inoculated in each well of a 96 well plate. After an overnight 

incubation at 37°C, in 5% C02 and 100% relative humidity, the media was removed 

and dilutions of extracts were added to the cells. All extracts dilutions were tested 

twice in triplicate. 
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Control wells incubated with EMEM were included in each study. Cytotoxicity was 

determined after 48 hours incubation at 37°C, in 5o/o C02 and 100o/o relative 

humidity using the MTT [3-( 4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 

bromide] technique ( 48), i.e. 200Jll of MTT (Sigma - Aldrich (PTY) Ltd, 17 Pomona 

road, Kempton Park, South Africa) solution (1: 1 0) was added to each test well and 

the cells incubated for 2 hours at 3 7°C. The incubation media was carefully removed 

and 100Jll of DMSO added. Plates were carefully shaken by hand and the 

absorbance read at 570nm using an automated Micro-plate reader ELx800 (A.D.P. 

South Africa, P. 0. Box 6378, Weltevrede Park). 

4.2.3 Statistical Analysis 

Statistical analyses were performed using Statistics 8 software and a P-value <0.05 

was considered as statistically significant different. The descriptive statistics was 

used to summarize the results of the antibacterial activity and the Student T- test for 

the cytotoxicity. 
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CHAPTER 5: RESULTS 

5.1 Antibacterial Activity 

Results of the in vitro antimicrobial activity of the modified broth micro dilution 

resazurin method are represented in Figures 5.1 - 5.8. Photographs of the test plates 

were taken 24 hours after incubation at 37°C. The pink colour indicates growth and 

the blue colour inhibition of growth. 

A summary of the antimicrobial activity results which also indicates the MIC values 

of the different plant extracts are given in Table 5.1 (p28). 

2 3 4 5 6 7 8 9 10 11 12 

Figure 5.1 Results of the antimicrobial activity of Cotyledon orbiculata (wells A -
C) and Carpobrotus edulis (wells D - F) on Actinobacillus 
actinomycetemcomitans. A. actinomycetemcomitans was used on both 
the negative and positive controls. Pink indicates growth of the 
microorganisms and blue indicates inhibition of growth (see Figure 4.1, 
p20 for plate layout). 
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1 2 3 4 5 6 7 8 9 10 11 12 

Figure 5.2 Results of the antimicrobial activity of Dodonaea angustifolia (wells A­
C) and Datura stramonium (wells D - F) on Actinobacillus 
actinomycetemcomitans. A. actinomycetemcomitans was used on both the 
negative and positive controls. Pink indicates growth of the 
microorganisms and blue indicates inhibition of growth (see Figure 4.1, 
p20 for plate layout). 

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

Figure 5.3 Results of antimicrobial activity of Zanthoxylum capense (wells A - C) 
and an undiluted solution of 2.5% chlorhexidine (wells D - F) on 
Tannerella forsythensis . T. forsythensis was used on both the negative 
and positive controls. Pink indicates growth of the microorganisms and 
blue indicates inhibition of growth (see Figure 4.1, p20 for plate layout). 
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Figure 5.4 Results of the antimicrobial activity of Cotyledon orbiculata (wells A­
C) and Carpobrotus edulis (wells D- F) on Porphyromonas gingiva/is. 
P. gingiva/is was used on both the negative and positive controls. Pink 
indicates growth of the microorganisms and blue indicates inhibition of 
growth (see Figure 4.1, p20 for plate layout). 

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

Figure 5.5 Results of the antimicrobial activity of Dodonaea angustifolia (wells A -
C) and Datura stramonium (wells D - F) on Porphyromonas gingiva/is. 
P. gingiva/is was used on both the negative and positive controls. Pink 
indicates growth of the microorganisms and blue indicates inhibition of 
growth (see Figure 4.1, p20 for plate layout). 
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1 2 3 4 5 6 7 8 9 10 11 12 

Figure 5.6 Results of the antimicrobial activity of Cotyledon orbiculata (wells A­
C) and Carpobrotus edulis (wells D- F) on Tannerellaforsythensis. 
T. forsythensis was used on both the negative and positive controls. 
Pink indicates growth of the microorgasnisms and blue indicates 
inhibition of growth (see Figure 4.1, p20 for plate layout). 

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

Figure 5.7 Results of the antimicrobial activity of Dodonaea angustifolia (wells A­
C) and Datura stramonium (wells D- F) on Tannerellaforsythensis. 
T. forsythensis was used on both the negative and positive controls. 
Pink indicates growth of the microorgasnisms and blue indicates 
inhibition of growth (see Figure 4.1, p20 for plate layout). 
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1 2 3 4 5 6 7 8 9 10 11 12 

Figure 5.8 Activity of Zanthoxylum capense (wells A - C) on Actinobacillus 
actinomycetemcomitans and Porphyromonas gingiva/is (wells D - F). 
Wells Gl- G8 are positive control wells containing P. gingiva/is whereas 
A. actinomycetemcomitans positive control are from Hl - H8. Wells Al 
- A6; G9- G12 and H9- H12 were for sterility control. Wells A9- A12 
up to F9- F12 were for negative control. Pink indicates growth of the 
microorgasnisms and blue indicates inhibition of growth. 
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Table 5.1: Summary of the duplicate results of Minimum Inhibitory 

Concentrations (MIC) of Cotyledon orbiculata, Carpobrotus edulis, 

Dodonaea angustifolia, Datura stramonium and Zanthoxylum capense 

that inhibit Actinobacillus actinomycetemcomitans, Porphyromonas 

gingiva/is, Tannerella forsythensis and the control (chlorhexidine 

gluconate ). 

Plant species Minimum inhibitory concentrations (MIC) in mg per ml 

Actinobacillus Porphyromonas Tannerella 

actinomycetemcomitans gingiva/is forsythens is 

Triplicates Mean Triplicates Mean Triplicates Mean 

1. Cotyledon 0.1 0.1 10 10 10 10 

orbiculata 0.1 10 10 

0.1 10 10 

2. 1 1 10 10 10 10 

Carpobrotus 1 10 10 

edulis 1 10 10 

3. Dodonaea 1 1 1 7 0.01 0.01 

angustifolia 1 10 0.01 

1 10 0.01 

4. Datura 1 1 10 10 0.01 0.34 

stramonium 1 10 1 

1 10 0.01 

5. 10 10 10 7 0.01 0.01 

Zanthoxylum 10 1 0.01 

capense 10 10 0.01 

6. Control 0.0025 0.0025 0.0025 

( chlorhexidine 

gluconate 

solution) 
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5.2 In vitro Cytotoxicity 

The absorbance values of the cytotoxicity determinations of the different plant 

extracts and dilutions of the extracts on both human periodontal ligament fibroblasts 

(HPLF) and human gingival fibroblasts (HGF) are given in Addendum A (Table A.l 

- A.14) 

The mean absorbance values and descriptive statistics of cytotoxicity determinations 

of the different plant extracts and dilutions of the extracts on HPLF are summarized 

in Table 5.2 and graphically presented in Figure 5.9, p30. 

The mean absorbance values and descriptive statistics of cytotoxicity determination 

of the different plant extracts and dilutions of the extracts on HGF are summarized in 

Table 5.3 and graphically presented in Figure 5.10, p31. 

Results of the statistical comparison of cytotoxicity determinations of the different 

plant extracts and dilutions of the extracts on HPLF by the student-t test using 

Statistics 8 software are summarized in Tables 5.4- 5.5, p32. 

Results of the statistical comparison of cytotoxicity determinations of the different 

plant extracts and dilutions of the extracts on HGF by the student-t test using 

Statistics 8 software are summarized in Tables 5.4, p32 and 5.6, p33. 
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Table 5.6 Results of the statistical comparison of cytotoxicity determinations of 
the different plant extracts and dilutions of the extracts on human 
gingival fibroblasts by the student-t test using Statistics 8 software. 
Calculated p values represents the difference between dilu tions of the 
extracts and significant inhibition (p<O.OS) is indicated by shaded 
areas. 

Carpobrotus 
edulis 
0.788 

0.329 

0.058 

0.491 

0.2 15 

Cotyledon 
orbiculata 

0. 161 

40 

0.872 0.275 

0.575 0.096 
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CHAPTER 6: DISCUSSION 

6.1 Antibacterial Activity 

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

purposes and some have demonstrated their antimicrobial activity against selected 

oral pathogens (50). The extracts of selected medicinal plants used in the current 

study showed some significant antibacterial activity against Porphyromonas 

gingiva/is, Tannerella forsythensis and Actinobacillus actinomycetemcomitans. The 

activity varied with respect to individual test bacteria. Their minimum inhibitory 

concentration (MIC) values ranged from 10 to 0.01mg.mr1 (see Table 5.1, p28). 

Tannerella forsythensis was more sensitive to Dodonaea angustifolia; Datura 

stramonium and Zanthoxylum capense as compared to the other bacteria tested as 

summerised in Table 5.1 (p28). This was proved by the recording of the lowest MIC 

value (0.01mg.mr1
) which indicated the highest antibacterial activity amongst the 

tested plants for the activity of Dodonaea angustifolia; Datura stramonium and 

Zanthoxylum capense against Tannerella forsythensis. All bacteria tested were 

inhibited by the highest concentration of the selected plant extracts (10mg.mr1
). 

The different plant extracts were not as effective against Porphyromonas gingiva/is 

compared to the results obtained for Tannerella forsythensis and Actinobacillus 

actinomycetemcomitans as reflected by the recorded MIC value of 1 Omg.mr1. 

Actinobacillus actinomycetemcomitans also showed to be more sensitive to 

Zanthoxylum capense as reflected by the MIC recording of 7mg.mr1
• The difference 

in sensitivity amongst these selected Gram negative bacteria could be due to 

structural variations within their lipopolysacharides or other outer membrane 
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molecules. Previous studies also made an observation that lipopolysacharides and 

other isolated lipid A components from Gram negative bacteria differ considerably, 

and therefore do not elicit host's response in a constant manner (51; 52). 

The blue color of the non toxic indicator dye resazurin was reduced to pink by the 

presence of viable micro organisms within the test wells and did not change in cases 

where the test organisms were inhibited (see figures 5.1 - 5.8, p23-27). Positive, 

negative and sterility controls produced expected results i.e. blue color on sterility 

control, pink color on negative control and starting with blue and eventually pink on 

serial dilutions of the positive control. The color changes on the test wells ranged 

from blue to pink as the concentration of the extracts decreases. 

The results of this study correlates with the results of a study which used the disc 

diffusion method to investigate the antibacterial activity of the water extracts of 

similar plants against Porphyromonas gingiva/is; Tannerella forsythensis and 

Actinobacillus actinomycetemcomitans (53). 

Although the disc diffusion study expressed the antibacterial activity as the ratio of 

inhibition zone of the extract to the inhibition zone of the control, the sensitivity of 

the test bacteria to decoction plant extracts were slightly different to their sensitivity 

to 96% ethanol extracts of the same plants tested in the current study. A previous 

study showed that Actinobacillus actinomycetemcomitans was the most sensitive to 

the water plant extracts compared to the other bacteria tested. The difference 

between the current study and the previous study (53) could be due to the alteration 

of the chemical composition of the extract by ethanol used in the current study. 
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A study which was undertaken previously also demonstrated the antimicrobial 

properties of the Dodonaea viscosa var. angustifolia extracts (60). The study found 

that these extracts were able to eliminate Candida albicans and used the modified 

microtitre double dilution technique to determine the MIC which was found to be 

50mg.mrl.within 30 minutes. In the current study, the MIC of the same plant extracts 

against Porphyromonas gingiva/is; Tannerella forsythensis and Actinobacillus 

actinomycetemcomitans was found to be 7, 0.01 and 1mg.mrl.respectively. 

The MIC of Carpobrotus edulis against Porphyromonas gingiva/is; Tannerella 

forsythensis and Actinobacillus actinomycetemcomitans was recorded as 10, 10 and 

1mg.mrl.respectively. A study which was undertaken on the activity of autumn leaf 

debris extracts of Carpobrotus edulis against test gram negative bacteria, namely 

Pseudomonas aeruginosa and Escherichia coli recorded their average Minimum 

inhibitory concentrations as 2.08 and 1.13mg.mri.respectively (61). These results 

were similar to the present study which confirms the use of this plant in combating 

microbial attack from gram negative bacteria. 

This is the first time the minimum inhibitory concentrations of Cotyledon orbiculata, 

Datura stramonium and Zanthoxylum capense were tested against bacteria. Previous 

studies on the antibacterial activity of plant extracts used the disc diffusion method 

which does not give the optimum concentration of compound(s) that inhibit bacterial 

growth. 

The inhibition of growth by plant extract observed in this study is also in line with 

the finding of the other studies undertaken on South African plants as referred to 

previously in the literature review (38,39), thus providing more information on the 
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activity of plant extracts against Gram negative bacteria. Although these bacteria are 

known for their resistance to most antibacterial substances due to their lipid outer 

membrane, their sensitivity to plant extracts has been demonstrated through these 

above mentioned studies. 

This study has provided a documented scientific evidence of the important role that 

medicinal plants play as antibacterial agents in the treatment of oral diseases, thereby 

explaining their popular application as traditional remedies. 
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6.2 In vitro Cytotoxicity 

Bacterial control is a critical issue in the management of periodontal diseases and 

maintenance of oral hygiene, but the major concern over the use of antiseptics is their 

potential for cytotoxic effects on the affected cells. Oral antiseptics are usually 

administered directly to the oral mucosa, therefore should provide low cytotoxicity 

and high safety levels. Amongst the group of cells to come in direct contact with the 

administered oral antiseptics are the fibroblasts. These are the predominant cell type 

in the soft connective tissue of the periodontium. They synthesize and maintain a 

diverse group of connective tissue matrices through the periodontium and exhibit 

motility and contractility functions which help shape structural organization of the 

tissue during regeneration and development. Any alteration to the normal growth of 

these cells during administration of the oral antiseptics for the treatment of the 

diseased oral cavity will disturb the normal functioning of these cells, thereby 

delaying the healing processes (54). 

For these reasons the plant extracts used in the current study were further evaluated 

for their cytotoxic effects on human periodontal ligament fibroblasts and human 

gingival fibroblasts using the MTT technique as referred to previously. 

The reduction of the tetrazolium salt (MTT) has been recognized as an accurate 

calorimetric assay for measuring cellular growth. The yellow tetrazolium salt (MTT) 

is reduced in metabolically active cells to form insoluble purple formazan crystals, 

which are solubilized by the addition of a detergent (54). This reduction takes place 

only when mitochondrial reductase enzymes are active, and therefore conversion can 

be directly related to the number of viable cells. The addition of the cell growth 

inhibitory compound in the growth medium of the growing cells will slowdown the 

cellular growth rate, thereby decreasing the number of viable cells as detected by the 

MTT technique. 

The absorbance readings taken after 48hours of incubation of selected plants extracts 

with human periodontal ligament fibroblasts and human gingival fibroblasts are 
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indicated in the Addendum and the mean absorbance values shown in Tables 5.3 and 

5.4. Calculated p-values are shown on Tables 5.4 to 5.6 and Figures 5.9 and 5.10 in 

which the significance level at p-value of< 0.05 was considered, as per reference 

from other related studies (55; 56; 57). In this study a p-value of< 0.01 was found in 

several instances. 

The inhibition of gingival fibroblasts by all tested dilutions of Xanthoxylum capensis 

was found to be statistically significant. The statistically significant inhibition of 

periodontal ligament fibroblasts by dilutions of Xanthoxylum capensis was found at 

1 o-3 dilution. Dodonaea anguistifolia showed significant inhibition of human 

gingival fibroblasts up to 1 o-4 dilutions and up to 1 o-6 dilutions for periodontal 

ligament fibroblasts. In general, periodontal ligament fibroblasts were found to be 

more sensitive to extracts as compared to gingival fibroblasts. 

Higher concentrations of the extracts of Cotyledon orbiculata i.e undiluted; 1 o-1 and 

10-2 dilutions as well as undiluted and 10-1 dilutions of Datura stramonium formed 

precipitation with the cell culture medium and therefore gave extremely high 

absorbance readings. This may be due to the presence of tannins in the plants extracts 

that precipitate serum proteins in the cell culture medium (58). 

Although all the non precipitating concentrations of Cotyledon orbiculata and 

Datura stramonium showed some practical inhibition of both types of fibroblasts, the 

statistical analysis indicated that significant inhibition is found in the following 

dilutions:-all tested dilutions of Cotyledon orbiculata on gingival fibroblasts, up to 

1 o-5 dilutions of Cotyledon orbiculata on periodontal ligaments fibroblasts; up to 1 o-3 

dilutions of Datura stramonium on gingival fibroblasts and up to 1 o-4 dilutions of 

Datura stramonium on periodontal ligaments fibroblasts as indicated in Tables 5.4 to 

5.6. 

All extracts tested with the exception of Carpobrotus edulis, inhibited the growth of 

both human periodontal ligament fibroblasts and human gingival fibroblasts at the 

tested dilutions. In general levels of cytotoxicity appear to be directly related to the 
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concentration of the extracts with the percentage of inhibition decreasing as the 

concentration of the extract decreases. 

The extract of Carpobrotus edulis inhibited the tested cells at higher dilutions i.e. :::::_ 

10-1 for human periodontal ligaments fibroblasts and :::::_ 10-2 for human gingival 

fibroblasts in vitro. All the concentrations of Carpobrotus edulis extracts less than 

1 o-2
' enhanced the growth of both human periodontal ligaments and human gingival 

fibroblasts in vitro. These findings could be due to the stimulating activity of 

flavonoids from Carpobrotus edulis on cells. The ability of flavonoids from other 

plants to directly stimulate or inhibit cellular processes has been previously recorded 

and is the result of their activity on the actin molecule of the cells, which together 

with other bio-molecules enables separation of daughter cells during cell division 

(59). Further experiments are required to identify the molecular interaction as well as 

specific flavonoids of Carpobrotus edulis responsible for this activity. 

The analysis showed that inhibition of both periodontal ligaments and gingival 

fibroblasts by Carpobrotus edulis was not statistically significant. The enhancement 

of the growth of gingival fibroblasts by Carpobrotus edulis was found to be 

statistically significant. 

The results of the current study showed that medicinal plants extracts are able to 

induce a reduction in cell growth of both periodontal ligaments fibroblasts as well as 

gingival fibroblasts in vitro. This is also the first study to document the activity of the 

test plants on both periodontal ligaments and gingival fibroblasts. The cytotoxicity of 

plant extracts reported in the current study correlates with the results of the previous 

study in which the cytotoxicity of myrrh oil to human gingival fibroblasts and 

epithelial cells was assessed (37). In this study, myrrh oil was toxic to all tested cell 

lines at concentrations =::: 0.005%, causing maximal decreases in metabolic activity 

after 24 and 48 h as assessed using the MTT technique. 
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CHAPTER 7: CONCLUSION 

Although in vitro studies bears little resemblance to the actual diseased tissue 

environment, which is a complex combination of chemical, regulatory signals 

generated by the living, injured and dying cells, the current study was successful in 

proving that selected medicinal plants possess some antimicrobial properties, thereby 

justifying their popular use in the treatment of periodontitis and other infections of 

the oral cavity. From this study it can also be concluded that although Carpobrotus 

edulisis was the least cytotoxic medicinal plant, most plants extracts are cytotoxic. 

The continuous application of the test plants from this study for the treatment of oral 

diseases should be carefully monitored against their tolerance by the oral tissues thus 

limiting the possible clinical complications. 

The results of this study also proved that the solution to the problems encountered 

due to resistance of gram negative organisms to antibiotics could be lying within the 

antimicrobial substances from plants and therefore medicinal plants should be 

considered as antibacterial supplement towards the development of new therapeutic 

agents. However, there is still a need to establish the bioavailability of the active 

ingredients of the effective plants and their long term effects in vivo. 
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Table A3: Absorbance readings taken after 48 hours of periodontal ligament fibroblasts incubation with Cotyledon orbiculata extract 
dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation (%) 

Undiluted 2.005 1.638 1.590 1.980 1.624 1.605 1.740 0.196 11.271 
10-l 0.721 0.647 0.690 0.724 0.653 0.683 0.686 0.032 4.745 
10-1 

0.535 0.663 0.629 0.540 0.666 0.626 0.609 0.058 9.585 
10-J 0.329 0.239 0.287 0.325 0.237 0.284 0.283 0.039 14.063 
10-4 

0.196 0.256 0.274 0.193 0.255 0.272 0.241 0.036 15.302 
10-5 

0.148 0.185 0.171 0.148 0.183 0.170 0.167 0.016 9.720 
10-6 

0.204 0.271 0.198 0.207 0.274 0.200 0.225 0.036 16.140 
10-7 

0.303 0.254 0.220 0.302 0.254 0.219 0.258 0.037 14.419 

Table A 4: Absorbance readings taken after 48 hours of gingival fibroblasts incubation with Cotyledon orbiculata extract dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation(%) 

Undiluted 1.760 1.813 2.532 1.774 1.806 2.539 2.037 0.386 18.965 
10-l 1.619 1.912 1.643 1.630 1.912 1.652 1.728 0.142 8.273 
10-2 

1.230 0.998 1.466 1.239 1.000 1.467 1.233 0.209 16.953 
10-3 

0.374 0.267 0.170 0.371 0.266 0.171 0.269 0.090 33.494 I 

10-4 0.304 0.303 0.287 0.302 0.302 0.286 0.297 0.008 2.835: 
10-5 

0.333 0.236 0.236 0.341 0.238 0.234 0.269 0.052 19.369 
1 o-6 

0.346 0.374 0.445 0.349 0.377 0.453 0.390 0.046 12.024 
1 o-/ 0.337 0.335 0.227 0.339 0.338 0.317 0.315 0.044 13.986 
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Table AS: Absorbance readings taken after 48 hours of periodontal ligament fibroblasts incubation with Dodonaea anguistifolia extract 
dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation (%) 

Undiluted 0.148 0.142 0.136 0.148 0.142 0.136 0.142 0.005 3.779 
10-l 0.145 0.132 0.139 0.145 0.132 0.139 0.138 0.005 4.197 
10-2 

0.138 0.101 0.088 0.138 0.101 0.088 0.109 0.023 21.287 
10-j 0.115 0.093 0.087 0.115 0.093 0.087 0.098 0.013 13.409 
10-4 0.104 0.101 0.089 0.104 0.101 0.089 0.098 0.007 7.243 
10-5 

0.099 0.089 0.094 0.099 0.089 0.094 0.094 0.004 4.757 
10-6 

0.137 0.147 0.129 0.137 0.147 0.129 0.137 0.008 5.859 
10-7 

0.174 0.140 0.133 0.174 0.140 0.133 0.149 0.019 13.165 

Table A6: Absorbance readings taken after 48 hours of gingival fibroblasts incubation with Dodonaea anguistifolia extract dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation (%) 

Undiluted 0.103 0.139 0.098 0.105 0.141 0.099 0.114 0.020 17.678 
10-l 0.154 0.166 0.161 0.155 0.166 0.161 0.160 0.005 3.219 
10-2 

0.205 0.177 0.157 0.207 0.177 0.156 0.179 0.022 12.376 
10-3 

0.201 0.122 0.106 0.201 0.123 0.106 0.143 0.045 31.712 
10-4 0.241 0.151 0.128 0.242 0.151 0.127 0.173 0.053 31.061 
10-5 

0.212 0.174 0.138 0.214 0.171 0.140 0.174 0.033 18.971 
10-6 

0.285 0.282 0.237 0.285 0.283 0.234 0.267 0.024 9.325 
10-/ 0.227 0.203 0.173 0.277 0.205 0.172 0.209 0.039 18.687 
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Table A 7: Absorbance readings taken after 48 hours of periodontal ligament fibroblasts incubation with Datura stramonium extract 
dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation(%) 

Undiluted 0.287 0. 713 0.401 0.286 0. 716 0.397 0.466 0.198 42.527 
10-l 0.264 0.391 0.481 0.267 0.398 0.487 0.381 0.098 25.776 

10-2 
0.217 0.229 0.245 0.217 0.231 0.248 0.231 0.013 5.741 

10-J 0.176 0.164 0.147 0.177 0.167 0.149 0.163 0.012 7.904 

10-4 0.157 0.182 0.146 0.159 0.183 0.147 0.162 0.016 10.142 
10-) 0.190 0.158 0.126 0.191 0.159 0.126 0.158 0.028 18.220 

10-6 0.167 0.147 0.127 0.169 0.148 0.128 0.147 0.018 12.276 

_10-7 0.183 0.169 0.138 0.184 0.170 0.138 0.163 0.020 15.254 

Table AS: Absorbance readings taken after 48 hours of gingival fibroblasts incubation with Datura stramonium extract dilutions 

Dilutions Absorbance Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Reading 6 Average Deviation Variation (%) 

Undiluted 0.576 0.390 0.658 0.576 0.389 0.660 0.541 0.123 22.798 
10-l 0.217 0.413 0.439 0.216 0.419 0.451 0.359 0.111 31.000 
10-2 

0.253 0.249 0.305 0.251 0.253 0.312 0.270 0.029 10.926 
10-j 0.176 0.180 0.187 0.178 0.180 0.185 0.181 0.004 2.317 
10-4 0.221 0.174 0.227 0.219 0.174 0.227 0.207 0.025 12.444 
10-) 0.191 0.185 0.240 0.190 0.186 0.241 0.205 0.027 13.239 
10-b 0.252 0.204 0.195 0.253 0.205 0.195 0.217 0.027 12.686 
10-7 

0.289 0.174 0.225 0.289 0.173 0.223 0.228 0.051 22.633 
L___ 
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Table All: Absorbance readings taken after 48 hours of periodontal ligament fibroblasts incubation 

Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Average Deviation of Variation 

(%) 
0.215 0.288 0.201 0.263 0.241 0.040 16.831 
0.280 0.267 0.240 0.258 0.261 0.016 6.430 
0.225 0.328 0.238 0.306 0.274 0.050 18.397 
0.249 0.319 0.255 0.305 0.282 0.035 12.480 
0.230 0.270 0.237 0.252 0.247 0.017 7.169 
0.262 0.258 0.267 0.243 0.257 0.010 4.017 
0.289 0.262 0.287 0.252 0.272 0.018 6.743 
0.259 0.285 0.255 0.258 0.264 0.013 5.274 

0.262 

Table Al2: Absorbance readings taken after 48 hours of gingival fibroblasts incubation 

Absorbance Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Reading 5 Average Deviation Variation (%) 

0.260 0.277 0.245 0.256 0.259 0.013 5.117 
0.354 0.390 0.344 0.327 0.353 0.026 7.523 
0.390 0.404 0.378 0.478 0.412 0.044 10.894 
0.362 0.348 0.358 0.340 0.352 0.009 2.821 
0.387 0.398 0.322 0.354 0.365 0.034 9.408 
0.322 0.376 0.313 0.349 0.340 0.028 8.370 
0.289 0.344 0.303 0.323 0.314 0.023 7.617 
0.340 0.306 0.291 0.336 0.318 0.023 7.437 

0.339 
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Table A13: Absorbance readings taken after 48 hours of periodontal ligament fibroblasts incubation with Ethanol 

Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Average Deviation Variation (%) 

0.085 0.086 0.083 0.084 0.084 0.001 1.527 
0.094 0.094 0.076 0.077 0.085 0.010 11.861 

Table A14: Absorbance readings taken after 48 hours of gingival fibroblasts incubation with Ethanol 

Absorbance Absorbance Absorbance Absorbance Mean/ Standard Coefficient of 
Reading 1 Reading 2 Reading 3 Reading 4 Average Deviation Variation (%) 

0.085 0.086 0.082 0.082 0.083 0.002 2.462 
0.075 0.076 0.076 0.076 0.075 0.000 0.660 

- -

Vll 

 
 
 




