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ABSTRACT 
 
The main aim of the study was to isolate compounds active against Candida albicans 

from the most active species from a pool of several trees. Seven tree species with 

good antifungal activity were selected from the Phytomedicine Programme database. 

The selected plant species investigated were screened for growth inhibitory activity 

against Candida albicans using bioautography and serial microplate dilution methods. 

These tree species were: Cussonia zuluensis, Vepris reflexa, Curtisia dentata, Trichilia 

emetica, Terminalia phanerophlebia, Terminalia sambesiaca and Kigelia africana. 

Using the serial microplate dilution method for the determination of minimal inhibitory 

concentrations, Terminalia phanerophlebia and T. sambesiaca were active against 

Candida albicans with MIC values as low 0.02 mg/ml. The acetone and 

dichloromethane extracts of all plant leaves were active against C. albicans with MICs 

varying from 0.02-2.5 mg/ml. Based on bioautography, the acetone extract of the 

leaves of Curtisia dentata had more active (5) compounds against C. albicans than 

any of the tree species investigated. 

 

The dichloromethane, acetone and hexane extracts of the seven tree species were 

further screened for antifungal activity using other fungal test organisms. The fungal 

species used were Aspergillus fumigatus, Microsporum canis, Sporothrix schenckii 

and Cryptococcus neoformans.  Extracts of Curtisia dentata, Terminalia sambesiaca 

and Terminalia phanerophlebia had the highest activities against these fungal test 

organisms with minimal inhibitory concentration (MIC) values as low as 0.02 mg/ml. 

Cussonia zuluensis was the least active with high MIC values (>250 μg/ml in some 

cases) and the lowest number (1) of active chemical components on bioautograms. 

The highest number of active compounds (5) against C. albicans on bioautograms was 

observed in the acetone extracts of C. dentata. The plant species were further 

investigated for presence of antibacterial compounds, using Escherichia coli, 

Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa as test 

bacterial organisms. Compounds with similar Rf values in the acetone extract of C. 

dentata were active against both bacterial and fungal test organisms, suggesting that 

the growth inhibitory activity of C. dentata extracts was non-selective. C. dentata was 

chosen for isolation of compounds due to 1) the highest number of active compounds 

on bioautogram against C. albicans, 2) the MIC values (0.12-0.6 mg/ml) against C. 

albicans. 
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Acetone extracts of the leaves, stem bark and twigs of Curtisia dentata were compared 

for antibacterial and antifungal activity using the serial microplate dilution and 

bioautography methods in order to select the plant part to isolate compounds from. 

The TLC fingerprints of the twigs and leaves were largely similar. A non-polar 

compound and two medium polarity compounds, present in the leaves and twigs, were 

missing in the stem bark extract. Bioautography indicated that the leaves contained 

more antibacterial and antifungal compounds than the stem bark extracts. Extracts of 

the leaves were 5-fold more active than the stem bark extracts against Candida 

albicans, with total activities of 1072 and 190 ml/g, respectively. Against bacterial test 

organisms extracts of the leaves, stem bark and twigs resulted in comparable 

activities. These findings encourage the interchangeable usage of the stem bark, 

leaves and twigs of this plant, which may lead to sustainable harvesting of the species. 

This approach may conserve this and other threatened or endangered plant species. 

 

The leaves of Curtisia dentata (Cornaceae) were serially extracted with solvents of 

varying polarities, starting with hexane, then dichloromethane, followed by acetone 

with methanol completing the fractionation. The dichloromethane (DCM) and acetone 

bulk fractions of Curtisia dentata contained the highest number of active compounds 

and resulted in low MIC values. The hexane and the methanol bulk fractions were the 

least active. In the hexane bulk fraction, bioautography revealed the presence of one 

active compound. The DCM bulk fraction showed cytotoxicity against Vero cells similar 

to the positive control, berberine with an LC50 value of 10 μg/ml. The acetone and 

dichloromethane fractions resulted in total activity values of 3312 and 4240 ml, 

respectively. However, these fractions were cytotoxic to the Vero cells with LC50 values 

of 24.4 μg/ml for acetone fraction and 6.6 μg/ml for the dichloromethane fraction. The 

cytotoxicity data may serve to discourage the use of these extracts to treat candidosis. 

However, preparations of these fractions may be used topically on wounds to combat 

infections. The application of these extracts on rat wound model did not result in any 

observable pathologies.  

 

The DCM and acetone bulk fractions each contained 4 compounds active against 

Candida albicans. Only the dichloromethane extract was fractionated as these extracts 

contained almost similar active compounds. Column chromatography using silica as 

the stationary phase afforded four compounds from the DCM extract. These 

compounds were identified using nuclear magnetic resonance (NMR) spectroscopy 

and mass spectrometry (MS) as lupeol (CI), betulinic acid (CII), ursolic acid (CIII) and 
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hydroxyl-ursolic acid (CIV). These compounds have been isolated from several plant 

species and have been to be found active against several pathogens including the 

human immunodeficiency virus (HIV). This is the first report of the isolation of these 

compounds from Curtisia dentata. The antibacterial activity of these compounds have 

been reported. The anti-Candida activity of ursolic oleanolic and ursolic acid has been 

reported with MIC values exceeding 128 μg/ml (Hiriuchi et al., 2007). However, the 

anti-Candida activity of betulinic acid and lupeol has not been reported. 

 

The four isolated compounds were tested for activity against several fungal (Candida 

albicans, C. spicata, C. guillermondi, Aspergillus fumigatus, Sporothrix shenckii, 

Cryptococcus neoformans and microsporaum canis) and bacterial (Escherichia coli, 

Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa) 

species. Ursolic acid and hydroxyursolic acid were the most active with MIC values. 

Hydroxyursolic acid resulted in an MIC value as low as 8 μg/ml against M. canis. A. 

fumigatus was the most resistant microorganism while M. canis and S. schenckii were 

the most sensitive. C. albicans was moderately sensitive to the compounds with MIC 

values ranging from 16 μg/ml for betulinic acid to over 250 μg/ml for lupeol.  

 

Compounds isolated in sufficient quantities, namely, lupeol and betulinic acid, were 

investigated for cytotoxicity against Vero cells. It appeared that lupeol was less toxic 

than betulinic acid, with LC50 values of 89.5 and 10.9 μg/ml, respectively. The 

cytotoxicity of betulinic acid was comparable to that induced by the positive control, 

berberine with an LC50 of 10 μg/ml.  

 

Lupeol was the least active of the isolated compounds. Betulinic acid and lupeol, 

together with the water and acetone extracts were tested in an in vivo rat model to 

determine antifungal and wound healing activities. The rats were immunocompromised 

prior to the surgical and treatment procedures. Treatments with any of the formulations 

did not affect wound healing activity. The rate of wound healing was comparable to 

both the positive (amphotericin B) and negative (cream only) controls. It was however 

difficult to judge and score antifungal activity. The model developed to evaluate skin 

infections will have to be improved to allow for testing for anti-Candida activity in vivo. 

 

Some antifungal compounds, such as azoles, are known to also have anthelminthic 

activity. The isolated compounds, which had antifungal activity, were tested for 

anthelminthic activity against both parasitic and free-living nematodes. Furthermore, 

other publications demonstrated that betulinic acid had anthelminthic activity against 
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C. elegans. Lupeol, ursolic acid and betulinic acid, together with the DCM and acetone 

extracts were investigated for anthelminthic activity against both free living and 

parasitic nematodes. The acetone and dichloromethane extracts were active against 

all nematodes to concentrations as low as 160 μg/ml. Betulinic acid and lupeol were 

active against the parasitic nematodes at high concentrations of 1000 and 200 μg/ml. 

All compounds were active against the free-living Caenorhabditis elegans with 

concentrations as low as 8 μg/ml. Betulinic acid was less active than lupeol and ursolic 

acid against C. elegans. The acetone and dichloromethane extracts were also active 

against C. elegans with a concentration of 0.31 mg/ml resulting in almost 80% 

inhibition of larval motility. It would appear that the anthelminthic activity against both 

parasitic and free-living nematodes occurred at high concentrations of the compounds 

or extracts. Extracts of various medicinal plant species may provide the solutions to ill-

health of small ruminants caused by parasitic nematodes in poor communities of 

southern Africa.  

 

The extracts of Curtisia dentata and isolated compounds have anti-Candida activity in 

vitro. Their usage is hampered by associated toxicity. The cytotoxicity of the 

compounds and extracts was only demonstrated with Vero cells (monkey line). 

Experiments with several human cell lines may indicate the safety of these compound 

and extracts when used as treatment against Candida infections. No toxic effects were 

noted when extracts and isolated compounds were tested in an animal experiment 

indicating that extracts may be safe in a topical application.  The extract from 1 g of 

leaf material can be diluted to more than a litre and still inhibit the growth of C. 

albicans. 
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

 
1.1. THE IMPACT OF INFECTIOUS DISEASES 
 
Infectious diseases are important in public health for communities in Africa and the 

developing world (Sparg et al., 2000). These diseases, and subsequent deaths, have 

devastating consequences for developing economies. Meagre health budgets and 

lack of adequate medical facilities hinder efforts by poor African countries to match 

the overwhelming treatment and prevention burden presented by these diseases 

(Louw et al., 2002).  

 

A diverse range of diseases afflicts people and animals worldwide. Over 200 million 

people in many countries are infected with Schistosomiasis, while a further 500-600 

million (4.5% of the world’s population) are at risk of being infected (Basch, 1991). 

Sexually transmitted diseases (STD’s), including HIV/AIDS are a major public 

challenge in most African countries (Green, 1992; Ndubani, 1999). In sub-Saharan 

Africa, communicable diseases account for more than 70% of the burden of ill health 

as compared to about 10% in developed countries (World Bank, 1997). 

 

In South Africa, outbreaks of cholera and typhoid (Sidley, 2005) have been reported 

in recent times. In 2005 alone, Sidley (2005) reported that 14 000 people in rural 

parts of the KwaZulu-Natal province of South Africa contracted cholera and that 50 

people died allegedly due to the outbreak. About 18 million South Africans in rural 

areas do not have access to clean running water, toilets and adequate sanitation, 

further increasing the risk of contracting cholera. Pneumonia, especially in alcoholics, 

continues to be an important community-acquired infection (Ko et al., 2002). Some 

hospitals in South Africa have been ravaged by Klebsiella. In Durban’s Mahatma 

Gandhi Memorial Hospital in 2005, 110 babies died allegedly as a result of Klebsiella 

infections between 2004 and 2006 (Cullinan, 2006).  

 

Western or modern medicine has for many years been used, with varying degrees of 

success, in the treatment of infectious diseases. Furthermore, improved sanitation, 

clean water, better living conditions and vaccines brought many infectious diseases 

under control (Wilson, 1995). Despite this, many obligate and opportunistic 
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pathogens are becoming increasingly resistant to most available drugs at an 

alarming rate that is unmatched by the development of new drugs (Neu, 1992).  

 

In South Africa HIV/AIDS problems continue to ravage the communities, leading to 

high levels of opportunistic infections, manifesting as the so-called AIDS-related 

symptoms. Among the opportunistic infections in immunocompromised patients is 

candidosis, commonly caused by Candida albicans. 

 

1.2. CANDIDOSIS 

 
Candida albicans, which accounts for more than 80% of candidosis cases, is a 

member of the commensal flora of the gastrointestinal and genitourinary tract of 

dogs, cats and humans (Greene & Chandler, 1998). This microorganism exists in a 

variety of morphological forms, ranging from unicellular budding yeast to true hyphae 

(Sudbery et al., 2004). The morphology is dependent on cell density, nutrient 

availability and pH of the environment (Sudbery et al., 2004). 

 

Candida albicans is considered to be an opportunistic pathogen in these species, 

able to access different locations of the body, causing disease when the host 

defense is compromised (Kobayashi and Cutler, 1998). Candidal urinary infections in 

dogs are associated with cystic calculus (Tan & Lim, 1977), hypothyroidism and 

diabetes mellitus (Forward et al., 2002).  In cats infections with Candida are reported 

with perineal urethrostomy (Fulton & Walker, 1992), diabetes mellitus and urinary 

tract infection (Marshall et al., 2002) and hyperadrenocorticism (Gerding et al., 1994). 

Pressler et al. (2003) reported the observation of C. albicans and other non-albicans 

strains in 62% of dogs and 43% of the cats in a study to evaluate urinary tract 

infection in these animals. 

 

C. albicans causes vaginitis in otherwise healthy women, severe surface infections of 

the mouth and the esophagus in human immunodeficiency virus (HIV) patients and 

blood stream infections in vulnerable intensive care patients (Kao et al., 1999). 

Vaginal candidosis, resulting from infection with C. albicans and C. vaginitis, is a 

common condition that affects approximately 75% of women at least once in their 

lifetime. C. albicans is the most common cause of vaginal candidosis, accounting for 

over 80% of infections (Richardson & Warnock, 1993). 
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The combination of microbial virulence, environmental influences and host defense 

factors determine the progression of candidosis and various manifestations that 

accompany the infection.   

 

1.2.1. Predisposing factors to candidosis 
 
Environmental conditions such as pH and temperature changes trigger dimorphism, 

which allows C. albicans to switch from unicellular to hyphal growth. Dimorphism 

permits the organism to invade tissues and thus, contributes to the virulence of this 

microorganism (Ryley & Ryley, 1996; Magee, 1998; Corner and Magee, 1997). 

Reduced salivary flow, epithelial changes, changes in commensal flora, and a high 

carbohydrate diet have been observed as local factors predisposing humans to oral 

candidosis (Farah et al., 2000). A variety of nutritional factors that include 

deficiencies of iron, folic acid and vitamins have also been linked with candidosis 

(Cawson, 1966; Higgs and Wells, 1972). Diabetes, hypothyroidism, 

hyperparathyroidism and adrenal suppression resulting from an altered hormone 

state, have also been implicated in progression of candidosis, provided there is a 

preceding immune system defect (Kostiala et al., 1979). 

 

Pregnancy, uncontrolled diabetes, oral contraceptives containing high estrogen 

doses, systemic or local antibiotics and increased frequency of sexual intercourse 

have been reported as major factors that predispose women to candidal 

vulvovaginitis (CVV). During pregnancy, C. albicans is easily isolated from 30 – 40% 

of expectant mothers, and the infection shows pronounced virulence during the last 

trimester (Odds, 1988). 

  

1.2.2. Immunodeficiency and candidosis 
 
Infection with the human immunodeficiency virus (HIV), which leads to acquired 

immunodeficiency syndrome (AIDS) through the weakening of T-helper lymphocytes, 

makes human patients more susceptible to secondary infections, particularly 

opportunistic C. albicans infections. C. albicans and candidosis are observed and 

detected in more than 80% of HIV-infected patients (McCarthy et al., 1991). 

Generally, up to two thirds of HIV infected individuals display signs of oral candidosis 

(McCarthy et al., 1991). 
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Candidosis is a common feature in a variety of other immunodeficiencies. In patients 

suffering from severe combined immunodeficiency syndrome (SCID), a condition 

characterized by an improperly functioning immune defense system, especially 

depressed cell-mediated and phagocytotic immunity, chronic mucocutaneous 

candidosis (CMC) is observed (Porter & Scully, 1990).  Again, chronic recalcitrant 

mucocutaneous candidosis is observed in patients suffering from DiGeorge 

syndrome, a condition characterized by lowering of T lymphocytes due to thymus 

hypoplasia (Cleveland et al., 1968).   

 

1.2.3. Pathogenesis 
 
1.2.3.1. Adhesion 
 
Candida follows a three-stage mechanism of invasion that involves 1) adhesion, 2) 

blastospore germination, mycelium or hyphae development and 3) epithelium 

invasion. The phospholipid- and fibronectin-containing receptor is the target for 

binding to epithelial cell surfaces (Krivan, 1989; Bohbot, 1996). Binding is mainly 

through a mannose-rich glycoprotein in the fungal protein (similar to integrins), which 

is able to anchor it on epithelial cells. Interestingly, estrogen impregnation in vaginal 

epithelium facilitates surface exposure of glycoprotein complexes acting as 

receptors, thereby enhancing blastospore adherence (Powell & Drutz, 1983). It is 

thus not surprising that oral contraceptives containing high doses of estrogen 

increase blastospore adhesion and subsequent high symptomatic infection rate.  

 

Lactobacilli, through co-aggregation, hinder spore adhesion to the surface receptors 

on vaginal epithelium cells. In other words, reduction of the normal lactobacilli 

populations increases the chances of spore adhesion. Lactobacilli also produce 

bacteriocins that hinder mycelia germination (Narayanan & Tao, 1976). It has been 

reported that a low density of lactobacilli is common in vaginal exudate samples from 

patients with CVV.   Exogenous factors promoting spore germination can trigger 

candidal vaginitis in women.  

 

1.2.3.2. Epithelium invasion 
 
Candida penetrates and invades vaginal epithelium cells upon development of 

mycelium. The invasion leads to release of prostaglandins and bradykinins that 

stimulate the inflammatory reactions in the invaded tissues. Edema, erythema, 
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exudate increase and cell shedding are consequences of the invasions (Ferrer, 

2000). Also, elevated levels of spores in the vagina, which is proportional to high 

frequency of sexual penetration, may stimulate invasion and candidal colpitis 

(Foxman, 1990).   

 

1.2.4. Treatment 
 
Most patients with C. albicans respond to topical treatment with nystatin, polyenes 

and amphotericin B (Farah et al., 2000). Amphotericin B as the preferred drug to treat 

fungal infections is complicated by severe side effects such as fevers, chills, 

headache, anorexia, nausea, vomiting, diarrhea, kidney damage and anemia 

(Bennett, 1996; Dupont, 1992). 

 

Common methods of drug delivery include solutions, suspensions, gels, foams and 

tablets (Knuth et al., 1993). These methods, though effective and widely used, are 

not without their disadvantages. For instance, creams and gels provide sufficient 

lubrication but tend to be messy and easily removed if water soluble, while 

suspensions and solutions spread unevenly in the vagina (Knuth et al., 1993). 

 

The drugs that are commonly used and currently available often display unwanted 

side effects, fail to combat infections by new or re-emerging fungi and may result in 

rapid development of resistant strains of pathogens. For instance, 33% of late-stage 

AIDS sufferers harbored resistant strains of C. albicans in their oral cavities (Law et 

al. 1994). Furthermore, the escalating costs of antibiotics limit access to treatment to 

a fraction of the world population, mostly in developed countries. For example, the 

supply of the UK-recommended daily dose of 200 mg of itraconazole solution to treat 

oral candidosis in AIDS patients cost around £53 per week in 1999 (Martin, 1999), 

translating into ZAR370. With the high rate of unemployment and poverty in poor 

rural communities, this figure makes this and other drugs unavailable to the majority 

of potential users. Structures of some of the commonly used antifungal drugs are 

displayed in Fig. 1.1. 

 

Most of the anti-Candida drugs commonly used, with the exception of 5-flucytosine, 

target a major sterol of the fungal plasma membrane, ergosterol, which is vital for the 

fluidity and integrity of the membrane. Ergosterol is essential for effective activity of 

membrane-bound enzymes such as chitin synthetase (Joseph-Horne & Hollomon, 
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1997; Vanden Bossche et al., 1987). The major classes of commercially available 

anti-Candida drugs are polyenes and azoles. 

 

 

Figure 1.1.  Structures of some of the antibiotics used to treat fungal infections in 

humans and animals (Lupetti et al., 2002).  

 

1.2.4.1. Polyenes 
 
This class of antifungal compounds, which includes amphotericin B and nystatin, 

targets membranes containing ergosterol by a mechanism thought to involve the 

integration of the drugs into the membranes followed by formation of ion channels. 

These channels disturb the proton gradient across the membrane (Vanden Bosche et 

al., 1994). Unfortunately, several species of yeast and molds possess primary 

resistance to polyenes (Dick et al., 1985; Walsh et al., 1990). Interestingly, several 

strains of amphotericin B resistant C. albicans have been isolated from HIV-infected 

patients who received prolonged treatment with azoles (Kelly et al., 1997). 

Resistance to polyenes may result from reduced ergosterol content in the fungal cell 

membrane. Furthermore, resistance may occur from replacement, by fungi, of 

ergosterol with sterols with low affinity for polyenes (Rogers, 2002). 
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Amphotericin B, in many cases, results in nephrotoxicity which limits its use as an 

antifungal agent (Rogers, 2002). Nystatin, on the other hand, is restricted to topical 

administration due to its potential for toxicity.  

 

1.2.4.2. 5-Flucytosine 
 
5-Flucytosine (5-FC) is taken up into the fungal cell by a cytosine permease and 

deaminated into 5-fluorouracil (FU) by cytosine deaminase (Vanden Bossche et al., 

1994). FU is converted by cellular pyrimidine-processing enzymes into 5-fluoro-

dUMP (FdUMP), a specific inhibitor of thymidylate synthetase, and 5-fluoro-UTP 

(FUTP). Thymidylate synthetase is an essential enzyme for DNA synthesis (Vanden 

Bossche et al., 1987). FUTP incorporates into RNA leading to disruption of protein 

synthesis. Primary resistance to 5-FC has been observed in some yeast species and 

molds. Flucytosine resistance in C. albicans and Cryptococcus neoformans may 

arise from mutational changes that lead to structural alterations in cytosine 

deaminase or uracilphosphoribosyltransferase (Rogers, 2002). Secondary resistance 

to 5-FC, triggered by resistance to other drugs, is not uncommon in patients on 5-FC 

therapy. It is for these reasons that 5-FC is not used singly but in combination with 

other drugs (Francis & Walsh, 1992; Schonebeck & Ansehn, 1973). 

 

1.2.4.3. Azoles 
 
Azoles are the largest class of antifungal agents utilized clinically (Vanden Bossche 

et al., 1995). Azoles function by inhibiting cytochrome P-450-dependent 14α-

demethylation of lanosterol in the ergosterol biosynthetic pathway (Vanden Bossche 

et al., 1995, Rogers, 2002). It appears the azole resistance by Candida, estimated in 

21-32% of symptomatic patients, is enhanced by immunosuppression and previous 

exposure to oral azoles (White et al., 1998). Azole resistance has been reported as 

the emerging major problem in patients treated for yeast infection (White et al., 

1998). The resistance to azoles by some Candida spp. results in part from the point 

mutations in the ERG11 gene encoding lanosterol demethylase leading to diminished 

affinity of the enzyme to azoles (Sanglard et al., 1998). Mutations that lead to 

overexpression of ERG 11 and genes encoding enzymes acting both downstream 

and upstream of demethylase have been reported as contributing to increased 

resistance to azoles ( Henry at al., 2000). In addition, in some fungal species efflux 

systems that reduce intracellular amounts of azoles have been reported (Sanglard et 

al., 1995; White, 1997).  
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Owing to the challenges highlighted in this chapter it would seem that the search for 

cheap, available and efficacious sources (mainly medicinal plant species) of 

treatment is becoming increasingly necessary (Ahmad & Beg, 2001). In rural areas of 

Africa, reliance on plant-derived remedies is high and is attributed to both economic 

and social factors (Aketch, 1992). 

 
1.3. MEDICINAL PLANTS 
 
1.3.1. Overview 
 
Traditional knowledge to solve health problems of mankind and animals exists in all 

countries of the world (Rukangira, 2001). The first official recognition of traditional 

medicine as an important participant in primary health care was expressed in the 

World Health Organization’s (WHO) Primary Health Care Declaration of Alma Ata 

(WHO, 1978). Traditional medicine, according to the Declaration, is “the sum total of 

all the knowledge and practices, whether explicable or not, used in diagnosis, 

prevention and elimination of physical, mental or social imbalance and relying 

exclusively on practical experience and observation handed down from generation to 

generation, whether verbally or in writing”. African traditional medicine is one of the 

oldest health systems in the world, in which the healer treats the psychological basis 

of the disease before attempting to tackle the symptoms (Gurib-Fakim, 2006). The 

use of medicinal plants in most African countries is often associated with witchcraft 

and superstition, because people lacked the scientific insight to explain the curative 

action of plants (Gurib-Fakim, 2006). 

 

The use of medicinal plants as a source of relief from diseases can be traced back 

over five millennia to written documents of early civilizations in China, India and the 

Near East (Solecki & Shanidar, 1975). Approximately 80% of the population in the 

so-called Third World and developing countries and an estimated 80% of South 

Africans rely fully or partly on plants for their medicinal needs (Farnsworth, 1988; 

Balick et al., 1994). About 500 medicinal plant species or their products are 

commercialized (Hoareau and DaSilva, 1999). Furthermore, in South Africa and most 

parts of Africa indigenous plants are an integral part of the religious and cultural 

practices. Developed countries also use traditional medicines that involve the use of 

herbal drugs and remedies (Hoareau and DaSilva, 1999). Since the early 1980’s 

there has been an increase in consumption of medicinal plants in Western Europe 

(Hamburger & Hostettmann, 1991).  

 
 
 



 9

In South Africa, many ethnic groups use several medicinal plant species for 

treatment of domestic animal and human diseases (Smith, 1895; Masika & Afolayan, 

2002). The widespread usage of plant-based remedies in South Africa is estimated to 

involve about 147 plant families, and the most prominent in Zulu, Sotho and Xhosa 

ethnomedicine are the Fabaceae, Asteraceae, Euphorbiaceae, Rubiaceae and 

Orchidaceae families (Hutchings et al., 1996). Roughly a third of the most frequently 

used indigenous plants are tree species, another third are herbaceous plants or 

shrubs whilst rhizomatous, succulent, leafy and bulbous plants complete the last third 

(van Wyk et al., 1997). 

 

Medicinal plants also play an important role in ethnoveterinary medicine. In many 

countries medicinal plants are used in the treatment and prevention of livestock 

diseases. The frequency of usage increases in many countries as a consequence of 

the escalating cost of livestock maintenance and emerging technologies in vaccine 

and drug production (Hoareau and DaSilva, 1999). For instance, in Mexico intestinal 

disorders in cows are treated with extracts of Polakowskia tocacco and dietary 

supplements in poultry feeds in Uganda are supplied through enrichment with 

Amaranthus sp. (Hoareau and DaSilva, 1999). 

 

This reliance on plants as medicines warrants scientific validation of their safety, 

efficacy and the appropriate dosage of the plant material used (Masika & Afolayan, 

2002). The relative appropriate dosage, side effects, toxicity and specific parts of the 

plant in mixtures or remedies have to be carefully considered, investigated and 

validated (Halberstein, 2005). For example, some of the plant species used for 

treating gynaecological complaints are toxic or contain known toxic compounds 

(Steenkamp, 2003). Large numbers of deaths are associated with toxic effects of 

extracts of Erythroxylon coca leaves (Winslow & Kroll, 1998). Furthermore, the 

prescription and administration of traditional medicine cocktails is currently not strictly 

regulated in South Africa (Fennell et al., 2004), further increasing the potential for 

poisoning and other damages associated with prolonged exposure. For instance, 

Bodestein (1973) reported that many potentially toxic plants were available over the 

counter from traders and retailers without regulation. Poisoning usually is a result of 

misidentification of the plant species by the user or healer, incorrect preparation or 

over-dosage (Stewart & Steenkamp, 2000). Measures to reduce incidence of toxicity 

and fatalities resulting from poisoning will further facilitate the incorporation of 

traditional medicine practices into the formal heath care systems.  

 

 
 
 



 10

 With the growing acceptance of traditional medicine as an alternative form of health 

care, the screening of medicinal plants for active compounds is becoming 

increasingly important (Rabe & van Staden, 1997). The screening of plant extracts 

for antimicrobial activity has shown that a great number of these plants possess 

active compounds. The presence of antibacterial, antifungal and other biological 

activities has been confirmed in extracts of different plant species used in traditional 

medicine practices (Masoko et al., 2005; Masoko and Eloff, 2005; McGaw et al., 

2000; Martini and Eloff, 1998; McGaw et al., 2001). Katerere et al. (2003) reported 

that pentacyclic triterpenes isolated from some members of the African 

Combretaceae were active against Staphylococcus aureus, C. albicans, 

Mycobacterium fortuitum and Escherichia coli. 
 

The elderly members of the several rural and tribal communities and trained 

practitioners in South Africa have expertise on the uses and preparations of plant 

remedies. In urban settlements traditional remedies are accessed from traditional 

practitioners at market places (Mabogo, 1990). Furthermore, knowledge on traditions 

of collecting, processing and applying plants and plant-based treatment preparations 

has been passed on through the generations (von Maydell, 1996). The part of the 

plant utilized in preparation of the medicines is determined by the nature and state of 

the disease being treated (Mabogo, 1990). Some herbalists though, claim that 

underground parts of the plants contain the highest concentration of potent healing 

agents (Shale et al., 1999). The remedies are prepared in water since the traditional 

medical practitioners do not usually have access to more lipophilic extractants 

(Kelmanson et al., 2000). 

 

Medicinal plants are used as complex mixtures containing a broad range of chemical 

components in the form of infusions, tinctures or extracts (Balick and Cox, 1997). The 

preparations provide the patients with a complex mixture of natural metabolites that 

have smoother action, are better tolerated than synthetic drugs and, it is alleged, 

produce few allergic reactions (Lovkova et al., 2001). Pure active compounds may 

also be isolated from plants and used for development of commercial drugs (Lovkova 

et al., 2001). 

 

Pure compounds are generally utilized in commercial pharmaceuticals because the 

active principles of the medicinal plants display potent specific activity and/or have a 

small therapeutic index, requiring accurate and reproducible dosage. Safety, toxicity, 

efficacy and quality are of concern. On the other hand, the chemical compositions of 
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each traditional preparation remain unknown to the healers and users; hence toxicity 

of medicinal plant preparations has been reported. For example, Steenkamp et al. 

(2000) reported that a number of poisonings and fatalities in two Johannesburg 

hospitals were due to patients having taken traditional medicine containing 

hepatotoxic pyrrolizidine alkaloids. It is clear that information about toxicity and 

efficacy should be relayed back to traditional healers. 

 

The worrying emergence of antibiotic resistant strains of pathogens, such as 

methycillin-resistant Staphylococcus aureus (MRSA), penicillin-resistant 

Streptococcus pneumoniae (PRSP) and valinomycin-resistant enterococci (VRE) 

seeks counter measures such as the development of new antimicrobial formulations 

(Tally, 1999).  

 

The benefits of medicinal plants are attributed to combinations of secondary 

metabolic products present in the plants (Wink, 1999). These secondary products 

play diverse roles in the plants, such as a defensive role against herbivory and 

pathogen attack (Wink & Schimmer, 1999). They are also important in inter-plant 

competition and as attractants for beneficial effectors like pollinators and symbionts 

(Kaufman et al., 1999; Wink and Schimmer, 1999). These secondary products may 

also have protective actions against deleterious effects of abiotic stresses associated 

with changes in temperature, water status, light levels, UV exposure and nutrient 

levels (Kaufman et al., 1999).  

 

Many phytomedicines exert their beneficial effects through additive or synergistic 

action of several chemical components acting at single or multiple target sites 

associated with physiological or pharmacological processes (Tyler 1999).  The 

additive or synergistic actions of plant-based medicinal preparations (at multiple 

sites) not only ensure effectiveness against the invading pathogen, but also decrease 

the chances of the pathogen developing resistance or adaptive responses (Kaufman 

et al., 1999; Wink, 1999). 

 

1.3.2. Isolation of compounds from medicinal plant species 
 
The process that is followed to isolate pharmacologically active, pure constituents 

from a plant involves a number of multidisciplinary steps, including 1) collection, 

proper botanical identification and drying of the plant material, 2) preparation of 

extracts and preliminary chromatographic analysis by TLC or HPLC, 3) biological and 
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pharmacological screening of the crude extracts, 4) chromatographic separation and 

bioassay-guided fractionation, 5) verification of purity of the isolated compounds, and 

6) structure elucidation using spectroscopic and spectrometric techniques 

(Hamburger and Hostettmann, 1991). Subsequent steps may involve chemical 

synthesis of the compounds and their derivatives/analogues and large–scale 

isolation for biological assays (Hamburger and Hostettmann, 1991).  In vitro activity 

frequently does not lead to in vivo activity for several reasons.  Animal experiments to 

prove effectivity also require that the toxicity of the isolated compounds or extracts 

should be determined.  In many published studies these were not addressed. 

 

The decision to investigate a certain species for activity is not without its difficulties. A 

researcher usually makes this decision based on one or more of the following criteria; 

chemotaxonomic criteria, information from traditional medicine, field observations 

and random collection (Hostettmann et al., 2000). The chemotaxonomic method is 

based on the observations that some chemical constituents are often specific to a 

given botanical family, to a genus or species. For instance if one chemical constituent 

was discovered from one plant species and shown to possess therapeutic properties, 

it is not surprising that a strong belief about the existence of this constituent or similar 

constituents in plants of the same genus or belonging to the same family arises 

(Hostettmann et al., 2000). For example, combretastatins were initially isolated from 

Combretum caffrum and later found in other members of the Combretaceae 

(Famakin, 2002). 
 
Plant species that grow in hostile environments are exposed to hazards that include 

fungal infections, parasitic infestations and insect damage. Such plant species 

frequently produce secondary metabolites that help in defense against these hazards 

(Hostettmann et al., 2000). A plant species may be selected based on these field 

observations. For example, if leaves of a particular plant species show no signs of 

fungal infection in an environment where most species are infected, it may mean that 

this particular species contains fungicidal constituents. A yellow layer under the bark 

of a tree is indicative of antifungal polyphenols (Hostettmann et al., 2000). African 

plant species are good candidates for isolation of fungicides as they thrive under 

difficult conditions coupled with existence of fungal and parasitic infections 

(Hostettmann et al., 2000). 

 

Plants used in traditional medicine are likely to yield pharmacologically and 

biologically active compounds. For instance, in the field of anticancer activity a direct 
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correlation between biological activity and use in traditional medicine has been 

proven (Hamburger and Hostettmann, 1991). More than 35 000 plant species were 

randomly selected and screened in vitro and later in vivo biological studies were 

carried out at the National Cancer Institute (NCI) in US from 1960 to 1981. Taxol, 

camptothecin and calanolide A were discovered in this program, as well as other 

compounds that were not effective in human studies (Wall & Wani, 1996). It has been 

estimated that 74% of the known pharmacologically active, plant-derived components 

were discovered after the ethnomedical uses of the plants started to be investigated 

(Farnsworth and Soejarto, 1991; Sheldon et al., 1997). These and other literature 

reports indicate the potential of plants as sources of new efficacious drugs, hence the 

importance of screening plants for biological activity.  

 

1.3.3. Some compounds isolated from plants 
 
1.3.3.1. Phenolic compounds 
 
Plants contain an abundance of phenolic compounds. These compounds include 

flavonoids, flavones, catechols, anthocyanins and polymeric phenolic compounds. 

Phenolic compounds account for pharmacological and therapeutic effects of many 

medicinal plant species (Lovkova et al., 1990). Flavonoids have antioxidant activity 

which protects cells and tissue from injurious effects of free radicals (Sigh et al., 

2005). The compounds 2,3-digalloyl-4-(E)-caffeoyl-L-threonine and kaempferol 3-O-

α-L-rhamnoside have been isolated from the leaves of Cornus controversa, a 

member of the family Cornaceae (Lee et al., 2000).  

 

1.3.3.2. Terpenoids 
 
Terpenoids are a major class of physiologically active substances that includes more 

than 10 000 compounds. They also contribute tremendously to the pharmacological 

activity of many medicinal plants. Depending on the number of isoprenoid groups 

(C5H3), monoterpenes, sesquiterpenes, diterpenes, tetraterpenes and polyterpenes 

are found in plants (Paseshnichenko, 1987; McGarvey & Croteau, 1995). In plants 

triterpenoids act as attractants for pollinators and seed dispensers, competitive 

phytotoxins, herbivore repellents and toxins (Harborne, 1991). They also function as 

hormones (gibberellins, abscisic acid), photosynthetic pigments (phytol, carotenoids) 

and electron carriers (ubiquinone, plastoquinone) (McGarvey & Croreau, 1995). 
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Katerere et al. (2003) isolated pentacyclic triterpenes from members of the African 

Combretaceae, and demonstrated that these compounds had antimicrobial activity 

against Candida albicans, Escherichia coli, Mycobacterium fortuitum, Proteus 

vulgaris and Staphylococcus aureus.  Betulinic acid, platonic acid and oleanolic acid 

isolated from leaves of Syzigium claviforum had anti-HIV activity in the H9 

lymphocyte cell line (Fujoka & Kashiwada, 1994). Triterpenes and their derivatives 

display activities such as cytotoxicity to tumor cell lines in vitro through the induction 

of apoptosis (Lee et al., 1989).  

 

1.3.3.3. Essential oils 
 
Essential oils are complex mixtures of fragrant volatile substances, monoterpenes, 

sesquiterpenes, aromatic compounds and their derivatives. Bactericidal, astringent 

and anti-inflammatory effects of some plant species have been linked to presence of 

essential oils (Lovkova et al., 2001).  
 

1.3.4. Ethnobotany and drug discovery 
 
Substances derived from plants or their model derivatives constitute over 25% of all 

prescribed commercial drugs (Farnsworth, 1988; Fabricant & Fansworth, 2001). 

Some of the plant-derived commercial drugs are displayed in Table 1.1. Indigenous 

knowledge systems provide leads that largely guide the discovery of these drugs. 

Plant-derived drugs are of three types, namely 1) unmodified natural products where 

the ethnomedical use suggested clinical efficacy, 2) unmodified natural products of 

which the therapeutic efficacy was only remotely suggested by indigenous plant use 

and, 3) synthetic substances based on a natural product from a plant used in 

traditional medicine (Cox 1994; Balunas & Kinghorn, 2005). 

 

Investigation of Catharanthus roseus led to the isolation of the bis-indole alkaloids 

vincristine and vinblastine, which have been developed as commercial drugs for 

treatment of cancers (Noble et al., 1958; Neuss et al., 1964). The dimeric 

sesquiterpene gossypol, which occurs in seeds of Gossypium species, has shown 

contraceptive activity on human males with 99.89% efficacy (Pei-gen and Nai-gong, 

1991).  Following past success in finding useful therapeutic drugs from plants, it is 

important to screen medicinal plants for more potentially useful compounds with 

varying pharmacological activities.  
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Diseases resulting from infections are probably generally easy to diagnose by 

traditional healers and herbalists. Healers have thus selected plant species to use as 

therapies against some of the easily diagnosed infections, including bacterial and 

fungal infections. Following leads from traditional healers may increase the chances 

of finding plant species with substantial antimicrobial activities. Furthermore, the 

number of higher plant species (angiosperms and gymnosperms) on earth is 

estimated at 215 000 (Ayensu and DeFillipps, 1978; Cronquist, 1981). Only 6% of the 

species has been screened for biological activity and an estimated 15% investigated 

phytochemically (Verpoorte, 2000), further justifying intensive screening of plants for 

pharmacological activity. 

 

1.3.5. Determination of biological activities of medicinal plants 
 
Investigation of antimicrobial activities of plant extracts and isolated compounds 

involves exposure of a known pathogen to different concentrations of the extracts or 

isolated compounds in order to observe inhibition of growth. Plants have great 

potential as sources of future drugs due to their antimicrobial properties 

(Hostettmann et al., 2000). Some secondary metabolites are produced by the plant in 

response to and in defense against herbivores and interplant competition, whilst 

others are produced as attractants for pollinators and symbionts (Kaufmann et al., 

1999; Wink and Schimmer, 1999). 

   

Exposure of a known human or animal pathogen to plant extracts or isolated 

compounds may result in inhibition of growth or death of the target pathogen 

(Hamburger & Hostettman, 1991; Hamburger & Cordell, 1987). The method of 

exposure must be rapid, inexpensive, reproducible, simple and sensitive (Do & 

Barnard, 2004).  

 

The assays used for antifungal activity are quite similar to those used in antibacterial 

assay techniques. Diffusion of the compound or extract in agar in a Petri dish 

requires no sophisticated equipment and has been the method of choice in many 

studies. Though the technique is commonly used for most antibiotics, examining 

plant extracts containing unknown compounds using this method is associated with 

problems. Eloff (1998b) writes that the assay is affected by agar type, salt 

concentration, incubation temperature and the molecular size of the test 

compound(s). The serial microplate dilution method allows for testing of relatively 
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large numbers of extracts simultaneously and the determination of the minimal 

inhibitory concentration (MIC) value (Eloff, 1998b). 

 

Bioautography combines TLC with a bioassay in situ and allows the localization of 

the active compounds in a complex sample (extract). Bioautography is regarded as 

the most efficient method for activity-guided separation of components (Hostettmann 

et al., 2000). Cultures of bacteria or fungi are sprayed on developed TLC plates and 

incubated for a specified duration in humid chambers. Zones of inhibition are 

visualized by the detection of dehydrogenase activity with a tetrazolium salt. A 

reference chromatogram stained with a suitable reagent provides information about 

the nature of the active component, such as relative polarity. 

 

Table 1.1.: Examples of prescription drugs discovered from ethnobotanical leads 

(Fabricant & Fansworth, 2001). 

DRUG MEDICAL USE PLANT SOURCE 

Aspirin Analgesic, antiiflammatory Filipendula ulmara 

Cocaine Ophthalmic, anaesthetic Erythoxylum coca 

Morphine Analgesic Papaver somniferum 

Quinine Malaria prophylaxis Cinchona pubescens 

Vinblastine Hodgkin’s disease Catharanthus roseus 

Vincristine Leukemia Catharanthus roseus 

Colchicine Gout Colchicium autumnale 

Emetine Amoebic dysentery Psychotria ipecacuanha 

Eugenol Toothache Syzygium aromaticum 

Scopolamine Motion sickness Datura stramonium 

 
The serial microplate dilution method (Eloff, 1998b) provides information about the 

efficacy of the extract or compound. The minimal inhibitory concentration (MIC) is 

taken as the lowest concentration of the extract or compound that results in inhibition 

of growth of the test microorganism. The activity of the dehydrogenase in viable and 

non-viable cells is assayed using tetrazolium salts. Some of the recommended 

approaches to investigating antimicrobial activities in plant extracts are shown in 

Table 1.2. Though plant-derived remedies may contain compounds of biological 

importance, the toxicity of these mixtures must be tested to improve biosafety of 

medicines.  
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Table 1.2.:  Simple bioassays for phytochemical laboratories (Hamburger & 

Hostettman, 1991). 

Activity  Target 

Antibacterial activity Human/animal pathogenic bacteria (e.g. E. coli, S. 

aureus, E. faecalis, P. aeruginosa) exposed to known 

concentrations of extract or compound. 

Antifungal activity Human/animal pathogenic fungi and yeasts (e.g. C. 

albicans, Aspergillus spp) exposed to known 

concentrations of plant extract or compound. 

Brine shrimp toxicity Artemia salina 

 

Registration of medicines in South Africa is regulated by Act 101 of 1965 (Medicines 

and Related Substances Act). The Act stipulates that all medicines should be safe 

(non-toxic), efficacious and of good quality. Some plants used as food or medicines 

are potentially toxic, mutagenic and carcinogenic (Higashimoto et al., 1993; Kassie et 

al., 1996; Schimmer et al., 1988). From several investigations it would appear that a 

clear link between herbal medicines and toxic incidents applied to less than 0.1% 

toxicity cases (Wolpert, 2001). Misidentification of the plant species, poor quality of 

the preparations, prolonged usage and addition of toxic substances (from Western 

pharmaceuticals) to plant derived remedies contribute significantly to the toxicity 

associated with plant extracts (Wolpert, 2001; Fennell et al., 2004; Stewart & 

Steenkamp, 2000). The testing of the toxicity of plant extracts and the isolated 

compounds involves exposure of the cells (human, mammalian) to specified 

concentrations of the test substance or mixture. After incubation for specific periods 

the cell viability is determined using various methods (Mosmann, 1983). 

 

1.4. PLANT SPECIES USED IN THE STUDY 
 
During a broad random screening initiated in the Phytomedicine Programme to 

investigate the biological activity of leaves of a range of tree species (unpublished 

data), extracts of a number of tree leaves exhibited high antifungal activity. Using 

criteria such as antifungal activity, recorded medicinal uses, availability of plant 

material and  research previously published on each species, seven species were 

selected for anti-Candida studies. Most of the trees selected are traditionally used to 

treat ailments associated with microbes. 
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1.4.1. Curtisia dentata (Burm. f) C.A. Sm. 
 

Curtisia dentata (Assegai tree, modula-tswene in Pedi, umLahleni in Zulu and Xhosa, 

mufhefhera in Venda), is a medium to tall evergreen tree with smooth grey bark and 

simple egg-shaped leaves with pointed tips and coarsely toothed edges. The flowers 

are inconspicuous, small, drab, cream coloured and appear in spring-summer 

(October to March). The flowers are often infested with parasites and thus most do 

not produce viable seeds. The small round fruits appear 6-10 months after flowering 

and contain a four-chambered nut, with a seed in each chamber (van Wyk et al., 

1997). Fig. 1.2 shows the leaves and stem of Curtisia dentata. 

 

Curtisia is a genus of only one species that belongs to the Cornaceae (dogwood 

family). The Cornaceae is a family of 15 genera of which the most well known is 

Cornus (the decorative dogwoods). Interestingly, Curtisia is the only southern African 

member of the Cornaceae family. Curtisia was named in honour of William Curtis 

(1746-1799) who was the founder of Curtis’s Botanical Magazine in 1786. The 

species name dentata is a Latin word for toothed, and refers to the toothed leaves. 

 

The assegai tree is widely distributed in most forests in southern Africa and 

Swaziland. It is found in forest patches of Western Cape, Knysna, Eastern Cape, 

KwaZulu-Natal, Mpumalanga and Limpopo provinces of South Africa on grassy 

mountain slopes and in coastal forests where it appears as a small bushy tree.  

 

The reddish timber of the assegai tree is strong and durable. It has been so severely 

exploited since colonial years that well-grown mature trees are uncommon. In 

KwaZulu-Natal C. dentata is perceived as vulnerable and declining, hence its 

classification as a protected species (Cunningham, 1988; Scott-Shaw, 1999). The 

timber was used by Voortrekkers to make axles for their wagons, tool handles, 

furniture, rafters and flooring. The bark, twigs and leaves were used for tanning 

leather. In traditional medicine the bark is used to treat stomach complaints and 

diarrhea (Pujol, 2000). The bark is also used as an aphrodisiac and blood purifier by 

local cultures. It is used in the Eastern Cape for the treatment of heartwater in cattle 

(Dold & Cocks, 2001). Bark infusions are used for treatment of pimples (Grierson & 

Afolayan, 1999). The traditional medical practitioners use this species in special 

mixtures because it is scarce (Cunningham, 1988).  
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Other members of the family Cornaceae have been used in different parts of the 

world for various purposes. Fruits of Cornus officinalis have been used as tonics in 

traditional medicine in Japan and China (Okuda et al., 1984; Hatano et al., 1989). 

Cornus controversa has been used as an astringent in Korea and China (Lee, 1993) 

 

Publications reporting the phytochemical and pharmacological investigations on  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.2. The leaves and stem of Curtisia dentata (Photographed at the National 

Botanical Garden, Mpumalanga, South Africa in June 2007). 

 

Curtisia dentata are scarce. Other members of the family Cornaceae have been 

subjected to phytochemical and pharmacological studies. Various flavonoids, 

phenolic compounds and terpenoids have been isolated from Cornus controversa 

(Jang et al., 1998; Nakaoki & Moira, 1958; Lee et al., 2000).  

 

1.4.2. Trichilia emetica Vahl 
 

Trichilia emetica  or Natal mahogany (also called “umkhuhlu” in Zulu, “mmaba” in 

Sepedi) belongs to the Meliaceae family which is widespread in tropical and 

subtropical regions of Africa. T. emetica is a poorly developed shrub, or a small tree 

of about 10 m. The flowers are green, small and 3-8 cm thick. The fruits are velvety 

Leaves 

Stem 
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capsules, globular, crimson or red at maturity and contain black seeds (Cronquist, 

1981; Burkill, 1997).  T. emetica is widely used in tropical Africa to treat various 

diseases. The flowers, leaves and fruits of Trichilia emetica are shown in Fig. 1.3. 

 

Malian traditional medical practitioners use this plant species to treat hepatic 

diseases. It is also used as a purgative, an antiepileptic, antipyretic and antimalarial 

agent (Iwu, 1993). Other specified conditions treated with extracts of the plant 

species include colds and bronchial inflammations (Kokwaro, 1976; Malgras, 1992), 

jaundice and worms in the intestine (Aké Assi and Guinko, 1991) and skin diseases 

(Oliver-Bever, 1986). 

 

McGaw et al. (1997) reported that an ethanolic extract of T. emetica leaves inhibits 

cyclooxygenase and thus has anti-inflammatory activity. Antiplasmodial (El-Tahir et 

al., 1999; Traore-Keita et al., 2000) and antischistosomiasis activities (Sparg et al., 

2000) have also been demonstrated in extracts of T. emetica. Ethyl ether extracts of 

the roots showed activity against several bacterial species (Germanò et al., 2005). 

 

Several types of limonoids have been isolated from T. emetica (Nakatani et al., 

1981). Nymania 1, Tr-B, drageana 4, trichilin A, rohituka 3 and seco-A-protoliminoid 

were isolated from T. emetica stem bark extracts (Gunatilaka et al., 1998). The water 

infusion of the bark contains a considerable amount of tannins. The bitter taste of the 

stem and root has been attributed to calicedrin-like compounds (Burkill, 1997). 
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Fig. 1.3.  Trichilia emetica flowers, leaves and fruits (van Wyk et al., 1997). 

 

1.4.3. Kigelia africana (Lam.) Benth 

 

Kigelia africana, also called modukguhlu (Sepedi), muvevha (Venda), sausage tree 

or worsboom (Afrikaans) is widely distributed in the northern and northeastern parts 

of South Africa and further north in tropical Africa (Palmer & Pitman, 1972). K. 

africana is a large rounded tree with a thick trunk and smooth grey bark (Palmer & 

Pitman, 1972; Coates Palgrave, 1977). The flowers, though attractive, possess an 

unpleasant smell. The greyish-brown sausage-shaped fruits are up to 1 m in length 

and contain fibrous pulps with numerous seeds (Fig. 1.4). 

 

K. africana is used to treat dysentery, haemorrhoids, constipation, wounds, ulcers, 

boils, abscesses, rheumatism, syphilis and gonorrhea (Palmer & Pitman, 1972; Watt 

& Breyer-Brandwijk, 1962; Hutchings et al., 1996). The fruits, and bark to a lesser 

extent, are used in medicinal preparations (Watt & Breyer-Brandwijk, 1962; 

Hutchings et al., 1996). 

 

The naphthoquinone lapachol and the dihydroisocoumarin kigelin are major 

components of both the roots and bark of K. pinnata (Purushotaman & Natarajan, 

1974; Govindachari et al., 1971). Kigelinone, pinnatal, isopinnatal, stigmasterol and 

β-sitosterol have been isolated from the bark of K. pinnata (Dictionary of Natural 

Products, 1996). Antimicrobial activity has been demonstrated using bark extracts 

and kigelin and related compounds are presumed to account for the observed activity 

(Akunyili et al., 1991). 
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Fig 1.4. Kigelia africana tree, flowers and fruit (van Wyk et al., 1997). 

 

 

1.4.4. Cussonia zuluensis Strey 

 

Cussonia zuluensis, also called Zulu cabbage tree, belongs to the family Araliaceae. 

C. zuluensis is a small, several stemmed plant that grows up to 4 m in height (Coates 

Palgrave, 1977). The greyish-green bark is smooth to flaking. The leaves are multi-

digitated. The flowers are greenish yellow, while the resulting fruits are goblet-

shaped, pale purplish and closely crowded along the axes. The fruits appear around 

November – April period (Coates Palgrave, 1977). 

 

The medicinal uses of the species have not been well documented. Other members 

of the genus Cussonia are used for treatment of various diseases. The root infusions 

of C. spicata are used in Zulu traditional medicine as emetics for fever and nausea, 

while in Lesotho they are used for treatment of venereal diseases (Hutchings et al., 

1996). The vhaVenda tribe of Limpopo province and some Zimbabwean cultures use 

the bark extracts to treat malaria. The roots are also used as diuretics, laxatives and 

for weaning of infants (Hutchings et al., 1996). The leaves of C. umbellifera are used 

in traditional medicine to treat rheumatism, colic and insanity in unspecified parts of 

southern Africa (Watt & Breyer-Brandwijk, 1962). 

 

From some members of the genus Cussonia molluscidal active saponins have been 

observed in stem bark extracts (Gunzinger et al., 1986). Anthocyanins, tannins and 

alkaloids have been isolated from the root bark of C. spicata (Chhabra et al., 1987). 

Triterpenoid saponins and other triterpenoid compounds are present in the family 

(Cronquist, 1981). 
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1.4.5. Terminalia phanerophlebia Engl. & Diels. 
 
Terminalia phanerophlebia, also known as umkhonono in Zulu, is a medium size tree 

that grows up to 6 m in height. It is found in low altitudes in bushvelds, often on rocky 

hillsides or along rocky watercourses (Coates Palgrave, 1977). It belongs to the 

family Combretaceae. The bark is dark grey, fissured with ridges splitting and joining. 

The leaves are light green, broadly obovate with distinct net veins (Fig. 1.5). The 

flowers are white or cream in colour, sometimes tinged with pink and appear during 

the October – February period. The fruits are greenish yellow to dull pinkish or 

reddish brown, appearing during the January – June period (Coates Palgrave, 1977). 

 

In Zulu traditional medicine T. phanerophlebia is used to treat diseases collectively 

called “amanxeba”, which refers to diseases associated with witchcraft and 

manifesting through pain of the chest, neck or shoulders (Gerstner, 1941). These 

diseases, according to Zulu beliefs, culminate in coughing as in tuberculosis and 

rheumatism (Watt & Breyer-Brandwijk, 1962). The vhaVenda tribe uses the plant in 

wound healing, to treat menorrhagia, diarrhea and venereal diseases (Mabogo, 

1990). In Botswana and Zimbabwe the roots are used to treat gastric disorders, 

gynaecological complaints, venereal diseases, general weakness, sore throats and 

nosebleeds (Gelfand et al., 1985; Hedberg & Staugard, 1989). The root decoctions 

are used to treat diarrhea, for colic relief and to control schistosomiasis (Kokwaro, 

1996). In the Sotho cultures root powders of T. sericea are mixed with mealie meal to 

treat diabetes (Watt & Breyer-Brandwijk, 1962). 

 

The isolation of compounds from T. phanerophlebia is not well documented. 

However, several compounds have been isolated from its close relative, T. sericea. 

Triterpenoids, seriac acid and sericoside and hydroxystilbene glycoside have been 

isolated from roots of plants from Mozambique (Bombardelli et al., 1974).  
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Fig. 1.5. Terminalia phanerophlebia leaves. Photographed at the Lowveld National 

Botanical Garden in Nelspruit, Mpumalanga, South Africa, in October 2006.  

 

1.4.6. Terminalia sambesiaca Engl. & Diels. 
 
Terminalia sambesiaca, a member of the Combretaceae family, is a small to large 

tree of about 4-5 m in height found predominantly at low altitudes in riverine fringes 

and occasionally on rocky hillsides (Coates Palgrave, 1977). The grey bark contains 

dark patches, giving it a mottled appearance. The stem is roughish in large 

specimens. The leaves, crowded at the ends of the branches, are elliptic to broadly 

obovate and have a thin texture. The flowers are creamy white, sometimes tinged 

with pink and release an unpleasant smell. These flowers occur during the December 

– January period. The fruits are elliptic, green flushed with pink and are present 

during the January – May period (Coates Palgrave, 1977). 

 

Information in literature about the pharmacological and phytochemical studies of the 

species is not well documented. The methanolic extract of T. sambesiaca roots 

showed activity against several test microorganisms including C. albicans (Fyhrquist 

et al., 2002). From other members of the genus Terminalia, potential toxins such as 

hydrocyanic acid, saponins, shikimic acid and tannic acid have been isolated (Duke, 

1985). Antibacterial activity, anti-inflammatory activity and reverse transcriptase 

inhibition have been demonstrated with several other members of the genus (Iwu & 

Anyanwu, 1982; Kusumoto et al., 1992). 
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1.4.7. Vepris reflexa I. Verd 
 
Vepris reflexa, also called rock white-iron wood, belongs to the family Rutaceae. It is 

a shrub or medium dense tree up to 6 m in height and occurs in dry deciduous 

woodlands, forests or on rocky hillsides near rivers (Coates Palgrave, 1977). The 

bark is grey to dark grey and smooth. The leaves are shiny green, leathery, 

conspicuously dotted and aromatic when crushed. The flowers, which appear during 

the July – December period, are small and greenish yellow in colour. The fruits are 

smooth, fleshy and ellipsoid, appearing during the September – February period 

(Coates Palgrave, 1977). 

 

Members of the genus Vepris are used in the Zulu culture to offer protection against 

‘umkhovu’, spirits associated with sorcery (Gerstner, 1938). The root powders are 

used to treat colic and influenza by the Zulu tribe (Watt & Breyer-Brandwijk, 1962). 

Fruits are used as an adulterant, to treat gonorrhoea and bronchitis (Watt & Breyer-

Brandwijk, 1962). Plant decoctions are used as astringents and to treat amenorrhoea 

in Mauritius (Gurib-Fakim et al., 1993). 

 

Antibacterially active quinolone alkaloids like veprisinium salt are widespread within 

the genus Vepris (Ayafor et al., 1982). The bark of Vepris species contains a 

substantial amount (about 2%) of tannins (Watt & Breyer-Brandwijk, 1962).  

 

The plant species used in the study are summarized in Table 1.3 with their medicinal 

uses and authorities.  
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Table 1.3.  Summary of medicinal plants used in the study, their medicinal uses and  

families. 

 
 
 
1.4.8. Summary and problem statements 
 

• Candidosis in animals and humans is a major health problem. Fungal 

infections, particularly opportunistic ones accompanying HIV infections, 

remain of concern in sub-Saharan Africa and the rest of the world. 

Plant species Family Medicinal Uses Reference 
Curtisia dentata 
(Burm.f) C.A. 
Sm. 

Cornaceae Stomach ailments 
including diarrhea, 
aphrodisiac, blood 
strengthener and 
heartwater in cattle. 

   Pujol, 1990 
     Dold & Cocks,     

2001 

Trichilia emetica 
Vahl 

Meliaceae Wound healing, cirrhosis, 
ascaris stomachaches, 
dysentery, kidney 
problems, indigestion, 
dysmenorrhoea, 
gonorrhoea, syphilis, 
parasites and rheumatism.   

Watt & Breyer-
Brandwijk, 1962; 
Hutchings et al., 
1996; Pujol, 
1990. 

Kigelia africana 
(Lam.) Benth 

Bignoniaceae Purgative, constipation, 
dysentery, wounds, ulcers, 
abscesses, rheumatism, 
syphilis and gonorrhoea 

Watt & Breyer-
Brandwijk, 1962 

Terminalia 
sambesiaca 

Combretaceae Combretaceae used to 
treat backache, bilharzias, 
dysmenorrhoea, earache, 
pneumonia, syphilis, 
hookworm. 

Watt & Breyer-
Brandwijk, 1962; 
Gerstner, 1938 
 

Vepris reflexa I. 
Verd 

Rutaceae No use reported in 
literature. Members of the 
genus Vepris used as 
protective charm against 
sorcery, to treat colic and 
influenza, gonorrhoea and 
bronchitis. 

Watt & Breyer-
Brandwijk, 1962 

Terminalia 
phanerophlebia 
Engl. & Diels  

Combretaceae Treatment of 
schistosomiasis. Also 
those listed for T. 
sambesiaca 

Sparg et al., 
2000; Watt & 
Breyer-Brandwijk, 
1962 

Cussonia 
zuluensis Strey 

Araliaceae None recorded. C. spicata 
used for spasm, cramps, 
malaria. 

Roberts, 1990, 
Mabogo, 1990 
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• Acquired resistance by pathogens to licensed commercial antibiotics makes 

many infections difficult to treat and almost impossible to eradicate in some 

patients (Van der Waaij, 1987).  

• Most of the registered antibiotics display unwanted side effects such as skin 

rashes, gastrointestinal symptoms and thrush. These side effects are 

tolerated because “benefits outweigh toxic effects” (Dancer, 2004) 

• Traditional medicine, though fairly popular in South Africa, does not enjoy 

similar recognition as Western medicine. This is largely due to the practice 

being perceived as inferior and primitive. 

• Data concerning the efficacy, dosage, side effects and toxicity about 

traditional remedies in South Africa is not well documented. 

 

1.5. HYPOTHESIS 
 
In view of the alarming emergence of drug-resistant pathogens and high cost of 

medicine, medicinal plants with excellent antifungal activity may be useful alternative 

sources of new antimicrobial agents in the form of pure compounds or crude extracts. 

The long-standing use of medicinal plants by local southern African cultures indicates 

that they (plants) are likely to contains antimicrobial compounds that are effective in 

vivo.  

 

1.6. AIM OF THE STUDY 
 
The aim of this study was to isolate and characterize compounds active against C. 

albicans from leaves of the most promising tree species and investigate the potential 

use of these compounds or extracts against C. albicans infections. 

 

1.7. OBJECTIVES OF THE STUDY 
 
The objectives of the study were to 

• Screen extracts of plant species selected from a database for antifungal 

activity using the serial microplate dilution method and bioautography. 

• Select the most promising plant species based on activity against C. albicans 

and number of antifungal compounds present in extracts.  
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• Isolate compounds active against Candida albicans and characterize them 

using nuclear magnetic resonance (NMR) spectroscopy and mass 

spectrometry (MS). 

• Investigate the biological activity of extracts and isolated compounds against 

organisms. 

• Investigate the in vitro cytotoxicity of isolated antifungal compounds.  

• Investigate the efficacy of the isolated compounds or crude extracts in an 

animal model.  
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CHAPTER 2 

 GENERAL MATERIALS AND METHODS 
 
2.1. REVIEW OF GENERAL METHODS 
 
2.1.1. Selection of plant species 
 
The Phytomedicine Programme, University of Pretoria (UPPP) conducts biological 

activity investigations on plant species collected randomly or through ethnomedical 

leads. Of the more than 350 species collected thus far, many species have shown 

promising activity, with MIC values of crude extracts ranging from 0.08 – 1.0 mg/ml 

against Candida albicans. Seven of these species were selected for further focused 

investigations of antifungal and antibacterial activity based on antifungal activity, 

traditional use, scientific research carried out to date and availability.  After further 

work on the seven selected species Curtisia dentata was selected for in depth 

investigation.  

 

2.1.2. Extraction 
 
Investigation of the chemistry and activity of medicinal plants requires, among other 

things, the extraction of plant material with a solvent, testing the activity of the extract 

against known biological parameters and isolation of active components. The choice 

of the extractant is dependent on the purpose of the extraction (Eloff, 1998a). In a 

comparative study of different extractants, Eloff (1998a) concluded that acetone was 

the best solvent for extraction for screening of plants for activity. Acetone is volatile, 

miscible with polar and non-polar solvents and is also less toxic to test organisms 

(Eloff, 1998a). Extraction often involves the soaking of powdered material in a 

solvent, vigorous shaking, filtering and concentration of the extract by evaporation of 

the extractant. 
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2.2. PROCESSING OF PLANT MATERIAL  
 
2.2.1. Plant collection and storage 
 
Leaves and stem bark of Curtisia dentata were collected at the University of 

Pretoria’s Botanical Gardens in Hatfield, Pretoria, during February-March 2005. 

Leaves of all other plant species were collected from the Lowveld Botanical Garden 

in Nelspruit, Mpumalanga, during November 2004. The leaves were collected in 

loosely woven orange bags and dried in the dark at room temperature. The dried 

leaves were ground to powder using a Macasalab mill (Model 200 Lab). The leaf 

powders were stored in closed bottles at room temperature in the dark until needed. 

 

2.2.2. Preliminary extraction for screening 
 
Powders of plant material (1g) were extracted with 10 ml of acetone or hexane or 

dichloromethane (using different plant samples) on a shaking machine for 30 min at 

room temperature. After centrifuging the mixture at 4 000 x g for 10 min the 

supernatant was dried in a pre-weighed beaker under a stream of air and the mass of 

the extract determined. Concentrations of 10 mg/ml were prepared in acetone for 

biological activity assays. 

 

2.2.3. Serial exhaustive extraction 
 
In a bulk extraction, powdered leaves (830 g) of Curtisia dentata were serially 

extracted with hexane, dichloromethane, chloroform, acetone and methanol (in the 

order mentioned). The dry material was extracted (three times) with 2 L of n-hexane 

on a shaking machine for 2 hours at room temperature. The filtrate was collected by 

passing the mixture through Whatman No.1 filter paper using a Bϋchner funnel.  The 

filtrate was concentrated under reduced pressure using a Bϋchi rotavapor at 

temperatures not exceeding 50oC. The dried residue was further extracted three 

times with dichloromethane. The procedure was repeated with acetone and methanol 

(in the order listed).  The dried extract residues were weighed before analysis was 

carried out on thin layer chromatography (TLC) plates.  
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2.2.4. Thin layer chromatography (TLC) 
 
After extraction, solutions of 10 mg/ml of each extract were prepared in acetone. A 

sonicator was used to enhance the solubility of the extracts.  For each extract, 10 μl 

aliquots (100 μg) were loaded on aluminium-backed TLC plates (Merck Silica F254 

plates) and developed in various mobile phases of varying polarities. Benzene: 

ethanol (9:1) [BEA] was used as a relatively non-polar mobile phase with 1% 

ammonium chloride added to minimize streaking of basic compounds. A moderate 

polarity eluent used was chloroform: ethyl acetate: formic acid (5:4:1) [CEF]. 

Polar/neutral ethyl acetate: methanol: water (40:5.4:5) [EMW] mixture was also used 

(Kotze & Eloff, 2002). Plates were visualized under ultraviolet (UV) light at 254 nm 

and 356 nm (CAMAG universal UV lamp) and visible spots were circled. For 

visualization of non-fluorescing spots plates were sprayed with vanillin-sulphuric acid 

mixture (0.1 g vanillin dissolved in 28 ml methanol and mixed with 1 ml sulphuric 

acid) and heated at 100oC for 5 min. Plates were scanned using HP Scanjet 5470c 

scanner immediately after heating to record the chromatograms. 

 

2.3. BIOLOGICAL ACTIVITY METHODS 
 
The 10 mg/ml preparations were subjected to a series of biological activity assays to 

investigate the presence of bioactive compounds in the extracts against different 

fungi and bacteria. The extracts were screened for activity using bioautography on 

TLC plates and determination of minimal inhibitory concentrations (MIC) was 

performed using a serial microplate dilution method to determine activity against 

selected microorganisms (Eloff, 1998b). 

 

2.3.1. Fungal cultures 
 
Fungi were cultured at 30oC in universal bottles as slants in Sabouraud dextrose 

agar (65 g dissolved in 1 L distilled water and sterilized by autoclaving at 121oC for 

30 min) (Sigma, Steinheim, Germany). Using sterile cotton swabs the colonies were 

inoculated into Sabouraud dextrose broth (Sigma, Germany) (30 g dissolved in 1 L 

distilled water and sterilized by autoclaving at 121oC for 30 min) prior to bioactivity 

assay procedures. Some of the fungal cultures were stored in Sabouraud dextrose 

agar slants at 4oC to prevent overgrowing and morphological changes. Densities of 

fungal cultures before antimicrobial activity testing were as follows: Candida albicans, 

2.5 x 106 cfu/ml; Sporothrix schenckii, 1.4 x 105 cfu/ml; Cryptococcus neoformans, 
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2.6 x 106 cfu/ml; Aspergillus fumigatus, 8.1 x 106 cfu; Microsporum canis, 1.5 x 105 

cfu/ml. 

 

2.3.2. Bacterial cultures 
 
Bacterial test organisms used in screening tests were Staphylococcus aureus (Gram-

positive) (American Type Culture Collection [ATCC] number 29213), Enterococcus 

faecalis (Gram-positive) (ATCC 29212), Pseudomonas  aeruginosa (Gram-negative) 

(ATCC 27853) and Escherichia coli (Gram-negative) (ATCC 25922). These species 

are considered the most important nosocomial pathogens (NCCLS, 1992). Bacterial 

cells were maintained at 4oC on Müller-Hilton (MH) agar on slants until needed. 

Bacterial cells were inoculated and incubated at 37oC in MH broth (Fluka, 

Switzerland) for 14 hours prior to the screening procedures. Densities of bacterial 

cultures before antimicrobial activity testing (bioautography and serial microplate 

dilution method) were approximately as follows: S. aureus, 2.6 x 1012 cfu/ml; E. 

faecalis, 1.5 x 1010 cfu/ml; P. aeruginosa, 5.2 x 1013 cfu/ml; E.coli, 3.0 x 1011 cfu/ml. 

 

2.3.3. Bioautography procedure 
 
For bioautography analysis thin layer chromatography (TLC) plates were loaded with 

100 μg of each extract, and dried in a stream of air before developing in mobile 

phases of varying polarities (BEA, EMW, CEF). Plates (solvent evaporated) were 

then sprayed with concentrated cultures of test microbial organism until completely 

moist with the aid of a spraying gun enhanced using a vacuum pump. The moist 

plates were incubated at 37oC in a humidified chamber for 2 hr. The plates were then 

sprayed with 2 mg/ml of p-iodonitrotetrazolium violet (INT) (Sigma) and incubated for 

a further 12 h (Begue and Kline, 1972). The emergence of purple-red colour resulting 

from the reduction of INT into its respective formazan was a positive indicator of cell 

viability. Viable bacterial and fungal cells, through active NAD-dependent 

dehydrogenases such as threonine dehydrogenase, reduce INT into a purple/red-

coloured formazan. Clearing zones were indicative of anti-proliferative activity of the 

extracts.  

 

2.3.4. Minimal inhibitory concentration determination 
 
Minimal inhibitory concentrations (MIC) are regarded as the lowest concentration of 

extract that inhibits growth of test organisms. The method of Eloff (1998b) was used. 
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The assay was initiated by pouring sterile water aliquots (100 μl) into wells of 

microtitre plates. Exactly 100 μl of 10 mg/ml extract prepared in acetone was added 

in row A and mixed using a micropipette. From row A 100 μl was aspirated and 

added into row B and mixed. The procedure was repeated until all the wells were 

filled. An additional 100 μl in row H was discarded. Two columns were used as 

sterility control (no cultures were added) and growth control (the extracts were 

replaced with 100 μl of acetone). Concentrated suspensions of microorganisms (100 

μl) were added to each well except the sterility controls. The microtitre plates were 

sealed in a plastic bag with a plastic film sealer (Brother) before incubating at 37oC in 

a 100% humidified incubator for 18 hours. After incubation 40 μl of 0.2 mg/ml INT 

was added to each well and plates incubated for a further 2 hours before observation 

in antibacterial activity assays. In antifungal assays 40 μl of of 0.2 mg/ml INT was 

added before the 18 hour incubation. The development of red colour, resulting from 

the formation of the red/purple formazan, was indicative of growth (positive indicator 

of cell viability). MIC values were regarded as the lowest concentrations of the 

compound or extracts that inhibited the growth of the test organisms (decrease in the 

intensity of the red formazan colour). Amphotericin B was used as a standard in 

antifungal activity assays, while gentamicin was used in antibacterial tests. The 

experiments were performed in triplicate and repeated once. 

 

2.3.5. Cytotoxicity 
 
The cytotoxicity of the most active plant species was determined using the MTT 

assay. The MTT (3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide) 

reduction assay is widely used for measuring cell proliferation and cytotoxicity. MTT 

(yellow) is reduced into a formazan (purple) by viable cells. The colour intensity of the 

formazan produced, which is directly proportional to the number of viable cells, is 

measured using a spectrophotometer (Mosmann, 1983). 

 

Vero African monkey kidney cells (Vero cells) of a subconfluent culture were 

harvested and centrifuged at 200 x g for 5 min, and the cell pellet resuspended in 

growth medium to a density of 2.4 x 103 cells/ml. Minimal Essential Medium (MEM) 

(Highveld Biologicals, South Africa) supplemented with 0.1% gentamicin (Sigma) and 

10% foetal calf serum (Highveld Biologicals, South Africa) was used.  Cell 

suspension (200 µl) was added into each well of columns 2 to 11 of a sterile 96-well 

microtitre plate. Growth medium (200 µl) was added into wells of columns 1 and 12 
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to minimize the “edge effect” and maintain humidity. The plates were incubated for 24 

h at 37oC in a 5% CO2 incubator, until the cells were in the exponential phase growth. 

The medium was then removed from wells using a thin tube attached to a 

hypodermic needle and immediately replaced with 200 µl of test compound or plant 

extract or berberine chloride (Sigma) (positive control) at various known 

concentrations (quadruplicate dilutions prepared in growth medium). The microtitre 

plates containing treated and untreated cells were incubated at 37oC in a 5% CO2 

incubator for a defined contact period. MTT (30 µl) (Sigma) (stock solution of 5 mg/ml 

in phosphate-buffered saline [PBS]) was added to each well and the plates incubated 

for a further 4 h at 370C. The medium in each well was carefully removed without 

disturbing the MTT crystals in the wells. The MTT formazan crystals were dissolved 

by adding 50 µl of DMSO to each well, followed by gentle shaking of the MTT 

solution. The amount of MTT reduction was measured immediately by detecting 

absorbance at 570 nm using a microplate reader (Versamax). The wells in column 1, 

containing only medium and MTT but no cells, were used to blank the reader. The 

LC50 values were calculated as the concentration of test compound or plant extract 

resulting in a 50% reduction of absorbance compared to untreated cells. Selective 

activity of the most active extracts was calculated as follows: 

Selectivity index (SI) = LC50/MIC. 

 

2.4. BIOASSAY-GUIDED FRACTIONATION OF EXTRACTS 
 
Extracts were separated using silica gel packed in columns. The active fractions 

received preference in bioassay-guided fractionation, though the less active fractions 

were also further separated to obtain pure compounds. Column chromatography 

using Silica gel was used to isolate active compounds. The details of the procedures 

are presented in subsequent chapters. Figure 2.1. represents the scheme of work 

followed in the isolation of active compounds. 

 

2.5. STRUCTURE ELUCIDATION 
 
The structures of the isolated compounds were analysed using Nuclear Magnetic 

Resonance spectroscopy (NMR) (University of Limpopo, Medunsa Campus) and Gas 

Chromatography-Mass Spectroscopy (GC-MS) (University of Johannesburg). Details 

are presented in subsequent chapters. 
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Figure 2.1.  Flow diagram showing the layout of the study procedures and methods 

carried out in this project.  
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CHAPTER 3 
PRELIMINARY SCREENING OF SELECTED SPECIES 

 
The collections made by the University of Pretoria’s Phytomedicine Programme 

(UPPP) in one of its projects is based on random collection of leaves of tree species 

and then screening the acetone extracts on antibacterial and antifungal activity 

against 8 important pathogens.  Plant material is screened for antibacterial, 

antifungal and antioxidant activities before active chemical principles are isolated 

from the most active species. For screening, bioautography and serial microplate 

dilution methods are used. 

  

From over 350 plant species screened as part of the Tree Screening Project in the 

UPPP, plant species, which were active against Candida albicans at MIC values of 

0.5 mg/ml or below, were selected. From this pool 7 plant species were selected for 

in depth study, using the following parameters: 

1) number of active compounds on bioautography,  

2) availability of the species,  

3) extractability with solvents and  

4) research reported in literature on this species.  

 

The tree species selected from the UPPP database were Curtisia dentata, Vepris 

reflexa, Terminalia phanerophlebia, Terminalia sambesiaca, Cussonia zuluensis, 

Kigelia africana and Trichilia emetica. The conservation status of some of these 

species is of major concern in different locations. For instance, the Ministry for 

Agriculture and Cooperatives in Swaziland listed different plant species as protected, 

vulnerable or rare. Among the rare species were Curtisia dentata, Vepris reflexa, 

Terminalia phanerophlebia, Kigelia africana and Trichilia emetica (Dlamini, 2000). 

Curtisia dentata is growing at the University of Pretoria’s Botanical garden and leaves 

can be harvested in large quantities. Both the leaves and the stem bark were 

collected for comparison of their activity. 

 

The choice of the part of the selected plant species to use for isolation of active 

compounds requires a thorough understanding of traditional uses of the plant species 

concerned. Tree bark is the most preferred source of herbal remedies in South 

Africa, constituting approximately 27% of market produce traded annually in 

KwaZulu-Natal (Mander, 1998). For example, approximately 24 tons of Curtisia 
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dentata bark is harvested and traded annually in KwaZulu-Natal (Mander, 1998), at 

R2.22/kg or R30/bag (Mander, 1998; Cunningham, 1988). 

 

The harvesting of stem bark endangers the survival of the trees. Harvesting of bark 

kills trees through effectively terminating downward phloem translocation. This 

stimulates the diffusion of carbohydrates and hormones from phloem above the 

wound into the xylem, thereby linking with the upward translocation, resulting in the 

death of the plant (Grace et al., 2002). C. dentata is classified as vulnerable, 

declining (Cunningham, 1993), conservation-dependent and protected in KwaZulu-

Natal (Scott-Shaw, 1999). In the Malowe State Forest in the Transkei district, the 

level of damage to Curtisia dentata trees amount to over 50%, with more than half of 

the trunk bark removed (Cunningham, 1991). 

 

Grace et al. (2002) suggested the replacement of non-sustainable stem bark, roots 

and bulbs with aerial parts such as leaves and twigs as these inflict little damage on 

the plants (Zschocke et al., 2000a). Depending on the plant species, phytochemical 

constituents of the bark and leaves may be similar and have identical biological 

activities (Zschocke et al., 2000a; Zscocke et al., 2000b). Owing to the scarcity of C. 

dentata trees and their threatened conservation status, as well as the popularity of 

the bark in traditional remedies, a comparison of the activity of the bark and leaves 

was conducted. Plant part substitution in traditional medicine is a potential means of 

conservation of rare trees. 

 

The objectives of this part of the study were to:  

1) investigate antibacterial and anti-Candida activities of the selected seven 

plant species, with the bioautography and serial microplate dilution (Eloff, 

1998b) as the methods of choice for screening and 

2) compare the activity of extracts of bark and leaves of Curtisia dentata against 

fungal and bacterial test organisms. 

 

3.1. MATERIALS AND METHODS 
 
3.1.1. Extraction 
 
Acetone, hexane and dichloromethane were used as extractants. Leaves of the 

selected seven plant species and stem bark of Curtisia dentata were dried at room 

temperature and ground to powder using a mill. Powders of leaves of each plant 
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material (1 g) were extracted with 10 ml of appropriate solvent on a shaking machine 

for 30 min, and the mixture centrifuged at 4 000 x g for 10 min. The supernatant was 

retained and allowed to dry in pre-weighed beakers. Curtisia dentata stem bark was 

extracted with acetone and compared with the acetone extracts of the leaves. 

 

3.1.2. Test Organisms 
 
The cultures of microorganisms (Section 2.3.1. and 2.3.2) were obtained from the 

Microbiology Unit, Department of Veterinary Tropical Diseases, Faculty of Veterinary 

Science at the University of Pretoria, South Africa.  

 

3.1.3. Bioautography of extracts  
 
TLC plates were loaded with 100 μg of each extract, developed in different mobile 

phases and used for bioautography as described previously (Section 2.3.3). 

Duplicate TLC plates were visualized under UV light at 254 and 350 nm and sprayed 

with vanillin-sulphuric acid and served as reference plates. 

 

3.1.4. Minimal Inhibitory Concentration Determination  
 
To determine the minimal inhibitory concentration (MIC) values, the microplate 

dilution method developed by Eloff (1998b), with slight modifications for antifungal 

activity assay by Masoko et al. (2005) was used. MIC values were regarded as the 

lowest concentrations of extract that inhibited growth of test organisms. Total activity 

values were calculated as previously described (Eloff, 2004). The total activity (ml) of 

the extracts was calculated as the total mass (mg) of the extract divided by the MIC 

value (mg/ml). Total activity value indicates the volume to which the extract can be 

diluted and still inhibit the growth of microbial cells (Eloff, 2004). 

 

3.1.5. Cytotoxicity and Selectivity index 
 
Cytotoxicity of the most active extracts was performed using the MTT assay 

described in Section 2.3.5, and the selectivity index was calculated for each extract. 
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3.2. RESULTS 
 
3.2.1. Mass extracted from leaves 
 
Acetone extracted the highest mass of extractible material from plant leaves, while 

the lowest masses were obtained with hexane as the extractant. The largest mass of 

extract from 1 g of plant material was 130 mg (13%), obtained from leaves of Curtisia 

dentata with acetone as the extracting solvent. Our results are comparable with data 

reported by Eloff (1999) in a study involving the biological activity of 27 different 

members of the Combretaceae family. The amounts of acetone extracts ranged from 

2.6 to 22.6% with average value of 10.7% (Eloff, 1999). The lowest amount of extract 

was 10 mg, (1%) obtained from Kigelia africana with hexane as the extracting 

solvent. Generally, Kigelia africana material was the least extractible of all the plant 

material while Curtisia dentata powders gave a high mass of extracts with all the 

extracting solvents (Fig. 3.1). 

 

3.2.2. Antifungal activity of extracts of the leaves 
 
3.2.2.1. Bioautography  
 
The compounds whose Rf values are listed in Table 3.1 were identified as the active 

constituents that displayed growth inhibition of fungal organisms. Acetone extracts of 

Terminalia sambiesiaca leaves had no visible activity against Candida albicans as 

evidenced by the absence of clear zones on TLC bioautograms. Active compounds 

in dichloromethane extracts of Terminalia sambesiaca were observed against 

Candida albicans (Fig. 3.3). The acetone extracts of Curtisia dentata had more (5)  

chemical constituents than any other plant extract tested with activity against the 

opportunistic pathogen, Candida albicans (Fig. 3.2). 
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Figure 3.1.  Mass extracted (mg/g of dry material) from leaves of different plant 

species. CZ, Cussonia zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, 

Curtisia dentata; KA, Kigelia africana; TS, Terminalia sambesiaca; TP, Terminalia 

phanerophlebia. 

 
From the TLC fingerprints of all the seven plant species under investigation it would 

appear that Curtisia dentata leaves contain three major compounds that are not 

present in other plant species investigated. These compounds are probably the 

active principles of Curtisia dentata as the Rf values of these compounds are 

comparable with the three compounds that showed activity against Candida albicans 

in bioautography. 

 
The highest number of active compounds against other pathogenic fungal species 

was observed in Curtisia dentata leaf extracts, with an average of four compounds 

active against the fungal species tested (Table 3.1). The calculated Rf values 

revealed that these compounds were probably active against most of the fungal 

species tested. Aspergillus fumigatus was more resistant to extracts than other 

fungal species as indicated by fewer growth inhibiting compounds on bioautograms, 
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while Candida albicans was the most sensitive. Cussonia zuluensis and Trichilia 

emetica extracts were not active against any of the fungal species on bioautograms. 

 
Against Cryptococcus neoformans and Sporothrix schenckii, Curtisia dentata was the 

most active with 5 active compounds visible using bioautography. These compounds 

were the same as those found active against Candida albicans as evidenced by the 

Rf values (Table 3.1). Kigelia africana, Terminalia phanerophlebia and Terminalia 

sambesiaca contained a few active compounds on TLC bioautograms sprayed with 

Cryptococcus neoformans and Sporothrix schenckii (Table 3.1).  

 

3.2.2.2. Minimal Inhibitory Concentrations against fungi 
 
The acetone extract of Terminalia resulted in very low MIC values against some of 

the fungal species investigated. Low MIC values were also realized with all the 

extracts of Terminalia phanerophlebia (Table 3.2). The total activity values against 

fungi resulting from Terminalia sambesiaca and Terminalia phanerophlebia were the 

highest. The lowest total activity was obtained with acetone and hexane extracts of 

Kigelia africana (Table 3.2). Curtisia dentata, Terminalia phanerophlebia and 

Terminalia phanerophlebia extracts had the best MIC values (0.02 mg/ml) against 

Microsporum canis. 

 

Low MIC values against Candida albicans were observed with both the acetone and 

dichloromethane extracts of Curtisia dentata, with MIC values of 0.12 and 0.15 

mg/ml, respectively. Terminalia phanerophlebia, Terminalia sambesiaca and Kigelia 

africana extracts resulted in low MIC values against Candida albicans. Trichilia 

emetica, Vepris reflexa and Cussonia zuluensis resulted in MIC values above 0.5 

mg/ml (Table 3.2). Against Candida albicans, Trichilia emetica and Vepris reflexa 

were the least active. Furthermore, Curtisia dentata extracts were the only ones that 

resulted in high total activity against Candida albicans. The acetone extracts of 

Curtisia dentata had the highest total activity (1083 ml/g) against Candida albicans 
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Figure 3.2.  TLC plates sprayed with vanillin-sulphuric acid (A) and bioautograms 

showing growth inhibitory activity (B) of acetone extracts of seven selected plant 

species against Candida albicans. TLC plates were developed in CEF and EMW 

respectively before spraying with concentrated suspension of the test organism. CZ, 

Cussonia zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, Curtisia dentata; 

KA, Kigelia africana; TS, Terminalia sambesiaca; TP, Terminalia phanerophlebia. 
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Figure 3.3. TLC fingerprints (A) and anti-Candida activity (B) of DCM extracts of 

seven different plant species. BEA, CEF and EMW, respectively. CZ, Cussonia 

zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, Curtisia dentata; KA, Kigelia 

africana; TS, Terminalia sambesiaca; TP, Terminalia phanerophlebia. 
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Figure 3.4. TLC bioautograms showing antifungal activity of acetone extracts of 

leaves of different species against Cryptococcus neoformans (CN) and Sporothrix 

schenckii (Ss). The TLC plates were developed in CEF before spraying with cultures 

of test organisms. A reference plate was sprayed with vanillin-sulphuric acid 

(bottom). CZ, Cussonia zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, 

Curtisia dentata; KA, Kigelia africana; TS, Terminalia sambesiaca; TP, Terminalia 

phanerophlebia; Van, vanillin-suphuric acid sprayed. 
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Table 3.1. The Rf values of active compounds from acetone leaf extracts of different 

species against 5 test fungal pathogens. Key: Af, Aspergillus fumigatus; Ca, Candida 

albicans; Cn, C. neoformans; Mc, M. canis; Ss, S. schenckii. 

 
The MIC and total activity values from each plant extract recorded against all fungal 

species were combined into MIC and total activity averages for each plant extract. 

The averages of each plant extract against all the fungal species revealed that 

Terminalia sambesiaca, Terminalia phanerophlebia and Curtisia dentata resulted in 

lowest MIC values against all fungal species (Fig. 3.5). Total activity averages further 

indicated that the acetone extracts of Terminalia sambesiaca, Terminalia 

phanerophlebia and Curtisia dentata were the most active against fungal species 

(Fig. 3.6). 

 

The overall average of all the plant extracts against each of the fungal species 

indicated that Candida albicans, C. neoformans and M. canis were more sensitive 

than S. schenckii and A. fumigatus to plant extracts (Fig. 3.7). The calculated 

average total activity value for M. canis was the highest (879 ml/g), indicating that 

this organism was the most sensitive to plant extracts. The lowest total activity value 

was calculated for A. fumigatus, further indicating that this organism was the most 

resistant to plant extracts (Fig. 3.8). 
 

Plant species Ca Cn Mc Ss Af 

C.zuluensis 0.80  - 
 

- - - 

Vepris reflexa 0.80  0.80 - - - 

Trichilia 
emetica 

0.80 - - - - 

 
Curtisia 
dentata 

0.85 
0.80 
0.54 
0.46 
0.33 

0.85  
0.80 
0.54  
0.46  
0.33  

0.85 
- 

0.54  
0.46 

- 

0.85 
0.80  
0.54  
0.46  
0.33  

- 
0.80 

- 
- 
- 

 
Kigelia africana

- 
0.80 
0.73 
0.48 

- 
0.80 

- 
0.48  

0.88  
- 
- 
- 

- 
- 
- 

0.46 

- 
- 
- 
- 

Terminalia 
sambesiaca 

- - - 0.40  - 

Terminalia 
phanerophlebia

0.80 
- 

- 
0.47  

- 
0.49  

- 
0.40  

- 
- 
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Table 3.2.: MIC values (mg/ml) and total activity values (ml) of extracts of leaves of seven different plant species against five fungal test 

organisms. The MIC values (μg/ml) for Amphotericin B were Ca, 0.2; Cn, 0.8; Mc, 0.8; Ss, 0.8; Af, 0.2. Key; Ca, Candida albicans; Cn, C. 

neoformans; Mc, M. canis; Ss, S. schenckii; Af, Aspergillus fumigatus; H, hexane extract; D, dichloromethane extract; A, acetone extract; -, not 

active (MIC value taken as 2.50 mg/ml to allow for calculation of total activity, averages and selectivity index). 

 
Plant Extracts 

Cussonia zuluensis Vepris reflexa Trichilia emetica Curtisia dentata Kigelia africana Terminalia 
sambesiaca 

Terminalia 
phanerophlebia 

H D A H D A H D A H D A H D A H D A H D A 

 
 
 

Fungal 
Species 

MIC values mg/ml 

Ca - 1.88 1.25 1.25 1.25 1.25 0.30 0.60 0.60 0.60 0.15 0.12 0.45 0.23 0.23 0.23 0.23 0.12 0.30 0.30 0.15 

Cn 0.60 0.60 - 0.60 - - 1.25 0.78 - 0.30 0.30 0.15 0.30 0.38 1.25 0.08 0.04 0.02 0.08 0.08 0.02 

Mc - - - 1.25 1.88 1.88 0.15 0.23 1.56 0.30 0.38 0.02 0.08 0.30 - 0.08 0.04 0.02 0.15 0.08 0.02 

Ss - - 0.93 - - 0.93 1.25 1.25 - 0.60 0.30 0.08 - - - 0.12 0.12 0.03 0.03 0.15 0.03 
Af 1.25 - 1.25 1.25 1.25 - 0.45 0.60 0.93 - 0.30 0.20 0.93 0.60 0.30 0.60 0.45 0.30 - 0.45 0.13 
Average 1.87 2.00 1.50 1.37 1.88 1.88 0.68 0.81 0.33 0.86 0.29 0.11 0.86 0.80 1.36 0.22 0.18 0.10 0.67 0.45 0.13 

 Total Activity in ml/g 

Ca 8 43 56 16 56 40 67 100 100 33 266 1083 22 87 43 87 174 667 133 200 333 

Cn 33 133 28 33 28 20 16 77 24 67 133 867 33 53 8 250 1000 4000 500 3000 2500 

Mc 8 32 28 16 37 27 133 261 38 67 105 6500 125 67 4 250 1000 4000 267 3000 2500 

Ss 8 32 75 8 28 54 16 48 24 33 133 1625 4 8 4 167 333 2667 133 400 1667 

Af 16 32 56 16 56 20 44 100 65 67 133 650 11 33 33 33 89 267 16 32 111 

Average 15 54 49 18 41 32 55 117 50 53 154 2145 39 50 18 157 519 2320 210 1326 1422 
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Figure 3.5. Combined average MIC values of each plant extract against all the fungal 

species. All MIC values from a specific plant extract against all fungal species were 

combined into an MIC average for that plant extract. CZ, Cussonia zuluensis; VR, 

Vepris reflexa; TE, Trichilia emetica; CD, Curtisia dentata; KA, Kigelia africana; TS, 

T. sambiesca; TP, T. phanerophlabia 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.6. Combined average total activity values of each plant extract against all 

the fungal species. All total activity values from a specific plant extract against all 

fungal species were combined into an average total activity value for that plant 

extract. CZ, Cussonia zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, 

Curtisia dentata; KA, Kigelia africana; TS, T. sambiesca; TP, T. phanerophlabia 
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Figure 3.7. Sensitivity of fungal test organisms to all plant extracts (MIC values). 

Average of MIC values of all the plant extracts against each of the fungal species 

were calculated. Af, Aspergillus fumigatus; Ca, Candida albicans; Cn, Cryptococcus 

neoformans; Mc, M. canis; Ss, S. schenckii. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.8. Sensitivity of fungal test organisms to all plant extracts (total activity 

values). Average of total activity values of all the plant extracts against each of the 

fungal species were calculated. Af, Aspergillus fumigatus; Ca, Candida albicans; Cn, 

Cryptococcus neoformans; Mc, M. canis; Ss, S. schenckii. 
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3.2.3. Antibacterial activity of extracts of the leaves 
 
3.2.3.1. Bioautography 
 
The plant species screened were active against both Gram-positive (S. aureus and 

E. faecalis) and Gram-negative (P. aeruginosa and E. coli) bacterial species. The 

clear zones showing on TLC plates sprayed with bacterial culture suspensions and 

INT are indicative of growth inhibition due to activity of chemical components present 

in plant leaves (Fig. 3.9). Curtisia dentata had the highest number of active chemical 

components compared to the rest of the species investigated. Chemical components 

with similar properties may be responsible for antibacterial activity across all the 

species investigated, as indicated by the similar retardation factor (Rf) for the 

components (Table 3.3). Selectivity, according to bioautography results was not 

observed as both Gram negative and Gram positive bacterial species were probably 

also affected by the same compounds  

 

  

 

 

 
 
 
 
 
 
 
 
 

 
 
Figure 3.9.  TLC bioautograms showing antibacterial activity against four test 

bacterial suspensions. The leaf powders were extracted with acetone and TLC 

analysis was performed using CEF as eluent. CZ, Cussonia zuluensis; VR, Vepris 

reflexa; TE, Trichilia emetica; CD, Curtisia dentata; KA, Kigelia africana; TS, T. 

sambesiaca; TP, T. phanerophlebia. 

 

E.coli

P. aeruginosa

S. aureus 

E. faecalis 

CZ      VR       TE      CD       KA     TS      TP 

← solvent front 

← solvent front 

← Origin 

← Origin 

D       KA     TS      TP 
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The acetone extracts of Terminalia sambesiaca had no visible activity against any of 

the four bacterial test pathogens. The other plant species, with the exception of 

Terminalia sambesiaca and Curtisia dentata, had more non-polar compounds as 

active components, as shown by the mobility of the active constituents on TLC plates 

developed in CEF.  

 

Table 3.3.  Comparison of Curtisia dentata chemical constituents showing activity 

using bioautography against the four bacterial test organisms and Candida albicans. 

Key: +, less activity observed; +++++, high activity observed by visual comparison of 

the size of the clearing zones; -, no activity. 

 

Rf Values S. aureus E. coli E. faecalis P. aeruginosa Candida 

albicans 

0.85 - + - + +++ 

0.80 +++++ ++++ ++++ +++ +++++ 

0.54 +++ ++ ++ ++ +++ 

0.44 + + + ++ +++ 

0.33 ++ ++ ++ + ++++ 

 

3.2.3.2. MIC values against bacteria 
 
MIC values of the seven plants against bacteria were high, though E. faecalis was 

observed, in most cases, to be the most sensitive species of bacteria investigated, 

with 0.053 mg/ml recorded as the lowest active concentration. The DCM extract of all 

the plant species investigated did not result in any obvious inhibition of P. aeruginosa 

and E. faecalis growth with the highest concentration used, 2.5 mg/ml failing to inhibit 

growth (Table 3.4).  

 

Extracts were dried and reconstituted to desired concentrations (10 mg/ml) in DMSO. 

It was observed that when these extracts were mixed with water (in microtiter plates) 

for determination of MIC values, clumping occurred. Clumping of chemical 

components may have resulted in poor absorption of the active compounds by the 

bacterial cells. As was the case with bioautography results, Curtisia dentata was the 

most active against bacterial species investigated as indicated by the calculated total 

activity values (Table 3.4). The hexane extracts of all the plant species were the least 

active against bacterial test organisms. 
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Table 3.4: MIC values (mg/ml) and total activity values (ml) of extracts of leaves of seven different plant species against four bacterial test 

organisms. MIC values (μg/ml) for gentamicin were Sa, 0.06; Ec, 0.06; Pa, 0.08; Ef, 0.02.  Key; Sa, S. aureus; Ec, E. coli; Pa; P. aeruginosa; 

Ef, E. Faecalis; -, not active (MIC value taken as 2.50 mg/ml to allow for calculation of total activity, averages and selectivity index). 

 

Plant Extracts 

Cussonia zuluensis Vepris reflexa Trichilia emetica Curtisia dentata Kigelia africana Terminalia sambesiaca Terminalia 
phanerophlebia 

H D A H D A H D A H D A H D A H D A H D A 

 
 
 

Bacterial 
species 

MIC values mg/ml 
Sa - - 0.60 - - 1.25 - 1.25 0.60 - - 1.00 - 0.60 0.60 - - 0.30 0.60 0.30 0.30 
Ec - - 1.90 0.60 1.25 0.80 - 0.60 0.40 0.60 0.60 0.80 1.25 0.60 0.60 0.30 0.60 0.20 - 0.30 0.30 
Pa - - 1.80 1.25 - 0.16 1.25 1.25 0.40 0.60 1.25 0.80 0.60 1.25 0.10 1.25 0.60 0.10 - 0.60 0.16 
Ef - 0.30 - 0.30 0.08 2.00 0.30 0.08 0.26 0.60 0.30 0.05 0.30 0.08 0.42 1.25 0.08 2.50 0.30 0.08 0.30 
Average - 1.95 1.70 1.16 1.58 1.05 1.64 0.80 0.42 1.08 1.16 0.67 1.16 0.63 0.43 1.33 0.95 0.78 1.48 0.32 0.27 
 Total Activity in ml 

Sa 8 32 117 6 28 40 8 40 100 8 16 126 4 33 17 8 16 267 67 200 167 
Ec 8 32 37 33 56 63 8 100 150 33 67 163 8 33 17 67 67 400 16 200 167 
Pa 8 32 39 16 28 313 16 48 150 33 32 163 17 16 100 16 7 800 16 100 313 

Ef 8 267 28 67 875 25 67 750 231 33 67 2600 33 250 4 16 500 32 133 750 167 
Average 8 91 55 31 247 110 25 237 158 27 46 763 16 83 35 27 148 375 58 313 203 
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The MIC and total activity values from each plant extract recorded against all 

bacterial species were combined into MIC and total activity averages for each plant 

extract. Acetone extracts of all plant species were the most active with the lowest 

MIC averages against all the bacterial species tested (Fig. 3.10). Averages of total 

activities for each extract further confirmed that the acetone extracts of Curtisia 

dentata and Terminalia sambesiaca were the most active extracts against all the 

bacterial species tested (Fig. 3.11). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.10. Combined average MIC values of each plant extract against all the 

bacterial species. All MIC values from a specific plant extract against all bacterial 

species were combined into an MIC average for that plant extract. CZ, Cussonia 

zuluensis; VR, Vepris reflexa; TE, Trichilia emetica; CD, Curtisia dentata; KA, Kigelia 

africana; TS, Terminalia sambesiaca; TP, T. phanerophlabia. 

 

The MIC and total activity values against specific bacterial species by all plant 

extracts were combined into averages to determine the sensitivity of each bacterial 

species to plant extracts. The lower the MIC average values against a specific 

bacterium the more sensitive the bacterial species. The lowest overall average MIC 

value (0.69 mg/ml) was calculated for E. faecalis, thus indicating that this species 

was the most sensitive to the plant extracts. S. aureus was the most resistant as was 

indicated by the high average MIC calculated for all plant extracts (Fig. 3.12). The 

highest average total activity (328 ml/g) calculated further indicated that E. faecalis 
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was the most susceptible test bacterial organism to plant extracts (Fig. 3.13). The 

total activity average value was the lowest against S. aureus further confirming that 

S. aureus was the most resistant to plant extracts (Fig. 3.13).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.11. Combined average total activity values of each plant extract against all 

the bacterial species. All total activity values from a specific plant extract against all 

the tested bacterial species were combined into an average total activity value for 

that plant extract. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.12. Sensitivity of bacterial  test organisms to all plant extracts (MIC values). 

Averages of MIC values of all the plant extracts against each of the bacterial species 

were calculated. Sa, S. aureus; Ec, E. coli; Pa, P. aeruginosa; Ef, E. faecalis. 
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Figure 3.13. Sensitivity of bacterial test organisms to all plant extracts (total activity 

values). Averages of total activity values of all the plant extracts against each of the 

bacterial species were calculated. Sa, S. aureus; Ec, E. coli; Pa, P. aeruginosa; Ef, 

E. faecalis. 

 
3.2.4. Cytotoxicity of acetone and dichloromethane extracts of Curtisia 

dentata leaves 
 

The MTT assay was used to determine the cytotoxicity of the dried acetone and 

dichloromethane extracts of Curtisia dentata reconstituted in DMSO against Vero 

cells. The acetone extract of Curtisia dentata was slightly less toxic to Vero cells, with 

an LC50 value of 24.4 μg/ml. The dichloromethane extract was more toxic to Vero 

cells with an LC50 of 6.6 μg/ml (Figs. 3.14 and 3.15). Berberine, the positive control, 

had an LC50 of 10 µg/ml.   

 

The selectivity index is the ratio of the toxicity to the biological activity (MIC value). It 

relates to the degree to with the observed activity of a substance can be attributed to 

the toxicity of that substance. The higher the value, the higher the selectivity of the 

substance. The selectivity index (Table 3.5) was the highest for amphotericin B, 

ranging from 35 to 175 against all tested fungal species. The average selectivity 

index of the acetone extract against all tested fungi was 16 times better than that 

resulting from the dichloromethane extract (Table 3.5). These data suggest the 
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antibacterial and antifungal activity of the extracts were as a result of toxicity, hence 

the low selectivity indices.  

 

 

 
 
 
 
 
 
 
 

 
Figure 3.14: Cytotoxicity of acetone extract against Vero cells (LC50 = 24.4 μg/ml) 

 

 

 

 
Figure 3.15: Cytotoxicity DCM extract against Vero cells (LC50 = 6.6 μg/ml). 
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Table 3.5.  Selectivity index (SI) of the dichloromethane and acetone extracts of 

Curtisia dentata against fungal species. Key; Ca, Candida albicans; Cn, C. 

neoformans; Mc, M. canis; Ss, S. schenckii; Af, Aspergillus fumigatus;  

 

 

3.3. Comparison of antifungal and antibacterial activity of stem bark and leaves 
of Curtisia dentata 

 
3.3.1. TLC fingerprints 
 
Leaves, twigs and stem bark of Curtisia dentata were extracted with acetone and 

analysed using TLC to compare their chemical compositions (Fig. 3.16). Extracts of 

the leaves contained similar chemical components on TLC plates. There were slight 

differences in chemical composition between leaves and stem bark regarding the 

levels of specific chemical components as indicated by the intensity of spots on TLC 

plates. The bark contained several compounds visible under UV light, which were not 

present in leaf extracts. Some components that were observed in leaves were 

undetectable in the bark extract. In the bark extract there was a high concentration of 

a compound that stained orange-red when sprayed with vanillin, while in the leaves 

there was an accumulation of several components that stained dark blue-purple (Fig. 

3.16).  

 

3.3.2. Comparative bioautography 
 
Four compounds in the C. dentata leaf extract were active against Candida albicans 

compared with two in the bark extract (Fig. 3.17). The extracts were also tested for 

activity against bacterial test organisms using the bioautography method. Since the 

leaves and twigs seemed to contain similar compounds, only the leaves were tested 

for antibacterial activity using the bioautography method. The leaves contained more 

(4) antibacterial and anti-Candida compounds than the bark (2) (Fig. 3.17). Similar 

observations were recorded with bacterial species, namely E. coli and S. aureus, 

where extracts of the leaves had more active compounds inhibiting the growth of 

Extracts Ca Cn Af Ss Mc Average

Acetone 0.200 0.163 0.122 0.305 1.220 0.402 

Dichloromethane 0.044 0.022 0.022 0.022 0.017 0.025 

Amphotericin B 140 35 175 35 175 112 
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these microorganisms (Fig. 3.17). The Rf values of active compounds are displayed 

in Table 3.6. 

  

 

 

 
Figure. 3.16.  Comparison of the chemical components present in leaves (L) and 

stem bark (S) of Curtisia dentata. TLC plates were developed in CEF (A) and DE 

(4:1) (B) and sprayed with vanillin-sulphuric acid. 

 

 

 

 
 
 
 
 
 
 
 
 

 
 
Figure 3.17.  Comparison of the antibacterial chemical components present in leaves 

(L) and stem bark (S) of Curtisia dentata. Acetone extracts of leaves and bark were 

analysed on TLC plates using CEF as eluent, and then sprayed with C. albicans, E. 

coli  or S. aureus . 
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Table 3.6. Rf values of components active against Candida albicans and bacterial 

test organisms in leaf and stem bark acetone extracts of Curtisia dentata using CEF 

as eluent. 

 

 

 

3.3.3. Minimal inhibitory concentrations 
 
From the results of the microdilution assay the leaf extract was more active than the 

bark extract (Table 3.7). The MIC recorded against Candida albicans for acetone 

extracts of the leaves of Curtisia dentata was 0.11 mg/ml, while that resulting from 

the bark extract averaged at 0.61 mg/ml. The total activity of the leaf extract was 

more than five-fold higher than that of the bark extract, at 1072 ml and 190 ml, 

respectively (Table 3.7). MIC values against bacteria were not determined. Based on 

the number of antifungal and antibacterial compounds showing on bioautograms and 

the MIC values, leaves were chosen for isolation of active compounds. 

 

The acetone extracts of the leaves, twigs and stem bark were investigated for 

antibacterial activity using the serial microplate dilution method to determine the MIC 

values. All the extracts were active against the four selected bacterial test organisms 

with average MIC values ranging from 0.16-0.30 mg/ml. The extracts of the leaves 

and twigs showed similar MIC values against P. aeruginosa and Enterococcus 

faecalis. These extracts resulted in lower MIC values compared with those resulting 

from stem bark extracts. Total activity values further confirmed that the aerial parts 

were more active than the stem bark extracts. S. aureus and E. coli were less 

sensitive to the extracts while E. faecalis was the most sensitive bacterial species. 

The highest total activity (1311 ml) was observed with the acetone extracts of the 

leaves against Enterococcus faecalis (Table 3.8). 

 
 
 

Leaf extract Stem bark extract 

0.88 - 

0.85 0.85 

0.54 0.54 

0.44 - 

0.36 - 
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Table 3.7. MIC values (mg/ml) of Curtisia dentata leaf and stem bark acetone 

extracts against Candida albicans. Amp B, amphotericin B 

 

 

 
Table 3.8. MIC values (mg/ml) of the extracts of leaves, twigs and stem bark of 

Curtisia dentata against bacterial test organisms. 

Plant extracts  
 
Bacterial species Leaves Twigs Stem bark 

MIC values (mg/ml) 

E. coli 0.56 0.32 0.60 

S. aureus 0.21 0.12 0.30 

P. aeruginosa 0.12 0.11 0.15 

E. faecalis 0.09 0.10 0.15 

Average MIC values 0.25 0.16 0.30 

Total activity (ml) 

E. coli 210 359 387 

S. aureus 562 958 387 

P. aeruginosa 983 1045 773 

E. faecalis 1311 1150 773 

Average total activity 767 878 580 

 
 

3.4. DISCUSSION 
 
The selected plant species, or plant species closely related to them, in the case of 

Cussonia zuluensis and Vepris reflexa, have a long history of usage in traditional 

medicine by different cultures in Africa. These plants are used to treat many diseases 

arising from diverse origins. The extracts of many plants are administered without 

Plant Part MIC (mg/ml) Mass of extract 
(mg/g) 

Total activity 
(ml/g) 

Stem bark 0.61 116 190 

Leaves 0.11 118 1072 

Amp B 0.02 - - 
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prior knowledge of their chemical compositions, toxicity and efficacy. This study 

seeks to address these and other concerns. 

 

From the results it would seem that the acetone and dichloromethane extracts of the 

leaves of the different plant species screened contain antibacterial and antifungal 

activity. This observation was demonstrated through bioautography and MIC 

determination. The presence of active chemicals in the extracts supports the 

continued usage of the plant species under investigation, in traditional medicine. 

 

All the extracts of Terminalia sambesiaca and Terminalia phanerophlebia showed 

very high activity against Cryptococcus neoformans and Microsporum canis, with 

MIC values ranging from 0.02 to 0.08 mg/ml. Cussonia zuluensis and Vepris reflexa 

were the least active. Masoko et al. (2005) reported MIC values comparable with the 

values obtained in this study for Terminalia sambesiaca extracts. In this case, as 

reported by Masoko et al. (2005), Aspergillus fumigatus was the least sensitive of the 

test microorganisms while Cryptococcus neoformans and Microsporum canis were 

the most sensitive.  

 

Curtisia dentata possessed more active chemical components (five) than any of the 

species screened, as revealed by bioautography. These compounds were active 

against all the test organisms used in the investigation, suggesting the non-selective 

nature of the activity. This may suggest that the target macromolecule for the 

compound may be generally found across the species investigated or the active 

compounds are general metabolic toxins. The active components in the acetone 

extract of the leaves of Curtisia dentata range from polar to non-polar in nature. Their 

Rf values were 0.33, 0.44, 0.54, 0.80 and 0.85 and they all stained purple to red on 

TLC plates sprayed with vanillin-sulphuric acid. These compounds were also present 

in the DCM extract of Curtisia dentata leaves. Though the other plant species 

screened showed activity on TLC bioautograms, none of them had more than 2 

compounds inhibiting the growth of the test organisms. 

 

The presence of active compounds in Curtisia dentata was not unexpected. Other 

members of the family Cornaceae are active against several test microorganisms. 

For example, Dulger and Gonuz (2004) showed that ethanol extracts of Cornus mas 

were active against P. aeruginosa, Proteus vulgaris and Micrococcus luteus. 
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Though Trichilia emetica showed minimal antimicrobial activity in our study, other 

activities of this plant were reported elsewhere. Compounds with larvicidal and 

insecticidal activities were isolated from this species (Xie et al., 1994; Nakatani et al., 

1981; Kubo & Klocke, 1982). Cyclooxygenase inhibitory activity was also reported 

(McGaw et al., 1997). Sparg et al. (2000) reported activity against schistosomula 

worms. However, Germanơ et al. (2005) reported that ethyl ether extracts of Trichilia 

emetica were active against S. aureus and other bacterial species, with MIC of 15.6 – 

31.25 μg/ml recorded against S. aureus. They attributed the activity to limonoids, 

which, they claimed, were extracted with ethyl ether.  

 

The acetone extract of Terminalia sambesiaca was active against all test organisms 

except E. faecalis. Fyhrquist et al. (2002) reported activity of the methanol extract of 

Terminalia sambesiaca roots and stem against S. aureus and Candida albicans on 

hot-plate agar diffusion method. The MIC recorded in this study, 0.18 mg/ml against 

Candida albicans, is comparable with published results (Masoko et al., 2005). 

Though Terminalia sambesiaca showed activity against Candida albicans using the 

microplate dilution method, the separated active compounds in the acetone extract 

were not visible on bioautography. 

 

The reasons for low activity of some plant species may vary. Most of the traditional 

preparations are made using water as the extractant. Water extracts should be 

investigated to fully confirm antimicrobial activity of the traditional preparations of the 

plants under study. All evidence in the Phytomedicine Programme to date support 

the results of Kotze and Eloff 2000 that water extracts generally do not have 

antibacterial activity. Acetone was used in this study since it extracts a wide range of 

compounds of varying polarities. Eloff (1998a) reported that acetone is the best 

extractant as it extracts more antimicrobial compounds than other commonly used 

solvents. 

 

The selectivity index is calculated to determine the relationship of activity of a test 

product to its cytotoxic concentration. The higher the number the better the product. 

The selectivity index obtained for amphotericin B was by far the highest compared 

with acetone and dichloromethane extracts of Curtisia dentata. It would mean that 

amphotericin B results in the highest inhibition of fungal growth with relatively lower 

toxicity to host cells. Though both extracts of Curtisia dentata resulted in relatively 

low selectivity indexes, the acetone extract was 16 times better than the 

dichloromethane extract. The acetone extract is therefore more active against fungal 
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species tested with less toxicity than the dichloromethane extract. Since the same 

compounds were active against both bacterial and fungal test organisms, it would 

seem that the activity may be nonspecific and non-selective, hence the low selectivity 

index values. 

 

The leaf and stem bark acetone extracts of Curtisia dentata were also tested for 

activity against bacterial test organisms using the bioautography method. Both 

extracts were active against bacterial test organisms (S. aureus and E. coli). More 

active compounds were observed in the acetone extracts of leaves (4 compounds) 

than the bark extracts (2 compounds). The total activity of the leaves was five-fold 

higher than that of the bark, further pointing to the leaves being more active. Some 

literature reports suggest that the phytochemical constituents of the bark and leaves 

are similar for certain species (Zschocke et al., 2000a; Zschocke et al., 2000b). 

However, Eloff (2001) observed that there were significant differences between the 

antibacterial activities of leaves and bark of Sclerocarya birrea. This finding may 

suggest that leaves may be used to replace stem bark in traditional medicine 

preparation for treatment of bacterial and fungal-related infections as the plant 

species is threatened (Cunningham, 1998; Scott-Shaw, 1999). Based on these 

findings the leaves of Curtisia dentata were chosen for further work. 

 

The bark and leaf extracts of Curtisia dentata were also tested for anti-Candida 

activity using the serial microplate dilution method. The MIC values questioned the 

preference of bark over leaves in preparation of traditional medicine cocktails using 

C. dentata. The MIC values of leaf extracts were five-fold better than those of the 

extracts of the bark, as were the total activity values. In other words, five times as 

much of the bark extract is required to achieve similar results as the leaf extract. The 

comparison of the water extracts of both the leaves and the stem bark may serve to 

further encourage harvesting of leaves and not the bark for traditional medical 

purposes thereby conserving C. dentata trees in the wild. 

 

3.5. CONCLUSIONS 
 
All the plant species tested showed varying degrees of activity against test organisms 

in the study. Bioautography results revealed that Curtisia dentata contained more 

antibacterial and antifungal compounds than any of the plant species screened. 

Similar chemical components from Curtisia dentata were active against all the 

microbial species tested, suggesting the non-specific nature of the activity. MIC data 
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indicated that Terminalia sambesiaca and Terminalia phanerophlebia were the most 

active of the plant species tested against fungi, while Vepris reflexa and Cussonia 

zuluensis were the least active.  Aspergillus fumigatus was the least sensitive fungal 

test organism to extracts while M. canis and C. neoformans were the most sensitive. 

The leaves of C. dentata can be used to replace the stem bark in the preparation of 

traditional herbal medicines, thereby conserving this threatened medicinal plant 

species. The leaves contained more active compounds and resulted in lower MIC 

values compared with the stem bark extracts. 

 

Following the finding that Curtisia dentata possessed more active compounds 

against Candida albicans with low MIC values, the next step involved isolation of the 

active compounds from the leaves of this species. 
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CHAPTER 4 
ISOLATION OF ANTIFUNGAL COMPOUNDS FROM C. 

dentata (Burm.f) C.A. Sm. 
 
4.1. INTRODUCTION 
 
4.1.1. Compounds isolated from Cornaceae family 
 
Reports concerning isolation of compounds from Curtisia dentata are scanty, if not 

unpublished. From other members of the family Cornaceae several phenolic 

compounds, flavonoids and terpenoids have been isolated (Jang et al., 1998; 

Nakaoki & Moira, 1958; Lee et al., 2000). The genus Cornus is well known to contain 

large amounts of polyphenols such as tannins (Hatano, 1989). Several iridoid 

compounds were isolated from the roots of Cornus capitata (Tanaka et al., 2001). 

Lee et al. (2000) reported the isolation of two phenolic compounds, namely, (-)-2,3-

digalloyl-4-(E)-caffeoyl-L-threonic acid and (-)-2-galloyl-4-(E)-caffeoyl-L-threonic acid 

from fresh leaves of Cornus controversa Hemsl (Cornaceae). Several anthocyanins 

are also present in Cornus florida, C. controversa, C. kousa and C. florida (Vareed et 

al., 2006). 

 

The broad aim of this study was to isolate compounds active against Candida 

albicans from extracts of Curtisia dentata. 

 

The objectives of this section were to: 

1) Compare the activity the extracts of the leaves and stem bark of C. dentata in 

order to select the plant part to isolate compounds from. 

2) Isolate active compounds from the leaves through bioassay-guided 

fractionation. 

3) Identify the isolated compounds using Nuclear Magnetic Resonance (NMR) 

spectroscopy and Mass Spectrometry (MS). 
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4.2. MATERIALS AND METHODS 
 
4.2.1. General methods 
 
4.2.1.1. Plant part collection 
 
Leaves and stem bark of C. dentata were harvested from the University of Pretoria’s 

Botanical Gardens in March 2005, dried at room temperature and ground to powder 

using a Macsalab mill (Model 200 Lab). The powders were stored in sealed glass 

containers at room temperature, in the dark until needed.   

 

4.2.1.2. Serial exhaustive fractionation 
 
The leaves and stem bark extracts of C. dentata were compared to select the best 

plant part for isolation of compounds. The leaves contained more active compounds 

and resulted in better MIC values than the stem bark extracts. For isolation of active 

compounds, serial exhaustive extraction of the leaves of C. dentata leaves (830 g) 

was performed as outlined in Chapter 2. 

 

4.2.2. Overview of approach followed 
 
The procedure used to isolate active compounds from the leaves of Curtisia dentata 

is presented schematically in Figure 4.1. 

 
4.2.2.1. Selection of stationary phase 
 
Column chromatography using silica gel as the stationary phase was chosen for 

separation of compounds for the following reasons: 1) silica gel was previously used 

in the Phytomedicine laboratory for isolation of compounds with a high degree of 

success (Martini and Eloff, 1998), 2) separation on silica gel represents one of the 

cheapest methods for isolation of compounds, 3) silica gel is readily accessible and 

preparation of separating systems is simple and quick, and 4) eluent system polarity 

can be varied to adjust elution of active compounds. 
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Figure. 4.1. Schematic diagram showing the isolation of active compounds from 

Curtisia dentata leaves using column chromatography with silica gel 60 as the 

stationary phase.  

 

4.2.2.2. Group separation (Column I) 
 
Silica gel (800 g) was mixed with hexane to form a homogenous suspension/slurry 

and stirred using a stirring rod to remove bubbles. The silica gel slurry was poured 

into a glass column (10 cm diameter and 50 cm length) whose outlet was plugged 

with cotton wool to retain the gel in the column. The solvent was allowed to flow out 

of the column opening to allow the gel to settle. 

 

C. dentata leaf powder (830 g) 

Hexane DCM Acetone Methanol

Bioautography Bioautography Bioautography Bioautography 

COLUMN I

Fraction A 
(100% H) 

Fraction B 
H:E (4:1) 

Fraction C Fraction D Fraction E Fraction F 

Column II in 
H:C (9:1) 

CI (Fractions11-24) 
(210 mg) 

Fractions mixed, separated. 
Column III in D:E (11:1) 

CII (Fractions19-29) 
219 mg 

CIII (Fractions35-
47), 

41 mg 

Fractions mixed, separated. 
Column IV in D:E (4:1) 

CIV (Fractions 45-60), 
21 mg 
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The plant extract sample was prepared by dissolving 15 g of the DCM extract in 100 

ml of ethyl acetate. To the solution 30 g of silica was added and mixed by stirring with 

a glass rod. The mixture was allowed to dry at room temperature under a stream of 

air for approximately 5 hours. The dried silica gel-extract mixture was carefully 

layered on the column gel bed. For elution hexane was used as the mobile phase 

with the polarity increasing by 10% increments of ethyl acetate. For each eluent 

mixture 1.5 L volumes were used and 500 ml fractions collected in glass beakers. 

Collected fractions were concentrated using a Büchi R-114 Rotavapor. TLC was 

used to analyze fractions, and those with similar chemical components were 

combined. 

 

Thirty three (33) fractions were collected and concentrated using a Rotavapor. These 

fractions were again analyzed by TLC, and those containing similar components 

were mixed, resulting in 6 major fractions (A – F). These major fractions were dried in 

pre-weighed beakers and their masses determined. 

 

4.2.2.3. Combination of fractions from column I (DCM extract) 
 
Fractions 1-3 were combined to form major fraction A, as they contained similar 

components when analyzed using TLC. Fractions 4 & 5 were combined to result in 

major fraction B. Fractions 6 & 7 were also combined to yield major fraction C. 

Fraction 8 was not combined with any fraction, and it was designated as fraction D.  

Fractions 9-14 were combined and the resultant mixture was called fraction E. 

Fractions 15-33 were combined and to result in fraction F. The antimicrobial activities 

of the fractions were assayed as described in chapter 2, using bioautography as the 

method of choice with Candida albicans as the test fungal organism. In most 

instances active compounds were found in more than one fraction. These fractions 

were combined to maximize the level of active compounds in order to obtain a high 

yield of the compounds. 

 

4.2.2.4. Isolation of compound CI (Column II) 
 
A glass column with a length of 50 cm and diameter of 2 cm was used for 

fractionation of fraction B. Silica gel 60 (150 g) was mixed with hexane by stirring and 

the slurry poured into the column whose bottom opening was plugged with cotton 

wool. The solvent was allowed to drip out for the silica gel to settle and establish a 

column bed. The sample was prepared by mixing 2 g of fraction B with 4 g silica gel 
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in 60 ml of ethyl acetate. The mixture was stirred vigorously and dried under a stream 

of air. The dried sample was loaded onto the gel in the column. After a series of 

separations of the fraction on TLC plates in different solvent mixtures to obtain a 

system resulting in good resolution, hexane: chloroform (HC) (9:1) was selected as 

the solvent system. The loaded column was eluted using HC (9:1) mixture with 50 ml 

fraction volumes collected at 5 ml/min. Fractions 11-24 contained pure compound CI. 
 
4.2.2.5. Isolation of compound CII and CIII (column III) 
 
Fractions C and D were mixed and from this mixture compounds CII and CIII were 

isolated. A glass column with a length of 40 cm and diameter of 4 cm was used for 

fractionation of the mixture of fractions C and D. Silica gel (200 g) was mixed with 

hexane by stirring and the slurry poured into the column whose bottom opening was 

plugged with cotton wool. The solvent was allowed to drip out to settle the gel and 

establish a column bed. The sample was prepared by mixing 3 g of fractions C and D 

mixture with 6 g silica gel in 90 ml ethyl acetate. The mixture was stirred vigorously 

and dried under a stream of air. The dried sample was then loaded onto the gel bed 

and eluted with dichloromethane:ethyl acetate (11:1) mixture at 5 ml/min. Fifty ml 

fractions were collected. Fractions 19-29 contained pure compound CII and fractions 

35-47 contained pure compound CIII. 
 
4.2.2.6. Isolation of compound CIV (column IV) 
 
Fraction E – F were combined and the mixture used for isolation of compound CIV. A 

glass column with a length of 40 cm and diameter of 4 cm was used for fractionation 

of the mixture. The column was prepared as in section 4.2.2.5. The sample was 

prepared by mixing 3 g of fractions E and F mixture with 6 g silica gel in 90 ml ethyl 

acetate. The mixture was stirred vigorously and dried under a stream of air. The dried 

sample was then loaded onto the gel bed and eluted with dichloromethane:ethyl 

acetate (4:1) mixture with polarity increased by 10% increments of ethyl acetate. Fifty 

ml fractions were collected at 5 ml/min.  

 

4.2.2.7. Isolation of compound HI (Column V) 
 
The hexane fraction (2 g) was subjected to column chromatography using toluene as 

a solvent (mobile phase). A glass column with a length of 40 cm and diameter of 4 

cm was used for fractionation of a mixture. About 200 g of silica gel was mixed with 
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toluene and slurry poured into the column whose bottom end opening was plugged 

with cotton wool. The sample was prepared by dissolving 2 g of hexane extract in 10 

ml hexane and mixed with 4 g silica gel. The mixture was dried under a stream of air 

at room temperature. The dry mixture was carefully layered onto the column and 

eluted with toluene. Fifty-milliliter (50 ml) fractions were collected in glass test tubes. 

Similar fractions were combined. Fractions 14-19 contained pure compound HI.  
 

4.3. RESULTS 
 
4.3.1. Serial exhaustive fractionation 
 
The serial exhaustive extraction of C. dentata leaves is described in section 2.2.3. 
The same plant material was extracted with different solvents, starting with the least 

polar, hexane (H), with methanol (M) completing the extraction. The masses of 

extracts obtained with each solvent are displayed in Fig. 4.1. Acetone and methanol 

resulted in the largest mass (24 and 21 g, respectively) of extracted chemical 

components and the least amount (13 g) was obtained with hexane.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1.  Amount extracted from Curtisia dentata leaves (837 g) using solvents of 

varying polarities. The dried leaf material was extracted serially with hexane (HEX), 

dichloromethane (DCM), acetone (ACN) and methanol (MeOH) in the order listed. 
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4.3.2. Activity of serial exhaustive extraction samples 
 
4.3.2.1. Anti-Candida activity 
 
Extracts acquired from serial exhaustive extraction of Curtisia dentata leaves were 

investigated to determine the presence of active compounds using bioautography 

and serial microplate dilution. Investigation of activity against C. albicans revealed 

that the acetone and dichloromethane extracts of the leaves of Curtisia dentata 

contained the highest number of active compounds (Fig. 4.2). The active compound 

in the hexane fraction was also observed in the dichloromethane extract. The 

methanol extract was not active against Candida albicans in bioautography. 

 

The lowest MIC value recorded (0.107 mg/ml) against C. albicans was observed with 

the dichloromethane extract of C. dentata leaves (Table 4.1). The hexane extract did 

not show any observable activity against C. albicans, with an MIC value of over 2.5 

mg/ml. Acetone and methanol extracts resulted in MIC values of 0.207 and 0.50 

mg/ml, respectively. The highest total activity (4240 ml) recorded per bulk fraction 

resulted from the dichloromethane fraction, whilst the hexane extract resulted in the 

least total activity (79.3 ml) (Table 4.1). The methanol and the acetone fractions 

resulted in total activity values of 1050 and 3312 ml, respectively.  

 

 

 
 
Figure 4.2.  TLC plates showing growth inhibiting activity of Curtisia dentata leaf 

extracts against Candida albicans. Plant material was extracted with hexane (H), 

dichloromethane (D), acetone (AC) and methanol (M). SF, solvent front; Or, origin 
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Table 4.1. Minimal inhibitory concentrations and total activity of various bulk fractions 

of C. dentata against C. albicans 

 

 

4.3.2.2. Antibacterial activity 
Bioautography is generally much more difficult with fungi than with bacteria.  To 

facilitate the bioassay guided fractionation, bioautography was carried out with four 

important nosocomial bacteria to determine if the same compounds are active 

against C. albicans.  If this is the case, it is easier to use bacterial cultures in the 

isolation work. 

 

The serial exhaustive extracts of Curtisia dentata leaves were also tested for activity 

against bacterial test organisms using bioautography resulting from serial exhaustive 

extraction. Dichloromethane and acetone extracted more chemical components 

active against all test bacterial organisms. The methanol extract had the lowest 

number of antibacterial compounds against the four bacterial organisms under 

investigation (Fig. 4.3).  Based on these findings, and that the dichloromethane 

extract contained high numbers of active compounds, the dichloromethane extract 

was chosen for further fractionation to isolate active compounds.  

 

In the previous Chapter it was shown that the same compounds that were active 

against C. albicans on bioautograms had activity against bacterial species, hence in 

bioassay-guided fractionation bacteria may be used to follow the active compounds. 

The TLC plates of the extracts sprayed with vanillin-sulphuric acid are shown on 

Figure 4.4, revealing the different compounds extracted with each of the four 

extractants. 

 

 

 

 

 

 

Fraction MIC (mg/ml) Total Activity (ml)/fraction 

Hexane >2.5 79.3 

Dichloromethane 0.107 4240 

Acetone 0.207 3312 

Methanol 0.50 1050 
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Figure 4.3.  TLC bioautograms (BEA as eluent) showing activity of hexane (H), 

dichloromethane (D), acetone (AC) and methanol (M) extracts of Curtisia dentata 

against P. aeruginosa, E. coli, Enterococcus faecalis and S. aureus. SF, solvent 

front; Or, origin 

 

 

 

 

 

 
 
 
 
 
 

 
 
Figure 4.4. TLC chromatograms of serially extracted C. dentata leaves developed in 

EMW, CEF and BEA. Plant material was extracted with hexane (H), dichloromethane 

(D), acetone (AC) and methanol (M). SF, solvent front; Or, origin. 

 

4.3.3. Isolation of compounds 
 
From column I several fractions were collected and analyzed on TLC plates (Figs. 

4.5 & 4.6). Similar fractions were combined into six major fractions A-F. The masses 
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faecalis S. aureus 
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of the different major fractions are displayed in Table 4.2.These fractions were tested 

for antifungal activity (Fig. 4.7 and Table 4.3). Active fractions were identified for 

isolation of anti-Candida compounds. Fractions C-F were active against Candida 

albicans on bioautograms (Fig. 4.7). 

 

 
Figure 4.5. Fractions collected from separation of dichloromethane extract of Curtisia 

dentata leaves (fraction 1-22). The sample was first eluted with hexane and polarity 

was increased with 20% increments of ethyl acetate and then methanol. TLC plates 

were developed in hexane : ethyl acetate (7:3) and visualized using vanillin-sulphuric 

acid spray. SF, solvent front; Or, origin. 

 

Fraction 11-24 from column II was a yellow solution, and a white precipitate formed. 

The precipitate was collected and washed several times with hexane. The dry 

compound CI, white in colour had a mass of 210 mg. The TLC chromatogram of the 

isolated compound CI is displayed in Fig. 4.8.  

 

Fractions 19 – 29 from column III contained a single spot on TLC plates sprayed with 

vanillin-sulphuric acid and were pooled together and dried using a Rotavapor (fig. 

4.9). The mass of the compound CII was recorded as 219 mg. Fractions 35 – 47 

contained a single compound, which stained purple-red on TLC plates sprayed with 

vanillin-sulphuric acid. These fractions were combined and dried using a Rotavapor. 

The resultant compound CIII, creamy-white in colour had a mass of 41 mg (Fig. 4.9). 

 

Fractions 45 – 60 from column IV contained a compound with some minor impurities 

on TLC chromatograms. These fractions were combined and solvent evaporated 

using a Rotavapor. The white powder was washed several times with hexane and 

then dried. The recorded mass of the compound CIV was 21 mg.  
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From column V, 36 fractions were collected. Fractions 14 -19 contained a single 

compound after separation on TLC plates (Fig. 4.10). These fractions were combined 

and dried using evaporation under a stream of air. The resultant compound was 

washed several times in methanol, dried and weighed. The resulting compound HI, 
86 mg, was a white powder that stained purple upon spraying with vanillin-sulphuric 

acid.  

 

 

 

 

Figure 4.6. Fractions collected from separation of dichloromethane extract of C. 

dentata leaves (fraction 1-24 [A] and 23-33 [B]). TLC plates were developed in 

hexane: ethyl acetate (1:1) and visualized using vanillin-sulphuric acid. SF, solvent 

front; Or, origin. 
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Figure 4.7. TLC bioautograms (A) (CEF) showing activity of fractions A-F against 

Candida albicans, and vanillin-sprayed TLC plates developed in CEF (B) and BEA 

(C). The dichloromethane crude extract (Cr) was tested alongside various fractions 

using the TLC bioautography method. SF, solvent front; Or, origin. 

 

Table 4.2.  Mass (g) of the major fractions from column I 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Column I 
Fraction  

No. of active 
compounds 

Mass (g) 

A 0 1.45 

B 1 2.15 

C 1 2.50 

D 4 1.68 

E 5 2.09 

F 5 2.22 

A B C 

Cr   A   B    C   D    E    F A    B    C    D     E       F A     B     C    D     E      F 

←SF 

←Or 

 
 
 



 76

 

 
 
Figure 4.8. TLC chromatograms showing compound CI analysed side-by-side with 

fraction B from column I. The TLC plates were developed in BEA (A), CEF (B) and 

dichloromethane (C), and sprayed with reagent vanillin-sulphuric acid reagent. SF, 

solvent front; Or, origin. 

 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.9:  TLC chromatogram showing separation of CIII from CII in column III. 

The TLC plates were developed in HE (1:1) and then sprayed with vanillin sulphuric 

acid. Only fractions 23 – 43 are shown on the chromatogram. SF, solvent front; Or, 

origin. 
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Figure 4.10.  Fractions 1 – 36 collected from separation of hexane extract of Curtisia 

dentata. The sample was first eluted with toluene. TLC plates were developed in 

toluene (A) and toluene: ethyl acetate (9:1) mixture (B, C) and visualized using 

vanillin-sulphuric acid. SF, solvent front; Or, origin. 
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4.4. DISCUSSION  
 
The plant species used, Curtisia dentata, is utilized for treatment of different health 

problems by traditional cultures in South Africa. The stem bark is the preferred plant 

part for preparation of medicines. 

 

4.4.1. Serial exhaustive extraction of Curtisia dentata leaves 
 
A higher number of active compounds was present in the acetone extracts of the 

leaves of Curtisia dentata compared to that the bark. The same powdered leaf 

material was serially extracted with solvents of varying polarities, starting with the 

least polar (hexane) and ending with methanol. The extracted material was subjected 

to bioautography experiments with bacterial and fungal species as test organisms. 

Bioautography results revealed that the highest number of active compounds was 

present in the dichloromethane and acetone extracts. The bulk methanol fraction 

showed no visible presence of antimicrobial compounds on bioautograms against 

Candida albicans and bacterial test organisms. The absence of active compounds in 

the methanol extract is not clear, though it may seem that active compounds were 

removed by acetone before methanol could be used as the extractant since serial 

exhaustive extraction was used.  

 

Though the presence of active compounds was observed in the hexane extract 

against the five test organisms in bioautography, the MIC value recorded against 

Candida albicans was above 2.5 mg/ml. The antifungal compounds extracted by 

hexane may have been volatile and were lost during evaporation of the TLC solvents 

from the chromatograms. The lowest MIC values (0.11 and 0.21 mg/ml) resulted from 

the bulk DCM and acetone fractions against Candida albicans, further correlating the 

MIC data with bioautography results. Furthermore, the bulk DCM fraction resulted in 

the highest total activity calculated as 4240 ml/fraction. The total activity values for 

the bulk methanol, hexane and acetone fractions were 1050, 79.3 and 3312, 

respectively. This finding further emphasized that the hexane fraction was the least 

active while the acetone and the DCM fractions, with good MIC and total activity 

values were the most active fractions.  

 

The methanol extract failed to reveal active compounds on bioautograms but was 

active in the serial microplate method with a MIC value of 0.5 mg/ml. The reasons for 

the discrepancy are unclear. Synergistic effects may be necessary for the activity of 
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some of the compounds, and thus serial exhaustive extraction may separate 

compounds that act together synergistically. Furthermore, some compounds may be 

volatile, resulting in their loss from TLC plates during drying for bioautography assay. 

 

4.4.2. Isolation of compounds 
 
Four compounds were isolated using column chromatography with silica gel as the 

stationary phase.  The isolated compounds may belong to the same family of 

compounds as they stained similarly when sprayed with vanillin-sulphuric acid 

(purple-red colour). Compound CI, whose mobility on TLC was closer to the solvent 

front was the most non-polar whilst compound CIV was the most polar of the isolated 

compounds judging by its mobility in all the mobile phases used. This is the first 

report of isolation and identification of compounds with antifungal and antibacterial 

activity from Curtisia dentata leaves. Compound HI was later found to be the same 

as compound CI, as revealed by analysis on TLC plates. 

 

4.5. CONCLUSIONS 
 
Curtisia dentata has been used for many decades to treat different ailments. The 

findings of this study reveal that there are several antimicrobial compounds in the 

leaves of this plant species. Four compounds were isolated using silica gel as the 

stationary phase in column chromatography, following the principles of bioassay-

guided fractionation. This is the first report of isolation of compounds from Curtisia 

dentata. 
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CHAPTER 5 
STRUCTURE ELUCIDATION 

 
5.1. INTRODUCTION 
 
In the available literature, no information about compounds isolated from any Curtisia 

species was found. Curtisia dentata is the only species of the genus occurring in 

Africa.  There is only one other member of the Cornaceae family occurring in Africa 

i.e. Afrocrania volkensii (Klopper et al., 2006). Furthermore, there are few reports on 

chemical constituents of other genera within the family Cornaceae. Betulinic acid was 

isolated from the bark of Cornus florida Hook at a yield of 2% (Robertson et al., 

1939). Polyphenolic compounds such as tannins (Okuda et al., 1984; Lee et al., 

1989) and iridoid compounds (Stermitz and Krull, 1998; Tanaka et al., 2001) were 

isolated from some members of the genus Cornus. Different anthocyanins are 

present in extracts of Cornus alterifolia, C. controversa, C. kousa and C. florida 

(Vareed et al., 2006). Triterpenoids such as A1 barringenol, oleanic acid (Silva et al., 

1968), 21,23-epoxytirucalla-7,24-diene-3-one and 3β-acetoxy-21,23-epoxytirucalla-

7,24-diene (Bhakuni et al., 1987) are common in the genus Cornus. There are no 

literature records concerning isolation and characterization of chemical components 

from any Curtisia species. The aim of this chapter was to elucidate the structures of 

the isolated compounds and compare them with those isolated from other members 

of the Cornaceae. 
 

5.2. MATERIALS AND METHODS 
 
1H and 13C nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry 

were used to determine the structures of isolated compounds. In some instances 

DEPT (distortionless enhancement by polarization transfer) NMR was used to further 

confirm the structures of the compounds. The spectral data was first compared with 

data recorded in literature to determine whether the compounds were known or 

novel. The comparison included a search of compounds isolated from the Cornaceae 

family in which Curtisia dentata belongs. 
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5.2.1. Thin layer chromatography 
 
Isolated compounds were analyzed by TLC separation using different solvent 

systems to ascertain their purity and determine Rf values. The compounds (10 μg) 

were loaded on aluminum-backed TLC plates and developed using CEF, BEA and 

DE (4:1) as mobile phases. The developed plates were visualized under UV light, 

sprayed with vanillin-sulphuric acid and then scanned.  

 

5.2.2. 13C and 1H NMR spectroscopic analysis 
 
1H and 13C NMR experiments were performed on a Varian 300 MHz (University of 

Limpopo, Medunsa Campus) spectrometer operating at 300.0 MHz for hydrogen and 

75.4 for 13C, using DMSOd6 or CDCl3 as solvents. Solutions were prepared with 

between 18 – 30 mg of pure compounds in 0.5 ml of CDCl3 for CI and HI or DMSOd6 

for CII, CIII and CIV.  

 

5.2.3. Mass Spectrometry 
 
About 1 mg of each compound was submitted for mass spectrometric analysis at the 

University of Johannesburg. Electron impact mass spectrometry (EIMS) was used to 

analyze the isolated compounds. 

 

5.3. RESULTS AND DISCUSSION 
 
5.3.1. Thin Layer Chromatographic Analysis of Isolated Compounds 
 
When BEA and CEF were used as mobile phases compounds CII and CIII migrated 

similar distances on TLC chromatograms, as confirmed by their Rf values (Table 5.1). 

Equal quantities (10 μg) were loaded for each compound on TLC plates. DE (4:1) 

resulted in effective separation of the two compounds (Fig. 5.1). This observation 

suggests that these two compounds fall within the same solubility range, are related 

and belong to probably the same family of compounds. Compound CI, which seemed 

non-polar as it migrated a similar distance with the solvent front, may also be related 

to CII and CIII, since they all stained red-purple upon spraying with vanillin-sulphuric 

acid. It is likely that they all belong to the same family and that the differences 

between them may be attributed to different chemical groups on the parent structure. 

Compound CIV is the most polar of the isolated compounds since it migrated the 
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shortest distance with the lowest Rf value (Fig. 5.1). From comparing concentration in 

the crude fractions, it appears that CII is present in the highest concentration in the 

crude fractions. 

 

 

 

 
Figure 5.1. TLC analysis of the four isolated compounds (CI, CII, CIII and CIV) and 

dichloromethane crude fraction (Cr). BEA (A), CEF (B) and DE (4:1) (C) were used 

as mobile phases during development of chromatograms. TLC chromatograms were 

visualized under UV light and then sprayed with vanillin-sulphuric acid. Exactly10 µg  

of each of the isolated compounds applied 

 
Table 5.1. Rf values of compounds isolated from C. dentata and quantity obtained. 

Key:  ND, Not done 

 

5.3.2. Characterization of compound CI 
 
Compound CI was isolated as an amorphous colourless powder (210 mg). The 1H 

NMR showed the presence of seven tertiary methyl groups at δ 0.98, 0.78, 0.84, 

1.06, 0.96, 0.78 and 1.67. The 13C NMR assignments of CI revealed the presence of 

seven methyl, 11 methylene and six methane carbons. The chemical shifts observed 

through 13C NMR experiment were identical to those of lup-20(29)-en-3β-ol (lupeol) 

(Burns et al., 2000) (Table 5.2, Fig. 5.2). The mass spectrum of CI revealed a 

Compounds CEF BEA DE (4:1) Mass (mg) 

CI 0.84 0.41 0.79 210 

CII 0.76 0.24 0.58 219 

CIII 0.76 0.20 0.44 41 

CIV 0.54 ND 0.00 21 

A B C 

Cr    CI    CII      CIII Cr  CI   CII   CIII  CIV Cr  CI  CII  CIII  CIV 
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molecular ion peak at m/z 426 corresponding to the molecular formula C30H50O.  The 

other fragment ion peak was at m/z 411 [M-CH3]+, which is characteristic for 

pentacyclic triterpene with an isopropenyl group (Saied and Begum, 2004). 

Compound CI was identified as lup-20(29)-en-3β-ol (lupeol) following comparison of 

our spectral data with published data (Fig. 5.2). The spectral data of HI was 

comparable to that of CI, suggesting that HI is also lupeol. 

This triterpene, a common secondary metabolite of plants, has been isolated from 

many plant species. It is present in Salvia horminum (Ulubelen et al., 1977), 

Berbveris vulgaris (Saied and Begum, 2004) and other species (Das & Mahato, 

1983; Jassbi, 2006). This appears to be the first report of its presence and isolation 

from Curtisia spp.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2. The structure of CI (lupeol) isolated from the leaves of Curtisia dentata. 

 

5.3.3. Characterization of compound CII 
 
Compound CII was isolated as a colourless amorphous powder (219 mg). The 13C 

NMR spectra revealed 30 carbon signals (Table 5.3.) which were shown by DEPT 

experiments to be five methyls, five quaternary carbons, one carboxylic acid, and two 

olefinic carbons suggesting that compound CII is a triterpenic acid having five rings 

(Siddiqui et al., 1988). The 1H NMR spectrum of compound CII showed the signals 

for five tertiary methyl groups at δ 0.74, 0.85, 0.85, 0.63 and 0.91, one isopropenyl 

moiety at δ 1.77, 4.55 and 4.67, indicating a lupane-type skeleton (Fig. 5.3). The 

mass spectrum of CII displayed a molecular ion peak (M+) at m/z 456 corresponding 

to the formula C30H48O3. Compound CII was identified as 3β-hydroxy-lup-20(29)-en-
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28-oic acid, betulinic acid by direct comparison of its spectral data with reported 

values (Table 5.3.) (Siddiqui et al., 1988). 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.3. The structure of CII (betulinic acid) isolated from the leaves of Curtisia 

dentata. 

 

This pentacyclic triterpene (betulinic acid) is a common secondary metabolite of 

plants. It is very common and abundant (up to 22% yield) in the Betula species 

(Betulaceae) used by Native Americans as folk remedy to treat intestinal problems 

such as diarrhoea and dysentery (Yogeeswari and Sriram, 2005). It was isolated 

from species such as Ziziphus mauritiana Lam (Rhamnaceae) collected in Zimbabwe 

(Pisha et al., 1995), Arbutus menziesii (Robinson & Martel, 1969) and many other 

tree species that are valuable for timber purposes (Pavanasasivan & Sultanbawa, 

1974). In the Cornaceae family, betulinic acid was isolated from Cornus florida Hook 

(Robertson et al., 1939). The bark of Cornus florida is reported to contain about 2% 

betulinic acid (Robertson et al., 1939). Bhakuni et al. (1987) reported the presence of 

triterpenes from Cornus capitata, some of which were of the lupane family. This 

appears to be the first report of the presence of betulinic acid in Curtisia dentata.  

 

5.3.4. Compound CIII 
 
The mass spectral data of compound CIII showed the molecular ion peak at m/z 456 

and a base peak at m/z 248 along with a strong peak at m/z 203 due to retro-Diels-

Alder fragmentation, typical of Δ12-oleanene or ursine triterpene with the molecular 

formula C30H48O3 (Mahato and Kundu, 1994). The structure of CIII is shown in Fig. 

5.4 while the retro-Diels-Alders fragmentation is displayed in Fig. 5.5. The 1H NMR 
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spectrum of CIII exhibited signals of an olefinic proton at δ 5.11 and seven methyls 

characteristic of the oleanene skeleton. This structural type was further supported by 

the 13C NMR spectrum, which contained resonance for olefinic carbons (δc 125.2 [C-

12], 138.8 [C-13]) and a carboxylic acid at δc 178.9. The complete 13C NMR data is 

given in Table 5.4. and Appendix 1. Full characterization of CIII was done by 

comparison with reported data for 3β-hydroxy-urs-12-en-28-oic acid (ursolic acid) 

(Hamzah & Lajis, 1998).  

 

Ursolic acid has been isolated as the bioactive chemical entity from several plant 

species of importance in traditional and folk medicine (Mallavadhani et al., 1998). It 

was isolated from Hedyotis berbacea (Hamzah & Lajis, 1998), Rosmarinus officinalis 

(Collins & Charles, 1987) and others (Mahato et al., 1988). However, this appears to 

be the first report of its isolation from Curtisia dentata.  

 

5.3.5. Compound CIV 
 
The spectral data of CIV (21 mg) were very similar to that of compound CIII. The 13C 

NMR spectrum displayed signals for 30 carbon atoms, which were one carbonyl (δc 

178.4), two ethylenic carbon atoms, two oxymethines, seven methyls, eight 

methylene, five methines and six quaternary carbons (Table 5.5, Fig. 5.5 and 

appendix 1). The 1H NMR spectrum showed an olefinic proton signal at δ 5.01. The 

presence of a double bond at C-12 was confirmed by the chemical shifts of C-12 (δc 

124.56) and C-13 (δc 138.32) characteristic of triterpene of Δ12-ursene type (Mahato 

& Kundu, 1994). Compound CIV was identified as 2α-hydroxy ursolic acid by 

comparison of 1H and 13C NMR spectra with those of CIII and spectral data in 

literature (Bandaranayake et al., 1975; Kojima & Ogura, 1989). 

 

The compound 2α-hydroxyursolic acid has been isolated from many plant species 

(Olafsdottir et al., 2001; Begum et al., 2002; Yamagishi et al., 1988). Its isolation from 

C. dentata has not been reported in literature.  
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Figure 5.4. The structure of CIII (ursolic acid) isolated from the leaves of Curtisia 

dentata. 
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HO COOH
- COOH

m/z 208 m/z 248 m/z 203  
 
Figure 5.5. Retro-Diels-Alders fragmentation pattern of ursolic acid (CIII) isolated 

from the leaves of Curtisia dentata. 
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Figure 5.6. The structure of CIV isolated from leaves of Curtisia dentata. 
 
 
5.3.6. Estimation of betulinic content of C. dentata leaves 
 
Betulinic acid was the most abundant of the isolated compounds, present in most of 

the bulk fractions of C. dentata. The quantity of betulinic acid was estimated by 

analyzing known concentrations alongside crude acetone and dichloromethane 

fractions on TLC plates. The amounts of betulinic acid ranged from 0.8-50 μg. For 

both DCM and acetone crude fractions 100 μg was loaded on TLC plates. The plates 

were sprayed with vanillin-sulphuric acid spraying reagent and heated for 5 min at 

100oC to visualize the compounds. The intensity of betulinic acid in the bulk 

dichloromethane fraction was comparable to the intensity in the lane loaded with 25 

μg of betulinic acid. In 100 μg of the bulk dichloromethane fraction about 25% (25 μg) 

is the betulinic acid content. The same method was used to estimate the 

concentration of betulinic acid in the bulk acetone fraction. The quantity of betulinic 

acid was estimated at 6% (about 6 μg) in the acetone fraction of C. dentata leaves 

(Fig. 5.7). The estimated quantity of betulinic acid in the dichloromethane is lower 

than to the quantity found in Betula species (Betulaceae), at approximately 22% 

(Yogeeswari and Sriram, 2005). 
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Figure 5.7. Estimation of betulinic acid content in the dichloromethane and acetone 

fractions of Curtisia dentata leaves. DCM, dichloromethane fraction; ACN, acetone 

fraction. 

 
The quantity of betulinic acid was also estimated in both the acetone and 

dichloromethane individual extracts as described above. It appeared that the betulinic 

acid band in 200 μg of acetone extract was equivalent to the band corresponding to 

50 μg of betulinic acid standard. This means that betulinic acid concentration in the 

acetone extracts is around 25%. The betulinic acid band in the 40 μg of methanol 

extract appeared equivalent to the band loaded with 6.3 μg of betulinic acid standard, 

suggesting the betulinic acid level in the methanol extract is about 15%.  

 
 
 
Figure 5.8. Estimation of betulinic acid content in the acetone and methanol extracts 

of Curtisia dentata leaves. DCM, dichloromethane fraction; ACN, acetone fraction. 

MeOH, methanol extract. 

 

 

μg loaded         50      25     12.5     6.0     3.0      1.6       0.8      DCM    ACN 

   μg loaded      200   40      8        50       25      12.5       6.3       3.2       1.6     0.8     8    40    200 

Acetone MeOH 
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Table 5.2.  13C NMR data of compound CI compared with literature data (Burns et 

al., 2000). Both experiments were conducted in CDCl3 as the solvent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Carbon Lupeol (Burns et al., 2000) Compound CI 

1 38.72 37.72 

2 27.43 27.42 

3 79.02 79.05 

4 38.87 38.86 

5 55.31 55.28 

6 18.33 18.32 

7 34.29 34.28 

8 40.84 40.84 

9 50.35 50.43 

10 37.18 37.17 

11 20.94 20.93 

12 25.16 25.15 

13 38.07 38.05 

14 42.85 42.83 

15 27.46 27.94 

16 35.60 35.59 

17 43.01 43.00 

18 48.32 48.29 

19 48.00 47.98 

20 150.98  150.97 

21 29.86 29.69 

22 40.02 40.00 

23 28.00 28.03 

24 15.38 15.40 

25 16.13 16.08 

26 15.99 16.08 

27 14.56 15.32 

28 18.02  17.96 

29 109.32  109.31 

30 19.32 20.92 
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Table 5.3.  13C NMR chemical shift assignments for betulinic acid (Siddiqui et al., 

1988) and compound CII 
 

 

 

 

Carbon Betulinic Acid ( Solichin et al., 

1980;Siddiqui et al., 1988) 
Compound CII 

1 39.1  37.6 

2 28.1  27.2 

3 78.1  76.8 

4 39.4  38.5 

5 55.7  55.4 

6 18.6  18.0 

7 34.7  33.9 

8 40.9  40.3 

9 50.8  49.9 

10 37.3  38.3 

11 21.1  20.5 

12 25.9  25.1 

13 38.4  36.7 

14 42.4  42.0 

15 31.1  31.7 

16 32.7  33.9 

17 56.3  54.9 

18 47.6  46.6 

19 49.5  48.5 

20 150.7  150.3 

21 30.1  30.1 

22 37.5  36.4 

23 28.5  28.1 

24 16.3  15.9 

25 16.3  15.8 

26 16.2  15.7 

27 14.8  14.4 

28 178.7  177.3 

29 110.3  109.7 

30 19.4  18.9 
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Table 5.4. Ursolic acid (CIII) 13C NMR assignments compared with literature data 

(Seebacher et al., 2003).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Carbon Ursolic acid (Seebacher et al., 2003) Compound CIII 

1 39.2  39.1 

2 28.2  28.2 

3 78.2 77.5 

4 39.6 39.8 

5 55.9 55.5 

6 18.8 18.7 

7 33.7 33.4 

8 40.1 41.1 

9 48.1 47.5 

10 37.5 38.9 

11 23.7 23.5 

12 125.7 125.2 

13 139.3 138.9 

14 42.2 42.3 

15 28.8 27.7 

16 25.0 24.5 

17 48.1 47.5 

18 53.6 53.0 

19 39.5 37.0 

20 39.4 37.2 

21 31.1 30.9 

22 37.4 37.2 

23 28.8 28.9 

24 16.5 16.8 

25 15.7 15.9 

26 17.5 17.6 

27 24.0 23.9 

28 179.7 179.0 

29 17.5 17.7 

30 21.4 21.8 
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Table 5.5.  2α-hydroxyursolic acid 13C NMR spectral data (Olafdottir et al., 2001) 

compared with NMR data obtained for compound CIV. 

 
 
 
 
 
 
 
 
 
 
 

Carbon hydroxyursolic acid (Olafsdottir 
et al., 2001)  

Compound CIV 

1 46.9 47.0 

2 67.0 67.2 

3 82.1 82.3 

5 54.6 54.8 

6 17.9 18.1 

7 32.5 32.7 

9 46.7 46.9 

10 38.3 38.5 

11 22.8 23.0b 

12 124.4 124.6 

13 138.1 138.3 

14 41.6 41.8 

15 27.4 27.5 

16 23.7 23.9 

17 47.0 47.1 

18 52.3 52.4 

19 37.5 37.6 

20 38.4 38.7 

21 30.1 30.2 

22 36.2 36.4 

23 28.7 28.9 

24 17.0 17.3 

25 16.3 16.5 

26 16.8 17.0a 

27 22.8 23.0b 

28 178.2 178.4 

29 21.0 21.2 

30 16.8 17.0a 

 C4 & C8 about 40.0 hidden under 

solvent peak.  
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CHAPTER 6 
BIOLOGICAL ACTIVITY OF ISOLATED COMPOUNDS 

 
6.1. INTRODUCTION 
 
Four pentacyclic triterpenoids, isolated from Curtisia dentata using column 

chromatography, were identified using NMR spectroscopy and mass spectrometry as 

lupeol (CI), betulinic acid (CII), ursolic acid (CIII) and 2α-hydroxy ursolic acid (CIV). 

Various biological activities of these compounds have been reported. 

 

The activities of pentacyclic triterpenoids of ursane, lupane and oleanone skeleton, 

which accumulate in a number of terrestrial plants, free or linked to carbohydrate 

moieties (Liu, 1995), have been extensively reported (Ringbom et al., 1998; 

Saraswat et al., 2000). Ursolic acid demonstrates activities such as hepatoprotective, 

anti-inflammatory, antiviral and antitumor activities (Shishodia et al., 2003), as well as 

growth inhibitory activity against Staphylococcus aureus and Escherichia coli and 

with MIC values of 50 μg/ml (Mallavadhani et al., 2004). Zeletova et al. (1986) also 

reported activity of ursolic acid against S. aureus. Ursolic acid is also identified as 

one of the active components of Rosmarinus officinalis inhibiting growth of food-

associated bacteria and yeast (Collins & Charles, 1987). Ursolic acid isolated from 

Crataegus pinatifida is active against HIV-1 protease at a concentration of 100 μg/ml 

(Pengsuparp et al., 1994). The C-28 carboxylic acid moiety was suggested and 

proven as the chemical group responsible for enhanced pharmacological activity of 

ursolic acid (Kashiwada et al., 2000; Ma et al., 2000). Corosolic acid (2α-

hydroxyursolic acid), also called colosolic acid or botanical insulin, enhances uptake 

of glucose by Ehrlich ascites tumor cells and induced hypoglycemic effects 

(Murakami et al., 1993).     

 

A variety of biological activities resulting from betulinic acid and other lupane 

triterpernoids have been published extensively. Betulinic acid is active against 

Mycobacterium tuberculosis with an MIC value of 50 μg/ml (Chaiyadej et al., 2004) 

and E. coli with an MIC value of 64 μg/ml (Rahaman et al., 2002). Betulinic acid is 

also active against Bacillus subtilis at a concentration of 1 000 μg/disc, resulting in a 

zone of inhibition of 18.8 mm2 (Chandramu et al., 2003). Betulinic acid isolated from 

Syzgium claviflorum is active against HIV with an inhibitory concentration (IC50 value) 

of 13 μM (Fujoka and Kshiwada, 1994). Betulinic acid derivatives inhibit HIV-1 entry 
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(Mayaux et al., 1994), HIV-protease (Xu et al., 1996) and reverse transcriptase 

(Pengsuparp et al., 1994). Esterification of betulinic acid at C-3 results in increased 

inhibitory potency against HIV protease activity (Ma et al., 1999). Preclinical studies 

of this modified betulinic acid (PA-457) indicates significant activity against drug-

resistant virus, activity in an animal model of HIV and that the potential drug 

substance is suitable for combination therapy with other anti-HIV drugs (Sigh et al., 

2005). Isolation, characterization and determination of biological activity of betulinic 

acid from C. dentata have not been reported. 

 

Diverse ranges of biological activities triggered by lupeol have been reported. The 

stimulation of programmed cell death in human leukemia cell line (HL-60) by lupeol 

was observed and reported (Aratanechemuge et al., 2003). Lupeol triggered a 33% 

reduction in granuloma weight in a chronic granuloma rat model (Agarwal & Rangari, 

2003). Geetha and Varalakshmi (2001) also showed that lupeol reduced paw 

swelling by 39% in an adjuvant arthritis rat model. Lupeol is further reported to 

possess antimicrobial activity (Ragasa et al., 2005). However, Chaiyadej et al. (2004) 

published that lupeol, in a study to evaluate biological activities of compounds 

isolated from Sonneratia alba, failed to show any activity against Mycobacterium 

tuberculosis and Plasmodium falciparum. 

 

6.2. MATERIALS AND METHODS 
 
6.2.1. Bioautography 
 
Bioautography was performed as described in chapter 2. The isolated compounds 

(CI – CIII) were dissolved in acetone at a concentration of 1 mg/ml and 10 μg was 

loaded on TLC plates. The amount of CIV (21 mg) was not enough for 

bioautographic investigation.  Duplicate TLC plates were developed in CEF and 

dichloromethane: ethyl acetate mixture (DE) (4:1) before spraying with overnight 

culture suspensions of the test organisms. Candida albicans was used as a test 

fungal organism while E. coli, Enterococcus faecalis and S. aureus were the selected 

bacterial organisms. Clear zones on TLC plates indicated inhibition of growth of the 

test microorganism by a specific compound. 

 
 
 
 

 
 
 



 95

6.2.2. Minimal inhibitory concentration (MIC) determination 
 
The determination of MIC values was performed as outlined in Section 2.3.4. 

Candida albicans was tested together with Sporothrix schenckii, Aspergillus 

fumigatus, Microsporum canis, Cryptococcus neoformans, Candida guilliermondii 

and Candida spicata. Amphotericin B was used as a positive control against fungal 

test organisms. Escherichia coli, Enterococcus faecalis, Pseudomonas aeruginosa 

and Staphylococcus aureus were used as bacterial test organisms. Gentamicin was 

used as a positive control against bacterial test organisms. 

 

6.2.3. Cytotoxicity 
 
Cytotoxity assay was performed as described in Section 2.3.5. With the exception of 

lupeol and betulinic acid, the compounds were not isolated in sufficient quantities to 

allow cytotoxicity testing. As a result, only lupeol and betulinic acid were tested 

against Vero cells. 

 

6.3. RESULTS 
 
6.3.1. Antifungal activity 
 

Bioautography was used in antibacterial and antifungal activity assays to 1) indicate 

the purity of the isolated compounds and 2) to ascertain that the isolated compounds 

are similar to those observed in crude extracts. The three compounds investigated 

using bioautographic experiments were active against C. albicans. Ursolic acid 

showed the most pronounced zones of inhibition against C. albicans.  Lupeol and 

betulinic acid were active against C. albicans on bioautograms though not to the 

degree shown by ursolic acid (Fig. 6.1).  

 

The MIC values resulting from each compound against fungal test organisms were 

recorded (Table 6.1). All the compounds were active against several of the fungal 

species investigated. Lupeol failed to display appreciable activity against C. albicans 

and C. spicata with the highest concentration used (250 µg/ml) failing to inhibit fungal 

growth. However, lupeol displayed high activity against S. schenckii and M. canis 

with MIC values calculated as 12 and 16 µg/ml, respectively. The average MIC 

values of each compound calculated against all the fungal species tested are 

displayed in Fig. 6.2. The amphotericin B MIC average was 0.27 μg/ml. The lowest 
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MIC average resulted from betulinic acid. The highest MIC average was calculated 

for lupeol to be 128 μg/ml. The average MIC values against each fungal test 

organism indicated that S. schenckii and M. canis were the most sensitive to the 

isolated compounds (Fig. 6.3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
Figure 6.1. TLC bioautograms showing activity of three isolated compounds against 

Candida albicans. TLC plate was developed in DE (4:1) (A & C) & CEF (B & D). CI, 

lupeol; CII, betulinic acid; CIII, ursolic acid; CIV, hydroxyursolic acid; Cr, crude DCM 

extract. 

 

Betulinic acid, ursolic acid and 2α-hydroxyursolic acid resulted in appreciable 

inhibition of fungal growth with MIC values ranging from 8 to 63 µg/ml (Table 6.1). 

The lowest MIC recorded was 8 μg/ml resulting from hydroxyursolic acid against M. 

canis. The crude extract was active against all species tested with MIC values 

ranging from 30 μg/ml against S. schenckii to 200 μg/ml against A. fumigatus. The 

overall average MIC values for each of the compounds tested against all fungal 

species investigated was calculated as 56.9 μg/ml (Fig. 6.2). With an average MIC 

value of 128 μg/ml lupeol was the least active of the compounds whereas the 
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average MIC values (overall) for betulinic acid, ursolic acid and hydroxyursolic acid 

ranged between 23.2 and 38.9 μg/ml. Comparisons of the MIC averages calculated 

for each fungal species revealed that S. schenckii (MIC average of 19.3 µg/ml) was 

the most sensitive (Fig. 6.3). 

 

Table 6.1:. The minimal inhibitory concentration (μg/ml) of isolated compounds 

against fungal test organisms. 

 MIC (μg/ml) and test organism 
Compound SS MC AF CA  CN CG CSP 

Lupeol 12 16 93.5 250 180 94 >250 

Betulinic acid 16 12 24 16 32 15.6 47 

Ursolic acid 32 12 24 63 63 15.6 63 

Hydroxyursolic acid 24 8 32 32 32 11.7 63 

DCM crude extract 30 120 200 60 160 78 160 

Amphotericin B 0.2 0.8 0.2 0.16 0.16 0.2 0.2 

 
Key: SS, Sporothrix schenckii; MC, Microsporum canis; AF, Aspergillus fumigatus; CA,, 
Candida albicans; CN, Cryptococcus neoformans; CG, Candida guilliermondi, CSP; Candida 
spicata. 
 

 

6.3.2. Antibacterial activity 
 
The compounds lupeol, betulinic acid and ursolic acid were further investigated to 

determine their antibacterial activity using the bioautography method. Test bacterial 

species selected for the investigation were E. coli, Enterococcus faecalis and S. 

aureus. All the compounds tested were active against bacterial test organisms. The 

most intense zones of inhibition against bacterial growth resulted from betulinic acid 

and ursolic acid. Though lupeol was active against all the bacterial species tested, 

the intensity of the zones of inhibition was not comparable to those resulting from 

ursolic and betulinic acid. Against E. faecalis, ursolic acid led to the most intense 

zones of inhibition compared to lupeol and betulinic acid (Fig. 6.4).  
 

 

MIC values calculated indicated that ursolic acid and hydroxyursolic acid were active 

against all bacterial test organisms with the exception of E. coli (Table 6.2). The 

ursane triterpenes ursolic acid and colosolic acid were more active than the lupane 

triterpenes, betulinic acid and lupeol. MIC averages of each compound against all the 
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bacterial species indicated that the compounds ursolic acid and betulinic acid were 

more active than lupeol and betulinic acid (Fig. 6.5). The average MIC values 

calculated for each the test organisms indicated that E. coli was most resistant to the 

test compounds while E. faecalis was most sensitive (Fig. 6.6). In other studies 

ursolic acid markedly inhibited the growth of S. aureus but failed to inhibit Gram-

negative bacteria and yeasts (Braghilori et al., 1996).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2. Average MIC values of each compound against all the fungal test 

organisms. 

 

6.3.3. Cytotoxicity 
 
The cytotoxicity of lupeol and betulinic acid was determined against Vero cells using 

the MTT assay. The results are presented in Figs. 6.7 and 6.8. Berberine was used 

as a positive control and was found to be toxic with an LC50 of about 10 μg/ml. 

Lupeol, with an LC50 of about 90 μg/ml, was less toxic than berberine and betulinic 

acid. The latter was comparable to berberine with an LC50 of about 11 μg/ml. The 

toxicity of betulinic acid may account for its broad-spectrum activity against both 

bacteria (both Gram-negative and Gram-positive) and fungi.  

 

The selectivity index for betulinic acid and lupeol was calculated using the 

cytocotoxic concentrations of these compounds. A high number indicates selective 
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activity against pathogens whilst a low number is indicative of high toxicity. The 

selectivity index (SI) was calculated as: 

Selectivity index (SI) = LC50 against Vero cells/MIC values. 

 

Lupeol had high selectivity index values against both Sporothrix schenkii (7.4) and 

Microsporum canis (5.5), while against other fungal species the values remained 

below 1. The average selectivity index calculated for betulinic acid was 0.58. 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.3. Sensitivity of each tested fungal species to all the isolated compounds. 

MIC averages were calculated from MIC values of all the isolated compounds against 

each of the fungal species.   

 

Betulinic acid inhibited the growth of bacteria and fungi as evidenced by zones of 

inhibition and low MIC values. Literature reports outlining the activities of betulinic 

acid against growth of C. albicans and other fungal species are scarce. The 

antibacterial activity of betulinic acid has been reported. For instance, Chandramu et 

al. (2003) reported that betulinic acid isolated from the leaves of Vitex negundo had 

growth inhibitory activity against Bacillus subtilis at a concentration of 1000 μg/ml, 

resulting in a zone of inhibition of 18.8 mm2. Other activities of betulinic acid have 

been reported extensively in literature.  
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Figure 6.4.  Antibacterial activity of isolated compounds against three bacterial test 

organisms. TLC plates were developed in DE (4:1) before spraying with concentrated 

suspensions of culture of test organism cultures. CI, lupeol; CII, betulinic acid; CIII, 

ursolic acid; CIV, hydroxyursolic acid; Cr, crude DCM extract. 

 
Table 6.2: MIC (µg/ml) of compounds isolated from C. dentata against bacterial test 

organisms 

Compound S. aureus E. coli P. aeruginosa E. faecalis 

Lupeol 250 250 250 63.0 

Betulinic acid 250 250 250 16.0 

Ursolic acid 62.5 250 4.0 47.0 

Hydroxyursolic acid 32.0 250 7.8 38.0 

Gentamicin 0.2 8.0 0.2 1.6 

 
 
 
 
 
 
 

E. coli 

E. faecalis 

S. aureus vanillin 

← Origin 

← Solvent front 

← Solvent front 

← Origin 

CI   CII    CIII     Cr CI   CII     CIII     Cr

  Cr  CI   CII     CIII Cr   CI    CII     CIII

 
 
 



 101

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.5. Averages of MIC values of each compound against all bacterial test 

organisms. 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6.6. Average MIC values against each bacterial test organisms by all the 

isolated compounds. 

 

0

50

100

150

200

250
A

ve
ra

ge
 M

IC
 v

al
ue

s 
(u

g/
m

l)

CI CII CIII CIV GEN

0

50
100

150

200
250

300

Av
er

ag
e 

M
IC

 v
al

ue
s 

(u
g/

m
l)

S. aureus E. coli P. aeruginosa E. faecalis

 
 
 



 102

 

Figure 6.7: Cytotoxicity of lupeol (LC50 = 89.4688722 ug/ml) against Vero cells  

  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 6.8. Cytotoxicity of betulinic acid (LC50 = 10.93846914 ug/ml) against Vero 

cells  
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Table 6.3. Selectivity index of lupeol and betulinic acid isolated from extracts of  

Curtisia dentata leaves. Key; Ca, Candida albicans; Cn, C. neoformans; Mc, M. 

canis; Ss, S. schenckii; Af, Aspergillus fumigatus.  

 

Compounds Ss Mc Af Ca Cn Cg Csp average

Lupeol 7.4 5.6 0.95 0.35 0.49 0.95 0.35 2.30 

Betulinic acid 0.69 0.92 0.46 0.69 0.34 0.71 0.23 0.58 

Amphotericin B 140 35 140 175 175 140 140 135 

Average 49.36 13.84 47.14 58.68 58.61 47.22 46.86 45.96 

 

 

6.4. DISCUSSION 
 
The triterpenic family of compounds to which the four isolated compounds belong, 

has been reported to possess antifungal and antibacterial activity. For instance, 

Collins and Charles (1987) identified ursolic acid as one of the active components in 

rosemary claimed to inhibit growth of some food-associated bacteria and yeasts 

(Becker et al., 2005). Ursolic acid and its derivatives inhibited the growth of S. aureus 

and Microsporium lenosum (Zeletova, 1986). Ursolic acid has been reported as the 

active constituent from a number of plant species used in traditional and folklore 

medicine (Ringbon et al., 1988; Saraswat et al., 2000).  

 

6.4.1. Lupeol and betulinic acid 
 
Literature reports that 28-COOH and ester functionality at C-3 are important in 

determining the pharmacological activities of pentacyclic triterpenes (Mallavadhani et 

al., 2004). Betulinic acid and lupeol, both of which are lupane pentacyclic triterpenes, 

slightly differ structurally. Betulinic acid posses a carboxylic (-COOH) function at C-28 

whereas lupeol contains a methyl (-CH3) group at position 28, making lupeol more 

hydrophobic than betulinic acid. Since betulinic acid was more active against 

microbial growth (in this study) than lupeol it would seem that the carboxylic acid 

moiety at C-28 plays an important role in activity of these triterpenes. In another 

study Chaiyadej et al. (2004) reported that lupeol was not active against 

Mycobacterium tuberculosis H37Ra. Betulinic acid was active (with an IC50 value of 

50 μg/ml) against M. tuberculosis H37Ra.  
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Triterpenes possessing a carboxyl group at C-28 show more cytotoxic activity against 

several cancer cell lines (Chiang et al., 2005; Baglin et al., 2003; Sakai et al., 2004) 

and induction of apoptosis (Hata et al., 2002). Hiroya et al. (2002) reported that the 

protective activity of betulinic acid derivatives against cadmium toxicity in 

hepatocytes is closely related to polarity at C-3 and C-28. In another study it was 

shown that substitution of COOH at C-28 by CONH2 led to improved antiviral activity 

of lupane triterpenes (Flekhter et al., 2003). In addition, the hydroxyl function on C-3 

is alleged to play a role in the activity of these triterpenes. For instance, changing 

lupeol to lupeol acetate reduces antimutagenic activity (Guevara et al., 1996). 

 
6.4.2. Ursolic acid and hydroxyursolic acid 
 
Ursolic acid and colosolic acid differ structurally due to the presence of an additional 

hydroxyl group (-OH), in the α-configuration, at C-2 in the latter compound. Some 

literature publications indicate that the presence of a hydroxyl group at C-3 is 

important for activity of ursolic acid. For instance, esterification of 3-OH and 28-

COOH results in loss of cytotoxic activity of ursolic acid (Ma et al., 2005). This 

evidence suggests that a hydrogen donor group at either C-3 or C-28 is essential for 

activity of triterpenoids. In this study, the antifungal activities of ursolic acid and 

colosolic acid were comparable as indicated by the MIC values (averaging at 38.9 

and 29.0 μg/ml, respectively). It would seem that the additional hydroxyl group on C-

2 of colosolic acid did not increase its activity. Ma et al. (2005) declared that the 

configuration at C-3 was important for activity of ursolic acid. They arrived at this 

conclusion after observing that β-orientated hydrogen bond-forming group at C-3 

displayed more pronounced (20-fold increase) cytotoxic activity than α-orientated 

counterpart. 

 

One of the problems associated with triterpenic compounds is poor solubility in 

aqueous media. For instance, betulinic acid and ursolic acid suffer from low water-

solubility, resulting in low biological efficacy (Baglin et al., 2003). This poor solubility 

behavior was also displayed in this study in acetone by lupeol, betulinic acid and to a 

slight extent by ursolic acid. 

 

6.4.3. Cytotoxicity 
 

Betulinic acid and berberine were cytotoxic to Vero cells with LC50 values of 10 and 

11 μg/ml. In other studies, the anticancer activity of betulinic acid was associated 
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with little toxicity (Pisha et al., 1995). Vero cells may be relatively sensitive to 

betulinic acid in comparison with other cell types. It would be worthwhile to 

investigate the toxicity of betulinic acid using other human and animal cell lines, 

including primary liver cells.  

 

The amount of ursolic and hydroxyursolic acid isolated were not adequate for 

cytotoxicity testing. Some literature reports suggest that these ursane triterpenes are 

cytotoxic to tumour cell lines. Ma et al. (2005) reported that ursolic acid was cytotoxic 

to HL-60, BGC, Bel-7402 and Hela cells with ED50 values of 72.0, 53.7, 45.0 and 

49.4 μg/ml, respectively. The cytotoxicity of 2α-hydroxyursolic acid on these cells 

was comparable with that resulting from ursolic acid (Ma et al., 2005).  

  

Lupeol, though not as toxic as berberine, was a non-selective mild inhibitor of both 

fungal and bacterial growth. The calculated toxicity indexes indicate that 

amphotericin B has very pronounced antifungal activity associated with little 

cytotoxicity to the Vero cells. The low SI value (0.58) calculated for betulinic acid 

suggests that betulinic acid has antifungal activity accompanied by high toxicity. The 

selectivity index values of betulinic acid against all the fungal species tested 

suggested that toxicity was accountable for the low MIC values of this compound. 

The SI values of betulinic acid were lower than 1 against all fungal species tested. 

 

Betulinic acid was selectively cytotoxic against several human melanoma cancer cell 

lines. It was also found to be active in vivo against athymic mice carrying human 

melanoma with little toxicity (Pisha et al., 1995). The mechanism of action of betulinic 

acid on mammalian cells is thought to involve the induction of apoptosis (Pisha et al., 

1995). Preclinical developments towards topical formulations including betulinic acid 

and its synthetic derivatives as the active pharmaceutical ingredients are underway 

at the University of Illinois at Chicago (Balunas & Kinghorn, 2005).  

 

6.5. CONCLUSIONS 
 
In this study all the triterpenic compounds tested inhibited the growth of several 

fungal species with low MIC values. Using bioautography the inhibition of growth of 

fungal and bacterial species was clearly demonstrated, as indicated by clear zones 

on TLC chromatograms. The MIC values calculated suggested that lupeol was the 

least active against test fungi.  The COOH group at C-28 and the C-3 hydroxyl group 

of triterpenoids are important for antibacterial and antifungal activity. Lupeol has –
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CH3 at C-28, while betulinic acid has –COOH at the same position. The activity 

observed with the isolated compounds further validates the traditional uses of 

Curtisia dentata for treating fungal and bacterial infections. Investigation of efficacy of 

the isolated compounds on Candida albicans infected wounds in animal models 

could indicate the potential uses of these triterpenes for topical treatment and 

prevention of infections in wounds. Based on the calculated activity indexes betulinic 

acid and lupeol, though active against some fungi, are not comparable with 

amphotericin B. The value of the antifungal activity of betulinic acid is outweighed by 

its associated cytotoxicity. Lupeol, though less toxic, has relatively low antifungal 

activity, leading to a low selectivity index. 
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CHAPTER 7 

IN VIVO ANTIFUNGAL AND WOUND HEALING ACTIVITY OF 
CURTISIA DENTATA EXTRACTS, LUPEOL AND BETULINIC 

ACID 
 

7.1. BACKGROUND 

Recently, fungal infections, including Candida albicans, have increased owing to 

immunosuppressive therapy, chemotherapeutic treatments to cancer patients and an increase 

in HIV/AIDS cases. (Denning et al., 1994). C. albicans is the most commonly detected and 

isolated fungal species in AIDS patients (Fisher-Hoch & Hutwanger, 1995). Non-Candida 

albicans candidiasis, which occurs at increasing frequencies, further compromises the health 

of the effected patients (Parkinson, 1995).  

Amphotericin B (AMB) is used to treat fungal infections with some degree of success.  

Treatment with AMB is, however, associated with a number of severe side effects. Recently, 

various new formulations of AMB have been introduced into clinical use. The ability of these 

new formulations to decrease these side effects at therapeutic doses is still a subject of intense 

scrutiny. Furthermore, the cost of treatment with such formulations is a major drawback 

especially in poor communities in the Third World countries (Tang & Bowler, 1997). 

Fluconazole (FLC) resistance has also been reported. The emergence of resistance to FLC 

(Nolte et al., 1997), the lack of efficacy of FLC and the limited efficacy of intraconazole (ITC) 

against fungal infections have highlighted the need for new broad-spectrum antifungal agents.  

Resistance to azoles, especially among the Candida species, has been the subject of intensive 

research investigations (Tritz & Woods, 1993). As a consequence of the increasing AIDS 

epidemic, the past decade has seen an overwhelming increase in mucosal infections caused 

by Candida species associated with emergence of resistance to azoles (Denning et al., 1994). 

Resistance to AMB emerges associated with an increase in the number of opportunistic and 

invasive infections due to the so-called emerging fungi. Many of these fungi show resistance to 

AMB and other antifungal drugs, and may cause invasive infections, usually accompanied by a 

high mortality rate (Tritz & Woods, 1993).  Other Candida species have also shown resistance 
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to AMB (Rex, et al., 2000). In light of these and other problems, an alternative source of cheap 

yet effective antifungals may provide relief in poor communities. 

 

Many plants species are known to produce a variety of secondary metabolites with known 

therapeutic properties. Compounds that exhibit either fungistatic or fungicidal activity with low 

toxicity to host cells are considered good candidates for developing new antimicrobial drugs.  

In recent years, antimicrobial properties of medicinal plants have been extensively published 

from different continents of the world (Cowan, 1999).  Higher plants are still regarded as 

potential sources of new medicinal compounds or lead compounds for synthesis of drugs.  

Throughout the world, plants are used traditionally to treat or control many ailments, 

particularly infectious diseases (Mitscher et al., 1987).  Traditional preparations of some 

medicinal plants are used in wound healing.  It is an entirely exhaustive process to determine if 

the administration of a plant preparation to a fungal infection site works through antifungal 

activity and/or wound healing (Masoko, 2006). 

 

Wound healing is a well known physiological process that consists of a cascade of events that 

re-establish the integrity of the damaged tissue.  This process protects damaged tissues from 

infection with pathogens, especially bacteria and fungi, and promotes the sealing of the 

damaged tissue (Sumitra et al., 2005).  Wound healing is promoted by several plant products 

(Suguma et al., 1999), which contain several different active compounds (Sharma et al., 1990) 

and biomolecules (Chithra et al., 1995).   

 

In our previous studies, Curtisia dentata extracts had remarkable activity against Candida 

albicans, Cryptococcus neoformans, Microsporum canis, Sporothrix schenckii and Aspergillus 

fumigatus, with MIC values as low as 0.02 and 0.04 mg/ml (Chapter 3). The next step in the 

investigation was to evaluate the antifungal activity of extracts of Curtisia dentata against 

fungal infections in an animal model. It was assumed that the extract applied topically would 

not result in systemic effects. An ethnobotanical study by Grierson and Afolayan (1999) 

indicated that, in the Eastern Cape, infusions of Curtisia dentata bark are used to treat pimples 

which are characterized by lesions on the skin, suggesting a role for this plant species in the 

treatment of wounds in this region. 

 

Masoko (2006), a member of the Phytomedicine Programme developed a method to test crude 

extracts and isolated compounds on rats infected with different fungal pathogens, including 

Candida albicans.  Several modifications were introduced and adapted into this method by 
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Masoko (2006) (Protocol number 1/010/05). The method of Masoko was followed using 

extracts and isolated compounds from Curtisia dentata.  

 

Previous experiments on extracts of Curtisia dentata (Chapter 3) indicated excellent in vitro 

activity against Candida albicans.  The aim of the study was to determine in vivo activity of the 

crude extract and compounds isolated in sufficient mass from the leaves of Curtisia dentata in 

a non-infected and Candida infected skin wound model in rats. 

 

The objective of the study was to investigate the wound irritancy and efficacy of C. dentata 

extracts and pure compounds applied topically to skin wounds in a Candida albicans infected 

rat model.  Wound irritancy and wound healing was evaluated using microscopic, physical and 

histological methods.  Evaluated parameters included wound healing, erythrema, exudate 

formation and possible toxic effects of the extracts. 

 

7.2. MATERIALS AND METHODS 
 
Ethical approval was obtained from the Animal Use and Care Committee (AUCC), University of 

Pretoria as well as the Research Committee of the Faculty of Veterinary Science, University of 

Pretoria. The health care of all rats was under the supervision of a veterinarian and trained 

laboratory technologist throughout the trial period 

 

The study was conducted in a separate room in a Biosafety II cabinet with restricted access. 

Only people involved in the study were allowed access to the study site. Protective clothing 

(coats, gloves and mask) were worn at all times and kept on site. All animal waste and 

disposable materials were incinerated.  All non-disposable clothing was autoclaved after every 

experiment. 
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7.2.1. Rats 

 
Healthy female Wistar rats weighing 150-200 g were purchased from the National Health 

Laboratory Services in Edenvale.  The test was conducted using a single gender (female) to 

minimize variability and the numbers required (OECD, 2000). At the commencement of the 

study, each rat was 8 – 12 weeks old and the weight variation of animals used did not exceed 

± 20 % of the mean weight of all previously dosed animals (National Institute of Environmental 

Health Sciences, 2001). 

 

7.2.2. Housing and feeding conditions 

 
Rats were kept at the University of Pretoria’s Biomedical Research Centre (UPBRC) in cages 

at a temperature of 22 oC (± 2oC) and controlled relative humidity (50 % - 60 %) in a light/dark 

cycle of 12 hours. The rats were fed conventional rodent diets with an unlimited supply of 

drinking water (National Institute of Environmental Health Sciences, 2001).  Pieces of paper 

towel were provided to keep rats busy. Previous work suggests that the provision of 

enrichment items, which give laboratory rats the opportunity to perform exploratory and 

gnawing activities, improves their welfare and distracts them from tampering with dressings. 

 

7.2.3. Preparation of animals 

 
Rats were moved into single cages marked rat 1 – 12 for at least 5 days prior to treatment to 

allow for acclimatization to the laboratory conditions (Spielmann et al., 1999).  The rats were 

immunosuppressed, 4 days before challenge with Candida albicans, by subcutaneous injection 

of 500 µg of estradiol valerate (50 μl from 10 mg/ml ampoule). Estradiol pretreatment inhibits 

innate and acquired immune defenses (Carlsten et al., 1991).  

 

7.2.4. Wound creation 

 
The hair on the back area of each rat was shaved using an electrical clipper.  The area was 

disinfected using 70% alcohol.   Rats were anaesthesized with isoflurane (0.01- 0.05 μg/kg) in 

a closed chamber. Eight evenly spaced wounds were made on each rat. The outline of the 

wound was marked using 6 mm diameter biopsy punch (Simosen et al., 1992) and the skin 

removed from the marked area using surgical scissors. The procedure was conducted in a 

biosafety class II cabinet to limit infection. The lesions were traced onto a transparent paper 

using a black permanent marker. The area of the circular lesions was calculated as follows: 
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A = πD1D2 

         4,      where A is the area of the lesion, D1 and D2 were the horizontal and vertical 

diameters of the lesion, respectively, and π = 3.142 

 

7.2.5. Infection with C. albicans 

 
Candida albicans was cultured for 24 hours prior to infection on Sabouraud agar in Petri dishes 

at 30°C.  The fungal cultures were scraped aseptically from agar, pooled into 30 ml of sterile 

water and briefly homogenized. Small pieces (5 mm x 5 mm) of autoclaved dressing were 

suspended into Candida albicans culture in sterile water and placed in the wound area. The 

area was covered with an occlusive wrapping (TransporeR) and left to incubate for 48 hours. 

After 48 hours the test products were introduced and the resultant inhibition of growth or 

healing quantified on the basis of erythema, exudates and physical size of the lesion on a daily 

basis for 2 weeks. Infection by fungi was clinically detected by the presence or absence of 

swelling, erythema, pain and ulceration of the inoculation sites.  Clinical signs that were also 

observed were a rise in body temperature, loss of appetite for 24 hours and weight loss.  

 

7.2.6. Preparation of extracts 

 
Curtisia dentata was extracted with water and acetone as described in Chapter 2. Acetone and 

water were selected as the extracting solvents to allow in vivo testing of an organic and an 

aqueous extract. The acetone extract had excellent antifungal activity in previous studies 

(Chapter 3). Extracts were dried at room temperature under a stream of air and ground to 

powder using mortar and pestle.  The extracts were mixed with aqueous cream composed of 

distilled water, white petroleum jelly, mineral oil, emulsifying wax and phenoxyethanol to 

concentrations of 10 % (1 g/10 g cream) and 20 % (2 g/ 10 g), and kept at 4oC until use. The 

isolated compound preparations were adjusted to concentrations of 1% (0.1 g/10 g cream) and 

2% (0.2 g/g cream). Amphotericin B (0.1%) was used as a positive control. Water extracts of 

Buddleja spp. were used as positive controls as these are known to have wound healing 

properties (Eloff and Houghton, personal communication). An outline of the treatments applied 

to each rat was as follows:  

 

Rats 1 – 6: 
Site A: treated with aqueous cream only (negative control), 

Site B: treated with amphotericin B mixed with aqueous cream (positive control), 

Site C: 1% lupeol in aqueous cream,  
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Site D: 2% lupeol in aqueous cream, 

Site E: 1% betulinic acid in aqueous cream,  

Site F: 2% betulinic acid in aqueous cream, 

Site G: 10% water extract of Buddleja spp. aqueous cream and 

Site H: 20% water extract of Buddleja spp. aqueous cream (positive control). 

 

Rats 7 – 12: 
Site A: treated with aqueous cream only (negative control), 

Site B: treated with amphotericin B mixed with aqueous cream (positive control), 

Site C: 10% acetone extract of C. dentata in aqueous cream, 

Site D: 20% acetone extract of C. dentata in aqueous cream, 

Site E: 10% water extract of C. dentata in aqueous cream, 

Site F: 20% water extract of C. dentata in aqueous cream, 

Site G: 10% water extract of Buddleja spp. aqueous cream and 

Site H: 20% water extract of Buddleja spp. aqueous cream (positive control). 

 

The diagrammatic representation of wound sites is displayed in Fig. 7.1. 

 

7.2.7. Observations 
 
The rats were inspected three times a week for signs of systemic infection by determining 

mass and food intake of each rat, as well as temperature using a microchip inserted 

subcutaneously above the tail region (Fig. 7.1). At the completion of the experiment, post 

mortem and pathological investigations were conducted to determine the emergence of 

systemic infection with Candida albicans.  

 

Each animal served as its own control with four test sites for the crude extracts (acetone and 

water extracts) and isolated compounds, one site as a positive control with Amphotericin B, 

one site as a negative control and two sites treated with 10 and 20% water extract of Buddleja 

spp. The presence of factors such as muscle necrosis, foreign bodies and skin contamination 

were recorded. The measuring of the sizes of the lesions relative to the negative and positive 

controls or the complete healing of the lesion served as the means of measurement of the 

antimicrobial activity. Every Monday, Wednesday and Friday at the same time, the dressings 

on each rat were removed and the different parameters measured. Treatments were reapplied 

to wounds and fresh dressing used to cover the wounds. 
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Figure 7.1. A diagrammatic representation of wound positions on the back of each rat. 

Samples as outlined in Section 7.2.6. were applied on the specific wound sites. Site M 

represents the position where the temperature microchip was inserted. 

 

A photographic record of the overall procedure performed on rats is outlined in Figs. 7.2. and 

7.3. The rats were observed daily for two weeks until wounds were about 80% healed. 

Observations noted included changes to skin and fur, diarrhoea, lethargy, sleep, weight loss 

and coma.  After the completion of the experiment, rats were euthanized using increased 

doses of isoflurane in closed glass chambers and the post mortem performed. Liver, heart and 

kidney were analysed by the pathologist for different parameters. Sterile swabs were used to 

collect innocula from internal organs to allow culturing on SB agar (Fig. 7.4). 
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Figure 7.2.  The diagrammatic representation of surgical wound creation and dressing of excisional wounds on rats. 1, rat subjected to 

anaesthesia in a closed glass chamber; 2, shaving of the back with an electric clipper; 3, creation of wounds using scissors and infection 

with a concentrated overnight culture of Candida albicans; 4,5,6, dressing of wounds and housing in separate cages. 
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Figure 7.3. Representation of changing of wound dressing and treatment with varying products. 1, 

rat subjected to anaesthesia; 2, removal of bandages; 3, application of treatment on wounds using 

sterilized spatulas; 4, resuscitation of non-breathing rat; 5, redressing of wounds. 
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Figure 7.4: Preparation of tissue specimens for histopathological examinations. 1, rats 

eutheniased in excess isoflurane; wound areas removed from skin; 3, inocula collected from 

underskin surfaces using sterile swabs and streaked on SD agar; 4, liver, kidneys, lungs and 

spleen removed and preserved in buffered formalin, and swabs used to collect fungi from organs; 

5, 6, wound areas anchored to pieces of cardboard and preserved in formalin.     

 

 

 
 

1 2

3
4

5 6 

 
 
 



 117

7.2.8. Evaluation of lesions 
 
The mass of each rat and lesion characteristics, including lesion severity scores, were recorded 

three times a week and general observations noted.  The study was blinded (the person doing 

evaluation did not know the treatment). The lesion sizes were measured using a caliper on each 

routine observation day.  Erythema and exudate formation were evaluated during routine 

observation and scored as in Table 7.1. 

 
Table 7.1. Scoring used in the evaluation of erythema and exudate 

 

Score Erythema Exudate 

0 No red colour at all No exudate 

1 Light red just visible Exudate just visible 

2 Clearly red Easily visible 

3 Dark red, not whole area Substantial quantity 

4 Dark red wide spread Large quantity 

 

 

7.2.9. Recording of data 
 
The data for each rat was recorded on a single form for the 2 week period (Table 7.2.). Day 0 data 

was also collected as for the other days in Table 7.2. 

 

7.2.10. Statistical analysis 
 
Results were represented as general linear model (GLM) with repeated measure ANOVA.   One 

way ANOVA was used to identify differences between groups and P< 0.05 was considered 

significant.  Student t-test was used to determine differences between control and treatments. 

 

7.2.11. Pathological and histopathological studies 
 
Histopathological studies were performed with the help of a pathologist at the end of the 

experiment.  Wound tissue specimens from treated and non-treated rats were collected in 10 % 

buffered formalin and after processing 6 μm thick sections were cut and stained with haematoxylin 

and eosin (McManus & Mowry, 1965).  Sections were qualitatively assessed under the light 
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microscope and graded in respect of congestion, oedema, infiltration of polymorphonuclear 

leukocytes (PMNLs) and monocytes, necrosis, fibroblast proliferation, collagen formation, 

angiogenesis and epithelisation (Shukla et al., 1999). Table 7.3. was used as a template for 

recording histopathological results.   

 

7.3. RESULTS 
 
The rats lost weight after the surgical procedure until day 6. During the next routine observation 

on day 10 the weight of the rats increased substantially through day 11. The rats acclimatized to 

the handling in the study as indicated by the overall weight gain after day 9 (Table 7.4. and Fig. 

7.5.). The average weight of the rats, for reasons not yet understood, dropped on observation day 

13. A similar trend also occurred with the temperatures of the rats. Following initial anaesthesia 

the temperatures of the rats dropped to between 31.8 and 35.5 oC. The temperature only 

increased with the days of treatment, peaking at around 38oC (Table 7.5 and Fig. 7.6). 

 

The area of the lesions was measured by tracing the boundary of open wounds on a semi-

transparent plastic sheet and the sizes measured using an electronic calliper. Statistical 

calculations using ANOVA single factor revealed statistically significant differences in lesion sizes 

between groups (treatments) on day 6 with a P-value of 0.0054 at 95% confidence interval. T-

tests were calculated for each treatment and compared with cream only control and amphotericin 

B control. The lesions treated with 20% acetone averaged about 76% of the original lesion sizes 

and were significantly larger than lesions treated with the cream only and AMB (P-value less than 

0.05) on day 6. 
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Table 7.2. Form used for measuring different parameters on the 6 rats (in a group) on the different sites. The exudates and erythema were 

measured on an arbitrary scale 0-5 with one being the best rate of healing and five the worst. Lesion size was be measured in mm2 and 

mass in grams (g), temperature in oC. Swelling and ulcerations were marked as follows: 1, slight; 2, moderate; 3, marked; 4, extensive; 0, 

absent. A-H represent wound sites on each rat. 

Day Rat 
No. 

Exudate Erythema Lesion size 
 (mm2) 

Weight 
(g) 

Temp. 
(oC) 

Swelling 
 

Ulceration 
 

  A B C D E F G H A B C D E F G H A B C D E F G H     

M1                             

W1                             

F1                             

M2                             

W2                             

F2 
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Table 7.3. Form used for quantitative histopathological findings of wounds of rats infected with C. albicans after topical application of 
different creams. *Neut’s= Neutrophils; Mac’s= Macrophages 

 

Infiltration of 
Rat 
Nr. Treatment Fibrosis Necrosis 

Hypertrophy 
of 

subcutaneous 
muscle fibers 

Neut’s* Lymphocytes/ 
Plasma cells Eosinophils Mast 

cell Mac’s* 
Angiogenesis Epithelialisation 

Presence 
of fungal 
spores 

and 
hyphae 

A            

B            

C            

D            

E            

F            
G            

 

H            
 
These parameter were marked as follows: 

• Severity:  -, absent; ±, scant; +, mild; ++, moderate; +++, severe/marked 

• Distribution: (1), dermal; (2), dermal and subdermal (i.e. subcutaneous skeletal muscle); (3), locally extensive 

(dermal and subdermal). 

• Epithelialisation: 0, absent; 1, partial; 2, complete 
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Table 7.4: Mass of rats 1 – 12 measured during specified time periods. 

 
 

 
 
 

 
Figure 7.5:  Average mass of the rats on different treatment days. 

 

 

 

 

 RAT NUMBERS AND MASS IN GRAMS 

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

 
0 

 

169.1 

 

183.7 

 

200.2 

 

200.1

 

190.1

 

211.7

 

205.9

 

184.1

 

185.0 

 

199.7 

 

177.6

 

185.3
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4 170.0 181.2 201.2 199.1 187.3 208.4 208.8 182.7 188.4 198.9 185.7 181.5

6 169.9 179.3 203.3 194.8 187.3 207.0 210.9 167.3 182.7 201.9 187.7 169.8

9 175.4 182.5 206.8 196.4 190.2 216.1 208.6 180.3 191.2 208.3 185.3 181.2

11 174.0 177.9 208.8 200.0 190.7 212.4 212.2 185.8 194.0 213.4 189.9 178.1

13 174.2 181.6 193.2 184.4 193.4 212.2 209.0 188.8 194.2 210.8 187.1 179.8

Average 171.6 181.3 202.0 195.8 189.6 211.7 208.9 181.6 188.3 204.5 184.4 179.9
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Table 7.5: Temperatures (oC) of rats from day 0 to day 13. CF, microchip missing. 

 
 

 
 
 

 
Figure 7.6. Average temperature (oC) of rats up until 11 days of treatment 

 
The wounds treated with 20% acetone extract of Curtisia dentata had significantly higher lesion 

sizes than both the cream only control and amphotericin B-treated control on treatment day 4, 

averaging at 120% of the original lesion sizes (P-value less than 0.05 at 95% confidence interval). 

This suggested that the acetone extracts did not result in any observable decrease in lesion sizes 

compared with the cream only controls and amphotericin B controls. Generally, all lesions 

 RAT NUMBERS and temperature in oC 
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decreased in size with the days of treatment. There was no marked acceleration of reduction of 

lesion sizes with any single treatment (Figs. 7.7 and 7.8). Statistical data analysis is shown on 

Tables 7.6 and 7.7). 

 

No swelling was observed in any of the wounds. The excision wounds were initially round or 

almost round. As they healed all the wounds contracted into an oval shape and gradually healed 

in a straight line. In literature, it is reported that open wounds contract as if margins are pulled into 

the centre. Though round wounds are slower to heal than square wounds, the healed scar is 

linear (Majno, 1975).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.7. Average sizes of lesions treated with different extracts of C. dentata. Lesions were 

calculated as percentages of the original lesion sizes. Amb, amphotericin B; ace, acetone 

extracts. 
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igure 7.8. Average sizes of lesions treated with different compounds isolated from C. dentata. 

Lesions were calculated as percentages of the original lesion sizes. Amb, amphotericin B; lup, 

lupeol; bet, betulinic acid. 

 

Table 7.6. Treatment day 4 statistical analysis of lesion sizes 

 

 

      
Treatments Count Sum Average Variance   

Cream only 12 955.3 79.61 437.08   
Amphotericin B 12 878.6 73.22 536.22   
1% lupeol 6 461.9 76.98 390.59   
2% lupeol 6 504.5 84.08 1071.94   
1% betulinic acid 6 331.6 55.27 567.72   
2% betulinic acid 6 325.2 54.20 218.51   
10% acetone 6 540.8 90.13 1234.16   
20% acetone 6 732.6 122.10 149.80   
10% water 6 392.0 65.33 510.01   
20% water 6 468.4 78.07 335.29   
10% Buddleja 12 937.0 78.08 697.04   
20% Buddleja 12 1108.9 92.41 645.38   
       

ANOVA       
Source of Variation SS df MS F P-value F crit 

Between Groups 22808.82 11 2073.529 3.639065 0.00031 1.904539
Within Groups 47862.96 84 569.7972    

Total 70671.78 95         
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Table 7.7. Treatment day 6 statistical analysis of lesion sizes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The average exudate release on wounds was less in wounds treated with 2% betulinic acid than 

the cream only-treated controls. Treatment with 1% and 2% lupeol resulted in the highest exudate 

formation (Fig. 7.9). Treatment with 20% water extract formulation resulted in more exudate 

release than the control wounds treated with cream only, whereas treatment with amphotericin B 

inhibited exudate release from wounds (Fig. 7.10). 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Treatment Count Sum Average Variance   
Cream only 12 560.4 46.70 256.55   
Amphotericin B 12 522.1 43.51 292.01   
1% Lupeol 6 328.5 54.75 397.36   
2% Lupeol 6 335.3 55.88 165.95   
1% betulinic acid 6 291.6 48.60 294.86   
2% betulinic acid 6 280.0 46.67 121.18   
10% acetone 6 387.1 64.52 1475.54   
20% acetone 6 456.2 76.03 366.87   
10% water 6 213.2 35.53 213.02   
20% water 6 342.3 57.05 187.10   
10% Buddleja 12 597.8 49.82 499.07   
20% Buddleja 12 812.2 67.68 233.30   
       

ANOVA       
Source of Variation SS df MS F P-value F crit 

Between Groups 10583.60 11 962.15 2.676194 0.005392 1.904539
Within Groups 30199.69 84 359.52    

Total 40783.29 95         
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Figure 7.9. Exudate release from lesions treated with different C. dentata-derived compounds  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.10. Exudate release from lesions treated with different C. dentata-derived extracts 

(acetone and water extracts).   
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Erythema was consistently high in wounds treated with 10% and 20% acetone extracts. Wounds 

treated with 10% and 20% acetone extracts had a larger surface area and lower wound 

contraction capacity. Perhaps there is a correlation between pronounced eythema and wound 

contraction capacity (Fig. 7.11 & 7.12). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7.11. Erythema (arbitrary values) in wounds treated with compounds isolated from C. 

dentata. 
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Figure 7.12. Erythema (arbitrary values) in wounds treated with extracts (acetone and water 

extracts) derived from C. dentata.  

 
Crust formation was also determined on all wounds treated with various Curtisia dentata-derived 

products. Presence of crust on wounds was scored as 1 (one) while absence thereof was 

represented by zero (0). In all cases on day 4 minimal crust formation was observed, and it 

peaked on day 9 for most treatments. The maximal crust formation on wounds treated with 2% 

betulinic acid was the highest together with 10 and 20% acetone extract and 20% water extract 

treatments. Wounds treated with 1% lupeol displayed the least overall crust formation with just 

over 60% of the wounds positive for crust formation on day 9. On day 13, crust formation dropped 

in all wounds to levels as low as 0 (arbitrary values) (Figs. 7.13 and 7.14). 
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Figure 7.13: Crust formation in wounds treated with various concentrations of compounds during 

specified days of treatment. Amb, amphotericin B; Lup, lupeol; Bet, betulinic acid. 

 
After 13 days swabs of the subcutaneous skin surfaces of rats 1, 5 and 11 produced viable 

colonies of Candida albicans on SD agar. The skin surface of all the other rats did not have any 

viable colonies as shown by absence of fungal growth on agar plates. The organs of rats 1, 4, 6, 7 

and 11 were infected as indicated by the presence of colonies on agar plates (inoculated with 

samples of the internal organs). The identity of the infecting microbial culture was not confirmed, 

though Candida albicans, the organism used to infect the rats during the initial stages of the study 

remains the likeliest candidate (Table 7.8). 
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Fungal organisms or any fungal fragment were not detected in all haematoxylin-eosin stained skin 

sections. These skin sections were originally treated with various formulations containing either 

plant extracts or isolated compounds. The skin lesions were completely healed. Furthermore, no 

specific pathology could be demonstrated in the parenchymal organs examined. 

 

In most of the kidney specimens, mild or moderate cortical or medullary congestion were present. 

About half of the liver specimens showed no signs of abnormality, while the rest had mild 

sinusoidal dilation and congestion. In general, the summary histopathological report suggest that 

there were no specific pathological abnormalities observed in the skin and parenchymal organ 

specimens.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.14: Crust formation in wounds treated with various concentrations of compounds during 

specified days of treatment. Amb, amphotericin B; ace, acetone extract; wat, water extract; bag, 

Buddleja. 
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Table  7.8. Number of colonies derived from inoculate of the subcutaneous tissue (skin under the 

wounds) and the internal organs.  Key: - no colonies observed 

 

 

                

 

Granulomatous dermatitis was less in both amphotericin and cream treated controls. In all the 

other wounds granulomatous dermatitis was pronounced, recorded above 0.6 (arbitrary values). 

Wounds treated with 10% acetone extract of Curtisia dentata had the highest granulomatous 

dermatitis (Fig. 7.15). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rat Skin tissue Internal organs 

1 100 20 

2 - - 

3 - - 

4 - 115 

5 7 - 

6 - 3 

7 - 5 

8 - - 

9 - - 

10 - - 

11 30 24 

12 - - 
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Figure 7.15: Histopathology for granulomatous dermatitis.  Amb, amphotericin B; ace, acetone 

extract; wat, water extract; bag, Buddleja spp.; Lup, lupeol; Bet, betulinic acid. 

 

7.4. DISCUSSION AND CONCLUSIONS 
 
7.4.1. Weight loss and temperature 
 
The loss of weight may have been due to the administered anaesthetic and shock from handling, 

including shaving and surgical creation of wounds. Furthermore, the infection of wounds with 

Candida albicans could have contributed to the overall weight loss. On observation day 9 the 

average weight of the rats increased, possibly resulting from the animals regaining functioning of 

their immune system following immunosuppression with estradiol valerate. Perhaps this allowed 

the animals to fight the infections, hence the increase in weight.  
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7.4.2. Lesion sizes 
 
Lesions treated with 10 and 20% acetone had significantly larger sizes than the controls at the 

completion of the experiment. This may emanate from inhibition of tissue regeneration by these 

extracts. Since it was shown in the earlier chapters that the acetone extracts had in vitro antifungal 

activity against Candida albicans it is unlikely that the larger lesion sizes after 6 days resulted from 

increased infection of the wounds with the pathogen. 

 

Wound healing involves an ordered series of events, namely, coagulation to prevent blood loss, 

inflammation of wound area, epithelial repair that includes proliferation, mobilization, migration 

and differentiation, and tissue remodelling and collagen deposition (Rashed et al., 2003). Wound 

contraction was not markedly improved by any of the treatments applied to wounds since the 

lesion sizes remained comparable throughout the treatments. However, these extracts, due to 

their antimicrobial activity, may be used in wound healing mixtures to ward off microbial infection.  

 

This study may be repeated with one excision wound per rat and one plant product applied to 

minimize interference resulting from systemic absorption of active contituents when more than one 

extract is applied on the same rat. In the present study, the assumption was made that systemic 

absorption of the applied extract, compound or commercial antifungal drug did not occur. This was 

necessary to limit as much as possible the number of rats needed in the study. 

 

7.4.3. Exudate and erythema 
 
Pronounced erythema was observed on wounds treated with 10 and 20% acetone extracts. The 

lesions had bigger surface areas than other treated wounds, suggesting that a relationship exists 

between wound contraction and erythema. These same wounds, together with those treated with 

10 and 20% water extracts had higher exudation than other treated wounds, further correlating 

wound contraction to parameters such as exudation and erythema. Exudation is a direct result of 

the inflammatory response to injury, and includes recruitment of leukocytes to the site of injury 

(Majno & Joris, 1996). The presence of infection in the wound recruits more white blood cells 

resulting in pus (Majno & Joris, 1996). Treatment of wounds with amphotericin B and 2% betulinic 

acid resulted in the slightest release of exudates, suggesting that in these wounds Candida 

albicans load was kept at a minimum. Betulinic acid was shown in earlier chapters to have good in 

vitro antifungal activity. 
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Lupeol, at concentrations of 1 and 2% led to a pronounced release of exudate. It would seem that 

the increased exudate was a direct result of accumulation of leukocytes at the infected wound. In 

earlier chapters it was shown that lupeol did not greatly inhibit the growth of Candida albicans and 

other fungal species. Resulting from the failure of lupeol to sufficiently deal with Candida albicans 

in wounds, inflammation may have increased to combat the infection, hence the explicit 

exudation.   

 

As the exudate seeps out onto the surface of the wound, it clots and eventually dries out into a 

scab or crust (Majno & Joris, 1996). The scab’s function is to seal the wound from the 

environment, hence it is sometimes referred to as natural dressing (Grillo, 1964). It was also 

observed that crust formation on wounds treated with 2% betulinic acid formulation, 10 and 20% 

acetone and 20% water extracts had pronounced crust formation. Wounds treated with 2% 

betulinic acid still healed like those treated with amphotericin B if lesion sizes are considered. 

Wounds treated with both acetone extracts and 20% water extract had higher lesion sizes, 

indicating decreased wound contraction. However, these wounds still showed signs of healing, 

hence the pronounced crust formation. Treatment of wounds led to less scab formation for 

unknown reasons. However, the failure of lupeol to adequately inhibit Candida albicans infections 

might be responsible. 

 

7.4.4. Presence of infection on skin tissue and internal organs 
 
Skin tissues and internal organs of some of the rats harboured some fungal microorganism(s) as 

shown by the presence of colonies on agar plates inoculated with the respective samples. Though 

the identity of the infecting microrganism(s) was not confirmed or elucidated, Candida albicans 

remains the likeliest candidate. The masses and the temperatures of the rats that showed 

infection on the different sites remained unaffected. Furthermore, the organs did not show any 

abnormalities, whether or not the presence of microorganisms was detected. The wounds on 

these rats still healed similarly to those on the other rats, suggesting that the presence of infection 

on skin tissue or internal organs did little to hinder the healing process. 

 

In evaluating the lack of correlation between in vitro and in vivo results one should keep in mind 

that C. albicans usually infects moist membranes or moist areas and that the model used may not 

be applicable to test the efficacy of compounds against C. albicans infections. 
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CHAPTER 8 
ANTHELMINTHIC ACTIVITY OF CURTISIA DENTATA 

EXTRACTS, LUPEOL, URSOLIC ACID AND BETULINIC 
ACID 

 

8.1. INTRODUCTION 
 
The increasing emergence of resistance of gastrointestinal nematodes to 

conventional anthelminthics and resulting economic losses demonstrate an urgent 

need for intervention (Hertzberg & Bauer, 2000). Trichostrongylus colubriformis 

causes parasitic enteritis that predisposes sheep to diarrhoea, weakness and death. 

This parasite is frequently found in cattle and sheep in South Africa causing loss in 

production (Horak, 2003; Horak et al., 2004). Haemonchus contortus is one of the 

most important nematodes due to its high prevalence and pathogenicity (Hounzagbe-

Adote et al., 2005). For instance, in southern Benin, the prevalence of H. contortus 

was estimated at 92.5% in goats and sheep (Salifou, 1996). 

 

Control of infection with parasitic nematodes such as T. colubriformis and H. 

contortus involves the utilization of commercial anthelminthics. However, resistance 

to most of the commercialized anthelminthics is threatening productivity (van Wyk et 

al., 1997). Furthermore, these chemical products are often highly priced so that 

subsistence and small-scale livestock farmers in developing countries cannot access 

them (Hounzangbe-Adote et al., 2005). In these countries small-scale and 

subsistence farmers rely on traditional methods of deworming that include 

preparation of remedies from plants (Hammond et al., 1997; Waller et al., 2001; 

Akhtar et al., 2000). The scientific evidence to support employing plant-based 

remedies as anthelminthics is lacking (Hammond et al., 1997).   

 

Extracts of several African plant species are active against parasitic and free-living 

nematodes (Enwerem et al., 2001, Hammond et al., 1997; McGaw et al., 2000; 

Bizimenyera et al., 2006). Extracts of Artemisia species have shown activity against 

Haemonchus species (Idris et al., 1982; Iqbal et al., 2004), Trichostrongylus species 

(Sharma, 1993) and other parasitic nematodes. Furthermore, Hördegen et al. (2003) 

demonstrated anthelminthic activity of ethanol extracts of several plant species in an 

in vivo sheep model.  

 
 
 



 136

The motivation for investigating antihelmintic activity is based on the activity of 

betulinic acid against Caenorhabditis elegans at 500 µg/ml after seven days of 

incubation (Enwerem et al., 2001). Betulinic acid is one of the compounds isolated 

from Curtisia dentata leaves. The dichloromethane and acetone extracts of Curtisia 

dentata leaves, which are enriched with betulinic acid, were selected for investigation 

of anthelminthic activity as they were the most active against Candida albicans.  

Furthermore the azole antifungal agents also have anthelminthic activity.  If the 

extracts with antifungal activity have the same target as the azole agents, they may 

also have anthelminthic activity. 

 

In this study, extracts of Curtisia dentata were tested for in vitro anthelminthic activity 

against Caenorhabditis elegans, Trichostrongylus colubriformis and Haemonchus 

contortus.  In the previous chapters the acetone and dichloromethane extracts of 

Curtisia dentata leaves were active in vitro against Candida albicans and several 

other fungal species. Betulinic acid, ursolic acid and lupeol, isolated from the leaves 

of Curtisia dentata, were also tested for anthelminthic activity. 

 

8.2. MATERIALS AND METHODS 
 
8.2.1. Plant extracts and compounds 
 
Powdered leaves of Curtisia dentata were serially extracted as described in Chapter 

2. Concentrations of 100 mg/ml of the dichloromethane and acetone extracts were 

dried and then dissolved in DMSO. Stock solutions of 2 mg/ml of betulinic acid, 

lupeol and ursolic acid were prepared in DMSO. 

 

8.2.2. Anthelminthic activity 
 

8.2.2.1. Recovery and preparation of eggs 
 
The parasite eggs were prepared using guidelines by the World Association for the 

Advancement of Veterinary Parasitology (WAAVP) (Coles et al., 1992). Faecal 

pellets were collected from lambs, infected with either T. colubriformis or H. contortus 

or both, using sterilized harnesses and collecting bags. Water was added to the 

faecal pellets to facilitate homogenization in a blender. The liquid slurry was filtered 

through a sieve of 400 μm mesh size to remove coarse plant debris. The suspension 

was serially filtered through sieves of 250, 150, 90 and 63 μm mesh sizes. The eggs 
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were then trapped on a sieve of 38 μm mesh size and washed into 50 ml centrifuge 

tubes that were filled with distilled water. These tubes were centrifuged at 3 000 x g 

for 5 min. The supernatant was collected into a 1 L conical cylinder filled with distilled 

water to allow the eggs to sediment for 2 hours. The eggs were siphoned from the 

bottom of the conical flask into a beaker subjected to electromagnetic stirring. The 

suspension was adjusted to a final concentration of 100 eggs per 10 μl. The 

suspension was used within 1 hr (Bizimenyera et al., 2006). 

 

8.2.2.2. Egg hatch inhibition assay 
 
Approximately 100 eggs in 200 μl aliquots were pipetted into each well of a 48-well 

microtitre plate. In the test wells, 200 μl of the appropriate plant extract in 

concentrations of 16.7, 8.3, 4.17, 2.1, 1.03, 0.53 and 0.27 mg/ml or isolated 

compounds at 333, 167, 83, 42 and 21 μg/ml were added. Triplicates were prepared 

for each concentration. The eggs were incubated at room temperature in a humidified 

chamber for 48 hours prior to counting of eggs that failed to hatch to L1 stage of 

larval development (Bizimenyera et al., 2006). 

 

8.2.2.3. Anthelminthic activity against L3 stage larvae 
 
The eggs (1 ml) were added into Petri dishes in the presence of 50 μl of a 

suspension of lyophilised E. coli (ATCC 9637) for the development of nematode 

larvae (Hubert & Kerboeuf, 1992) and 10 μl of amphotericin B (Sigma®) to control 

fungal growth. The dishes were incubated for five days to develop larvae into L3 

stage of development. The L3 larvae were frozen until needed. For the anthelminthic 

assay, the larvae were washed off the base of dish with M9 buffer and treated with 

various concentrations of compounds and extracts of Curtisia dentata in wells and 

incubated for 48 hrs. Motile and non-motile larvae were counted to obtain percentage 

inhibition of motility.  Larvae that did not display signs of motility were regarded as 

dead larvae. 

 

8.2.2.4. Anthelminthic activity against developing larvae 
 
The eggs hatched in 8.2.2.2. above were used in this assay procedure. The 

emerging larvae were incubated under humidified conditions for 24 hours prior to 

treatment with various concentrations of isolated compounds and extracts of Curtisia 

dentata leaves. The larval suspensions were incubated for a further 5 days before 
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counting of motile and immotile larvae. The experiments and controls were 

performed in triplicate. 

 

8.2.2.5. C. elegans 
 
Caenorhabditis elegans was maintained in Petri-dishes on Nematode Growth agar 

(composition/litre: 3 g NaCl, 2.5 g peptone and 17 g agar, 5 mg cholesterol, 0.246 g 

MgSO4.7H2O, 0.147 g CaCl2.2H2O, 2.7 g KH2PO4, 0.9 g K2HPO4) (Brenner, 1974) 

seeded with E. coli. The dishes were incubated at 20oC in the dark for 6 days prior to 

anthelminthic activity assay procedures. The plates were washed with 1 ml M9 buffer 

(composition/litre: 6 g Na2HPO4, 3 g KH2PO4, 5 g NaCl, 0.25 g MgSO4.7H2O 

(Brenner, 1974). Several plates were washed into a beaker to establish a density of 

100 nematode/10 μl. Into 25-well plates 2 ml of plant extracts and compounds in M9 

buffer were added. Nematodes (10 μl) were added into the wells and plates 

incubated for two hours in the dark. Larvae that did not display signs of motility were 

regarded as dead larvae. Numbers of dead and viable larvae were counted and 

percentage of dead cells calculated using the formula: 

 

% immotile larvae = (number of immotile larvae)      X    100 %             
     (Number of immotile + motile larvae)  
 
Levamisole (5 and 10 μg/ml) was used as a positive control. Untreated larvae were 

used as negative controls. 

 

8.2.2.6. Calculation of LC50 values 
 
The LC50 (lethal concentration that resulted in 50% inhibition of larval motility) values 

were estimated from direct extrapolation of a plot of concentration of either 

compound or extract (X-axis) against the inhibition of larval motility (% of the control). 

An example of the type of graph drawn is displayed in Fig. 8.1. 
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Figure 8.1. An example of a graph drawn to estimate the LC50 values of compounds 

and bulk fractions against parasitic and free-living nematodes. 

 
 

8.3. RESULTS 
 
8.3.1. Egg hatching 
 
T. colubriformis and H. contortus were treated with various concentrations of isolated 

compounds and extracts of C. dentata and incubated for five days. The larvae were 

treated a day after egg hatching. The percentages of motile larvae in high 

concentrations of compounds (333 and 167 µg/ml) were low. At these concentrations 

there were virtually no motile larvae. The number of motile larvae only increased as 

low concentrations of isolated compounds (Fig. 8.2). Similar results were obtained 

with crude extracts of C. dentata leaves, where high concentrations led to little or no 

observable evidence of motile larvae after 5 days of incubation. At low concentrations 

the number of motile larvae increased (Fig. 8.3). In solvent-treated controls about 

91% of larvae were motile. 
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Figure 8.2. Percentage of motile larvae (mixture of Haemonchus contortus and 

Trichostrongylus colubriformis) treated with isolated compounds after five days of 

incubation. The LC50 values were 35 μg/ml for lupeol, 65 μg/ml for betulinic acid and 

35 μg/ml for Ursolic acid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.3. Percentage of motile larvae (mixture of Haemonchus contortus and 

Trichostrongylus colubriformis) treated with acetone and dichloromethane extracts of 

Curtisia dentata after five days of incubation. The LC50 values were estimated at 0.4 

mg/ml for both fractions. 
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The compounds and extracts did not affect egg hatching of H. contortus and T. 

colubriformis. In the controls the number of unhatched eggs was comparable to eggs 

treated with plant extracts and compounds. It was observed that at high 

concentrations (16.7, 8.3, 4.17 and 2.1 mg/ml) of plant extracts no eggs or larvae 

were present, suggesting that lysis occurred. In concentrations where the numbers of 

motile larvae were low the eggs still hatched prior to paralysis.  

 
8.3.2. Inhibition of motility of adult parasitic nematodes 
 
The acetone and dichloromethane extracts of Curtisia dentata inhibited motility of 

Trichostrongylus colubriformis at a concentration range of 0.16 – 2.5 mg/ml. The 

lowest toxic concentration of both the acetone and dichloromethane extracts, 0.16 

mg/ml, led to over 60% paralysis of the larvae. The lowest tested concentration of 

both extracts, 0.08 mg/ml resulted in less than 10% of non-motile larvae.  The larval 

motility percentages resulting from acetone extracts were very similar to those due to 

the dichloromethane extracts. The average survival in controls was 99% (Fig. 8.4).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.4. Percentage of dead Trichostrongylus colubriformis larvae after 48 hours 

of incubation in the presence of varying concentrations of the acetone and 

dichloromethane extracts of Curtisia dentata leaves. The estimated LC50 value was 

calculated as 0.15 mg/ml for both acetone and DCM bulk fractions. 

 

The dichloromethane extract was active against Haemonchus contortus at a 
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larvae resulted from a concentration of 0.63 mg/ml. The acetone extract was active at 

concentration range 0.31 to 2.5 mg/ml. Over 70% of the larvae were not motile after 

48 hours of incubation in the presence of 0.31 mg/ml of the acetone extract. At this 

concentration (0.31 mg/ml) the percentage of immotile larvae resulting from the 

acetone extract was significantly higher than that resulting from the dichloromethane 

extract. Concentrations of 2.5 mg/ml and 1.25 mg/ml of both acetone and 

dichloromethane resulted in no motile larvae after 48 hours of incubation. 

Concentrations of 0.16 and 0.08 mg/ml of both extracts only managed to inhibit 

motion of less than 10% of the larvae (Fig. 8.5). 

 

Two compounds isolated from Curtisia dentata leaves, namely, betulinic acid and 

lupeol were tested to evaluate their ability to paralyse Trichostrongylus colubriformis 

and Haemonchus contortus larvae. The compounds were tested at the concentration 

range 0.32 – 1000 µg/ml. Both compounds inhibited larval motility at high 

concentrations. Low concentrations of the compounds did not result in appreciable 

numbers of motionless larvae. In the presence of compounds at the tested 

concentration range only less than 80% of the larvae of both nematode species were 

motionless after 48 hours of incubation. Lupeol and betulinic acid suffer from poor 

solubility in aqueous media (Figs. 8.6 & 8.7). Upon mixing with water during dilution 

the precipitation resulted in a milky suspension, making these compounds possibly 

unavailable to act on the test nematode larvae. Modifications of the structures may 

result in more soluble derivatives of these lupane triterpenes.  
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Figure 8.5. Percentage of dead Haemonchus contortus larvae after 48 hours of 

incubation in the presence of varying concentrations of the acetone and 

dichloromethane extracts of Curtisia dentata leaves. The estimated LC50 values were 

0.2 mg/ml for acetone bulk fraction and 0.45 mg/ml for the DCM fraction. 

 

The extracts showed more activity against the larvae than the isolated compounds. It 

would seem that, apart from lupeol and betulinic acid, other components in the 

extract contribute to the activity against larval motility. This emanates from the fact 

that betulinic acid and lupeol were, by themselves not very active against the tested 

nematodes. The compounds only managed less than 80% inhibition of larval motility 

at all tested concentrations. 
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Figure 8.6. Percentage of dead Trichostrongylus colubriformis larvae after 48 hours 

of incubation in the presence of varying concentrations of lupeol and betulinic acid. 

The estimated LC50 value was 80 μg/ml for both lupeol and betulinic acid. Nonmotile 

larvae were considered dead. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8.7. Percentage of dead H. contortus larvae after 48 hours of incubation in 

the presence of varying concentrations of lupeol and betulinic acid. LC50 values were 

20 μg/ml for lupeol and about 50 μg/ml for betulinic acid. 
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8.3.3. Inhibition of motility of free-living nematodes 
 
Three compounds isolated from the dichloromethane extract of C. dentata, namely, 

lupeol, betulinic acid and ursolic acid, together with the acetone and dichloromethane 

extracts were assessed for ability to inhibit the motility of the free-living nematode 

Caenorhabditis elegans. After 2 hours of incubation, the highest concentrations of 

isolated compounds (200 µg/ml) inhibited up to 90% of larval motility. Concentrations 

ranging from 0.16 to 40 µg/ml resulted in about 20% inhibition of larval motility after 2 

hours of incubation at 25 oC (Fig. 8.8). The highest concentrations of extracts (2.5 

mg/ml) resulted in about 35% inhibition of larval motility whereas lower concentration 

ranging from 1.25 to 0.08 mg/ml resulted in less than 20% inhibition of larval motility 

(Fig. 8.9). In the untreated control 4% motionless larvae were observed after 2 hrs of 

incubation. In the levamisole-treated (10 μg/ml) controls average inhibition of larval 

motility was at 25%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.8. Inhibition of motility of free-living nematode, Caenorhabditis elegans with 

compounds isolated from Curtisia dentata leaves. After treatment with compounds 

the nematodes were incubated for 2 hrs before counting motionless worms. The LC50 

values were estimated at 120 μg/ml for lupeol, 140 μg/ml for betulinic acid and 180 

μg/ml for Ursolic acid. 

 

After 7 days of incubation the highest concentrations of all tested compounds 

resulted in 100% inhibition of larval motility. Lupeol was observed as the most active 

of the isolated compounds. A concentration of 40 µg/ml of lupeol resulted in over 

80% inhibition of larval motility while betulinic acid led to 40% inhibition. Ursolic acid, 
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though less active than lupeol led to higher inhibition of motility than betulinic acid at 

most concentrations tested (Fig. 8.10). After 7 days of incubation in the untreated 

controls approximately 85% motility was observed. In 5 and 10 μg/ml levamisole-

treated controls 65% and 48% motility were observed, respectively.  

 

Both the acetone and dichloromethane extracts of Curtisia dentata leaves were 

similar in their inhibition of larval motility after 7 days of incubation, displaying a 

concentration-dependent inhibition of larval motility. Concentrations ranging from 2.5 

to 0.63 mg/ml led to over 80% inhibition of larval motility after 7 days of incubation. At 

0.31 mg/ml, both extracts caused over 60% inhibition of larval motility while lower 

concentrations were less effective (Fig.8.11). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8.9. Inhibition of motility of free-living nematode, Caenorhabditis elegans with 

acetone and dichloromethane of Curtisia dentata leaves. After treatment with plant 

extracts the nematodes were incubated for 2 hrs before counting motionless 

nematodes. 
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Figure 8.10. Inhibition of motility of free-living nematode, Caenorhabditis elegans 

with isolated compounds from leaves of Curtisia dentata. After treatment with the 

pure compounds, the nematodes were incubated for 7 days before counting 

motionless and motile worms. The LC50 values were 2 μg/ml for lupeol, 70 μg/ml for 

betulinic acid and about 12 μg/ml for Ursolic acid. 

 

 

 

 

 

 

 

Figure 8.11. Inhibition of motility of free-living nematode, Caenorhabditis elegans 

with the acetone and dichloromethane extracts of the leaves of Curtisia dentata. After 

treatment with the pure compounds, the nematodes were incubated for 7 days before 

counting of motionless and motile worms. The calculated LC50 values were 0.2 

mg/ml for both fractions. 
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8.4. DISCUSSION AND CONCLUSION 
 

Several extracts of different medicinal plants show anthelminthic activity (Raj, 1975; 

Enwerem et al., 2001; Ademola et al., 2004). Hounzangbe-Adote et al. (2005) tested 

the in vitro effects of four tropical plants on activity against parasitic nematode. They 

reported that concentrations of between 300 and 2400 μg/ml of ethanolic extracts of 

Fagara, Papaya, Morinda and Newbouldia are active against H. contortus. In this 

study we report that the anthelminthic activity of our extracts were comparable with 

reported literature (Hounzagbe-Adote et al., 2005). Acetone extracts of Curtisia 

dentata at concentrations ranging from 310-2500 μg/ml were effective against H. 

contortus.  

 

Bizimenyera et al. (2006) reported that extracts of Peltophorum africanum had in vitro 

activity against egg hatching and larval development of T. colubriformis. The ED50 

values for leaf, bark and root extracts against egg hatching were 0.619, 0.383 and 

0.280 mg/ml, respectively. In this study the in vitro activity of extracts of C. dentata 

leaves was demonstrated against parasitic and free-living nematodes. These results 

indicate that the leaves of C. dentata may be useful to treat helminthiasis in South 

African folk medicine.  

 

Despite the indication that some plant extracts are active against several nematodes, 

the exact mechanism remains unclear. Some compounds such as palasonin, the 

active principle of Butea frondosa inhibit glucose uptake and accelerate glycogen 

depletion in target nematodes (Kumar et al., 1995). The mechanism of action of 

many anthelminthic plant extracts may involve inhibition of energy metabolism 

(Dahanukar et al., 2000). 

 

In this study, betulinic acid induced paralysis of the tested nematodes, C. elegans, H. 

contortus and T. colubriformis at concentrations of between 200 and 1000 µg/ml. 

Against C. elegans betulinic acid induced 100% paralysis at a concentration of 200 

μg/ml. These results confirm the study by Enwerem et al. (2001) in which it was 

reported that betulinic acid isolated from Berlina grandiflora had strong activity 

against C. elegans at concentrations of 100 and 500 μg/ml. The mechanism involved 

in the activity of betulinic acid against parasitic and free-living nematodes is yet to be 

described. However, its activity against parasitic nematodes in vivo and in vitro has 

not been demonstrated. This appears to be the first report of the effects of betulinic 

acid against parasitic nematodes, T. colubriformis and H. contortus. Investigations of 
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the in vivo activity of both the extracts of C. dentata and the isolated compounds may 

conclusively indicate their potential as anthelminthics. 
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CHAPTER 9 
GENERAL DISCUSSIONS AND CONCLUSIONS 

 

The aim of this study was to isolate and characterize compounds active against C. 

albicans from leaves of the most promising tree species and investigate the potential 

use of these compounds or extracts against C. albicans infections. The results 

obtained in addressing the different objectives of the study are discussed below. 

 

9.1. ANTIFUNGAL AND ANTIBACTERIAL ACTIVITY OF SELECTED PLANT 
SPECIES 

 

The antifungal and antibacterial activity of acetone extracts of leaves of seven 

selected trees were determined. Extracts of Curtisia dentata had more active 

compounds on bioautograms against all the bacterial (Staphylococcus aureus, 

Escherichia coli, Enterococcus faecalis and Pseudomonas aeruginosa) and fungal 

(Candida albicans, Cryptococcus neoformans, Microsporum canis, Sporothrix 

schenckii and Aspergillus fumigatus) test organisms.  Antifungal compounds with 

similar Rf values also inhibited bacterial growth, suggesting non-specificity of the 

antimicrobial activity. The acetone and dichloromethane extracts of C. dentata 

contained more antibacterial and antifungal compounds (4) than the hexane extract. 

This suggests that the active compounds are of intermediate polarity. The 

dichloromethane and hexane extracts of six Terminalia species had more antifungal 

compounds (total of 59 and 50) than the acetone extracts (18) (Masoko et al. 2005).. 

 

The serial microplate dilution method results showed that the acetone and 

dichloromethane extracts of most plant species had both antibacterial and antifungal 

activity. The lowest minimal inhibitory concentration (MIC) recorded was 0.05 mg/ml 

resulting from the acetone extract of Curtisia dentata against Enterococcus faecalis, 

further suggesting that Curtisia dentata was the most active species. The acetone 

extracts of C. dentata, Terminalia sambesiaca and T. phanerophlebia yielded the 

lowest MIC values (0.12 – 0.15 mg/ml) against C. albicans. This observation further 

confirmed the antifungal activity of C. dentata. However, the low MIC values of the 

Terminalia species were surprising considering that active compounds were not 

observed on TLC bioautograms against C. albicans. Masoko et al. (2005) reported 

low MIC values for both Terminalia species with few compounds observed on TLC 

bioautograms against most fungal species tested. Furthermore, all extracts of both 
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Terminalia species and acetone extract of C. dentata resulted in low MIC values 

(0.02 – 0.08 mg/ml) against Cryptococcus neoformans and Microsporum canis. The 

acetone extracts of the three plant species had low MIC values (0.03 – 0.08 mg/ml) 

against Sporothrix schenckii. These observations, supported by the MIC averages, 

indicated that these three plant species were the most active against fungal test 

organisms.     

 

9.2. SELECTION OF THE MOST PROMISING TREE SPECIES FOR 
ISOLATION OF ACTIVE COMPOUNDS 

 

From a pool of seven plant species, Curtisia dentata was selected for further work 

based on the following reasons, 1) the leaf extracts of the plant species possesed 

more compounds showing activity against C. albicans and other tested microbial 

organisms on bioautograms, 2) extracts of the leaves resulted in low MIC values 

against C. albicans and 3) its leaf powder was more extractible resulting in higher 

masses of extracts. Curtisia dentata was therefore chosen for isolation of active 

compounds using bioassay-guided fractionation. The leaves of C. dentata were 

preferred to the stem bark because 1) the leaves were more active than the stem 

bark and 2) the harvesting of the stem bark may kill the plant and C. dentata is a 

threatened species. 

 

9.3. ISOLATED COMPOUNDS 
 
Using bioassay-guided fractionation four (4) pentacyclic triterpenoids were isolated 

from the leaves of Curtisia dentata. 13C and 1H NMR spectroscopic and mass 

spectrometric data led to identification of the compounds as the lupane triterpenoids 

lupeol and betulinic acid, and the ursane triterpenes ursolic acid and colosolic 

(hydroxyursolic) acid. These compounds are common secondary metabolites present 

in many plant species (Das and Mahato, 1983). However, these compounds have not 

been isolated from extracts of Curtisia dentata, the only southern African member of 

the Cornaceae previously. Activities of some of these compounds against infections 

and cancer progression have however been reported. 

 

Reports concerned with antifungal, antibacterial and anthelminthic activities of 

betulinic acid and other pentacyclic triterpenoids are scanty. Betulinic acid and its 

derivatives have potent anti-HIV activity (Aiken & Chen, 2005). Ursolic acid has 

hepatoprotective, anti-inflammatory, antiviral and antitumor activities (Rao et al., 
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2001), as well as growth inhibitory activity against Staphylococcus aureus (Zeletova 

et al., 1987) and Escherichia coli (Malladavhani et al., 2004). Ursolic acid isolated 

from Crataegus pinatifida is active against HIV-1 protease at 100 μg/ml (Pengsuparp 

et al., 1994). Curtisia dentata is an excellent source of betulinic acid, estimated at 

approximately 25% in the dichloromethane extract of the leaves. This level of 

betulinic acid has not been reported anywhere in the Cornaceae family. In Betula 

species the betulinic acid content is estimated at 22% (Yogeeswari and Sriram, 

2005). 

 

Betulinic acid, lupeol and ursolic acid resulted in clear zones on TLC bioautograms 

sprayed with C. albicans, S. aureus, E. coli and Enterococcus faecalis. Using the 

serial microplate dilution method, betulinic acid, ursolic acid and colosolic acid 

resulted in appreciable inhibition of fungal growth with MIC values ranging from 8 to 

63 µg/ml. A similar trend was observed with the bacterial test organisms. The 

extracts were more active than isolated compounds against bacterial test organisms, 

suggesting that perhaps synergism plays an important role in the activity of the plant 

species. All the three compounds possess a carboxyl (-COOH) group at position 28. 

It has been reported that the 28-COOH and the ester functionality at C-3 may be 

involved in the pharmacological actions of some triterpenoids (Mallavadhan et al., 

2004). This suggestion may account for the low antifungal activity of lupeol which 

lacks the 28-COOH group. This may further suggest that 28-COOH may be important 

for pharmacological actions of these and other triterpenoids.  

 

9.4. ANTHELMINTHIC ACTIVITY 
 

Some antifungal compounds are also active against nematodes, therefore the 

anthelminthic activity of the extracts and isolated compounds were investigated. 

Extracts of different medicinal plants show anthelminthic activity against both 

parasitic and free-living nematodes in both in vivo and in vitro experiments (Raj, 

1975; Enwerem et al., 2001; Ademola et al., 2004). Recently, Hounzangbe-Adote et 

al. (2005) tested the in vitro effects of extracts of four tropical plants on activity 

against parasitic nematodes. However, there exist no reports regarding anthelminthic 

activity of C. dentata extracts against both parasitic and free-living nematodes. 

 

Lupeol and betulinic acid together with the acetone and dichloromethane extracts of 

Curtisia dentata were investigated for the presence of anthelminthic activity. This 

appears to be the first report of the anthelminthic activity of extracts of Curtisia 
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dentata. In this study betulinic acid inhibited the motility of Trichostrongylus 

colubriformis, Haemonchus contortus and Caenorhabditis elegans. Enwerem et al. 

(2001) reported that betulinic acid inhibited the motility of C. elegans at 500 μg/ml 

(100 μg/ml achieved about 76% inhibition of motility). In our study betulinic acid 

achieved 100% inhibition of motility at 200 μg/ml. Our results are comparable with 

those reported by Enwerem et al. (2001). These findings further suggest that the 

activity against C. elegans was only observable at high concentrations of betulinic 

acid. Though C. elegans is a valid model organism for the discovery of broad-

spectrum anthelminthics, the efficacy of betulinic acid as an anthelminthic has not 

previously been elevated to include studies on parasitic nematodes. This study 

demonstrated that betulinic acid has anthelminthic activity against parasitic 

nematodes at high concentrations (40-200 μg/ml). Ursolic acid and hydroxyursolic 

acid were isolated in inadequate quantities and these compounds could not be tested 

for anthelminthic activity.  

 

9.5. CYTOTOXICITY 
 

The cytotoxicity of lupeol and betulinic acid was determined against Vero cells. 

Toxicity of betulinic acid was comparable to that of berberine with an LC50 value of 

about 10 μg/ml. Lupeol was less toxic to the cells with an LC50 value of 90 μg/ml. 

Some researchers reported that the pharmacological actions of betulinic acid are 

associated with little cytotoxic activity.  

 

The selectivity index values calculated for betulinic acid were below 1 for all the 

microorganisms. This could mean that some of the observed activity of betulinic acid 

against bacteria and fungi emanated from toxicity. Bacteria and fungi were all 

susceptible to betulinic acid, further suggesting that this compound is non-specific in 

its antimicrobial activity.  

 

9.6. IN VIVO STUDIES 
 
The isolated compounds and extracts were investigated for their in vivo wound 

healing activity and antifungal activity against C. albicans. Progression of wound 

healing in a topical rat model (either enhanced or at a normal rate) was used as 

measure of antifungal activity. The rate of wound healing of lesions treated with 

different plant-derived formulations remained comparable with the positive 

(amphotericin B) and negative (cream only) controls. This model needs to be 
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validated and optimized. It may require the use of known wound-invading 

microorganisms in the tests. This model did not yield any evidence of in vivo 

antifungal activity and wound healing activity of the acetone and water extracts of C. 

dentata and isolated compounds (lupeol and betulinic acid). 

 
9.7. CONCLUSIONS 
 
From a pool of seven plant species Curtisia dentata contained more antibacterial and 

antifungal compounds than any of the six species investigated. C. dentata, 

Terminalia sambesiaca and T. phanerophlebia were the most active against fungal 

pathogens based on MIC values. Part of the activity of C. dentata could be attributed 

to the triterpenoids that were isolated. Ursolic acid, betulinic acid and colosolic acid 

were active against bacterial and fungal test organisms. Surprisingly the extracts 

were more active against bacterial organisms than the isolated compounds indicating 

possible synergistic effects.  

 

Lupeol was more active against nematodes. Therefore, this project is further proof 

that plants contain biologically active compounds. Synthetic chemistry techniques to 

make derivatives of the isolated compounds may enhance their solubility in water, 

increase their efficacy and even improve specificity of the compounds. Betulinic acid 

was isolated in large amounts from the leaves of Curtisia dentata. Derivatives of 

betulinic acid were shown to be more active inhibitors of HIV-1 reverse transcriptase 

than the parent compound (betulinic acid) (Pengsuparp et al., 1994).  

 

Based on the cytotoxicity data of betulinic acid and the crude extracts, the 

therapeutic effects of this compound or extracts may be limited only to low 

concentrations. Further investigation to ascertain the safety of the compounds and 

extracts to treat candidosis are required. The cytotoxicity data in this study was only 

obtained with Vero cells (monkey kidney line), and thus studies with several human 

cell lines may further indicate the safety of the compounds and extracts of Curtisia 

dentata as treatment regiments against candidosis. Furthermore if candidosis is 

treated by topical application and the toxic components are not absorbed, a useful 

product may still be developed from Curtisia dentata leaves.  Because preparations 

of the extracts, betulinic acid and lupeol in aqueous cream did not result in any 

observable pathology on rats, topical application may be a viable route  to combat 

Candida albicans infections. A total activity of 1072 ml/g for leaf extracts means that 

the quantity extracted from 1 g can be diluted to more than a litre and still inhibit the 
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growth of C. albicans. Another approach is that derivatization of this compound may 

provide less toxic and still efficacious derivatives. 

 

It would therefore be worthwhile to invest human and financial resources for 

intensified screening of medicinal plants with the realistic hope of finding potential 

antibiotic drugs and cheap alternative medicines. The focus must not only be to 

isolate compounds, but also to investigate the efficacy of the extracts as these would 

be cheaper and more freely available. 

 

 

 

 
 
 



 156

CHAPTER 10 
REFERENCES 

 
Ademola, I.O., Fagbemi, B.O., Idowu, S.O. 2004. Evaluation of the anthelmintic activity of 

Khaya senegalensis extract against gastrointestinal nematodes of sheep: In vitro and in 

vivo studies. Veterinary Parasitology 122, 151-164. 

Aiken, C., Chen, C.H. 2005. Betulinic acid derivatives as HIV-1 antivirals. Trends in Molecular 

Medicine 11, 31-36.  

Ahmad, I., Beg, Z. 2001. Antimicrobial and phytochemical studies on 45 Indian medicinal plant 

against multi-drug resistant human pathogens. Journal of Ethnopharmacology 74, 113-

123. 

Aké Assi, L., Guinko, S. 199).Plants used in traditional medicine in West Africa. Editions 

Roche, Basel, Switzerland, pg. 90. 

Aketch, C.A. 1992. A preliminary survey of the conservation status of some plant species in 

Kenya. In: Edwards, S., Asfaw, Z. (eds), The status of some plant resporces in parts of 

Tropical Africa. Botany 2000: East and Central Africa. NAPRECA Monograph Series No. 

2. NAPRECA, Addis Ababa University, Addis Ababa, pp. 57-65. 

Akhtar, M.S., Iqbal, Z., Khan, M.N., Lateef, M., 2000. Anthelmintic activity of medicinal plants 

with particular reference to their use in animals in the Indo-Pakistan subcontinent. Small 

Ruminants Research 38, 99–107. 

Akunyili, D.N., Houghton, P.J., Raman, A. 1991. Antimicrobial activities of the stembark of 

Kigelia pinnata. Journal of Ethnopharmacol. 35, 173-177. 

Agarwal, R.B., Rangari, V.D. 2003. Anti-inflammatory and antiarthritic activities of lupeol and 

19α-H lupeol isolated from Strobilanthus callosus and Strobilanthus ixiocephala roots. 

Indian Journal of Pharmacology 35, 384-387.  

Aratanechemuge, Y., Hibasami, H., Sanpin, K., Katsuzaki, H., Imai, K., Komiya, T. 2003. 

Induction of apoptosis by lupeol isolated from mokumen (Gossampinus malabarica L. 

Merr) in human promyelocytic leukemia HL-60 cells. Oncology Reports 11, 289-282. 

Ayafor, J.F., Sondengam, B.L., Ngadjui, B.T. 1982. Quinoline and indolopyridoquinazoline 

alkaloids from Vepris louisii. Phytochemistry 21, 2733-2736. 

Ayensu, E.S., DeFilipps, R.A. 1978. Endangered and threatened plants of the United States. 

Smithsonian Institution, Washington, DC. 

Baglin, I., Mitaine-Offer, A.C., Nour, M., Tan, K., Cave, C., Lacaille-Dubois, M.A. 2003. A 

review of natural and modified betulinic, ursolic and echinocystic acid derivatives as 

potential antitumor and anti-HIV agents. Mini Reviews in Medicinal Chemistry 3, 525-539. 

Balandrin, M.F., Klocke, J.A., Wurtele, E.S., Bollinger, W.M. 1985. Natural plant chemicals: 

sources of industrial and medicinal materials. Science, 228, 1154-1160. 

 
 
 



 157

Balick, M.J., Arvigo, R., Romero, L. 1994. The development of an ethnomedical forest 

reserve in Belize: its role in the preservation of biological and cultural diversity. 

Conservation Biology 8, 316-317. 

Balick, M.J., Cox, P.A. 1997. Plants, people, and culture: the science of ethnobotany. 

Scientific American Library, New York, NY. 

Balunas, M.J., Kinghorn, A.D. 2005. Drug discovery from medicinal plants. Life Science 78, 

431-441. 

Bandaranayake, W.M., Gunasekera, S.P., Karunanayake, S., Sotheeswaran, S. and 
Sultanbawa, M.U.S. (1975). Chemical investigations of Ceylonese plants. 13 terpenes of 

Dipterocarpus and Doona species. Phytochemistry 14, 2043 - 2045. 

Basch, P.F., (1991). In: Schistosomes: Development, Reproduction and Host Relations, Oxford 

University Press, New York. 

Becker, H., Scher, J.M., Speakman, J.-B. and Zapp, J. (2005). Bioactivity guided isolation of 

antimicrobial compounds from Lythrum salicaria 76, 580 – 584. 

Begue, W.J. and Kline, R.M. (1972). The use of tetrazolium salts in bioautographic 

procedures. Journal of Chromatography 64, 182 – 184. 

Begum, S., Hassan, S.I., Siddiqui, B.S., Shaheen, F., Ghayur, M.N., Gilani, A.H. 2002. 

Triterpenoids from the leaves of Psidium guajava. Phytochemistry 61, 399-403. 

Bennett, J.E. 1996. Antimicrobial agents: Antifungal agents. In: A.G. Gilmamn, T.W. Rall, AS 

Nies & P. Taylor (eds). Goodman and Gilman’s the pharmacological basis of 

thereapeutics, 8th ed.Pergamon Press, Inc., Elmsford, N.Y. pp. 1175-1190. 

Bhakuni, R.S., Shukla, Y.N., Thakur, R.S. 1987. Triterpenoids from Cornus capitata. 

Phytochemistry 26, 2607-2610. 

Bizimenyera, E.S., Githiori, J.B., Eloff, J.N., Swan. G.E. 2006. In vitro activity of Peltophorum 

africanum Sond. (Fabaceae) extracts on the egg hatching and larval development of the 

parasitic nematode Trichostrongylus colubriformis. Veterinary Parasitology  

doi:10.1016/j.vetpar.2006.06.013. 
Bodestein, J.W. 1973. Observations on medicinal plants. South African Medical Journal 47, 

336-338. 

Bohbot, J.M. 1996. Acquisitions re’centes sur la physiopathologie des candidosis 

vulvovaginales. Journal of Infectious Diseases 354, 25-28. 

Bombardelli, E., Martinelli, E.M., Mustich, G. 1974. Plants of Mozambique VII. Triterpenoids 

of Terminalia sericea. Phytochemistry 13, 2559-2562. 

Braghilori, L., Mazzanti, G., Manganaro, M., Mascellino, M.T., Vespertilli, T. 1996. 

Antimicrobial activity of Calluna vulgaris. Phytotherapy Research 6, S88. 

Brenner,  S. 1974, The genetics of Caenorhabditis elegans, Genetics 77, 71–94. 

 
 
 



 158

Burkill, H.M. (1997). The useful plants of West Tropical Africa, vol. 4, second ed. Royal 

Botanic Gardens Kew, pg. 88-144. 

Burns, D., Reynolds, W.F., Buchanan, G., Reese, P.B., Enriquez, R.G. 2000. Assignment of 

1H and 13C spectra and investigation of hindered side-chain rotation in lupeol derivatives. 

Magnetic Resonanace Chemistry 38, 488-493. 

Carlsten, H., Holmdahl R., Tarkowski, A. 1991. Analysis of the genetic encoding of oestradiol 

suppression of delayed-type hypersensitivity in (NZB x NZW) F1 mice. Immunology 

73,186-190. 

Cawson, R.A. 1966. Chronic oral candidosis, denture stomatitis and chronic hyperplastic 

candidosis. In: Winner, H.I., Hurley, R., eds. Symposium on Candida infections. 

Edinburgh: Livinstone. pg. 139-152. 

Chhabra S.C., Mahunnah, B.L.A., Mshiu, E.N. 1987. Plants used in traditional medicine in 

eastern Tanzania. I. Pteridophytes and angiosperms (acanthaceae to canellaceae). 

Journal of Ethnopharmacology 21, 253-277. 

Chiang, Y.-M., Chang, J.-Y., Kuo, C.-C., Chang, C.-Y., Kuo, Y.-H. 2005. Cytotoxic triterpenes 

from the aerial roots of Ficus microcarpa. Phytochemistry 66, 495-501. 

Chaiyadej, K., Wongthap, H., Vadhanavikit, A., Chantrapromma, K. 2004. Bioactive 

constituents from twigs of Sonneratia alba. Walailak Journal of Science and Technology 

1, 15-22. 

Chandramu, C., Manohar, R.D., Krupadanam, D.G., Dashavantha, R.V. 2003. Phytotherapy 

Research 17, 129. 

Chithra, P., Suguna, L., Chandrakasan, G. 1995.  Influence of arginine wound healing in rats. 

Journal of Clinical Biochemistry and nutrition 18, 111-117. 

Cleveland, W.W., Fogel, B.J., Brown, W.T. 1968. Fetal thymic transplant in case of DiGeorge 

syndrome. Lancet ii, 1211-1214. 

Corner, B.E., Magee, P.T. 1997. Candida pathogenesis: Unravelling the threads of infection. 

Current Biology 7(11): R691-R694. 

Coates Palgrave, K. 1977. Trees of Southern Africa. Struik, Cape Town, South Africa. 

Coles, G.C., Bauer, C., Borgesteede, F.H.M., Geerts, S., Kiel, T.R., Taylor, M.A., Waller, 
P.J. 1992. World Association for the Advancement of Veterinary Parasitology (WAAVP) 

methods for the detection of anthelmintics resistance in nematodes of veterinary 

importance. Veterinary Parasitology 44, 35-44. 

Collins, M.A., Charles, H.P. 1987. Antimicrobial activity of carnosol and ursolic acid: two anti-

oxidant constituents of Rosmarinus officinalis L. Food Microbiology 4, 311-315. 

Cowan, M.M. 1999. Plant products as antimicrobial agents. Clinical Microbiology Reviews 12, 

564-582. 

 
 
 



 159

Cox, P.A. 1994. The ethnobotanical approach to drug discovery: strengths and limitations. In: 

Ethnobotany and the search for new drugs. Wiley, Chichester (Ciba Found Symp 185), 

pg. 25-41. 

Cronquist, A. 1981. An Integrated System of Classification of Flowering Plants. Columbia 

University Press, New York. P. 1243. 

Cullinan K. 2006. Hospitals in crisis: Special Investigation. Health-e. www.health-e.org.za.  

Cunningham, A.B. 1988. An investigation of the herbal medicine trade in Natal/KwaZulu. 

Investigational Report No. 29, Institute of Natural Resources, University of Natal, 

Pietermaritzburg, South Africa.  

Cunningham, A.B. 1991. Development of a conservation policy on commercially exploited 

medicinal plants: A case study from southern Africa. In: Heywood, V., Synge, H. and 

Akerele, O. (eds). Conservation of Medicinal Plants. Cambridge University Press, 

Cambridge, UK.  pp. 337-358.  
Cunningham, AB. 1993. African medicinal plants: setting priorities at the interphase between 

conservation and primary healthcare. Peoples and plants working paper 1, 1-50.   

Dahanukar, S.A., R.A., Kulkarni, Rege N.N. 2000. Pharmacology of medicinal plants and 

natural products - Indian Journal of Pharmacology 32, S81-118. 

Dancer, S.J. 2005. How antibiotics can make us sick: the less obvious adverse effects of 

antimicrobial chemotherapy. Infectious Diseases 4, 611-619. 

Das, M.C.,  Mahato, S.B. 1983. Triterpenoids. Phytochemistry , 22, 1071-1095. 

Dauskardt, R. 1990. The changing geography of traditional medicine: urban herbalism on the 

Witwatersrand, South Africa. GeoJournal 22, 275-283.  

Denning, D.W., Evan, E.G.B., Kibbler, C.C., Richardson, M.D., Roberts, M.M., Rogers, T.R. 
1995. Working group of the British Society for Medical Mycology. Management of genital 

candidiasis. British Medical Journal 310, 1241-1244.  
Dick, J.D., Rosengard, B.R., Merz, W.G., Stuart, R.K., Hutchins, G.M., Saral, R. 1985. Fatal 

disseminated candidiasis due to amphotericin B-resistant Candida guilliermondii. Annals 

of Internal Medicine 102, 67-68. 

Dictionary of Natural Products on CD-ROM, release 4:2. 1966. Chapman & Hall, London. 

Dlamini, PM. 2000. The Flora Protection Act, 2000. Legal Notice No. 10 of 2000. Gazetted as 

vol XXXVIII Mbabane. Presented by the Minister for Agriculture and Cooperatives, 

Kingdom of Swaziland. 

Do, Q.T., Bernard, P. 2004. Pharmacognosy and reverse pharmacognosy: a new concept for 

accelerating natural drug discovery. Drugs 7, 1017-1027. 

Dold, A.R., Cocks, M.L. 2001. Traditional veterinary medicine in the Alice district of the 

Eastern Cape Province, South Africa. South African Journal of Science 97, 375-379. 

Duke, J.A. 1985. Handbook of Medicinal Herbs. CRC Press Inc., Boca, Raton, Fla. 

 
 
 



 160

Dulger, B., Gonuz, A. 2004. Antimicrobial activity of some Turkish medicinal plants. Pakist. 

Journal of Biological Science 7, 1559-1562. 

DuPont, B. 1992 Antifungal therapy in AIDS patients. In: New Strategies in fungal disease. 

Bennett JE, Hay RJ & Petersen PK (eds). Churchill Livingstone, London. pp. 290-300. 
Elgorashi, E.E., Taylor, L.S., Maes, A., van Staden, J., De Kimpe, N., Verschaeve, L. 2003. 

Screening medicinal plants used in South Africa for genotoxic effects. Toxicology Letters 

143, 195-207. 

Eloff, J.N. 1998a. Which extractant should be used for the screening and isolation of 

antimicrobial components from plants? Journal of Ethnopharmacology 60, 1 – 8. 

Eloff, J.N. 1998b. A sensitive and quick method to determine the minimum inhibitory 

concentration of plant extracts for bacteria. Planta Medica 60, 1-8. 

Eloff, J.N. 1999. The antibacterial activity of 27 southern African members of the 

Combreatceae. South African Journal of Science 95, 148-152. 

Eloff, J.N. 2001. Antibacterial activity of Marula (Sclerocarya birrea (A. rich) Hochst. Subsp. 

Caffra (Sond.) Kokwaro) (Anacardiaceae) bark and leaves. Journal of 

Ethnopharmacology 76, 305-308.  

Eloff, J.N. 2004. Quantifying the bioactivity of plant extracts during screening and bioassay-

guided fractionation, Phytomedicine 11 (2004), pp. 370–371. 

El-Tahir, A., Satti, G.M.H., Khalid, S.A. 1999. Antiplasmodial activity of selected Sudanese 

medicinal plants with emphasis on Maytenus senegalensis (Lam.) Exell. Journal of 

Ethnopharmacology 64, 227-233. 

Enwerem, N.M., Okogun, J.I., Wambebe, C.O., Okorie, D.A., Akah, P.A. 2001. Anthelmintic 

activity of the stem bark extracts of Berlina grandiflora and one of its active principles, 

Betulinic acid. Phytomedicine 8, 112-114. 

Fabricant, D.S., Farnsworth, N.R. 2001. The value of plants used in traditional medicine for 

drug discovery. Environmental Health Perspectives 109, 69-75. 

Famakin, J. O. 2002. Investigation of antimicrobial compounds present in Combretum woodii, 

MSc thesis, University of Pretoria. 

Farah, C.S., Ashman, R.B., Challacombe, S.J. 2000. Oral Candidosis. Clinics in Dermatology 

18, 553-562. 

Farnsworth, N.R. 1988. Screening plants for new medicines. In: Wilson, E.O. (Ed.), 

Biodiversity. National Academic Press, Washington D.C. pp. 83-97.  

Farnsworth, N.R. and Soejarto, D.D. 1991 Global importance of medicinal plants. In: Akerele 

O, Hetwood V & Synge H (eds). Conservation of Medicinal Plants. Cambridge University 

Press. Cambridge. 

Fennell, C.W., Lindsey, K.L., McGaw, L.J., Sparg, S.G., Stafford, G.I., Elgorashi, E.E., 
Grace, O.M., van Staden, J. 2004. Assessing African medicinal plants for efficacy and 

 
 
 



 161

safety: pharmacological screening and toxicology. Journal of Ethnopharmacology 94, 

205-217. 

Ferrer, J. 2000. Vaginal candidosis: epidemiological and etiological factors. International 

Journal of Gynecology and Obstetrics 71, S21-S27. 

Fisher-Hoch S.P., Hutwanger L. 1995. Oppurtunistic Candidiasis: an epidemic of the 1980’s, 

Clinical and Infectious Diseases 21, 897-904. 

Flekhter, O.B., Boreko, E.I., Nigmatullina, L.R., Tret'iakova, E.V., Pavlova, N.I., Baltina, 
L.A., Nikolaeva, S.N., Savinova, O.V., Galin, F.Z., Tolstikov, G.A. 2003. Synthesis and 

antiviral activity of ureides and carbamates of betulinic acid and its derivatives. Bioorganic 

Chemistry 29, 655-61.  
Forward, Z.A., Legendre, A.M., Khalsa, H.D.S. 2002. Use of intermittent bladder infusion with 

clotrimazole for treatment of candiduria in a dog. Journal of the American Veterinary 

Medicine Association 220, 1496-1498. 

Foxman B. 1990. The epidemiology of vulvovaginal candidiasis: risk factors. American  Journal 

of Public Health 80, 329-331. 

Francis, P., Walsh, TJ. 1992. Evolving role of flucytosine in immunocompromised patients: 

new insights into safety, pharmacokinetics, and antifungal therapy. Clinical and Infectious. 

Diseases 15, 1003-1018. 

Fujoka, T., Kashiwada, Y. 1994. Anti-AIDS agents. Betulinic acid and platanic acid as anti-HIV 

principles from Syzigium claviflorum and the anti-HIV activity of structurally related 

triterpenoids. Journal of Natural Products 57, 243 – 247. 

Fulton, R.B., Jr., Walker, R.D. 1992. Candida albicans urocystitis in a cat. Journal of American 

Veterinary Medicine Association 200, 524-526. 

Fyhrquist, P., Mwasumbi, L., Hæggström, C.-A, Vuorela, H., Hiltunen, R., Vourela, P., 
2002. Ethnobotanical an antimicrobial investigation on some species of Terminalia and 

Comretum (Combretaceae) growing in Tanzania. Journal of Ethnopharmacology 79, 169-

177. 

Gates, P. 2000. Herbal warning: medicinal trees – a resource for the future being squandered 

in the present. Trees in trouble: A New Campaign to Save the World’s Raresr Species. 

Supplement to BBC Wildlife Magazine, October 2000, pp. 15. 

Graybill, J. R. 1989. New antifungal agents. European Journal of Clinical Microbiology and 

Infectious Diseases 5, 402-412. 

Geetha, A., Varalakshmi, P. 2001. Anti-inflammatory activity of lupeol and lupeol linoleate in 

rats. Journal of Ethnopharmacology 76, 77-80. 

Gelfland, M., Mavi, S., Drummond, R.B., Ndemera, B. 1985. The traditional medical 

practitioner in Zimbabwe. Mambo Press, Zimbabwe.   

 
 
 



 162

Gerding, P.A., Jr., Morton, L.D., Dye, J.A. 1994. Ocular and disseminated candidiasis in an 

immuno-suppressed cat. Journal of American Veterinary Medicine Association 204, 1635-

1638. 

Germanò, M.P., D’Angelo, V., Sanogo, R., Catania, S., Alma, R. De Paquale, R., 
Bisignano, G. 2005. Hepatoprotective and antibacterial effects of extracts from Trichilia 

emetica Vahl. (Meliaceae). Journal of Ethnopharmacology 96, 227-232. 

Gerstner, J. 1938. A preliminary checklist of Zulu names of plants with short notes. Bantu 

Studies 12: 215-236; 321-342. In: George J, Liang M.D., Drewes S.E. (2001) (eds). 

Phytochemical Research in South Africa. South African Journal of Science 97, 93-105. 

Gerstner, J. 1941. A preliminary checklist of Zulu names with short notes. Bantu Studies 15, 

277-301, (4), 369-383. 

Goldring, J. 1990. A plant red data list for southern Africa. SABONET news, 4, 111-118. 

Govindachari, T.R., Patankar, S.J., Viswanathan, N. 1971. Isolation and structure of two new 

dihydroisocoumarins from Kigelia pinnata. Phytochemistry 10, 1603-1606. 

Grace, O.M., Prendergast, H.D.V., van Staden, J., Jäger, A.K. 2002. The status of bark in 

South African traditional healthcare. South African Journal of Science 68, 21-30. 

Green, E.C. 1992. Sexually transmitted diseases, ethnomedicine and health policy in Africa. 

Social Sci. Med. 35, 121-130. 

Greene, C.E., Chandler, F.W. 1998 Candidiasis, torulopsosis, and rhodotorulosis. In: 

Infectious diseases of dog and cat. W.B. Saunders, Philadelphia, 2th ed., p. 414-417. 

Grierson, D.S., Afolayan, A.J. 1999. An ethnobotanical study of plants used for treatment of 

wounds in the Eastern Cape, South Affrica. Journal of Ethnopharmacology 67, 327-332. 

Grillo, H.C. 1964. Research in wound healing. In: Ballinger F, eds. Research Methods in 

research. The National Cancer Institute. pg. 235-254. 

Guevara, A.P., Amor, E., Graeme Russell, R. 1996. Antimutagens from Plumeria acuminata 

Ait. Mutation Research/Environmental Mutagenesis and Related Subjects 361, 67-72.   

 Gunatilaka, A.A.L., Botzani, V.S., Dagne, A., Hoffmann, G.A., Johnsen, R.K., McCabe, 
F.L., Mattern, R.M., Kingston, D.G.I. 1998. Limnoids showing selective toxicity to DNA 

repair-deficient yeast and other constituents of Trichilia emetica. Journal of Natural 

Products 61, 179-184. 

Gunzinger, J., Msonthi, J.D., Hostettmann, K. 1996. Molluscicidal saponins from Cussonia 

spicata. Phytochemistry 25, 2501-2503. 

Gurib-Fakim, A. 2006. Medicinal Plants: Traditions of yesterday and drugs of tomorrow. 

Molecular Aspects of Medicine 27, 1-93. 

Gurib-Fakim, A., Sewraj, M., Guého, J., Dulloo, E. 1993. Medical ethnobotany of some 

weeds of Mauritius and Rodriques. Journal of Ethnopharmacol. 39, 175-185. 

 
 
 



 163

Halberstein, R.A. 2005. Medicinal plants: Historical and Cross-cultural usage patterns. Annals 

of Epidemiology 15, 686-699. 

Hamburger, M.O., Cordell, G.A. 1987. A direct bioautographic TLC assay for compounds 

possessing anti-bacterial activity. Journal of Natural Products 50, 19-22. 

Hamburger, M., Hostettman, K. 1991. Bioactivity in plants: The link between phytochemistry 

and medicine. Phytochemistry 30, 3864-3874. 

Hammond, J.A., Fielding, D., Bishop, S.C. 1997. Prospects for plant anthelmintics in tropical 

veterinary medicine. Veterinary Research Communications 21, 213-228. 

Hamzah, A.S., Lajis N.H. 1998. Chemical constituents of Hedyotis herbacea. ASEAN Review 

of Biodiversity and Environmental Conservation, Article 11, 1-6. 

Harbone, J.B. 1991. Recent advances in the ecological chemistry of plant terpenoids. In: 

Ecological Chemistry and Biochemistry of Plant Terpenoids, J.B. Harbone and F.A. 

Thomas-Barberan, eds. Claredon Press, Oxford, pp. 399-426. 

Hata, K., Hori, K., Takahashi, S. 2002. Differentiation and apoptosis-inducing activity of 

pentacyclic triterpenes on mouse melanoma cell line. Journal of Naural Products 65, 645-

648. 

Hatano, T., Ogawa, N., Kira, R., Yasuhara, T., Okuda, T. 1989. Tannins of cornaceous plants 

I. Cornusiins A, B and C, dimeric, monomeric and trimeric hydrolyzable tannins from 

Cornus officinalis, and orientation of valoneoyl group in related tarinins. Chemical and 

Pharmaceutical Bulletin 37, 2083-2090. 

Hedberg, I., Staugárd, F. 1989. Traditional medicine in Botswana. Traditional Medicinal 

Plants. Ipelegeng Publishers, Gaborone. 

Henrich, M. 2003. Ethnobotany and natural products: the search for new molecules, new 

treatments of old diseases or a better understanding of indigenous cultures? Current 

Trends in Medicinal Chemistry 3, 141-154. 

Nenry, K.W., Nickels, J.T., Edlind, T.D. 2000. Upregulation of ERG genes in Candida 

albicans species by azoles and other sterol biosynthesis inhibitors. Antimicrobial Agents 

and Chemotherapy 44, 2693-2700. 

Hertzberg, H., Bauer, C. 2000. Anthelmintika-Resistenzen bei Magen-Darm-Strongyliden von 

Schafen un Ziegen: Aktuelles uber Verbreitung, Epidemiologie, Vorbeuemassnahmen 

und Alternativen zum Anthelmintika-Einsatz. Berl. Munich. Tieraztl. Wschr. 113, 122-128. 

Higashimoto, M., Purintrapiban, J., Kataoka, K., Kinouchi, T., Vinitketkumnuen, U., 
Akimoto, S., Matsumoto, H., Ohnishi, Y. 1993. Mutagenicity amd antimutagenicity of 

three species and a medicinal plant inThailand. Mutagenicity Research 303, 135-142. 

Higgs, J.M., Wells, R.S. 1972. Chronic mucocutaneous candidosis: associated abnormalities 

of iron metabolism. Br. J. Dermatol. 86, 88-102. 

 
 
 



 164

Hiroya. K., Takahashi, T., Miura, N., Naganuma, A., Sakamoto, T. 2002. Synthesis of betulin 

derivatives and their protective effects against the cytotoxicity of cadmium. Biorganinc and 

Medicinal Chemistry 10, 3229-3236. 

Hoareau, L., DaSilva, E.J. 1999. Medicinal plants: a re-emerging health aid. Electronic Journal 

of Biotechnology 2, 56-70. 

Horak, I.G. 2003. Parasites of domestic and wild animals in South Africa. XLII. Helminths of 

sheep on four farms in the Eastern Cape Province. Onderstepoort Journal of Veterinary 

Research 70, 175-186. 

Horak, I.G., Evans, U., Purnell, R.E. 2004. Parasites of domestic and wild animals in South 

Africa. XLV. Helminths of dairy calves on dry-land Kikuyu grass pastures in the Eastern 

Cape Province. Ondestepoort Journal of Veterinary Research 71, 291-306.  

Hördegen, P., Hertzberg, H., Heilmann, J., Langhans, W., Maurer, V., 2003. The 

anthelmintic efficacy of five plant products against gastrointestinal trichostrongylids in 

artificially infected lambs. Veterinary Parasitology 117, 51-60.  
Hostettmann. K., Marston, A., Ndjoko, K., Wolfender, J.-L. 2000. The potential of African 

plants as a source of drugs. Current Organic Chemistry 4, 973-1010. 

Horiuchi, K., Shiota, S., Hatano, T., Yoshida, T., Kuroda, T., Tsuchiya, T. Antimicrobial 

activity of oleanolic acid from Salvia officinalis and related compounds on vancomycin-

resistant Enterococci (VRE). Biological and Pharmaceutical Bulletin 30, 1147-1149.  
Hounzangbe-Adote, M.S., Paolini, V., Fouraste, I., Moutairou, K., Hoste, H. 2005. In vitro 

effects of four tropical plants on three life-cycle stages of the parasitic nematode, 

Haemonchus contortus. Research in Veterinary Science 78, 155-160. 

Hubert, J., Kerboeuf, D. 1992. A microlarval development assay for the detection of 

anthelmintic resistance in sheep nematodes. Veterinary Research 130, 442-446.  

Hutchings, A., Scott, A.H., Lewis, G., Cunningham, A.B. 1996. Zulu Medicinal plants: An 

inventory. University of Natal Press, Pietermaritzburg. 

Idris, A.A, Adam, S.E.I., Tartour, G. 1982. The anthelmintic efficacy of Artemisia herba-alba 

against Haemonchus contortus infection in goats, National Institute of Animal Health 

Quartely 22, 138-143. 

Iqbal, Z., Lateef, M. Ashraf, M., Jabbar, A. 2004. Anthelmintic activity of Artemisia brevifolia in 

sheep. Journal of Ethnopharmacology 93, 265-268. 

Iwu, M.M. 1993. Handbook of African Medicinal Plants. CRC Press, Boca Raton. 

Iwu, M.M., Anyawu, B.N. 1982. Anti-inflammatory and anti-arthritic properties of Terminalia 

ivorensis. Fitoterapia 52, 25-34. 

Jang, H.M., Yeon, H.B., Soo, K.M., Ho, L.D., Jung, K.S., Seup, R.J., Soon, L.K. 1998. 

Chemical components from the stem bark of Cornus controversa HEMSL. Saengyak 

Hakhoechi 29, 225-230. 

 
 
 



 165

Jassbi A.R. 2006. Chemistry and biological activity of secondary metabolites in Euphorbia from 

Iran. Phytochemistry 67, 1977-1984. 

Joseph-Horne, T., Hollomon, D.W. 1997. Molecular mechanisms of azole resistance in fungi. 

FEMS Microbiology Letters. 149, 141-149. 

Kao, A., Brandt, M.E., Pruitt, W.R. 1999. The epidemiology of candidemia in two United 

States cities: results of a population-based active surveillance. Clinical and Infectectious 

Diseases 29, 1164-1170. 

Kashiwada Y., Chiyo J., Ikeshiro Y., Nagao T., Okabe H., Cosentino L. M., Fowke K., 
Natschke S. L. M., Lee K. H., 2000.Chem. Pharm. Bull., 48, 138-1390. 

Kassie, F., Parzefall, W., Musk, S., Johnson, I., Lamprecht, G., Sontag, G., Knasmueller, 
S. 1996. Genotoxic effects of crude juices from Brassica vegetables and juices and 

extracts from phytopharmaceutical preparations and spices of cruciferous plants origin in 

bacterial and mammalian cells. Chemico-Biological Interactions 102, 1-16.  

Katerere, D.R., Gray, A.I., Nash, R.J., Waigh, R.D. 2003. Antimicrobial activity of pentacyclic 

triterpenes isolated from African Combretaceae. Phytochemistry 63, 81-88. 

Kaufman, P.B., Cseke, L.J., Warber, S., Duke, J.A. and Brielmann, H.L. 1999. Natural 

Products from Plants. CRC Press, Boca Raton, Florida. 

Kelly, S.L., Lamb, D.C., Kelly, D.E., Mannung, N.J., Löftler, J., Hebart, H., Schumacher, U., 
Einsele, H.  1997. Resistance to fluconazole and cross-resistance to amphotericin B in 

Candida albicans from AIDS patients caused by defective sterol delta 5,6-desaturation. 

FEBS letters 400, 80-82.  

Kelmanson, J.E., Jäger, K., van Staden, J. 2000. Zulu medicinal plants with antibacterial 

activity. Journal of Ethnopharmacology 69, 241-246. 

Klopper, R.R., Chatelain, C., Bänninger, V., Habashi, C. 2006. Checklist of the flowering 

plants of sub-Saharan Africa. 

Knuth, K. Mansoor, A., Robinson, J.R. 1993. Hydrogel delivery systems for vaginal and oral 

applications formulations and biological considerations. Advances in Drug Delivery 

Reviews 11, 137-167.  
Ko, W.-C., Paterson, D.L., Sagnimeni, A.J., Hansen, D.S., Von Gottberg, A., Mohapatra, 

S., Casellas, J.M., Gooseens, H., Mulazimoglu, L., Trenholme, G., Klugman, K.P., 
McCormack, J.,G Yu, V.L. 2002. Community-acquired Klebsiella pneumoniae 

bacteremia: global differences in clinical patterns. Emerging Infectious Diseases 8, 160-

166. 

Kobayashi, S.D. and J. E. Cutler. 1998. Candida albicans hyphal formation and virulence: Is 

there a clearly defined role? Trends Microbiology 6,92-94. 

 
 
 



 166

Kojima, A., Ogura, H. 1989. Configurational studies on hydroxy groups at C-2, 3 and 23 or 24 

of oleanene and ursene-type triterpenes by NMR spectroscopy. Phytochemistry 28, 1703-

1710. 

Kokwaro, O. 1976. Medicinal Plants of East Africa. East African Literature, Nairobi. 

Kostiala, I., Kostiala, A.A.I., Kahanpaa, A. 1979. Oral mycoses and their treatment. Acta 

Odontol Scand 37, 87-101. 

Kotze, M., Eloff, J.N., 2002. Extraction of antibacterial compounds from Combretum 

microphyllum (Combretaceae). South African Journal of Botany 68, 62-67. 

Krivan, H.C. 1989. Microbial adhesion: glycolipids as possible receptors for vaginal pathogens. 

Orlando, Florida. Second International Conference on Vaginitis, March Abstract, 29: P3. 

Kubo, I., Klocke, J.A. 1982. Azadirachtin, insect ecdysis inhibitor. Agricultural and Biological 

Chemistry 46, 1951-1953. 

Kumar, D., Mishra, S.K., Tandan, S.K., Tripathi, H.C. 1995. Possible mechanism of 

anthelmintic action of palasonin on Ascaridia galli. Indian Journal of Pharmacology 27, 

161-166. 

Kusumoto, .IT., Shimada, I., Kakiuchi, N., Hattori, M., Namba, T., Supriyatna, S. 1992. 

Inhibitory effects of Indonesian plant extracts on reverse transcriptase of an mRNA 

Tumour Virus (I). Phototherapy Research 6, 241-244.  

Law, D., Moore, C.B., Wardle, H.M., Ganguli, L.A., Keaney, M.G., Denning, D.W. 1994. High 

prevalence of antifungal resistance in Candida spp. from patients with AIDS. Journal of 

Antimicrobial Chemotherapy 34, 659-668.  

Lee, T.B. 1993. In: Illustrated Flora of Korea. Seoul, Korea: Hyangmoonsa, p 539. 

Lee, D., Kang, S.-J., Lee, S.-H., Ro, J., Lee, K., Kinghorn, A.D. 2000. Phenolic compounds 

from the leaves of Cornus controversa. Phytochemistry 53, 405-407. 

Lee, S.H., Tanaka, T., Nonaka, G., Nishioka, I. 1989. Sediheptulose digallate from Cornus 

officinalis. Phytochemistry 28, 3469-3472. 

Liu, J. 1995. Pharmacology of oleanolic acid and ursolic acid. Journal of Ethnopharmacology 
49, 57-68. 

Louw, C.A.M., Reigner T.J.C., Korsten L. 2002. Medicinal bulbous plants of South Africa and 

their traditional relevance in the control of infectious diseases. Journal of 

Ethnopharmacology 82, 147-154. 

Lovkova, M.Ya., Buzuk, G.N., Sokolova S.M., Kliment’eva N.I. 2001. Chemical features of 

medicinal plants (Review). Applied Biochemistry and Microbiology 37, 229-237. 

Lovkova, M.Ya., Rabinovich, A,M., Ponomareva, S.M., Buzuk, G.N., Sokolova, S.M. 1990. 

Pochemu rasteniya lechat (why do plants cure?), Nauka, Moscow. 

Lupetti, A., Danesi, R., Campa, M., Del Tacca, M., Kelly, S. 2002. Molecular basis of 

resistance to azole antifungals. Trends in Molecular Medicine 8, 76-81. 

 
 
 



 167

Ma, C.-M., Cai, S.-Q., Cui, J.-R., Tu, P.-F., Hattori, M., Daneshtalab, M. 2005. The cytotoxic 

activity of ursolic acid derivatives. European Journal of Medicinal Chemistry 40, 582-589. 

Ma, C., Nakamura, N., Miyashiro, H., Hattori, M., Shimotohno, K. 1999. Inhibitory effects of 

constituents from Cynomorium songaricum and related triterpene derivatives on HIV-1 

protease. Chemical and Pharmaceutical Bulletin 47, 141-145. 
Ma, C.M., Nakamura, N., Hattori, M. 2000.Chemical and Pharmaceutical Bulletin 48, 1681-

1688. 

Mabogo, D.E.N. 1990. The ethnobotany of the VhaVenda. MSc Thesis. University of Pretoria. 

Magee, P.T. 1998. Which came first: the hypha or the yeast? Science 277, 52-53. 

Mahato, S.B., Kundu, A.P. 1994. 13C NMR spectra of pentacyclic triterpenoids – A 

compilation and some salient features. Phytochemistry, 37, 1517-1575. 

Mahato, S.B., Sarkar, S.K., Poddar, G. 1988. Triterpenoid saponins. Phytochemistry. 27, 
3037-3067. 

Majno, G., Joris, I. 1996. In: Cells, Tissues, and Diseases: Principles of General Pathology. 

Blackwell Science. 

Mallavadhani, U.V., Mahapatra, A., Jamil, K., Reddy, P.D. 2004. Antimicrobial Activity of 

Some Pentacyclic Triterpenes and Their Synthesized 3-O-Lipophilic Chains. Biological 

and Pharmaceutical Bulletin 27, 1576-1579. 

Mallavadhani, U.V., Panda, A.K., Rao, Y.R. 1998. Pharmacology and chemotaxonomy of 

Diospyros. Phytochemistry 49, 901-951. 

Malgras, D. 1992. Arbres et arbutes guerisseurs des savanes maliannes. Edition KARTHALA 

et ACCT, Paris, pg. 330-331. 

Mander, M. 1998. Marketing of indigenous medicinal plants in South Africa: A case study in 

KwaZulu-Natal,. FAO, Rome. pp. 67-71. 

Mander, M., Mander, J., Breen, C. 1996. Promoting the cultivation of indigenous plants for 

markets: experiences from KwaZulu-Natal, South Africa. In: Leakey, R.R.B., Temu, A.B., 

Melnyk, M., Vantomme, P. (eds) Domestication and commercialization of non-timber 

forest products in agroforestry systems. Proceedings of an international conference held 

in Nairobi, Kenya 19 – 23 February 1996. Non-Wood Forest Products 9. Food and 

Agriculture Organization of the United Nations, Rome, Italy, pp. 298. ISBN 92-5-103935-

6. 

Marshall, R.D., Rand, J.S., Gunew, M.N. 2002. Successful resolution of urinary candidiasis in 

a diabetic cat following treatment with insulin gliargine. Journal of Veterinary International 

Medicine 16, 373 

Martin M.V., 1999. The use of fluconazole and itraconazole in the treatment of Candida 

albicans infections: a review. Journal of Antimicrobial Chemotherapy, 44, 429-437. 

 
 
 



 168

Martini, N., Eloff, J.N. 1998. The preliminary isolation of several antibacterial compounds from 

Combretum erythrophyllum (Combretaceae). Journal of Ethnopharm. 62, 255-263. 

Masika, P.J., Afolayan, A.J. 2002. Antimicrobial activity of some plants used for the treatment 

of livestock disease in the Eastern Cape, South Africa. Journal of Ethnopharmacology 83, 

129-134. 

Masoko P. 2006. PhD thesis, University of Pretoria, South Africa. 

Masoko, P., Picard, J., Eloff, J.N. 2005. Antifungal activities of six South African Terminalia 

species (Combretaceae). Journal of Ethnopharmacology 99, 301-308. 

Masoko, P., Eloff, J.N. 2005. The diversity of antifungal compounds of six South African 

Terminalia species (Combretaceae) determined by bioautography. African Journal of 

Biotechnolgy 4, 1425-1431. 

Mayaux, J.F., Bousseau, A., Pauwels, R., Huet, T., Henin, Y., Dereu, N., Evers, M., Soler, 
F., Poujado, C., De Clercq, E., Le Pecq, J.B. (1994). Proceedings of the National 

Association of Science 91, 3564. 

McCarthy, G.M., Mackie, I.D., Koval, J. 1991. Factors associated with increased frequency of 

HIV-related oral candidosis. Journal of Oral Pathology 20, 332-336. 

McGarvey, D.J., Croateau, R. 1995. Terpenoid metabolism. The Plant Cell 7, 1015-1026. 

McGaw, L.J., Rabe, T., Sparg, S.G., Jäger, A.K., Eloff, J.N., van Staden, J. 2001. An 

investigation on the biological activity of Combretum species. Journal of 

Ethnopharmacology 75, 43-50. 

McGaw, L.J., Jäger, A.K., van Staden, J. 1997. Prostaglandin synthesis inhibitory activity in 

Zulu, Xhosa and Sotho medicinal plants. Phytotherapy Research 11, 113-117. 

McGaw, L.J., Jäger, A.K., van Staden, J. 2000. Antibacterial, anthelmintic and anti-amoebic 

activity in South African medicinal plants. Journal of Ethnopharmacology, 73, 247-263. 

McManus, J.K.A., Mowry, R.W. 1965. Staining methods, histologic and histochemical. Harper 

7 Raw, New York, Evanston, London. 

Medines and Related Subtances Act 101 of 1965. Medicines Control Council Website. 

www.mccza.com  
Meyer, J.J.M., Afolayan, A.J., Taylor, M.R., Engelbrecht, I. 1996. Inhibition of herpes simplex 

virus type I by aqueous extracts from shoots of Helichrysum aureonitens (Asteraceae). 

Journal of Ethnopharmacology 52, 41-43. 

Mitscher, L.A., Drake, S., Goliapudi, S.R., Okwute, S.K. 1987.  A modern look at folkloric use 

of anti-infective agents. Journal of Natural Products 50, 1025-1040. 

Mosmann T. 1983. Rapid calorimetric assay for cellular growth and survival: application to 

proliferation and cytotoxic assays. Journal of Immunological Methods 65, 263-271. 

Murakami, A., Ohigashi, H., Tanaka, S., Tatematsu, A., Koshimizu, K    . 1993. Bitter 

cyanoglucosides from Lophira alata. Phytochemistry 32, 1461-1466. 

 
 
 



 169

Nakaoki, T., Morita, N. 1958. Medicinal Resources: XII Components of the leaves of Cornus 

controversa, Ailanthus altissima, and Ricinus communis. Yakugada Zasshi 78, 558-559. 

Nakatani, M., James, J.C., Nakanishi, K. 1981. Isolation and structures of trichilins, 

antifeedants against the southern African army worm. Journal of the American Chemical 

Society 103, 1228-1230. 

Narayanan, T.K., Tao, G.R. 1976. Beta-indole-ethanol and beta idolel-acid production by 

Candida species: their antibacterial and autoantibiotic action. Antimicrobial Agents in 

Chemotherapy 9, 375-380. 

National Committee for Clinical Laboratory Standards. 1992. Performance standards for 

antimicrobial susceptibility testing: Fourth informational supplement, Pensylvania, USA: 

NCCLS M100-S4. 

Ndubani, P. 1999. Traditional healers and the treatment of sexually transmitted illnesses in 

rural Zambia. Journal of Ethnopharmacol. 67, 15-25. 

Neu, H.C. 1992. The Crisis in Antibiotic Resistance. Science 257, 1064-1073. 

Neuss, N., Gorman, M., Hargrove, W., Cone, N.J., Blemann, K., Büchi, G., Manning, R.E. 
1964. Vinca alkaloids. XXI1. The structure of the Oncolytic Alkaloids vinblastine (VLB) 

and vincristine (VCR). Journal of American Chemical Society 86, 1440-1442. 

Noble, R.L., Beer, C.T., Cutts, J.H. 1958. Role of chance observations in chemotherapy: 

Vinca Rosea. Annals of New York Academy of Science 76, 882-894. 

Nolte, F.S., Parkinson, T., Falconer, D.J., Dix, S., Williams, J., Gilmore, C., Geller, R., 
Wingard, J.R. 1997. Isolation and characterization of fluconazole and amphotericin B-

resistant Candida albicans from blood of two patients with leukemia. Antimicrobial Agents 

and Chemotherapy 44, 196-199. 

Odds, F.C. 1988. Candida and candidosis. London, Balliere Tindall. 

OCED. 2000. Revised draft guidance document on the recognition, assessment and use of 

clinical signs as humane endpoints for experimental animals used in safety evaluation. 

Okuda, T., Hatano, T., Ogawa, N., Kira, R., Matsunda, M. 1984. Cornusiin A, a dimeric 

ellagitannin forming four tautomers, and accompanying tannins in Cornus officinalis. 

Chem. Pharm. Bull. 22, 4662-4665. 

Olafsdottir, E. S., Omarsdottir, S., Jaroszewski, J. W. 2001. Constituents of three Icelandic 

Alchemilla species. Biochemical and Systematics Ecology, 29, 959-962.  

Oliver-Bever, B. 1986. Anti-infective activity of higher plants. In: Medicinal Plants in Tropical 

West Africa. Cambridge University Press, Cambridge, pg. 164-165. 

Palgrave, K.C. 1977. Trees of Southern Africa. Struik, Cape Town. 

Palmer, E., Pitman, J. 1972. Trees of Southern Africa. Balkema, Cape Town. 

 
 
 



 170

Parkinson, T., Falconer, D.J., Hitchcock, C.A. 1995. Fluconazole resistance due to energy-

dependent drug efflux in Candida glabrata. Antimicrobial Agents and Chemotherapy 

39,1696-1699. 

Paseshnichenko, V.A. 1987. Biosintez I biologicheskaya aktinost’ rastitel’nykh terpenoidov I 

steroidov (Biosynthesis and biological activity of plant terpenoids and steroids). Itogi 

Nauki Tkh., Ser.: Biol. Khim, VINITI, Moscow. 

Pavanasasivam, G., Sultanbawa, M.U.S., Mageswaran, R. 1974. Chemical investigation of 

Ceylonese plants. X. New chromenoflavonoids from the bark of Artocarpus. Chemistry 

and Industry, 21, 875-876. 

Pei-Gen, X., Nai-Gong, W. 1991. Can ethnopharmacology contribute to the development of 

anti-fertility drugs? Journal of Ethnopharmacol. 32, 167-177. 

Pengsuparp, T., Cai, L., Fong, H.H.S., Kinghorn, A.D., Pezzuto, J.M., Wani, M., Wall, M.E. 
1994. Journal of Natural Products 57, 415. 

Pisha, E., Chai, H., Lee, I.S., Chagwedera, T.E., Farnsworth, N., Cordell, G., Beecher, 
C.W.W., Fong, H.H.S., Kinghorn, A.D., Brown, D.M., Wani, M.C., Wall, M.E., Hieken, 
T.J., Dupta, T.K.D., Pezzuto, J.M. 1995. Discovery of betulinic acid as a selective 

inhibitor of human melanoma that functions by induction of apoptosis. Nature Medicine 1, 

1046-1051. 

Porter, S.R., Scully, C. 1990. Chronic mucocutaneous candidosis and related syndromes: In: 

Samarayanake, L.P., MacFarlane, T.W. (eds). Oral Cnadidosis. Wright, London. 

Powell, B.L. Drutz, D.I. 1983. Estrogen receptor in Candida albicans. A possible explanation 

for hormonal influences in vaginal candidiasis. Twenty third Interscience Conference on 

Antimicrobial Agents and Chemotherapy. Abstract 751: 222. 

Pressler, M.P., Vaden, S.L., Lane, I.F., Cowgill, L.D., Dye, J.A. 2003. Candida spp. urinary 

tract infections in 13 dogs and seven cats: Predisposing factors, treatment and outcome. 

Journal of  American Hospital Association 39, 263-270. 

Pujol, J. 2000. NaturAfrica: The Herbalist Handbook: African Flora, Medicinal Plants. Natural 

Healers Foundation, Durban. 

Purushotaman K.K., Natarajan R.K. 1974. Chemical examination of Patala (Stereospermum 

tetragonum D.C). Journal of Research of Indian Medicine 9, 107-108. 

Rabe, T., van Staden, J. 1997. Antibacterial activity of South African plants used for medicinal 

purposes. Journal of Ethnopharmacology 56, 81-87. 

Rahaman, A., Sayeed, A., Islam, A., Chowdhury, D., Sadik, G., Khan, G.R.M.A.M. 2002. 

Characterization an biological screening of a triterpenoids from Nymphoide cristatum. 

Online Journal of Biological Sciences 2, 46-47. 

Ragasa C.Y., de Luna, R.D.,  Hofilena, J.G. 2005. Antimicrobial terpenoids from Pterocarpus 

indicus. Natural Product Research, 19, 305–309. 

 
 
 



 171

Raj, P.K. 1975. Screening of indigenous plants for anthelmintic action against human Ascaris 

lumbricoides: Part--II. Indian journal of Physiological Pharmacology 19, pages unknown. 

Rashed, A.N., Afifi, F.U., Disi A.M. 2003. Simple evaluation of the wound healing activity of a 

crude extract of Portulaca oleraceae L. (growing in Jordan) in Mus musculus JVI-1. 

Journal of Ethnopharmacology 88, 131-136.  

Report of the international workshop on in vitro methods fir assessing acute systematic toxicity. 

NIH publication number. 01 – 4499. Research triangle park, NC: National institute of 

Environmental Health Sciences, August 2001. 

Rex, J.H., Walsh, T.J., Sobel, J.D. 2000.  Practice guidelines for the treatment of candidiasis. 

Clinical Infectious Diseases 30, 662-678. 

Richardson, M.D., Warnock, D.W. 1993. Fungal infection-diagnosis and management. 

Blackwell Scientific Publications, London, pp. 61-73. 

Ringbom, T., Segura, L., Noreen, V., Perera, P., Bohlin, L. 1998. Ursolic Acid from Plantago 

major, a Selective Inhibitor of Cyclooxygenase-2 Catalyzed Prostaglandin Biosynthesis. J. 

Nat. Prod. 61, 1212 -1215. 

Roberts, M. 1990. Indigenous healing plants. Southern Book Publishers, Halfway House. 

Robertson, A., Soliman, G., Owen, E.C. 1939. Polyterpenoid compounds. Part I. Betulic acid 

from Cornus florida, L. Journal of Chemical Society,1267-1273, 
Robinson F.P., Martel, H. 1969. Betulinic acid from Arbutus menziesii. Phytochemistry 9, 907-

909. 

Rogers T.R. 2002. Antifungal drug resistance: does it matter? Int. J. Infect. Dis. 6, S47-S53. 

Rukangira, E. 2001. The African herbal industry: constraints and challenges. Conserve Africa 

International 126, 1-23. 

Ryley, J.F., Ryley, N.G. 1996. Candida albicans – do mycelia matter? Journal of Medical and 

Veterinary Mycology 28, 225-239. 

Saied, S., Begum, S. 2004. Phytochemical studies of Berberis vulgaris. Chemistry of Natural 

Compounds 40, 137-140. 

Sakai, K., Fukuda, Y., Matsunaga, S., Tanaka, R., Yamori, T. 2004. New cytotoxic oleanane-

type triterpenoids from the conesof Liquidamber styraciflua. Journal of Natural Products 

67, 1088-1093. 

Salifou, S. 1996. Nematodes et nematodoses du tube digestif des petits ruminants de sud 

Benin: taxonomie, epidemiologie et les facteurs de variation. These de Doctorat de 

Biologie Animale Faculte des Science et Techniques. Universite’ d’Anta Diop. Dakar 

Senegal, No. 018, 120p. 

Sanglard, D., Ischer, F., Koymans, L., Bille, J. 1998. Amino acid substitutions in the 

cytochrome P-450 lanosterol 14α-demethylase (CYP51A1) from azole-resistant Candida 

 
 
 



 172

albicans clinical isolates contributes to resistance to azole antifungal agents. Antimicrobial 

Agents in Chemotherapy 42, 241-253. 

Sanglard, D., Kuchler, K., Ischer, F., Pagani, L., Monod, M., Billie, J. 1995. Mechanisms of 

resistance to azole antifungal agents in Candida albicans isolates from AIDS patients 

involve specific multidrug transporters. Antimicrobial Agents and Chemotherapy 39, 2378-

2386. 

Saraswat, B., Visen, P.K.S., Agarwal, D. P. 2000. Ursolic acid isolated from Eucalyptus 

tereticornis protects against ethanol toxicity in isolated rat hepatocytes. Phytotherapy 

Research 14, 163-166. 

Schimmer, O., Haefele, F., Kruger, A. 1988. The mutagenic potencies of plant extracts 

containing quercetin in Salmonella typhumurium TA98 and TA100. Mutation Research 

206, 201-208. 

SchonebeckJ Anséhn S. 1973. 5-Fluorocytosine resistance in Candida spp. and Torulopsis 

glabrata. Sabouraudia 11, 10-20. 

Schultes, R.E. 1972. The future of plants as a source of new biodynamic compounds. In: 

Plants in the Development of Modern Medicine (Swain T, ed). Harvard University Press, 

Cambridge, MA, pp. 103-124.  

Scott, G. 1993. Medicinal and aromatic plants. Healthcare economics and conservation in 

South Africa. Veld and Flora 79, 84-87. 

Scott-Shaw, C.R. 1999. Rare and threatened plants of KwaZulu-Natal and neighbouring 

Regions. KwaZulu-Natal Nature Conservation Service, Pietermaritzburg, South Africa, pp. 

200. ISBN 0-620-24688-X. 

Seebacher, W., Simic, N., Weis R.,  Saf R., Kunert, O. 2003. Complete assignments of 1H 

and 13C NMR resonances of oleanolic acid, 18 -oleanolic acid, ursolic acid and their 11-

oxo derivatives. Magnetic Resonance in chemistry 41, 636-638. 

Shale, T.L., Stirk, W.A., van Staden, J. 1999. Screening of medicinal plants used in Lesotho 

for antibacterial and anti-inflammatory activity. Journal of Ethnopharmacology 67, 347-

354. 

Sharma, L.D. 1993. Anthelmintic efficacy of Jantana capsules in crossbred cattle. Indian 

Veterinary Journal 70, 459-460. 

Sharma, S.P., Aithal, K.S., Srinivasan, K.K., Udupa, A.L., Kumar, V., Kulkarni, D.R. 1990. 

Anti-inflammatory and wound healing activities of the crude alcoholic extracts and 

flavanoids of Vitex leucoxylon. Fitoterapia 61, 263-265. 

Sheldon, J., Balick, M.J., Laird, S.A. 1997. Medicinal Plants: Can utilization and Conservation 

coexist? The New York Botanical Garderns. Bronx, New York, USA. 

Shishodia S Majumdar S Banejee Aggarwal BB. 2003. Ursolic acid inhibits nuclear Facor-kB 

activation induced by carcinogenic agents through suppression of IkBα kinase and p56 

 
 
 



 173

phosphorylation: OCorrelationm with down-regulation of cyclooxygenase 2, matrix 

mettaloproteinase 9, and cyclin D1. Cancer Research 63, 4375-4383. 

Shukla, A., Rasik, A.M., Jain, G.K., Shankar, R., Kulshrestha, D.K., Dhawan, B.N. 1999. 

Journal of Ethnopharmacology 65, 1-11. 

Siddiqui, S., Hafeez, F., Begum, S., Siddiqui, B.S. 1988. Oleanderol, a new pentacyclic 

triterpene from the leaves of Nerium oleander. Journal of Natural Products 51, 229-233. 

Sidley, P. 2005. Typhoid outbreak prompts protests over inadequate water system. British 

Medical Journal 331, 655. 

Sigh, I.P., Bharate, S.B., Bhutani, K.K. 2005. Anti-HIV natural products. Current Science 19, 

269 -290. 

Silva, A.G.D’.A., Gpncalves, C.R., Galvao, D.M., Goncalves, A.J.L., Gomes, J., Silva., 
M.N., Simoni, L. 1968. Quatro calalog dos insetos que vivem nas plantas do Brasil- seus 

parasites e predadores. Min. Agric., Rio de Jeneiro, Parte II, v. I: 1-622.  

Simonsen L., Petersen M.B., Groth L.  1992. In vivo skin penetration of salicylic compounds 

in hairless rats. European Journal of Pharmaceutical Sciences, 17,  95-104 

Smith, A. 1895. A contribution to South African Materia Medica, third ed., Lovedale Press, 

Lovedale. 

Solecki, R.,  Shanidar I.V. 1975. A Neanderthal flower burial in northern Iraq. Science 190, 

880-881.   

Solichin, Z.M., Yamasaki, K., Kasai. R., Tanaka, O. 1980. 13C nuclear magnetic resonance of 

lupine-type triterpenes, lupeol, betulin and betulinic acid. Chemistry and Pharmaceutical 

Bulletin 28, 1006-1008. 

Sparg, S.G., van Staden, J., Jäger, A.K. 2000. Efficiency of traditionally used South African 

plants against schistosomiasis. Journal of Ethnopharmacology 73, 209-214. 

Spielmann, H.E., Genschow, M., Leibsch, M., Halle, W. 1999. Determination of the starting 

dose for acute oral toxicity (LD50 testing the Up and Down Procedure from cytotoxicity 

Data ATLA 27: 957 – 966. 

Steenkamp, V. 2003. Traditional herbal remedies used by South African women for 

gynaecological complaints. Journal of Ethnopharmacology 86, 97-108.  

Steenkamp, V., Stewart, M.J., Zuckerman, M. 2000. Clinical and Analytical Aspects of 

Pyrrolizidine Poisoning Caused by South African Traditional Medicines. Therapeutic Drug 

Monitoring. 22, 302-306. 
Sterrmitz, F.R., Krull, R.E. 1998. Iridoid glycosides of Cornus Canadensis: a comparison with 

some other Cornus species. Biochemical and Systematics Ecology 26, 845-849. 

Stewart, M.J., Steenkam, V. 2000. Toxicology of African herbal remedies. Southern African 

Ethnobotany 1, 32-33. 

 
 
 



 174

Sudbery, P., Gow, N., Berman, J. 2004. The distinct morphogenic states of Candida albicans. 

Trends in Microbiology doi:1016/j.tim.2004.05.08. 
Suguma, L., Chandrakasan, G., Joseph, K.T. 1999. Influence of honey on biochemical and 

biophysical parameters of wounds in rats.  Journal of Clinical Biochemistry and Nutrition 

14, 91-99. 

Sumitra, M., Manikandan, P., Suguna, L. 2005. Efficacy of Butea monosperma on wound 

healing in rats.  The International Journal of Biochemistry and Cell Biology 37, 566-573. 

Tally, F. 1999. Researchers reveal ways to defeat “superbugs”. Drug Discovery Today 4, 395-

398. 

Tan, R.J.S., Lim, W.E. 1977. Isolation of Torulopsis glabrata from a urine specimen of a 

labrador bitch with urolithiasis. British Veterinary Journal 133:324-325. 

Tanaka, N., Tanaka, T., Fujioka, T., Fujii, H., Mihashi, K., Shimomura, K., Ishimuru, K. 
2001. An ellagic compound and iridoids from Cornus capitata root cultures. 

Phytochemistry 57, 1287-1291. 

Tang, C. M., Bowler, I.C.J.W. 1997. Do the new lipid formulations of amphotericin B really 

work. Clinical and Infectious Microbiology 3, 283-288. 

Traoré-Kéita, F., Gasquet, M., Di Giorgio, C., Ollivier, E., Delmas, F., Kéita, A., Doumbo, 
O., Balansard, G., Timon-David, P. 2000. Antimalarial activity of four plants used in 

traditional medicine in Mali. Phytotherapy Research 14, 45-47. 

Tritz, D.M., Woods, G.L. 1993. Fatal disseminated infection with Aspergillus terreus in 

immunocompromised hosts. Clinical Infectious Diseases 16, 118-22. 

Tyler, V.E. 1999. Phytomedicines: back to the future. Journal of Natural Products 62, 1589-

1592. 

Ulubelen, A., Brieskorn, C.H., Özdemir, N. 1977. Triterpenoids of Saliva horminum, 

constitution of a new diol. Phytochemistry 16, 790-791. 

Vanden Bossche, H., Koymans, L., Moereels, H. 1995. P450 inhibitors of use in medical 

treatment: focus on mechanism of action. Pharmacology and Therapeutcs 67, 79-100. 

Vanden Bossche, H., Marichal, P., Odds, F.C. 1994. Molecular mechanisms of drug 

resistance in fungi. Trends in Microbiology 2, 393-400. 

Vanden Bossche, H., Willemsens, G., Marichal, P. 1987. Anti-Candida drugs – the 

biochemical basis for their activity. CRC Critical Reviews in Microbiology 15, 57-72. 

Van der Waaij, D. 1987. Colonisation resistance of the digestive tract – mechanism and clinical 

consequences. Nahrung 31, 507-517. 

Van Wyk, J.A., Malan, F.S., Randles, J.L. 1997. How long before resistance makes it 

impossible to control some field strains of Haemonchus contortus in South Africa with any 

of the modern anthelmintics? Veterinary Parasitology 70, 111-122. 

 
 
 



 175

Van Wyk, B,-E., van Oudtshorn, B., Gericke, N. 1997, Medicinal Plants of South Africa. Briza 

Publications, Pretoria. 

Vareed, S.K., Reddy, M.K., Schutzki, R.E., Nair, M.G. 2006. Anthocyanins in Cornus 

alternifolia, Cornus controversa, Cornus kousa and Cornus florida fruits with health 

benefits. Life Sciences 76, 777-784. 

Verpoorte, R. 2000. Pharmacognosy in the new millennium : leadfinfing and biotechnology. J. 

Pharm. Pharmacol. 52, 253-262. 

Von Maydell, H.J. 1996. Trees and shrubs of the Sahel. Verlag Josef Margraf, Weikersheim. 

pp. 562. 

Wall, M.E., Wani, MC. 1996. Camptothecin and taxol: from discovery to clinic. Journal of 

Ethnopharmacology 51, 239-254. 

Waller, P., Bernes, G., Thamsborg, S.M., Sukura, A., Ritcher, S.H., Ingebrigsten, K., 
Hoglund, J. 2001. Plants as deworming agents of livestock in the Nordic countries: 

historical perspective, popular beliefs and prospects for the future. Acta Veterinaria 

Scandinavica 42, 31-44. 

Walsh, T.J., Melcher, G.P., Rinaldi, M.G., Lecciones, J., MCGough, D.A., Kelly, P., Lee, J., 
Callender, D., Rubin, M., Pizzo, P.A. 1990. Trichosporon beigelii, an emerging pathogen 

resistant to amphotericin B. British Journal of Clinical Microbiology 28, 1616-1622. 

Watt, J.M., Breyer-Brandwijk, M.G. 1962. The Medicinal and Poisonous Plants of Southern 

and Eastern Africa, 2nd Edition, Livingstone, London. 

White, T.C. 1997. Increased mRNA levels of ERG16, CDR and MDR1 correlate with increases 

in azole resistance in Candida albicans isolates from a patient infected with human 

immunodeficiency virus. Antimicrobial Agents and Chemotherapy 41, 1482-1487.  

White, T.C., Marr, K.A., Bowden, R.A. 1998. Clinical, Cellular and Molecular Factors that 

Contribute to the Antifungal Drug Resistance. Clinical Microbiological Reviews. 11, 382-

402. 

WHO. 1978. Promotion and development of traditional medicine. World Health Organization, 

Geneva (Tech Rep 622). 

Wink, M. 1999. Introduction: biochemistry, role and biotechnology of secondary products. In: 

M. Wink, ed, Biochemistry of Secondary Product Metabolism. CRC Press, Boca Raton, 

Fl. pg. 1-16. 

Wink, M. and Schimmer, O. 1999. Modes of action of defensive secondary metabolites. In: M. 

Wink, ed, Functions of Plant Secondary Metabolites and Their Exploitation in 

Biotechnology. CRC Press, Boca Raton, Florida. pg. 17-112.     

Wilson, M.E. 1995. Infectious diseases: an ecological perspective. British Medical Journal 311, 

1681-1684. 

 
 
 



 176

Winslow, L., Kroll, D. 1998. Herbs as medicines. Archives of Internal Medicine 158, 2192-

2199. 

Wolpert, M. 2004. Pharmacists’ interactions with complementary and alternative medicine. 

Phytomedicinal Informatics 4, 10-12. 

World Bank, 1997. Medicinal Plants – Rescuing a Global Heritage. Lambert, J., Srivastava, J. 

and Vietmeyer, N. (eds). Technical Paper No. 355, pg. 61. 

www.plantzafrica.com/plantcd/curtisdent.htm  
Xie, Y.S., Isman, M.B., Gunning, P., Mackinnon, S., Arnason, J.T., Taylor, D.R., Sanchez, 

P., Hasbun, C. and Towers, G.H.N. (1994). Biological activity of extracts of Trichilia 

species and the limnoid hirtin against Lepidopteran larvae. Biochemical Systematics and 

Ecology 22, 129 – 136. 

Xu, H.X., Zeng, F.Q., Wan, M., Sim K.Y. 1996. Journal of Natural Products 59, 643.  
Yamagishi, T., Zhang, D., Chang, J., McPhail, D.R., McPhail, A.T., Lee, K. 1988. The 

cytotoxic principles of Hyptis capitata and the structures of the new triterpenes hyptatic 

acid-A and B. Phytochemistry 27, 3213-3216. 

Yogeeswari, P., Sriram, D. 2005. Betulinic acid and its derivarives: A review on their biological 

properties. Current Medicinal Chemistry 12, 657-666. 

Zeletova N. I., Shchavlinskii A. N., Tolkachev O. N., Vichkanova S. A., Fateeva T. V., 
Krutikova N. M., Yartseva I. V., Klyuev N. A., 1986. Khim.-Farm. Zh, 20, 568—571 

[Chem. Abstr., 106, 18867e (1987)]. 

Zschocke, S., Drewes, S.E., Paulus, K., Bauer, R., van Staden, J. 2000a. Analyticl and 

pharmacological investigation of Ocotea bullata (black stinkwood) bark and leaves. 

Journal of Ethnopharmacology 71, 219-230. 

Zschocke, S., Rabe, T., Taylor, J.L.S., Jäger, A.K., van Staden, J. 2000b. Plant part 

substitution – a way to conserve endangered medicinal plants? Journal of 

Ethnopharmacology 71, 281-292. 

 
 
 



 177

APPENDIX  
 
 

 
 
 
Figure A.1.The 1H NMR spectrum of lupeol (CI) isolated from the leaves of C. 
dentata. 
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Figure A.2. 13C NMR spectrum of lupeol (CI) isolated from leaves of C. dentata 
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Figure A.3.  1H NMR spectrum of betulinic acid (CII) isolated from leaves of C. 
dentata. 
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Figure A.4.  13C NMR spectrum of betulinic acid (CII) isolated from leaves of C. 
dentata. 
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Figure A.5.  DEPT experimental data of betulinic acid isolated from the leaves of C. 
dentata. 
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Figure A.6.  1H NMR spectrum of ursolic acid (CIII) isolated from the leaves of C. 
dentata.   
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Figure A.7.  The 13C NMR spectrum of ursolic acid (CIII) isolated from the leaves of 
C. dentata. 
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Figure A.8.  DEPT experiment data of ursolic acid isolated from C. dentata. The 
DEPT experiment was conducted using CDCl3 as a solvent instead of DMSO. 
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Figure A.9.  1H NMR spectrum of 2α-hydroxy-ursolic acid (CIV) isolated from the 
leaves of C. dentata. 
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Figure A.10.  1H NMR spectrum expansion showing regions 0.5 – 4.0 ppm. 
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Figure A.11.  13C NMR spectrum of hydroxyl-ursolic acid isolated from the leaves of 
C. dentata. 
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Figure A.12.  DEPT experiment data of CIV isolated from the leaves of C. dentata. 
 
 
 
 
 
 

 
 
 


