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Background. As a result of the AIDS pandemic, many people are immunocompromised and 

opportunistic fungal infections (OFIs) such as candidiasis are common. Despite the widespread 

use of medicinal plants in South Africa, there is a dearth of knowledge regarding the use of such 

plants in the management of these infections. This study evaluates three South African medicinal 

plants (Arctotis arctotoides, Pittosporum viridiflorum, and Gasteria bicolor) traditionally used in 

the treatment of OFIs in HIV/AIDS patients, in the Eastern Cape Province, South Africa.  

 

Materials and methods. A six-stage process of documentation, evaluation and analysis of results 

was conducted: (1) Selection of medicinal plants most frequently used in the treatment of OFIs 

through ethnomedical studies and the survey of specialised literature; (2) Collection and 

preparation of the extract of each plant; (3) Antifungal evaluation of the crude plant extracts. (4) 

Phytochemical and antioxidant evaluation of the active crude plant extracts; (5) Cytotoxicity 

evaluation of the bioactive extracts using the Chang liver cell line, and (6) Statistical analysis of 

the results. Ethnobotanical information was obtained through interviews with traditional healers 

and AIDS patients with the aid of semi-structured questionnaires, direct observations and by 

reviewing studies reported in the literature. Following the approval from the University of Fort 

Hare‘s Ethics Committee, 101 HIV/AIDS patients were recruited through convenience sampling 

into an anonymous cross-sectional questionnaire study. The agar diffusion and micro-dilution 

methods were used to determine the antifungal activities of the hexane, acetone and aqueous 

extracts of A. arctotoides, G. bicolor and P. viridiflorum against 10 opportunistic fungi. The 

EXECUTIVE SUMMARY 
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effect of the acetone extract of A. arctotoides on the growth and ultrastructure of some 

opportunistic fungi associated with HIV/AIDS was analysed by means of scanning electron 

microscopy (SEM). The elements responsible for giving the fungi their characteristic virulence 

were detected and quantified by energy dispersive X-ray microanalysis techniques. The in vitro 

antioxidant properties of the medicinal plants were screened through DPPH (1, 1-diphenyl-2- 

picrylhydrazyl), NO (nitric oxide), H2O2 (hydrogen peroxide) radical scavenging effects and 

reducing power assays. Phytochemical studies were done by spectrophotometric techniques. 

Vacuum liquid chromatography (VLC), thin layer chromatography (TLC) and bioautography 

were employed in the fractionation, identification and isolation of the antifungal components in 

the acetone extracts of the selected medicinal plants. The cytotoxic activity of the acetone 

extracts of the medicinal plants was determined against the Chang liver cell line. Different 

concentrations of the extracts were added into 24-hour cultured cells and then incubated for 72 

hours under specific condition (37 °C, 5% CO2). Cell survival was evaluated using the 3-(4, 5 

dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) assay.  

 

Results. Thirty two plant species distributed in 26 families and 32 genera were identified as 

being used to treat one or more of the OFIs. A total of 123 informants participated in the study, 

including 22 (21.8%) traditional healers and 101 (78.2%) HIV/AIDS patients. Thirtyy-nine 

percent of the HIV/AIDS patients reported using herbal medicine for treating symptoms of OFIs. 

Close to half (21 out of 40) of the  HIV/AIDS patients who used herbal medicine reported that 

the herbal medicine did not help their condition, while 32.5% (13 out of 40) of the  patients 

disclosed that the herbal medicine reduced the  severity and frequency of symptoms of OFIs. All 

the hexane and acetone extracts were active against at least one of the fungi, with zones of 



ix 

 

inhibition varying from 8 to 32 mm, compared to those of the positive control drugs which 

ranged from 15 to 27 mm and 14 to 27 mm for amphotericin B and grisoefulvin, respectively. 

None of the aqueous extracts was active against any of the fungi. The most susceptible fungi, 

based on the overall reduction in diameter of growth were Candida glabrata, C. krusei, and 

Microsporum canis, while Cyptococcus neoformans, Trycophyton tonsurans, and Microsporum 

gypseum were not susceptible to any of the extracts even at 5 mg/ml which was the highest 

concentration tested. X-ray microanalysis showed the specific spectra of sodium, potassium and 

sulfur as the principal intersection of the four pathogenic fungi studied. Since these ions have the 

potential of fostering fungal invasion by altering the permeability of host membranes, their 

presence was considered inherent to the pathogen city of the opportunistic fungi.  

 

Aarctotoides, G. bicolor and P. viridiflorum were subjected to further phytochemical analyses 

because they showed the highest in vitro antifungal activity among the 10 plants that were 

subjected to preliminary screening. There was no significant difference in the flavonoid and 

proanthocyanidin contents of the three plants, while the total phenolic content of the bark extract 

of P. viridiflorum and leaves of A. arctotoides were significantly higher than that of G. bicolor 

leaf. The leaves of A. arctotoides and P. viridiflorum showed considerable antioxidant properties 

and could serve as free radical inhibitors, acting possibly as primary antioxidants. Depending on 

the dosage and duration of treatment, the cytotoxic effects of Gasteria bicolor and Pittosporum  

viridiflorum were considered relatively weak (but not non-toxic) and less of a toxicity risk.  

Arctotis actotoides extracts were the most toxic both in terms of IC50 values as well as the 

steeper slope of the dose-response curve.   The IC50 values for the acetone and hexane extracts of 

this plant were 17.4 and 12.4 μg/ml respectively. A transmittance survey scan (infra red 
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spectrometry) of the compounds recovered from the preparative TLC of the extract fractions in 

the wavelengths ranging from 400.0 – 4000.0cm
-1

 revealed the presence of nearly identical 

functional groups within the extracts of the medicinal plants. 

 

Conclusion 

There is a considerable diversity and abundance of plant species used in the treatment of 

opportunistic fungal infections which are common among HIV/AIDS patients in the Amathole 

District of the Eastern Cape Province, South Africa. However, certain plant species appear to be 

used with a higher frequency than others, possibly due to the presence of certain classes of 

secondary metabolites. The acetone extracts of P. viridiflorum and A. arctotoides, two of the 

most frequently cited plants, were active against at least one of the ten fungi tested and these 

extracts were also found to show considerable antioxidant activity. Since reactive oxygen species 

are thought to be associated with the pathogenesis of AIDS, and HIV-infected individuals often 

have impaired antioxidant defenses, the inhibitory effect of the extracts on free radicals may 

partially justify the traditional use of these plants in the management of OFIs in HIV/AIDS 

patients in South Africa. 

 

Keywords. Medicinal plants, ethnobotanical survey, opportunistic fungal infections, HIV/AIDS, 

cytotoxicity,   Eastern Cape Province, South Africa. 
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1.1. Background 

 

Medicinal plants are well-known natural sources for the treatment of various diseases since 

antiquity (Maregesi et al., 2008). About 20,000 plant species used for medicinal purposes are 

reported by WHO (Gullece et al., 2006; Maregesi et al., 2008). The importance of using 

medicinal plants can be attributed to a number of reasons, including affordability and limited 

availability of Western medicine as well as the trust in herbal medicine as an outcome of the 

witnessed positive results when applying herbs (Maregesi et al., 2008). 

 

Natural products, either as pure compounds, or standardised plant extracts, provide unlimited 

opportunities for new drug leads because of the unmatched availability of chemical diversity in 

the plant kingdom (Cos et al., 2006; Maregesi et al., 2008). According to Suleiman et al., (2010) 

natural products and related drugs are used to treat 87% of all categorised human diseases 

including bacterial infections, cancer and immunological disorders and about 25% of prescribed 

drugs in the world originate from plants. 

 

Plants have an almost limitless ability to synthesise secondary chemical substances which play a 

pivotal role in their ecophysiology (Briskin, 2000) including a defensive role against herbivores, 

pathogen attack, and an attractant role toward beneficial organisms such as pollinators or 

symbionts. Some of the secondary-derived compounds may therefore have beneficial effects in 

the treatment of microbial infections in animals and humans (Suleiman et al., 2010). In South 

Africa as in other developing countries, a major portion of the population is combating diseases 

by using plants with medicinal properties (Maregesi et al., 2008).  
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South Africa has the highest number of people infected with HIV globally, estimated at about 5.6 

million, including 220 000 children under the age of 15 years (UNAIDS, 2010). In such a 

country where many patients are immunocompromised as a result of the AIDS pandemic, 

opportunistic infections such as candidiasis caused mainly by C. albicans are common (Shai et 

al., 2008). Fungal diseases represent a critical problem to health and they are one of the main 

causes of morbidity and mortality worldwide (Duraipandiyan and Ignacimuthuthe, 2011). In 

humans, fungal infections range from superficial to deeply invasive or disseminated and have 

increased dramatically in recent years. Cutaneous and mucosal fungal infections are very 

common in HIV-infected individuals. Superficial fungal infections or dermatomycoses usually 

represent overgrowth of fungi that colonise epithelial sites (Johnson, 2000). The treatment of 

mycoses has lagged behind bacterial chemotherapy and fewer antifungal than antibacterial 

substances are available (Duraipandiyan and Ignacimuthuthe, 2011). For example, amphotericin 

B, a polyene antibiotic discovered in 1956, is still used as a ―gold standard‖ for antifungal 

therapy (Abad et al., 2007). Terbinafine,  itraconazole and griseofulvin are the drugs of choice 

for the treatment of dermatomycosis (Ponnusamy et al., 2010). However, the undesirable side 

effects of long term treatment pose a real challenge to their clinical use (Ponnusamy et al., 2010). 

This fact coupled with the growing resistance to antibiotics and the toxicity associated with 

prolonged treatment with several antifungal drugs has been the reason for an extended search for 

newer drugs to treat opportunistic fungal infections (Duraipandiyan and Ignacimuthuthe, 2011). 

Therefore, a search for novel antifungal drugs selectively acting on new targets with fewer side 

effects is extremely necessary. 
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1.2. Statement of the problem 

 

The last two decades have witnessed a dramatic rise in the incidence of life threatening systemic 

fungal infections due to the growth in the immunocompromised population such as organ 

transplant recipients, cancer and HIV/AIDS patients (Suleiman et al., 2010). The challenge has 

been to develop effective strategies for the treatment of opportunistic fungal infections in these 

immunocompromised individuals (Abad et al., 2007). Highly active antiretroviral therapy (ART) 

became available in 1997, resulting in an arrest of progression of immunodeficiency, significant 

restoration of immune function and an improvement of the quality of life amongst HIV infected 

humans (i.e. eating and sleeping well, keeping a positive outlook on life, etc). However, globally, 

less than 10% of HIV-infected individuals have access to any therapy for HIV infection or for 

opportunistic mucocutaneous infections such as dermatomycoses or candidiasis (Johnson, 

2000).The development of resistance, lack of curative effect, high cost, toxicity and 

unavailability are the major short-comings associated with the use of ART (Pomerantz and Horn, 

2003). For example, cryptococcal meningitis is treated with amphotericin B, which may be given 

with oral 5-flucytosine or fluconazole; however, the bone marrow toxicity of 5-flucytosine often 

precludes its use in HIV-infected patients, especially in patients receiving zidovudine (Johnson, 

2000).  

 

In South Africa, the need for ART increased between 2005 and 2010, and by 2010 it was 

estimated that approximately 1.6 million people were in need of ART (Statistics South Africa, 

2010). These short-comings, including the appearance of drug resistant viral strains have resulted 

in increased efforts for the search of better anti-HIV agents and much attention is being directed 

towards natural products (Wintola, 2012). Additionally, in recent years, public pressure to reduce 
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the use of synthetic fungicides has increased, partly due to concerns about the environmental 

impact and the potential health risk related to the use of these compounds (Abad et al., 2007).  

 

The use of herbal remedies is widespread among those living with HIV infection in South Africa 

(Mills et al., 2005) and about 80% of the population depends on traditional healers as their main 

contact for advice on health issues (Ponnusamy et al., 2010). Taking into account that South 

Africa contains about 10% of the world‘s plant diversity (Suilemannet al., 2010), there remains a 

large area whose medicinal plants have not been documented. Even with the few plants 

documented through ethnopharmacological surveys, little work has been done on the screening 

of these plants to prove the validity of the claimed medicinal uses as described by traditional 

healers. Herbal drugs are often bulky, doses not quantified and most importantly, cytotoxicity of 

these plant drugs is largely unknown (Taylor et al., 2001). Against this backdrop, the need to 

develop cheaper, safer and effective antifungal drugs through systematic research is blatant 

(Suleiman et al., 2010). 

 

1.3. Objectives of the study 

 

As a multidisciplinary science, phytomedicine provides limited possibilities which make it 

impossible to discuss all aspects of this emerging science in just one study. Therefore, we have 

focused here on the traditional use of medicinal plants in the management of opportunistic fungal 

infections in HIV/AIDS patients. The antifungal activity of the plant extracts was evaluated 

based on the inhibition of growth and changes in the ultrastructure of the opportunistic fungi. 

Other aspects regarding the chemical constituents and toxicity of the active extracts and fractions 

are also discussed. 
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1.3.1. Overall objective 

 

The overall objective of this study was to document the plants that are used in the management 

of opportunistic fungal infections (OFIs) in HIV/AIDS patients, and to investigate the antifungal 

activity and cytotoxity of the selected medicinal plants in the Eastern Cape Province, South 

Africa.  

 

1.3.2. Specific objectives. 

 

The specific objectives of this study were: 

 

1. To carry out an ethnobotanical survey of medicinal plants used in treating fungal diseases 

associated with HIV infection in the Eastern Cape, South Africa. 

2. To investigate the in vitro antifungal activities of the plant extracts against a variety of     

pathogenic fungi implicated in secondary HIV infections. 

3. To determine the minimum inhibitory concentration (MIC) and the minimum fungicidal 

concentration (MFC) of the active plant extracts and fractions.  

4. To identify the phytochemical constituents and the antioxidant properties of the active 

plant extracts. 

5. To determine the in vitro cytotoxicity of the active extracts. 

6. To isolate some active compounds in the plant extracts through bioassay-guided 

fractionation. 
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1.4. Description of the study area 

 

This study was carried out in the Nkonkobe municipality within the Amathole District (Fig. 1.1) 

of the Eastern Cape Province, South Africa. The Eastern Cape Province falls within the latitudes 

30°00′ to 34°15′S and longitudes 22°45′ to 30°15′E (Grierson and Afolayan, 1999). It is bounded 

by the sea in the East and the drier Karroo (semi-desert vegetation) in the west. The elevation 

ranges from sea-level to approximately 2,200 m in the North of the province. The Amathole 

district lies at the heart of the Eastern Cape Province and presently about 1.7 million people live 

there (Afolayan, 2003). The population is 91% African, 3% coloured and 6% white. In the 

Nkonkobe municipality, only about 20% of the population resides in urban settlements, mostly in 

Alice, Hogsback and Fort Beaufort towns. The municipality is home to three educational 

institutions: University of Fort Hare, Lovedale College and Healdtown College. 
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Figure 1.1: Map of the Amathole District Municipality of the Eastern Cape (Source: 

Wintola, 2012). 

 

 

1.5. Significance of the study 

In the context of HIV treatment in Africa, patients often choose traditional healing systems as 

primary care (UNAIDS, 2009). This preference, coupled with the difficulties in accessing 

antiretroviral treatment justifies further efforts to determine the scope, benefits and toxicity of 

herbal remedies in secondary HIV infections through systematic research. The ethnobotanical 

pharmacopoeia is confidently used in disease intervention and there is need for documentation 

and preservation of traditional medical knowledge to bolster the discovery of novel drugs 

(Patwardhan, 2005). Novel, safe and effective compounds may be found through consultation 

with traditional healers from around the world including those in the Eastern Cape, South Africa.  
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Scientific validation of herbal medicines provides basic understanding of a plant‘s efficacy and 

this may lend further support to the widespread use of traditional medicine in health care systems 

in South Africa, provided thorough toxicological investigations are carried out (Fennell et al., 

2004). With the increasing incidence of strains of fungi with multiple antibiotic resistance and 

the persistence of fungal infections in immunocompromised individuals (Jones et al., 2000), it is 

of great importance to find effective treatments for infections by fungi and other microbial 

pathogens. However, routine testing for biological activity, chemical composition and toxicity of 

plant-derived natural products are all critical attributes to be considered for a complete 

understanding of the effect of medicinal plants on human health care (Fennell et al., 2004). 

Hence, the value of this research project lies not only in serving to promote the value of the 

South African flora in the context of the HIV/AIDS pandemic, but also in the need for improved 

traditional healthcare. 

 

1.6. Organisation of the study 

 

This thesis is composed of discrete chapters that have been published, accepted or under review 

in various peer-reviewed, accredited journals.  The introduction and literature review are 

presented in chapters 1 and 2 respectively, while the ethnobotanical survey of plants used for the 

treatment of opportunistic fungal infections in HIV/AIDS patients in the Amatole District of the 

Eastern Cape Province is presented in chapter 3. The prevalence, perceived benefits and 

effectiveness of herbal medicine in the management of symptoms of opportunistic fungal 

infections in HIV/AIDS patients are presented and discussed in chapter 4. In both chapters 3 and 

4, the analysis of the questionnaires administered to the traditional healers and HIV/AIDS 
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patients are discussed. The investigations of the antifungal activities of the extracts of the 

selected medicinal plants against 10 opportunistic fungi are reported in chapter 5. The effect of 

the selected medicinal plant extracts on the growth and ultrastructure of the opportunistic fungi is 

presented in Chapter 6. Chapter 7 is composed of the report of the phytochemical constituents 

and the antioxidant properties of the active plant extracts. The isolation of the active compounds 

in the plant extracts through bio-assay-guided fractionation is also discussed therein, as well as 

the toxicity evaluation of the active plant extracts. The general discussion, conclusions and 

recommendations emanating from the entire study are presented in chapter 8.  
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2.1. Medicinal plants 

 

2.1.1. Introduction 

Traditional medicine refers to any ancient, culturally based healthcare practice different from 

scientific medicine and it is commonly regarded as indigenous, unorthodox, alternative or folk 

and a largely orally transmitted practice used by communities with different cultures (Lulukal et 

al., 2008). WHO (2003) also defined traditional medicine as health practices, approaches, 

knowledge and beliefs incorporating plant, animal and mineral based medicines, spiritual 

therapies, manual techniques and exercises applied to treat, diagnose and prevent illnesses or 

maintain well being. 

 

Higher plants as sources of medicinal compounds have continued to play a dominant role in the 

maintenance of human health since ancient times (Nair et al., 2005). Plants produce a diverse 

range of bioactive molecules, making them a rich source of different types of medicines. Over 

50% of all modern clinical drugs are of natural product origin and natural products play an 

important role in drug development programs in the pharmaceutical industry (Farombi, 2003; 

Nair et al., 2005). There has been a revival of interest in herbal medicines, partly due to 

increased awareness of the limited ability of synthetic pharmaceutical products to control major 

diseases, the relatively lower incidence of adverse reactions to plant preparations compared to 

modern conventional pharmaceuticals and their reduced cost (Lulekal et al., 2008). 

 

2.1.2. Use of medicinal plants in South Africa 

 

In Africa, traditional health practices involving the use of remedies derived from plants are 

common and widespread such that 60–80% of the population relies solely or partially on such 
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practices to treat a variety of animal and human diseases (Shai, 2008). South Africa has a unique 

and diverse botanical heritage with over 30,000 plant species of which about 3,000 species are 

used therapeutically (Van Wyk et al., 1997; Van Vuuren, 2008). In addition to this unique 

botanical heritage, traditional healing is integral to each ethnic group (Van Vuuren, 2008). Apart 

from their cultural significance, these medicines are generally more accessible and affordable 

(Mander, 1998; van Staden et al., 2004). Important literature sources detailing medicinal plant 

use in South Africa include: Watt and Breyer-Brandwijk (1962), Watt (1967), Van Wyk et al. 

(1997) and Mander (1998). This reliance on plants as sources of medicines warrants scientific 

validation of their safety, efficacy, quality and the appropriate dosage of the plant material used 

(Masika and Afolayan, 2002).  

 

2.1.3. Criteria for the selection of medicinal plants for drug discovery 

 

Fabricant and Farnsworth (2001) described four standard approaches for selecting plants: (1) 

random selection followed by chemical screening, (2) random selection followed by 

antimicrobial assays, (3) follow-up of antimicrobial activity reports and (4) follow-up of 

ethnomedical or traditional uses of plants against infectious diseases. The first, so-called 

phytochemical approach searches for classes of secondary metabolites containing various 

antimicrobial substances (e.g. alkaloids, flavonoids, etc). This approach is still very popular in 

developing countries because the tests are easy to perform. In the second approach, all available 

plant parts are collected, irrespective of prior knowledge and experience (Fabricant and 

Farnsworth, 2001). This methodology is expensive and laborious and depends heavily on the 

panel of test pathogens and the ‗activity‘ criteria used. The third approach exploits the vast 

resource of published reports on antimicrobial activities (Cos et al., 2006). However, critical 
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evaluation of sometimes contradictory test results is warranted and prior confirmation of the 

published results remains prerequisite. In the ethnomedical approach, oral or written information 

on the medicinal use of a plant forms the basis for selection and focused evaluation. Information 

from organised traditional medical systems, herbalism and folklore can be acquired from various 

sources, such as books, herbals, review articles and computer databases (Cos et al., 2006). 

 

2.1.4. Choice of medicinal plants and extraction solvent used in this study 

 

The following medicinal plants were used in this study: Arctotis arctotoides (L.f.) O. Hoffm. 

(Asteraceae), Gasteria bicolor Haw. (Asphodelaceae) and Pittosporum viridiflorum Sims. 

(Pittosporaceae). The choice of these plants was based on 4 criteria: firstly, these plants have 

ethnopharmacological data indicating their traditional utilisation in the treatment of opportunistic 

fungal infections in HIV/AIDS patients (Otang et al., 2012). Secondly, in the domain of 

HIV/AIDS management, there is no study in the Eastern Cape of South Africa that deals with 

these plants. The third and fourth criteria were based on the antifungal activity and availability of 

the plant materials respectively. From a pool of 33 plant species (26 families and 32 genera) 

cited as being used to treat one or more OFIs  in the study area (Otang et al., 2012), 10 plant 

species were subjected  to a broad antifungal screening initiative  amidst a panel of 10 

opportunistic fungi comprising of yeasts and moulds (including dermatophytes). Based on their 

relatively higher antifungal activity and availability of the plant materials, A. arctotoides, G. 

bicolor and P. viridiflorum (Fig. 2.1) were then selected for further antifungal, phytochemical 

and toxicological analyses.   
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A. arctotoides (Asteraceae) is a decumbent herb commonly found as a roadside weed in most  

coastal districts of South Africa (Afolayan et al., 2007). The plant forms carpets of light green 

foliage and butter-yellow daisy flowers almost all year round. The single daisy flowers are 

formed on stems that are about 20 cm long. Each flower is about 4cm in diameter and the ray 

florets are golden yellow. The undersides of the petals are purplish brown and are clearly visible 

when the flowers are in bud or closed during a cloudy day. The leaves are 10-15cm long with 

wavy edges and the midribs are prominent. The leaves and stems are covered with small white 

hairs. The Xhosa-speaking people in the Eastern Cape Province apply the juice from the leaf as a 

topical paste to treat wounds (Afolayan, 2003).  

 

The succulent genus, Gasteria, comprising of 16 species, is endemic to South Africa and has its 

main centers of distribution in the savanna region in the Eastern Cape (Dagne et al., 1996). 

Previously, this genus was classified in the large heterogeneous Liliaceae family but is now 

classified under the family Asphodelaceae (Sultana and Afolayan, 2003). The genus derives its 

 

A. arctotoides                                  G. bicolor                                          P. viridiflorum 

Figure 2.1. Medicinal plants used in the study (source: htpp ://www.plantzafrica.com) 
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name from the distinctly swollen, belly-shaped (gasteriform) base of the perianth tube (Van Wyk 

et al., 1993). The flowers are tricoloured, and the three inner perianth segments have 

membranous margins that are free from each other and from the outer segments. In Aloe (to 

which the Gasterias bear the closest resemblance), the inner perianth segments are fully fused to 

the outer segments (Van Wyk et al., 1993). This character can be used to distinguish Gasterias 

from those maculate Aloes which have flowers with a similar bulbous base (Van Wyk et al., 

1993). 

 

P. viridiflorum is a small tree, 3-6m tall, with glabrous branches and leathery leaves, 6-15 cm 

long. It is native to South Africa and is widely distributed in the Eastern half of the country 

(Matshinyalo and Reynolds, 2002). The stem and bark have been used medicinally in various 

regions of the world (Matshinyalo and Reynolds, 2002).  

 

The preliminary screening of the medicinal plants was carried out with both hexane and acetone 

extracts. However, for further phytochemical and toxicological analyses, it was decided to 

continue only with the acetone extract since acetone extracts highly polar and non-polar 

components from plant material, is miscible with water, very volatile, has a low toxicity in 

antimicrobial bioassays and is easily removed from the plant material at a lower temperature 

(Eloff, 1998). It is realised that in traditional medicine, water is used as the extractant, but the use 

of acetone will not only extract the polar, but the non-polar compounds as well, thus taking into 

account synergistic effects of all active components. 
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2.1.5. Overview of standard antimicrobial assays 

 

Antimicrobial activity of natural extracts and pure compounds can be detected by observing the 

growth response of various micro-organisms to samples that are placed in contact with them 

(Cos et al., 2006). The antibacterial and antifungal test methods are classified into three main 

groups, i.e. diffusion, dilution and bio-autographic methods.  

 

Agar-diffusion methods 

In the diffusion technique, a reservoir containing the test compound at a known concentration is 

brought into contact with an inoculated medium and the diameter of the clear zone around the 

reservoir (inhibition diameter) is measured at the end of the incubation period (Hadacek and 

Greger, 2000). The small sample requirements and the possibility to test up to six extracts per 

plate against a single micro-organism are specific advantages (Hadacek and Greger, 2000). The 

diffusion methodology is a quick simple means of screening for antimicrobial activity however, 

depending on the chemical nature of the particular sample, diffusion rates may result in 

inconsistent results (Hewitt and Vincent, 2003).  

 

Dilution methods (MIC assays) 

The dilution method, used to determine antimicrobial activity is a quantitative method based on 

the principle of contact of a test organism to a series of dilutions of test substance (Cos et al., 

2006). Assays involving MIC methodology are widely used and accepted for measuring the 

susceptibility of organisms to inhibitors (Lambert and Pearson, 2000). The use of the more 

quantifiable MIC assay techniques are presently the preferred method of antimicrobial 

assessment (Kalemba and Kunicka, 2003;Burt, 2004) and this is supported by the majority of 
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publications on South African medicinal plants representing 56% in extract studies and 62% in 

essential oil studies (van Vuuren, 2008). Some publications presenting both disc diffusion and 

MIC data include: Salie et al., 1996; Rabe and Van Staden, 1997; Kelmanson et al., 2000; 

McGraw et al., 2000; Madamombe and Afolayan, 2003 and Samie et al., 2005. 

 

Bio-autographic methods 

Bio-autography localises antimicrobial activity on a chromatogram using three approaches: (a) 

direct bio-autography, where the micro-organism grows directly on the thin-layer-

chromatographic (TLC) plate, (b) contact bio-autography, where the antimicrobial compounds 

are transferred from the TLC plate to an inoculated agar plate through direct contact and (c) agar-

overlay bio-autography, where a seeded agar medium is applied directly onto the TLC plate (Cos 

et al., 2006). Despite high sensitivity, its applicability is limited to micro-organisms that easily 

grow on TLC plates. Because bio-autography allows the localisation of the antimicrobial 

activities of an extract on the chromatogram, it supports a quick search for new antimicrobial 

agents through bioassay-guided isolation (Cos et al., 2006). 

 

2.1.6. Major groups of antimicrobial phytochemicals 

Plants have an almost limitless ability to synthesise secondary metabolites, of which at least 

12,000 have been isolated (Cowan, 1999). In many cases, these substances serve as plant defense 

mechanisms against predation by microorganisms, insects, and herbivores. Some, such as 

terpenoids, give plants their odours; others (quinones and tannins) are responsible for plant 

pigmentation. Many compounds are responsible for plant flavours, e.g., the terpenoid capsaicin 

from chili peppers (Cowan, 1999). 
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Phenolics and Polyphenols 

Some of the simplest bioactive phytochemicals consist of a single substituted phenolic ring. 

Cinnamic and caffeic acids are common representatives of a wide group of phenylpropane-

derived compounds which are in the highest oxidation state (Cowan, 1999). Catechol and 

pyrogallol are hydroxylated phenols, shown to be toxic to microorganisms (Njume et al., 2009). 

Phenolic compounds possessing a C3 side chain at a lower level of oxidation and containing no 

oxygen are classified as essential oils and often cited as antimicrobial as well. Eugenol is a well-

characterised representative found in clove oil and is considered bioactive against both fungi and 

bacteria (Mason and Wasserman, 1987). 

 

Flavones, flavonoids and flavonols 

Flavones are phenolic structures containing one carbonyl group (Cowan, 1999). The addition of 

a 3-hydroxyl group yields a flavonol. Flavonoids are also hydroxylated phenolic substances but 

occur as a 3 to 6 carbon unit linked to an aromatic ring. Since they are known to be synthesised 

by plants in response to microbial infection (Cowan, 1999), it should not be surprising that they 

have been found in vitro to be effective antimicrobial substances against a wide array of 

microorganisms. Catechins, the most reduced form of the 3-carbon unit in flavonoid compounds 

deserve special mention. Flavonoid compounds exhibit inhibitory effects against multiple 

viruses. Numerous studies have documented the effectiveness of flavonoids such as 

swertifrancheside (Critchfield et al., 1996), and glycyrrhizin (fromlicorice) (Watanbeet al., 

1996), against HIV. 
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Tannins  

Tannin is a general descriptive name for a group of polymeric phenolic substances capable of 

tanning leather or precipitating gelatin from solution, a property known as astringency (Cowan, 

1999). They are found in almost every plant part (Scalbert, 1991). They are divided into two 

groups, hydrolysable and condensed tannins. Hydrolysable tannins are based on gallic acid, 

usually as multiple esters with D-glucose; while the more numerous condensed tannins (often 

called proanthocyanidins) are derived from flavonoid monomers (Serafiniet al., 1994). This 

group of compounds has received a great deal of attention in recent years, since it was suggested 

that the consumption of tannin-containing beverages, especially green teas and red wines, can 

cure or prevent a variety of ills (Serafiniet al., 1994). A review on the antimicrobial properties of 

tannins showed that tannins can be toxic to filamentous fungi, yeasts, and bacteria (Scalbert, 

1991). 

 

Alkaloids 

Heterocyclic nitrogen compounds are called alkaloids. The first medically useful example of an 

alkaloid was morphine, isolated in 1805 from the opium poppy Papaver somniferum (Cowan, 

1999). Solamargine, a glycoalkaloid from the berries of Solanum khasianum, and other alkaloids 

may be useful against HIV infection as well as intestinal infections associated with AIDS 

(McDevitt et al., 1996). 

 

2.1.7. Antioxidants and free radical scavenging property of medicinal plants 

 

A free radical may be defined as a molecule containing one or more unpaired electrons in its 

outermost atomic or molecular orbital and is capable of independent existence (Miller and Rice-
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Evans, 1997). Reactive oxygen species (ROS) describes free radicals such as superoxide, 

hydroxyl, peroxyl, hydroperoxyl and non radicals like hydrogen peroxide. Antioxidants are 

substances that delay or inhibit oxidative damage to a target molecule (Yildirim et al., 2001). 

Antioxidant molecules can react with single free radicals and neutralise them by donating one of 

their own electrons, ending the carbon stealing reaction (Sa´nchez-Moreno et al., 1998). 

 

There is considerable evidence that free radicals induce oxidative damage to biomolecules 

(lipids, proteins and nucleic acids), which eventually causes atherosclerosis, ageing, cancer, 

diabetes mellitus, inflammation, AIDS and several degenerative diseases in humans (Choi et al., 

2002). Hence, antioxidants of plant origin with free-radical scavenging properties could have 

great importance as therapeutic agents in several diseases that are related to oxidative stress 

(Ramchoun et al., 2009). Plant extracts and phytoconstituents have been shown to be effective 

radical scavengers and inhibitors of lipid peroxidation (Yildirim et al., 2001; Dash et al., 2007). 

Many synthetic antioxidant compounds have shown toxic and/or mutagenic effects, which 

observations stimulated the interest of many investigators to search for natural antioxidants 

(Nagulendran et al., 2007). The reliable method to determine radical scavenging potential 

involves the measurement of the disappearance of free radicals, such as 2,2-azino-bis (3-

ethylbenzenthiazoline-6-sulphonic) acid radical (ABTS+), the 2,2-diphenyl-1-picrylhydrazyl 

radical (DPPH+) or other colored radicals, with a spectrophotometer (Choi et al., 2002). 

 

2.1.8. Safety evaluation of medicinal plants 

 

Although it is considered that traditional plant medicines, having been used for centuries are 

generally safe, it cannot be taken for granted that these treatments are void of potentially toxic, 
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mutagenic and/or carcinogenic properties (Taylor et al., 2001). For example, several studies 

(Bwititi et al., 2000; Ijeh and Agbo, 2006) have indicated that the use of plant extracts in high 

doses could lead to toxic injury to the kidneys and may interfere with renal tubular function and 

induce acute renal failure. This calls for a need to further investigate safer concentrations of 

ethnomedicinal preparations; hence, it has been recommended that pharmacological studies 

should always be accompanied by toxicological screening (Taylor et al., 2001; Fennell et al., 

2004; Cos et al., 2006).  

 

In vitro toxicity evaluation  

These methods are based on the extraction of active compounds from herbs and incubating 

different cell lines in these extracts at various dilutions. After exposure of the cells to the herbal 

extracts, cytotoxicity is assessed by different methods such as microscopic cell morphology 

evaluation, MTT (methyltetrazolium) assay and lactate dehydrogenase activity (LDH) (Lee et 

al., 2000). Such in vitro toxicological studies have the advantage of having relatively well-

controlled variables and they are widely accepted as the most effective safety and toxicity tests in 

pharmaceutical development (Lee et al., 2000).  

 

In vivo toxicity evaluation 

Cells and tissues do not exist independently in vivo but communicate with and are dependent on 

neighbouring tissues. It is essential to test both the medicinal herb and its active ingredient in 

vivo in order to access their toxicity on various cell lines (Saad et al., 2006).  
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2.2. Human immunodeficiency virus/Acquired immunodeficiency syndrome (HIV/AIDS) 

 

2.2.1. Introduction 

 

Acquired immunodeficiency syndrome (AIDS) is a pressing public health concern. Scientific 

evidence supports the claim that AIDS is caused by HIV (National Institutes of Health, 2000). 

HIV is transmitted from person to person through body fluids such as blood or blood products, 

sexual fluids and from mother to foetus or to babies though breast milk (Kontas, 2003). As a 

result of the impaired immune function caused by the human immunodeficiency virus (HIV), 

there is an increased susceptibility to secondary opportunistic infections in HIV/AIDS patients 

(Green, 1995). Symptoms associated with HIV occur as both direct and indirect consequences of 

the disease process and as a side effect of the antiretroviral drugs used in the treatment of the 

disease (Woolridge et al., 2005). These symptoms include nausea and vomiting, pain, reduced 

appetite, weight loss, headache, diarrhoea, constipation, anxiety and depression (Woolridge et 

al., 2005). HIV/AIDS has spread throughout the world without discriminating as to culture, 

religion, language, race, gender, or age (Kontas, 2003). An estimated 22.5 million adults and 

children live with HIV/AIDS in sub-Saharan Africa (UNAIDS, 2010). Because of the high rates 

of utilisation of traditional healers in sub-Saharan Africa, it is believed that herbal medicines are 

commonly used for the treatment of HIV and related symptoms (Morris, 2001).  

 

2.2.2. Prevalence of HIV/AIDS in South Africa 

 

According to the Joint United Nations Program on HIV/AIDS, the total number of people living 

with HIV/AIDS in South Africa stands at 5.6 million, and the epidemic is stable (UNAIDS, 

2010). In 2010, an estimated 10.5% of the total population was HIV positive and approximately 
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1.6 million people aged 15 and older; and approximately 183 000 children were in need of ART 

(Statistics South Africa, 2010).  

 

With the highest number of infections in the world, South Africa is one of the countries most 

severely affected by the AIDS pandemic. While South Africa is home to only 0.7 percent of the 

world‘s population, it accounts for 28 percent of the world‘s HIV and tuberculosis (TB) co-

infections and 33 percent of the co-infections in sub-Saharan Africa (UNAIDS, 2010). 

 

2.2.3. Traditional medicine in the management of HIV/AIDS 

 

In Africa, traditional herbal medicines are often used as primary treatment for HIV/AIDS and for 

HIV-related problems including dermatological disorders, nausea, depression, insomnia, and 

weakness (Homsy et al., 2004). Many patients take a broad range of natural health products in 

addition to the conventional therapeutic products (Mills et al., 2005). Despite a paucity of 

evidence on effectiveness, and the possibility of harm, the Ministries of Health of several African 

nations currently promote traditional medicines for the treatment of HIV and associated 

symptoms (Mills et al., 2005). Two principal African herbal plants used for HIV/AIDS treatment 

in sub-Saharan Africa include Hypoxis hemerocallidea and Sutherlandia frutescens (Mills et al., 

2005). These two herbal remedies are currently recommended by the South African Ministry of 

Health for HIV management (SADC, 2002). Responding to the compelling need for evidence 

regarding traditional medicines, the antifungal and toxicological effects of selected medicinal 

plants on a panel of 10 opportunistic fungi in HIV infection were evaluated in this study. 

 



30 

 

2.2.4. Opportunistic fungal infections associated with HIV/AIDS 

 

In addition to the pathogenic bacteria, opportunistic fungal infections are becoming more 

important especially due to the immune deficiency induced by HIV-AIDS (Suleiman et al., 

2010). Candida species are very common pathogens in moderate to advanced HIV disease, 

infecting mucosal sites such as the oropharynx, oesophagus, and anogenital regions (Johnson, 

2000). Oropharyngeal candidiasis is asymptomatic. Patients may complain of soreness or 

burning sensation in the mouth, thrush presents as white curd-like colonies of Candida in the 

aerodigestive tract (Johnson, 2000). The vaginal infection is characterised by vulvar pruritus, 

dysuria, dyspareunia, irritation, and soreness of the vulva; and is sometimes accompanied by 

erythematous and curdlike non-foul smelling discharge (Umeh and Umeakanne, 2010). Most 

mucosal infections and vaginal discharge among HIV seropositive women are usually attributed 

to Candida (Spinilloet al., 1994). Agents for topical therapy of candidiasis include nystatin, 

fluconazole solution and amphotericin B solution, while agents for systematic therapy include 

the imidazoles, ketoconazole and fluconazole (Johnson, 2000).  

 

Dermatophytes, are common opportunistic pathogens in HIV disease (Johnson, 2000) and have 

the ability to invade keratinised tissues of animals and humans and cause a disease, 

dermatophytosis, which is the most common human contagious fungal disease (Duraipandiyan 

and Ignacimuthuthe, 2011). There are approximately 40 different species of dermatophytes, 

characterised by their capability to digest keratin and are divided among three genera: 

Trichophyton, Microsporum and Epidermophyton (Havlickova et al., 2008). A majority of 

superficial fungal infections of the skin are caused by five or six species of dermatophyte, of 

which Trichophyton rubrum is the most common (Aly, 1994). Zoophilic dermatophytes such as 
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Microsporum gallinae and M. canis have also been isolated to cause widespread epidermal 

dermatophytosis (Johnson, 2000). 

 

The common scenario of invasive fungal infections in HIV disease is that of reactivated latent 

pulmonary infection, often with hematogenous dissemination to multiple organs including the 

skin (Johnson, 2000). Cryptococcus neoformans is the second most common fungal opportunist 

(C. albicans being the most common), causing symptomatic cryptococcosis in up to 8.5% of 

HIV-infected individuals (Johnson, 2000). Disseminated cryptococcosis is by far the most 

common life-threatening fungal infection in HIV disease. Patients with central nervous system 

cryptococcosis may present with symptoms that can occur over a few days to several months of 

malaise, fever, headache, nausea, or vomiting, and with more specific findings including 

personality change, confusion, loss of memory, and symptoms of cranial nerve palsies. Skin 

lesions may occur weeks or many months before presentation. 

 

Aspergillus species are opportunistic moulds that can cause both allergic and invasive syndromes 

(Denning, 1998). The most common species causing aspergillosis is Aspergillus fumigatus, 

accounting for approximately 90% of Aspergillus infections (Marr et al., 2002). Invasive 

pulmonary aspergillosis (IPA) is a serious fungal infection of immunocompromised patients 

usually caused by Aspergillus fumigatus with ever increasing incidence (Suleiman et al., 2010).  

Risk factors for invasive aspergillosis in HIV disease include leukopenia and therapy with 

corticosteroids, broad-spectrum antibiotics, and antineoplastic agents. Skin lesions appear as 

pink-coloured umbilicated papules resembling molluscum contagiosum. The majority of patients 
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with invasive disseminated aspergillosis die, despite treatment with amphotericin B (Johnson, 

2000). 
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Abstract 

 

An estimated 5.7 million people were living with HIV and AIDS in South Africa in 2009, more 

than in any other country.  Despite the broad use of medicinal plants in South Africa, there is a 

dearth of knowledge regarding the use of such plants in the management of opportunistic fungal 

infections (OFIs) in HIV/AIDS patients. Knowledge of these plants is very important as they can 

provide leads in the discovery of new antifungal agents. The purpose of this study was to 

document the indigenous knowledge of medicinal plants used in the management of 

opportunistic fungal infections in HIV/AIDS patients in the Eastern Cape, South Africa. 

Information was obtained through interviews with traditional healers and AIDS patients with the 

aid of semi-structured questionnaires, direct observations and by reviewing studies reported in 

the literature. A total of 123 informants participated in the study, including 22 (21.8%) 

traditional healers and 101 (78.2%) HIV/AIDS patients. Thirty-two plant species distributed in 

26 families and 32 genera were identified as being used to treat one or more of the OFIs. 

Considering the widespread use of these medicinal plants to treat various ailments and their 

current use in the management of oportunistic fungal infections in HIV/AIDS patients, it 

therefore becomes crucial to scientifically validate the therapeutic uses and safety of these plants 

through phytochemical screening, antifungal susceptibility tests and toxicological studies. 
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3.1. Introduction 

 

An estimated 5.7 million people were living with HIV and AIDS in South Africa in 2009, more 

than in any other country (UNAIDS, 2010). It has been shown that up to 90% of all HIV/AIDS 

patients contract  opportunistic fungal infections (OFIs) at some point during the course of the 

disease and that 10–20% die as a direct consequence of these (Hamza et al., 2006). Opportunistic 

fungal infections such as mucocutaneous candidiasis, pneumocystosis, cryptococcosis, and 

aspergillosis are the most common AIDS-defining conditions in HIV-positive individuals 

(WHO, 2009), with oral candidiasis being the earliest and most frequent infection (Reichart, 

2003). Infection with the pathogenic fungus Cryptococcus neoformans is a more serious 

condition that often produces pneumonia and meningitis in HIV-infected patients (Hamza et al., 

2006). Among the pathogenic fungi, the dermatophytes have the ability to invade keratinised 

tissues of humans and cause dermatophytosis, the most common human contagious fungal 

disease (Sidat et al., 2006). 

 

Treatment of such infections is therefore one of the most important factors for the management 

of HIV/AIDS. It is estimated that in the Eastern Cape Province of South Africa, 21,294 adults 

and 1,220 children living with HIV were on antiretroviral therapy in 2006 (ECDH, 2006). This 

may lower the incidence of OFIs in patients with AIDS (WHO, 2009). However, poverty, 

resistance to conventional medicine and the serious side effects associated with antiretroviral 

drugs are the main drawbacks to the use of conventional therapies (Kisangau et al., 2007). These 

factors, coupled with the severe shortage of health personnel in South Africa (Demmer, 2007), 

might have prompted many HIV/AIDS patients to develop coping mechanisms by adopting 

alternative sources of symptom management, one of which has been the use of herbal therapies 
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(Kisangau et al., 2007).  In South Africa, there are over 3,000 species of plants which have been 

found to be used in traditional medicine and an estimated 200,000 indigenous traditional healers, 

that up to 60% of the population consult for health care (Van Wyk et al., 1997). Despite the 

widespread use of medicinal plants in South Africa, there is a dearth of knowledge regarding the 

use of such plants in the management of opportunistic fungal infections in HIV/AIDS patients. 

 

The purpose of this study was to identify and document the plants that are used by traditional 

healers and HIV/AIDS patients in the management of opportunistic fungal infections in 

HIV/AIDS in the Eastern Cape, South Africa. Knowledge of these plants is very important as 

they can provide leads in the discovery of new antifungal agents (Bisi-Johnson et al., 2010). 

Much of the traditional knowledge is being lost in the trasmission from one generation to the 

next, hence, it is important to document such knowledge for future generations (Thring and 

Weitz, 2006). 

 

3.2. Materials and methods 

 

3.2.1. Ethnobotanical survey 

 

The survey was conducted from May to August 2010, and the study sites included King 

William‘s Town, Alice, Fort Beaufort and Hogsback. The survey was done through interviews 

with traditional healers and HIV/AIDS patients who use medicinal plants to treat fungal 

infections associated with HIV/AIDS. The interviews were conducted in Xhosa, the local 

language of the informants. The interviews were facilitated by a local field assistant and two 

―HIV-care‖ workers who were fluent in both Xhosa and English. 
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Semi-structured questionnaires were administered to traditional healers who were trained 

practitioners of repute (Bisi-Jobson et al., 2010) within the various communities. A non-

governmental organisation (HIV Hope Project) at Hogsback served as the recruitment site for 

AIDS patients. Exhaustive field notes were taken on the medicinal uses of the plants, following 

the methodology of Abassi et al. (2010). The following data were collected for the plants that are 

commonly used in the treatment of opportunistic fungal infections in HIV/AIDS patients: the 

local name of the plant, life form, plant parts used, the method of preparation and the mode of 

administration of the herbal remedy. In order to avoid confusion with respect to the identity of 

the medicinal plants, the traditional healers assisted in the collection of the medicinal plants from 

the wild.  

 

3.2.2. Identification of medicinal plants 

 

Identification of the collected plants specimens was done in the Department of Botany at the 

University of Fort Hare, South Africa, with the help of floristic works of South Africa (Bhat and 

Jacobs, 1995; Van Wyk et al., 1997 and Dold and Cocks, 1999).  Voucher specimens were 

deposited in the Griffin Herbarium of the University of Fort Hare. Further characterisation of the 

plants and their previous reported usage was established by a literature search (Togola et al., 

2005) within the online databases available in the library of the University of Fort Hare, namely 

Elsevier Science Direct, Springer link and Jstor. 

3.2.3. Opportunistic fungal infections in HIV/AIDS patients 

 

The opportunistic fungal infections considered in the present study were candidiasis (oral, 

vaginal and oesopharyngeal candidiasis), cryptococcal meningitis, aspergillosis and 
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dermatophytoses in AIDS patients. During the interviews, the symptoms of the various OFIs 

(Table 3.1) (Wark, 2004; Kisangau et al., 2007; Ahmad and Khan, 2009) were described to the 

healers and AIDS patients so as to enable them to give the appropriate plant species they usually 

use to manage the infections. An inventory of the identified plant species was compiled and the 

plants were grouped according to their corresponding OFIs. Ethical approval for the study 

(Appendix 4) was provided by the Research Ethics Committee at the University of Fort Hare, 

South Africa. 

 

Table 3.1. Signs/symptoms of opportunistic fungal infections in HIV/AIDS patients. 

 

 

Opportunistic fungal infection Symptoms 

Oral candidiasis Oral thrush, oral mucosal lesions, burning pain in the 

mouth, altered taste. 

Vaginal candidiasis Abnormal vaginal discharge, itching and burning in or 

around the vagina. 

Oesopharyngeal candidiasis Pain and difficulty when swallowing, change in the sense 

of smell. 

Cryptococcal meningitis Fever, frequent headache, mental confusion, seizures, 

malaise and fatigue. 

Aspergillosis Pulmonary disease; cough and difficult breathing, chest 

pain, fever and night sweats. 

Dermatophytoses Ring-like patch on the skin, skin itch and skin rash. 
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3.3. Results and discussion 

 

A total of the 123 informants (aged between 21 and 63 years) participated in the study, including 

22 (21.8%) traditional healers and 101 (78.2%) HIV/AIDS patients. There were 71 (57.7%) 

females and 52 (42.3%) males.  Only 14.3% of the respondents were above 50 years. This 

suggests that the legacy of the use of herbal remedy in the management of opportunistic 

infections in HIV/AIDS is not yet endangered in the study area (Kisangau et al., 2007). 

 

3.3.1. Medicinal plant diversity 

 

In this study, 33 plant species distributed in 26 families and 32 genera were identified as being 

used to treat one or more of the OFIs (Table 3.2). This is indicative of a considerable diversity 

and abundance of plant species used in the treatment of the OFIs in the study area. This could be 

attributed to South Africa‘s large floral biodiversity. South Africa is home to over 30,000 species 

of higher plants and 3 000 of these species have been found to be used in traditional medicine 

across the country (Van Wyk et al., 1997). The most representative family was the 

Asphodelaceae with 4 species, followed by Asteraceae and Hypoxidaceae with 3 species each 

and Rutaceae with 2 species (Table 3.2). The other families had 1 species each associated with 

the treatment of the reported OFIs in HIV/AIDS patients. The dominance of the above families 

may be indicative of the presence of antifungal compounds within their plant species. 
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Table3.2. Medicinal plants used in the treatment of opportunistic fungal infections in HIV/AIDS 

Scientific name / voucher no. 

Local name  (isiXhosa) 

Family 

Life form Part used Preparation/ 

Administration 

Other reported uses/ 

(Frequency of citation, 

 n= 123) 

References 

 

 

      

A. Plants used for      

     Aspergillosis 

     

Alepidea amatymbica Eckl. & Zeyh  

/W1. 

(Iqwili) 

Apiaceae 

Robust  

perennial 

 

 

 

Rhizome 

Root 

 

 

 

Decoction  

Oral 

 

 

 

Sore throat, gastro-intestinal 

complaints, fever, rheumatism, 

headache, diarrhea and abdominal 

cramps. (9) 

 

Somova et al., 2001; Afolayan 

and  Lewu, 2009. 

 

Allium sativum L /W2. 

(Ivimbampunzi) 

Alliaceae 

Herb 

 

 

Root 

 

 

Decoction 

Oral 

 

Broad  spectrum antibiotic,  

hypertension, gastrointestinal 

disorders, cough. (7) 

Harris et al., 2001. 
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Cannabis sativa L/W3 

(Umya) 

Cannabinaceae 

Herb 

 

 

 

Leaf 

 

 

 

Infusion 

Oral 

 

 

Asthma, headache, epilepsy, 

colds, hypertension. (3) 

Van Wyk et al., 1997; Dold 

and Cocks, 2000. 

Citrus limon L /W4. 

(Ulamula) 

Rutaceae 

Tree 

 

Fruit 

 

 

 

Decoction 

Oral 

 

 

Rheumatic arthritis, cataracts, 

sunburn-induced skin damage, 

and cardiovascular diseases. (6) 

Van Wyk et al., 1997. 

Helichrysum cymosum L/W5. 

(Imphepho) 

Asteraceae 

Herbaceous 

Perennial 

Root 

 

Infusion 

Oral  

 

Infections of the skin, colds, 

coughs and wounds. (4)  

Lourens et al., 

2008. 

 

Strychnos henningsii Gilg. /W6 

(Umnonono) 

Loganiaceae 

Shrub 

 

 

 

Bark 

 

 

 

Decoction 

Oral 

 

 

Rheumatism, gastrointestinal 

pain, malaria and diabetes 

mellitus.  (5) 

 

Oyedemi et al., 2010;   

Hutchings, 1989. 
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Warburia  salutaris (Bertol. f) Chiov 

/W7 

(Isibhaha ) 

Canellaceae 

 

Tree 

 

 

 

 

Bulb 

 

 

 

 

Decoction 

Oral 

 

 

 

Rheumatism, malaria, headache. 

(3) 

Van Wyk et al., 1997. 

Zingiber officinale /W8 

 (Ginja) 

Zingiberaceae 

Herbaceous 

Perennial 

 

 

Rhizome 

 

 

 

Decoction 

Oral 

 

 

Nausea and vomiting, arthritis 

and heart disease. (4) 

 

Ali et al., 2008. 

 

 

 

B. Plants used for cryptococcal 

meningitis 

     

Alepidea amatymbica Eckl. & Zeyh. 

/W1 

(Iqwili) 

Apiaceae 

Robust 

Perennial 

 

Rhizome, 

Root 

 

Decoction  

Oral 

Sore throat, gastro-intestinal 

complaints, fever, rheumatism, 

headache, diarrhea and abdominal 

cramps. (4) 

  

Somova et al., 2001; Afolayan 

and Lewu, 2009. 
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Citrus limon L. /W4 

(Ulamula) 

Rutaceae 

Tree 

 

 

 

Fruit 

 

 

 

Decoction 

Oral 

 

 

 Arthritis, cataracts, colds, fever, 

and cardiovascular disease. (6) 

 

Van Wyk et al., 1997. 

 

 

 

Pittosporum viridiflorum Sims. /W9 

(Umkhwenkwe) 

Pittosporaceae 

 

Tree 

 

 

 

Leaf 

 

 

 

Infusion 

Oral 

 

Stomach complaints, abdominal 

pains and fever. (3) 

Van Wyk et al., 1997. 

 

Rubia petiolaris DC /W10 

(Impendulo) 

Rubiaceae 

 

Shrub Leaf 

 

Decoction  

Enema 

 No reported previous uses. (1) 

 

 

 

Talinum sp. /W11 

(Umhlabelo) 

Portulacaceae 

Herb 

 

 

 

Bulb 

 

 

 

Infusion 

Oral 

 

 

Leishmaniasis. (4) Odonne et al., 2009. 
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Tulbaghia violaceae Harv. /W12 

(Utswelane) 

Alliaceae 

Herb 

 

 

 

Leaf 

 

 

 

Decoction 

Oral 

 

 

Fever, asthma, constipation, 

oesophageal cancer and 

hypertension. (4) 

Van Wyk et al., 1997. 

C. Plants used for oesopharyngeal  

candidiasis 

     

Agathosma betulina Herba /W13 

(Ibuchu) 

Rutaceae 

 

 

Shrub 

 

 

 

 

Leaf 

 

 

 

 

Decoction 

Oral 

 

 

 

Cough, colds and flu; a diuretic; 

kidney and urinary tract 

infections, prostatitis, cholera, 

rheumatism, gout and bruises. 

Van Wyk et al., 1997. 

Alepidea amatymbica Eckl. & Zeyh. 

/W8 

(Iqwili) 

Apiaceae 

 

Robust 

Perennial 

 

 

 

Rhizome, 

Root 

 

 

 

Decoction  

Oral 

 

 

 

 Sore throat, gastro-intestinal 

complaints, fever, rheumatism, 

headache, diarrhea and abdominal 

cramps. (5) 

 

Somova et al., 2001; Afolayan 

and  Lewu, 2009. 
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Allium sativum L. /W2 

(Ivimbampunzi) 

Alliaceae 

Herb 

 

 

 

Root 

 

 

 

Decoction 

Oral 

 

 

Broad  spectrum antibiotic,  

hypertension, gastrointestinal 

disorders, cough. (4) 

 

Harris et al., 2000. 

 

Artemisia afra Jacq. ex Wild /W14 

(Umhlonyane) 

Asteraceae. 

 

Shrub 

 

 

 

Corm  

Leaf 

 

 

Decoction 

Oral 

 

 

Cough, colds, influenza, malaria, 

intestinal worms. (5) 

Van Wyk et al., 1997. 

Curtisia dentata Burm.f  /W15 

(Umlahleni selefile) 

Cornaceae 

Tree 

 

 

 

Leaf 

 Root 

 

 

Decoction 

Inhalation 

 

 

Diarrhoea, to purify the blood, as 

an aphrodisiac, pimples. (2) 

Grierson and Afolayan, 1999. 

Hydnora africana Thunb. /W16 

(Umafumbuka) 

Hydnoraceae 

 

Epiphyte 

 

 

 

Bulb 

 

 

 

Decoction 

Oral 

 

 

Fever, asthma, constipation, 

oesophageal cancer and 

hypertension. (4) 

Van Wyk et al., 1997. 
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Hypoxis hemerocallidea Fisch. 

Mey. & Avé-Lall /W17 

(Umhlaba, Ikhala) 

Hypoxidaceae 

 

 

 

 

 

Herbaceous 

Perennial 

 

 

 

 

 

 

 

Corm 

 

 

 

 

 

 

 

 

Decoction 

Oral 

 

 

 

 

 

 

 

Common cold, flu, hypertension, 

diabetes mellitus, urinary 

infections, testicular tumours, 

prostatehypertrophy and internal 

cancer, HIV/AIDS and some 

central nervous system disorders. 

(9) 

Albrecht, 1995, Fagelman and 

Lowe, 2002. 

Olea europaea L. /W18 

(Umquma) 

Oleaceae 

Tree 

 

 

 

Bulb 

 

 

 

Decoction 

Oral 

 

 

Diarrhoea, sore throats. (3) Van Wyk et al., 1997. 

 

D. Plants used for oral candidiasis 

     

Carpobrotus edulis L. /W19 Herbaceous Fruit Infusion Dysentery, digestive troubles, Forbes, 1986. 
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(Unomatyumtyum) 

 

Mesembyanthemaceae 

Perennial 

 

 Oral 

 

tuberculosis, eczema and wounds. 

(4) 

Eucalyptus sp. /W20 

iGumtriya 

Myrtaceae. 

Tree 

 

 

 

Leaf 

 

 

 

Infusion 

Oral 

 

 

Heal wounds, fungal infections, 

analgesic, cold, flu, and sinus. (5) 

Gomes-Carneiro et al., 1998. 

Hypoxis hemerocallidea Fisch. 

/W17 

(Umhlaba, Ikhala) 

Hypoxidaceae 

 

Herbaceous 

Perennial 

 

 

Corm 

 

 

 

Decoction 

Oral 

 

 

Common cold, flu, hypertension, 

diabetes mellitus, urinary 

infections, testicular tumours, 

prostate hypertrophy and internal 

cancer, HIV/AIDS and some 

central nervous system disorders. 

(5) 

 

Albrecht, 1995, Fagelman and 

Lowe, 2002. 

Solanum aculeastrum /W21 Shrub Leaf Infusion Gonorrhea, rheumatism. (3) Aboyade et al., 2010. 
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(Umthuma) 

Solanaceae 

 

 

 

 

 

 

Oral 

 

 

 

E. Plants used for vaginal 

candidiasis 

     

Aloe ferox Mill. /W22 

(Umhlaba, Ikhala) 

Asphodelaceae 

 

Herb 

 

 

Root 

 

 

Lotion 

Topical 

 

Sexually transmitted diseases. (8) Kambizi et al., 2004. 

Bulbine latifolia Roem. & Schult. 

/W23 

(Rooiwater - Afrikaans) 

Asphodelaceae 

 

Herb 

 

 

 

Root 

 

 

 

Infusion 

Topical 

 

 

Sores, wounds, skin rashes, 

cracked lips, eczema and 

ringworm. (9) 

Van Wyk et al., 1997. 

Bulbine natalensis Baker /W24 Herb Leaf Infusion HIV/AIDS. (3) Van Wyk et al., 1997. 
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(Ingcelwane) 

Asphodelaceae 

 

 

 

 

 

 

 

Bathing 

 

 

Euclea natalensis A.DC. /W25 

(Umtshekesane) 

Ebenaceae 

Shrub 

 

 

 

Leaf 

 

 

 

Infusion 

Bathing 

 

 

Respiratory complications such as 

chest pains, bronchitis, asthma, 

tuberculosis.  (4) 

Van Wyk et al., 1997 

Hypoxis hemerocallidea Fisch. 

/W17 

(Umhlaba, Ikhala) 

Hypoxidaceae 

Herbaceous 

Perennial 

 

 

Corm Decoction 

Oral 

 Common cold, flu, hypertension, 

diabetes mellitus, urinary tract 

infections, testicular tumours, 

prostate hypertrophy and internal 

cancer, HIV/AIDS and some 

central nervous system disorders. 

(6)   

 

Albrecht, 1995; Fogelman and 

Lowe, 2002. 
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Psidium guajava L. /W26 

(Gwava) 

Myrtaceae 

 

Tree Leaf 

Bulb 

infusion  

Oral, enema 

Diarrhoea, diabetes, ulcers, and 

boils. (6) 

Van Wyk et al., 1997 

Xysmalobium undulatum L. /W27 

(Ishongwe) 

Asclepiadiaceae 

Herb 

 

 

 

Root 

Leaf 

 

 

Decoction  

Oral 

 

 

Dysentry, headache. (4)                               Bisi-Johnson et al., 2010. 

 

 

 

F.  Plants used for 

dermatophytoses 

     

Arctotis arctotoides (L.f.) O. Hoffm 

/W28 

Ibushwe 

Herbaceous 

perennial 

Root 

Leaf 

Infusion 

Bathing 

Indigestion, catarrh of the 

stomach. 

Afolayan, 2003. 
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Asteraceae 

 

Cassipourea flanaganii Schinz. 

/W29 

(umMemezi) 

Rhizophoraceae 

 

Tree 

 

 

 

Bulb 

 

 

 

Infusion 

Topical 

 

 

Cosmetic, protection of skin 

against sun burn.  (5) 

Bhat and Jacobs, 1995. 

Euphorbia hirta L. /W30 

(Intsema) 

Euphorbiaceae 

 

Succulent 

Shrub 

Root 

 

Lotion 

Topical 

Dysentry, worms, colds, 

bronchitis and asthma. (5) 

Ogueke et al., 2007. 

Gasteria bicolor Haw. /W31 

(Intelezi) 

Asphodelaceae 

 

Herb 

 

 

 

Leaf 

 

 

 

Lotion 

Topical 

 

 

Prophylactic purposes, to banish 

evil spirits.  (6) 

 

Dold and Cocks, 2000. 

 

 

 

Limeum aethiopicum L. /W32 Herb Leaf Infusion Insomnia, purification of the Van Wyk et al., 2008. 
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(Inceba) 

Molluginaceae 

 

 

 

 

 

Oral 

 

blood. (2)  

Protorhus longifolia (Bernh.) Engl. 

/W33 

(Izintlwa) 

Anacardiaceae 

 

Tree 

 

 

 

 

Leaf 

 

 

 

 

Infusion 

Topical 

 

 

 

Diarrhoea, Heart burn and 

stomach bleeding.  (3)                    

Dold and Cocks, 2000; Bisi-

Johnson et al., 2010. 
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3.3.2. Growth form and plant parts used 

 

Of the 33 plant species studied, 6 growth forms were identified:  herb, herbaceous 

perennial, shrub, epiphyte, tree and robust perennial (Fig. 3.1). The majority of the 

medicinal plants were herbs with 10 species (42%), followed by shrubs (6 species, 25%), 

herbaceous perennials (21%) and 1 species each (4%) for succulents, epiphyte and robust 

perennial.  

 

 

Figure 3.1. Growth forms of medicinal plant preparations used in the management 

of OFIs in HIV/AIDS patients. 
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The dominance of herbs concurs with the general pattern seen in most ethnobotanical 

surveys. This could be attributed to the abundance and year round availability of herbs in 

the study area (Lulekal et al., 2008) 

 

The leaf (43%) was the most commonly utilised plant part (Fig. 3.2) followed by the root 

(21%), bark (15%), corm (6%), fruit (6%), rhizome (6%) and bulb (3%).  The fact that 

the usage of roots accounts for up to 21% of all plant parts used is worthy of note as this 

may have a negative influence in the survival and continuity of the medicinal plants 

(Lulekal et al., 2008) and hence affects the sustainable utilisation of the plant species 

used in the treatment of the OFIs in the study area. 

 

Figure 3.2. Plant parts used in the treatment of opportunistic fungal infections in 

HIV/AIDS patients 
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3.3.3. Preparation and administration of herbal remedy 

 

Three different methods are used for the preparation of the medicinal plants used for the 

management of the OFIs in the study area. Decoction (15, 45.5%) and infusion (15, 

45.5%) are the most utilised forms of preparation followed by lotion which is used for 

only 3 plant species (9%). Application of the medicinal plants preparations is done 

through 5 different routes of administration (Fig. 3.3). Oral application (22, 67%) was the 

most frequently cited route of administration followed by topical (6, 18%), bathing (3, 

9%), while applications by enema and inhalation are used for only 1 (3%) species each. 

 

Figure 3.3. Mode of application of medicinal plant preparations in the management 

of OFIs in HIV/AIDS 
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3.3.4. Relationship between opportunistic fungal infections and number of medicinal 

plant species. 

 

The results in Fig 3.4 indicate that candidiasis (oral, vaginal and oesopharyngeal) was the 

OFI for which the highest number (19) of medicinal plants were used, followed by 

aspergillosis (8), cryptococcal meningitis (6) and dermatophytoses (6). According to the 

World Health Organisation (WHO, 2009), candidiasis is the most common fungal 

infection found in HIV/AIDS patients. Extensive oesophageal candidiasis is an AIDS-

defining infection. In one prospective study, 84% of HIV-infected patients had 

oropharyngeal colonisation by Candida species on at least one occasion, and 55% 

developed clinical thrush (Sangeorzan et al., 1994). 

 

Figure 3.4.Opportunistic fungal infections versus number of medicinal plants. 
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The medicinal plants with the highest frequency of citations (Table 3.2) for the various 

OFIs were Alepidea amatymbica for both aspergillosis and cryptococcal meningitis, 

Hypoxis hemerocallidea for candidiasis and Gasteria bicolor for dermophytoses. The 

following plants were used for the treatment of two or more OFIs: Alepidea amatymbica, 

Citrus limon, Allium sativum, Agathosma betulina, and Hypoxis hemerocallidea. The 

relatively high frequency of citation for these species in the treatment of one or more OFI 

may reflect the likelihood of the presence of antifungal compounds which may reduce the 

severity of various OFIs (Kisangau et al., 2007).To assess the importance of a single 

species, it is reasonable to state that the greater the independent citation of a particular 

species for the treatment of a certain illness category, the greater is its cultural importance 

(Kisangau et al., 2007). 

 

The medicinal plants identified in this study for the treatment of OFIs in HIV/AIDS 

patients have previously been cited in literature for the management of other ailments in 

South Africa (Table 3.2). For example, Artemisia afra (Asteraceae) is a popular plant 

with many uses in literature, including coughs, colds, influenza, fever, headache, and 

inflamation (Van Wyk et al., 1997; Thring and Weitz, 2006). Agathosma betulina 

(Rutaceae) is a very popular plant used since the 17
th

 and 18
th

 centuries in the Cape to 

treat stomach ailments, infections of the kidney, bladder, urinary tract, rheumatism and 

wounds (Thring and Weitz, 2006). Two principal African herbs used for HIV/AIDS 

treatment in sub-Saharan Africa include Hypoxis hemerocallidea (common name: 

African potato), and Sutherlandia frutescens (Millset al., 2005).These two herbal 

remedies are currently recommended by the South African Ministry of Health for HIV 
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management. Considering the widespread use of these medicinal plants to treat various 

ailments (Table 3.2) and their current use in the management of oportunistic fungal 

infections in HIV/AIDS patients in the study area,  the screening of selected medicinal 

plants for their antifungal property is  a subject of investigation in the proceeding 

chapters. 

 

3.4. Conclusion 

 

There is considerable biological diversity and abundance of plant species used in the 

treatment of the opportunistic fungal infections in the Amathole District of the Eastern 

Cape Province. The dominance of the Asphodelaceae, Hypoxidaceae and Rutaceae 

families may indicate the presence of antifungal compounds within their plant species. It 

is therefore crucial to scientifically validate the therapeutic uses and safety of these 

medicinal plants through phytochemical screening, antifungal susceptibility tests and 

toxicological studies. 
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Abstract 

 

It has been reported that about 75% of HIV-infected patients use remedies from 

complementary or African traditional medicine in South Africa. The multiplicity of these 

medicines leads not only to potentially severe side effects, but also to clinically 

significant interactions with antiretrovirals (ARVs) and other medicines. The aim of this 

study was to evaluate the prevalence, perceived benefit and efficacy of herbal medicine in 

the management of opportunistic fungal infections (OFIs) in HIV/AIDS patients. 

Following Ethics Committee approval, 101 HIV/AIDS patients were recruited through 

convenience sampling into an anonymous cross-sectional questionnaire study. More than 

one-third (39.6%, 40/101) of the study population reported using herbal medicine for 

treating signs/symptoms of OFIs. Close to half (21, 52.5%) of the 40 HIV/AIDS patients 

who used herbal medicine reported that the herbal medicine did not help their condition, 

while 13 (32.5%) patients disclosed that the herbal medicine had a significant and great 

contribution towards the management of their signs/symptoms of OFIs. Six factors were 

found to drive the use of herbal medicine by the HIV/AIDS patients, namely: ‗Herbal 

medicine is part of our cultural identity‘, ‗I thought it would be interesting to try herbal 

medicine‘, ‗Herbal medicine combined with conventional medical treatment would help‘, 

‗Conventional medical treatment are too expensive‘, ‗Conventional medical treatment 

would not help you‘, and ‗A conventional medical practitioner suggested you to try 

herbal medicine‘. 
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4.1. Introduction 

 

AIDS is the leading cause of death in South Africa, and approximately 40% of all deaths 

in individuals aged 15 to 49 are due to HIV/AIDS. Antiretroviral treatment is out of reach 

for many South Africans living with HIV/AIDS and many patients do not have any 

hospice or palliative care (Demmer, 2007). In the absence of effective treatment for 

HIV/AIDS, including the limited availability of antiretroviral treatment for most people 

in Southern Africa, those who are infected face the challenge of managing their 

symptoms to alleviate discomfort and enhance their quality of life (Sukati et al., 2005). It 

was reported that about 75% of HIV-infected patients take some remedies from 

complementary or African traditional medicine in South Africa (Malangu, 2007). The 

multiplicity of these medicines leads not only to potentially severe side effects, but also 

to clinically significant interactions with ARVs and other medicines. It is therefore 

important to establish the extent of use of herbal medicine by HIV/AIDS patients. The 

aim of this study was to evaluate the prevalence, perceived benefits and effectiveness of 

herbal medicine in the management of opportunistic fungal infections in HIV/AIDS 

patients presenting at an outpatient clinic. Patient disclosure of herb usage to their 

conventional medical practitioner (CMP) and the socio-demographic factors associated 

with the use of herbal medicine are also discussed.  
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4.2. Materials and methods 

 

A cross-sectional survey was conducted to determine the frequency of the 

signs/symptoms of the opportunistic fungal infections (OFIs) among 101 HIV-positive 

patients enrolled in an outpatient clinic at Hogsback, Eastern Cape, South Africa. The 

proposal for this study was approved by the Research Ethics Committee of the University 

of Fort Hare, South Africa (See Appendix 4). HIV/AIDS patients who fulfilled the 

following criteria were considered eligible for this study: Age greater than 18 years, 

willingness, physical and psychological ability to participate in the interview (Shawn et 

al., 2005). Patients‘ participation in this study was completely voluntary and anonymous, 

and they were free to withdraw from the study at any time without repercussion, as part 

of the informed consent process (Langlois-Klassen et al., 2008). The survey was 

conducted over a 3-month period (June to August, 2010). 

 

4.2.1. Data collection 

 

Face-to-face interviews were completed with a semi-structured questionnaire by two 

trained research assistants, who were fluent in both English and Xhosa (the local 

language of the participants). The research assistants were trained by the investigator in 

the completing of the questionnaire before this study. Each questionnaire consisted of 

three sections: 

(1) Demographic, social and health status characteristics. Information was recorded 

regarding participants' sex, age, educational level, employment, use of standard 

antiretroviral therapy (ART), use of herbal medicine (HM), physician‘s knowledge of 

patients‘ use of herbal medicine and perceptions of the efficacy of herbal medicine.  
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(2) The revised sign and symptom checklist for persons with HIV/AIDS. 

 A checklist of 18 signs/symptoms of opportunistic fungal infections in persons with 

HIV/AIDS (Holzemer et al., 2001) was provided, and the patients were asked to tick the 

symptoms which they frequently experienced. 

(3) Patients‘ use of herbs. 

The third section contained specific questions concerning the patient's use of herbs in 

order to treat the signs/symptoms of OFIs. The following questions as modified from 

Kanodia et al. (2010) were asked of the respondents: (a) Did you use herbs to treat a 

specific sign or symptom of OFI? and (b) How much do you think HM helped your 

condition? Response options included ‗a great deal,‘ ‗some,‘ ‗a little,‘ or ‗none.‘ They 

were also asked the reasons for HM use: ‗Did you choose HM for any of the following 

reasons? Choices included: ‗Conventional medical treatments would not help you,‘ 

‗Conventional medical treatments are too expensive,‘ ‗HM combined with conventional 

medical treatments would help you,‘ ‗A conventional medical professional suggested you 

to try HM,‘ ‗You thought it would be interesting to try HM,‘ and ‗HM is part of our 

cultural identity.‘ 

 

4.2.2. Statistical analyses 

 

The Chi-square test (for categorical variables) and the Student-t test (for continuous 

variables) were used to determine the socio-demographic and clinical factors that were 

significantly (p < 0.05) associated with the use of HM among HIV/AIDS patients. The 

Pearson correlation test was computed between the use of HM and the frequency of the 

signs/symptoms of the OFIs in the HIV/AIDS patients. 
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4.3. Results and discussion 

 

4.3.1. Socio-demographic and clinical characteristics of respondents 

 

The demographic, social and health status information of the HIV/AIDS patients who 

participated in this study are presented in Table 4.1. There were 101 HIV/AIDS patients 

(40 males and 61 females) and the mean age of the patents was 37.4 years. 100 patients 

were on ART among whom 40 (39.6%) reported the use of herbal medicine. Among the 

40 HIV/AIDS patients who used HM, 36 patients reported the use of ‗unknown herbal 

medicine‘ from a traditional healer, while decoctions from Artemisia afra, Eucalyptus sp, 

Allium sativum, and Cassipourea flanagii were reported to be used by only 1 patient each 

(Figure 4.1). None of the 40 HIV/AIDS patients, who used HM, ever disclosed the use of 

HM to their CMP (Table 4.1). 
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Table 4.1.  Demographic and clinical characteristics of the HV/AIDS patients. 

Characteristic Total Ever used 

herb 

Never used herbal 

remedy 

P-value 

All patients 101 40 61  

Age 37.4±10.

0 

39.7±9.6 35.8±10.0 0.057 

Male 37 16 21 0.57 

Female 64 24 40  

Marital status    0.004 

Single                                                                                                                                                                                                                                      75 30 45  

Married 20 10 10  

Divorced 6 0 6  

Education     

Below high school 37 19 18 0.247 

High school level 43 17 26  

Above high school 17 4 13  

Employment    0.005 

Unemployed 55 29 26  

Employed 46 11 35  

Do you take ARVT?     

Yes 100    

No 1    

Does your Medical Doctor know 

that you use herbs  

    

Yes 0 Not applicable Not applicable  

No 40    

Do you experience any 

sign/symptom of OFIs 

    

Yes 54 Not applicable     Not applicable  

No 47    

Average number of signs/symptom   5.43 3.58 0.003 
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Table 4.2. Signs and symptoms of OFIs in the HIV/AIDS patients  

Sign/symptom Rank Frequency Percentage 

Vagina lesions 1 65 14.22 

Oral lesions 2 61 13.35 

Vaginal discharge 3 51 11.16 

White spots in the mouth (oral 

thrush) 3 51 11.16 

Skin rash 4 46 10.06 

Skin itch 5 38 8.2 

Ringworm 6 30 6.56 

Respiratory problems 7 29 6.79 

Rectal itch 8 16 3.5 

Persistent fever 9 15 3.28 

None 9 15 3.28 

No appetite 10 10 2.19 

Infections of the throat 11 8 1.75 

Weight loss 11 8 1.7 

Infections of the nail 12 6 1.04 

Headache 13 4 0.88 

Hair loss 14 2 0.44 

Cough 14 2 0.44 
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Figure 4.1. Type of herbal medicine used by HIV/AIDS patients in the management 

of OFIs. 

 

 

4.3.2. Prevalence of signs/symptoms of OFIs in HIV/AIDS patients 

 

The frequencies of the reported signs/symptoms of OFIs are presented in Table 4.2. A 

total of 18 different signs/symptoms of OFIs were reported with a mean number of 5.43 

signs/symptom per patient who used HM and 3.58 for those who did not use HM. The 

mean number of signs/symptom was significantly higher (p <0.05) for patients who used 

HM as compared to those who did not. Symptoms of candidiasis were the most 

frequently reported (vaginal lesions 14.22%, oral lesions 13.35%, white spots in the 

mouth, 11.16%).  
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4.3.3. Factors associated with the use of herbal remedies 

 

The results of the Chi square analysis for categorical variables and the Student t test for 

continuous variables are shown in Table 4.1. There were no significant differences (p > 

0.05) in age, gender, and educational level among patients who used herbs in symptom 

management. On the other hand, marital status and employment were found to be 

significantly associated to the use of HM, such that the proportion of single patients who 

used herbs in symptom management (75%, 30/40) was significantly higher than those 

who were married (25%, 10/40) or divorced (0%, 0/40). Similarly, the proportion of 

unemployed HIV/AIDS patients (72.5%, 29/40) who used herbs for symptom 

management was significantly higher than that of the employed (27.5%, 11/40). The 

result of the Pearson correlation test showed a small positive and significant correlation 

between the use of herbal remedy and the frequency of the signs/symptoms of the OFIs in 

the HIV/AIDS patients (r = 0.356, p = 0.00). 

 

4.3.4. Reasons for patients’ use of herbal medicine 

 

Six themes were identified to underlie the rationale behind the use of herbal medicine by 

the HIV/AIDS patients: ‗Herbal medicine is part of our cultural identity, (n = 37),‘You 

thought it would be interesting to try herbal medicine, (n = 26),‘ ‗Herbal medicine 

combined with conventional medical treatment would help you, (n = 36),‘ ‗Conventional 

medical treatment is too expensive, (n = 18),‘ ‗Conventional medical treatment would not 

help you, (n = 1),‘ and ‗A conventional medical practitioner suggested you to try herbal 

medicine, (n = 1).‘ 
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4.3.5. Perceived benefits of herbal medicine 

 

Close to half (21, 52.5%) of the 40 HIV/AIDS patients who used herbal medicine 

reported that herbal medicine did not help their condition; 6 (15%) patients 

acknowledged that only a small benefit was derived from herbal medicine, while 13 

(32.5%) patients disclosed that herbal medicine had a significant and great contribution 

towards the management of their signs/symptoms of OFIs. 

 

The demographic distribution of the respondents is consistent with the epidemiological 

data of HIV-positive patients in South Africa (Cornolly et al., 2004), due to the fact that 

women and patients older than 30 years were the majority. The HIV/AIDS patients in this 

study were therefore representative of the demographics of HIV infection in South 

Africa. The medicinal plants identified in this study for the treatment of OFIs in 

HIV/AIDS patients have previously been cited in literature for the management of other 

ailments in South Africa. For example, Artemisia afra (Asteraceae) is a popular plant 

with many uses in literature, including coughs, colds, influenza, fever, headache, and 

inflamation (Watt and Breyer-Brandwijk, 1962; Van Wyk et al., 1997). The high 

frequency of herbal usage indicates that the HIV/AIDS patients are proactively involved 

in the management of the symptoms of their OFIs. Conventional medical practitioners 

need to be aware of HM use among HIV/AIDS patients in their care, especially those 

receiving ARV (Langlois-Klassen et al., 2008). The initiation of ARV treatment does not 

necessarily correspond with the termination of herbal medicine use among HIV/AIDS 

patients, as evidenced by this investigation and previous studies (Langlois-Klassen et al., 

2000; Manfredi and Chiodo, 2000). Consideration must be given to the potential negative 
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impact that herb–drug interactions and HM toxicities can have on patients' health (Nelson 

and Perrone, 2000). Given the high prevalence in the use of ‗unknown HM from a 

traditional healer‘ among the HIV/AIDS patients, the safety of such unknown 

concoctions needs to be assessed especially considering the simultaneous use of the 

concoctions with ARV.  

 

The high prevalence of reported signs/symptoms of candidiasis among the respondents 

was expected. According to the World Health Organisation (WHO Report, 2009), 

candidiasis is the most common fungal infection found in HIV/AIDS patients. Extensive 

oesophageal candidiasis is an AIDS-defining infection. In one prospective study, 84% of 

HIV-infected patients had oropharyngeal colonisation by Candida species on at least one 

occasion, and 55% developed clinical thrush (Sangeorzan et al., 1994). Unlike this study 

where only the signs/symptoms of OFIs were considered, Peltzer and Phaswana-Mafuya 

(2010) recorded a total of 64 different symptoms with a mean of 26 symptoms perperson 

among persons living with HIV/AIDS in the Eastern Cape, South Africa. The current 

study suggests that two social factors: ‗Marital status‘ and ‗employment‘ and one clinical 

factor, ‗number of signs/symptoms of OFIs‘ were significant determinants of HM use by 

HIV/AIDS patients. An explanation for the significantly higher number of unemployed 

HIV/AIDS patients who used herbal remedies as compared to the number of employed 

patients could be attributed to the difference in income levels. Confronted with the dearth 

of funds to purchase self-prescribed drugs, dietary supplements and other costs related to 

the management of OFIs, such as transportation to the ARV centers, such patients may 

easily switch to alternative therapies for symptom management, including HM. On the 
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other hand, the fact that a higher proportion of single patients used herbs could be 

attributed to the fact that the infected patients who are married are more likely to receive 

counsel from their spouses that culminates in the acquisition of ARV. Single or 

unmarried patients, amidst the loneliness, coupled with the severe shortage of health 

personnel might have developed coping mechanisms by adopting alternative strategies of 

symptom management, one of which has been the use of herbal therapies. However, these 

explanations are speculative, thus necessitating the need for further research to delineate 

factors associated with differences in income levels among HIV/AIDS patients who use 

herbs for symptom alleviation.  

 

The result of this study has shown that the frequency of OFI symptoms was significantly 

higher among HIV/AIDS patients who used HM compared to those patients who never 

used HM. HIV/AIDS patients who experienced a significantly higher number of 

signs/symptoms of OFIs could have turned to herbal medicine as an alternative therapy in 

order to curb the increased pressure that resulted from the higher disease load. In a related 

study, Laglois-Klassen et al. (2008) found out that communication between AIDS 

patients and their CMPs about the use of herbal medicine was uncommon despite the 

frequent use of traditional herbal medicine among the patients. Of all the respondents in 

the treatment groups, only 14 (10.2%) had on their own initiative informed their CMPs 

about their use of herbs. The disclosure rate was similar regardless of ARV status (p = 

0.376) and irrespective of respondent‘s gender (p = 1.000). The belief that CMPs are 

opposed to or unsupportive of HM is the primary reason why patients are unwilling to 

disclose information about HM use to CMPs, even if directly asked (Laglois-Klassen et 
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al., 2008). To facilitate improved communication, CMPs should actively initiate the 

discussion by inquiring about HM use in an understanding, informed and non-judgmental 

manner (Fugh-Berman, 2000).  

 

The fact that ‗HM is part of our cultural identity‘ was the most frequently cited reason to 

justify the use of HM by the HIV/AIDS patients as expected. In South Africa, many 

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

practitioner (Van Wyk et al., 1997). This is not surprising due to South Africa‘s cultural 

diversity as well as its large floral biodiversity (Thring and Weitz, 2006). Over 3,000 

plant species have been found to be used in traditional medicine across South Africa (Van 

Wyk et al., 1997). There are over 27 million users of indigenous medicine (Thring and 

Weitz, 2006) and an estimated 200 000 indigenous traditional healers, which up to 60% 

of the population consult for health care. The second most cited reason (‗you thought it 

would be interesting to try‘) by HIV/AIDS patients suggests that many patients would 

embrace any remedy even on a trial basis. This further highlights the need for improved 

communication between CMPs and HIV/AIDS patients with respect to the use of 

alternative strategies in symptom management. An important limitation of this study is 

the fact that the HIV/AIDS patients were selected by convenience sampling. We 

therefore caution against the generalisation of these findings to all people living with 

HIV/AIDS. Apart from the high prevalence of herbal medicine usage among the 

HIV/AIDS patients sampled, this study provides further evidence that routine laboratory 

studies are needed to determine the efficacy and safety of the herbal medicines. This is a 

subject of investigation in the proceeding chapters. 
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4.4. Conclusion 

 

This study suggests that the symptoms of OFIs are common in HIV/AIDS patients in the 

Eastern Cape, South Africa. The use of herbal remedies to manage these symptoms is 

prevalent among the HIV/AIDS patients. Two social factors: ‗Marital status‘ and 

‗employment‘ and one clinical factor: ‗Number of signs/symptoms of OFIs‘ were 

significant determinants of HM use by HIV/AIDS patients. Hence, there is an urgent 

need for more effective health care. The patients who used HM (32.5%) disclosed that 

HM had a significant and great contribution towards the management of their 

signs/symptoms of OFIs. ‗Herbal medicine is part of our cultural identity‘ was the main 

rationale behind the usage of HM by the HIV/AIDS patients. Providers of health care to 

HIV-infected patients need to communicate with their patients so that they can be aware 

of the non-prescribed medicines they take. Such awareness would foster the appropriate 

management of OFIs and thus improve the patients‘outcomes. 
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Abstract 

 

The agar diffusion and micro-dilution methods were used to determine the antifungal 

activities of the hexane, acetone and aqueous extracts of Arctortis arctotoides, Gasteria 

bicolor and Pittosporum viridiflorum against 10 opportunistic fungi. All the hexane and 

acetone extracts were active against at least one of the fungi with zones of inhibition 

varying from 8 to 32mm, while none of the aqueous extracts were active against any of 

the fungi. The most susceptible fungi, based on the overall mean diameter of growth 

inhibition, were Candida glabrata, C. krusei, and Microsporum canis, while Cyptococcus 

neoformans, Trycophyton tonsurans, and Microsporum gypseum were not susceptible to 

any of the extracts even at 5 mg/ml which was the highest concentration used. This study 

validates the use of these plants in traditional medicine in the treatment of secondary 

fungal infections in HIV/AIDS patients. 
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5.1. Introduction 

 

In South Africa, 60–80% of the population relies solely or partially on traditional herbal 

medicines to treat a variety of animal and human diseases. Many traditionally used 

medicinal plants are therefore sold in the market places due to increased demand for 

cheap medicines, high unemployment rate, and increase in HIV infections (Shai et al., 

2008). This high dependence on plants for medicinal purposes necessitates the need for 

the scientific validation of their therapeutic value and safety. In many patients who are 

immunocompromised as a result of the acquired immunodeficiency syndrome (AIDS) 

pandemic, opportunistic fungal infections are common. With the increasing incidence of 

strains of fungi with multiple antibiotic resistance and the persistence of fungal infections 

in immunocompromised individuals (Kelly et al., 1997; Gurgel et al., 2005; Jones et al., 

2007), it is of great importance to find effective treatments against fungal infections and 

other microbial pathogens. On the basis of the knowledge that plants have their own 

defense against fungal pathogens and are traditionally used for the treatment of human 

mycoses, they appear as an interesting source for the discovery of new antifungal drugs. 

Hence, much attention has been drawn to plant-derived fungicides in recent years (Stein 

et al., 2006).In this study, the hexane, acetone, and aqueous extracts of Arctortis 

arctotoides, Gasteria bicolor and Pittosporum viridiflorum were analysed for their in 

vitro antifungal activity against a panel of standardised opportunistic pathogenic fungi 

including dermatomycetes found in HIV-infected patients. The study of P. viridiflorum 

was not included in the published paper (appendix 7.3) because the sample of this plant 

was not available when the paper was written. 
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5.2. Materials and methods 

 

5.2.1. Plant material 

 

A. arctotoides was collected at the Agricultural Research Farm of the University of Fort 

Hare, South Africa, while G. bicolor and P. viridiflorum were supplied by an herbalist 

from Alice, Eastern Cape. The plants were authenticated at the Griffin Herbarium of the 

Department of Botany, University of Fort Hare, where voucher specimens were deposited 

(A. Arctotoides: W28, G. bicolor: W31, P. viridiflorum: W9). 

 

5.2.2. Extraction procedure 

 

Leaf samples of G. bicolor, A. arctotoides and bark of P. viridiflorum were chopped dried 

in an oven at 40 °C and ground into fine powder. The ground samples were put into 

separate conical flasks containing acetone, hexane, and water and shaken for 24 h on an 

orbital shaker. After filtering the resulting mixture with a Buchner funnel and Whatman 

No. 1 filter paper, the hexane and acetone filtrates were concentrated to dryness under 

reduced pressure at a maximum of 40 °C using a rotavapor (Otang et al., 2012).  Aqueous 

filtrates were freeze-dried. Each extract was resuspended in the respective solvent of 

extraction to yield a 20 mg/ml stock solution (Koduru et al., 2004). 

 

5.2.3. Microorganisms and media 

 

The fungi used in this study were chosen primarily on the basis of their importance as 

opportunistic pathogens of humans infected with HIV/AIDS. Strains from the American 

Type Culture Collection (ATCC) were used: Candida albicans ATCC 2091, Candida 

krusei ATCC 14243, Candida glabrata ATCC 2001, Cryptococcus neoformans ATCC 
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66031, Aspergillus fumigatus ATCC 204305, Aspergillus niger ATCC 16888, 

Trichophyton tonsurans ATCC 28942, Trichophyton mucoides ATCC 201382, 

Microsporum gypseum ATCC 24102, and Microsporum canis ATCC 36299. Both 

Sabouraud dextrose agar (SDA) and Sabouraud dextrose broth (SDB) were prepared 

according to the manufacturer‘s instructions. The fungi were maintained at 4°C on SDA 

plates, and the inoculums for the assays were prepared by diluting scraped cell mass in 

0.85% NaCl solution, adjusted to 0.5 McFarland standard and confirmed by 

spectrophotometric reading at 580nm (Duarte et al., 2005). Cell suspensions were finally 

diluted to 10
4
 CFU ml

−1
 for use in the assays. 

 

5.2.4. Antifungal susceptibility assays 

 

The agar diffusion and microdilution methods were used to determine the antifungal 

activities of the medicinal plant extracts against the opportunistic fungi. 

 

Agar well diffusion assay 

The agar diffusion assay was carried out as described by Samie et al. (2010), with slight 

modifications. Using the micropipette, 100μl of 0.5 Mcfarland solution of C. albicans 

culture in 0.85% sterile distilled water (SDW) was placed over the surface of an agar 

plate, and spread using a sterile inoculation loop. The same procedure was followed for 

the other fungi. Using a sterile cork borer, four holes (5mm in diameter) were punched in 

each of the culture plates. In the first hole, 50μl of a positive control drug(0.03mg/ml)  

was added (Amphotericin B for yeasts and Griseofulvin for dermatophytes); 50μl of the 

corresponding extract solvent was added as a negative control in the second hole; and 
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50μl of the plant extract was added in the third and last holes at concentrations of 25 and 

50mg/ml, respectively. Each test was duplicated. The culture plates were then incubated 

at 37°C, and the results were observed after 24 hours to 6 days depending on the fungi. 

The clear zone around each well was measured in mm, indicating the activity of the plant 

extract against the fungal organisms. 

 

Microdilution assay 

The microdilution method was employed to determine the minimum inhibitory 

concentration (MIC) of the plant extracts using 96 well microtitre plates (Samie et al., 

2010).  Initially, 120μl of SDW was added into each well of the first (A) and last (H) 

rows and also into all the wells of the last column. Then, 120μl of SDB was added into 

each well of the second row (B) and 150μl of SDB was added into the remaining wells of 

the first column and 100μl into the rest of the wells from the second column rightward. 

Fifty microliters of the plant extract were then added into the third well of the first 

column while 50μl of 0.03mg/ml of the positive control (Amphotericin B for yeasts and 

Griseofulvin for dermatophytes) and negative control (distilled water only) were 

separately added into the remaining wells of the first column. A two-fold serial dilution 

was done by mixing the contents in each well of the first column (starting from the third 

row) and transferring 100 μl into the second well of the same row and the procedure was 

repeated up to the 11th well of the same row and the last 100μl from the 11th well was 

discarded. Hence various concentrations of the plant extracts ranging from 5mg/ ml to 

0.005mg/ml were prepared in the wells, following the two-fold dilution method. 

Thereafter, 20μl of 0.5 McFarland fungal suspensions was inoculated into the wells 



97 

 

except those which contained SDW. The growth of the fungi was measured by 

determining the absorbance at 620nm with a microtitre plate reader before and after 

incubation. The plates were incubated at 37°C at various durations depending on the 

fungi (24 hours for yeasts, 48 hours for Aspergillus species, and 6 days for the 

dermatophytes). The lowest concentration which inhibited the growth of the fungi was 

considered as the MIC of the extract. 

 

Determination of the minimum fungicidal concentration 

The MFC was determined by inoculating the contents from the MIC plates onto SDA 

plates, and the results were observed after incubation at 37°C at various durations 

depending on the fungi. The presence of the fungal colonies on the agar plates was an 

indication that the plant extract only inhibited the growth of the fungi without killing 

them and the absence indicated that the plant extract was able to kill the fungal organisms 

(Jones et al., 2007). The least concentration of the plant extract that was able to kill the 

microorganisms was considered as the minimum fungicidal concentration (MFC). 

5.3. Results and discussion 

 

Among the six plant extracts that were tested against the 10 opportunistic fungi, all the 

hexane and acetone extracts were active against at least one of the fungi with zones of 

inhibition varying from 8 to 32mm (Table 5.1). None of the aqueous extracts was active 

against any of the fungi. For A. arctotoides, the hexane extract was active against 6 out of 

the 10 fungi, while the acetone extract was active against 7 out of the 10 tested fungi. The 

hexane and acetone extracts of G. bicolor were active against six and five of the 10 tested 
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fungi, respectively. The inhibitory activity of the active extracts based on the overall 

mean inhibition diameters was in the order: A. arctotoides (hexane) >A. arctotoides 

(acetone) >P. viridiflorum (hexane) >P. viridiflorum (acetone) >G. bicolor (hexane) >G. 

bicolor (acetone) (Fig.5.1). The highest activity against the tested fungi was obtained 

with the hexane extract of A. arctotoides with inhibition zones diameters of 32, 25, and 

22mm against Candida glabrata, Tricophyton mucoides and Microsporum canis, 

respectively (Table 5.1). The lowest activity was obtained with the hexane extract of G. 

bicolor with inhibition zones diameter of 8mm against Aspergillus fumigatus. The most 

susceptible fungi based on the overall mean diameter of growth inhibition were Candida 

glabrata, Candida krusei, and Microsporum canis, while Cryptococcus neoformans, 

Tricophyton tonsurans, and Microsporum gypseum were not susceptible to any of the 

extracts even at 5mg/ml which was the highest concentration used (Fig. 5.2).  
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Table 5.1. Inhibition zone diameters of the plant extracts against the opportunistic fungi 

Inhibition diameters with the same superscript letters in the same column are not significantly different from each other (P > 0.05).Ca 

= Candida albicans, Ck = Candida krusei, Cg = Candida glabrata, Cn = Cryptococcus neoformans, Af = Aspergillus fumigatus, An = 

Plant Solvent Concentration 

(mg/ml) 

Inhibition zone diameter (mm) 

 

   Ca Ck Cg An Af Cn Tm Tt Mg Mc 

 

A. arctotoides 

            

Hexane 25 15±0.2
a
 22±1.2

a
 26±2.0

a
 0 13±1.4

a
 0 16±0.5

a
 0 0 14±0.8

a
 

50 16±1.4
a
 23±2.1

a
 32±1.0

b
 0 13±2.2

a
 0 22±1.5

b
 0 0 25±0.6

b
 

Acetone 25 13±0.9
b
 11±1.6

b
 15±2.1

c
 14±2.1

a
 11±2.2

b
 0 15±2.2

a
 0 0 10±2.3

c
 

50 14±1.7
b
 12±1.4

b
 24±1.5

a
 16±1.4

a
 12±2.1

b
 0 19±2.0

c
 0 0 17±2.1

d
 

P. viridiflorum Hexane 25 14±1.2
b
 15±0.2

c
 16±1.5

c
 15±1.1 10±1.0

b
 0 0 0 0 16±1.0

d
 

50 15±1.3
a
 14±1.3

c
 15±1.2

c
 15±1.1 11±1.0

b
 0 0 0 0 17±1.5

d
 

Acetone 25 15±1.1
a
 14±1.4

c
 16±1.1

c
 15±0.9 9±0.4

c
 0 0 0 0 16±1.1

d
 

50 16±1.0
a
 14±1.1

c
 16±1.3

c
 16±0.9 10±0.9

b
 0 0 0 0 15±1.3

a
 

G. bicolor Hexane 25 14±2.1
b
 14±2.2

c
 15±2.3

c
 14±1.9

a
 8±1.0

 c
 0 0 0 0 14±2.4

a
 

50 14±2.0
b
 15±2.5

c
 15±2.1

c
 15±1.7

a
 9±1.9

 c
 0 0 0 0 16±2.1

d
 

Acetone 25 10±2.3
c
 15±2.1

c
 0 0 0 0 0 0 0 0 

50 13±2.1
b
 15±1.9

c
 0 0 0 0 0 0 0 0 

*Positive 

control 

  19±0.2
a
 18±0.2

c
 27±0.2

a
 17±0.5

b
 15±0.3

d
 15±0.2 27±0.2

d
 15±0.4

a
 14±0.1

a
 15±0.2

a
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Aspergillus niger, Tt = Tricophyton tonsurans, Tm = Tricophyton mucoides, Mg = Microsporum gypseum, Mc =Microsporum canis. * 

Concentration of positive control drug = 0.03mg/ml 

Table 5.2. Minimum inhibitory concentrations (MICS) and minimum fungicidal concentrations (MFC) of the plant extracts 

against the opportunistic fungi 

Plant Solvent MIC and MFC (mg/ml) 

 

A. arctotoides 

 

         Ca        Ck       Cg        An         Af        Tm        Mc 

MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC MIC MFC 

Hexane 1.25
a
 1.25

a
 0.63

a
 1.26

a
 0.12

a
 0.36

a
 0.04

a
 0.04

a
 0.02

a
 0.02

a
 0.005

a
 0.005

a
 2.5

a
 - 

Acetone 2.5
 a
 2.5

 a
 2.5

 b
 - 1.88

b
 - 5

b
 5

b
 0.04

a
 0.04

a
 0.12

a
 0.12

b
 5

b
 - 

P. viridiflorum Hexane 3.75
b
 - 5.0

 c
 - 1.25

b
 - 3.75 - 0.02

a
 0.04

a
 - - 3.75

b
 - 

 
Acetone 5

 b
 5

 b
 3.75

c
 - 1.25

b
 - - - - - - - - - 

G. bicolor Hexane 5
 b
 - 5

 c
 - 1.25

b
 - >5 - 0.04

a
 0.04

a
 - - 5

b
 - 

Acetone 5
 b
 5

 b
 3.75

c
 - 3.75

c
 - - - - - - - - - 

*Positive Control  0.02
 c
 0.02

 c
 <0.01 - <0.01 - 0.01

 c
 - <0.01  <0.01 - <0.01 - 

Inhibition diameters with the same superscript letters in the same column are not significantly different from each other (P > 0.05). 

―-‖ = not tested. Ca = Candida albicans, Ck = Candida krusei, Cg = Candida glabrata, Cn = Cryptococcus neoformans, Af = 

Aspergillus fumigatus, An = Aspergillus niger, Tt = Tricophyton tonsurans, Tm = Tricophyton mucoides, Mg = Microsporum 

gypseum, Mc =Microsporum canis. 

* Concentration of positive control drug = 0.03mg/ml 
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Figure 5.1. Inhibitory activity of the plant extracts against the tested opportunistic fungi. 

Inhibition zones are the means of all the fungi tested. Mean inhibition zone diameters with the 

same superscript letters are not significantly different from each other (P > 0.05) 

 

 

 

 

 

 

 



102 

 

 

 

Figure 5.2. Susceptibility of the tested opportunistic fungi to the plant extracts, shown by 

their mean inhibition zone diameters. Inhibition zones of the plants shown are the means of 

the inhibition diameters of the hexane and acetone extracts. Ca = Candida albicans, Ck = 

Candida krusei, Cg = Candida glabrata, Cn = Cryptococcus neoformans, Af = Aspergillus 

fumigatus, An = Aspergillus niger, Tt = Tricophyton tonsurans, Tm = Tricophyton mucoides, Mg 

= Microsporum gypseum, Mc =Microsporum canis. 

 

T. mucoides was susceptible to both the acetone and hexane extracts of A. arctotoides, but not to 

G.bicolor extracts. Varying concentrations between 5 and 0.005mg/ml of the plant extracts were 
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tested in order to determine their MICs. The MICs and MFCs of the plant extracts against the 10 

tested fungi are presented in Table 5.2. For A. arctotoides, the lowest MICs were obtained with 

the hexane extract (0.005mg/ml against T. mucoides and 0.04mg/ml against A. niger) and the 

acetone extract (0.04mg/ml against A. fumigatus). For G. bicolor, the lowest MICs were obtained 

with the hexane extract: 0.04mg/ml against A. fumigates and 1.25mg/ml against C. glabrata. The 

acetone extract of G. bicolor was inactive against A. niger and  A. fumigatus at the 

concentrations tested. For P. viridiflorum, the lowest MIC (0.02mg/ml) was observed in the 

hexane extract for A. fumigatus with a corresponding MFC of 0.04mg/ml. The overall antifungal 

activity evaluated by the diameter of the inhibition zone of fungal growth indicates that among 

the six active extracts, the hexane and acetone extracts of A. arctotoides exhibited the highest 

antifungal activity, comparable to that of the reference drug (amphotericin B). This highlights the 

medicinal value of A. arctotoides as a potential source for drug development amidst the obvious 

dearth of effective and safe antifungal drugs. On the other hand, the absence of any significant 

inhibition with any of the remaining three extracts when compared to the control agent was 

attributed to the absence, or limited availability of antifungal compounds. 

 

For a crude extract to be considered active, it should have a MIC value of 0.1mg/ml or less 

(Aligiannis et al., 2001). Considering the above criterion, both A. arctotoides and P. viridiflorum 

are worthy of further investigation. Hence, these extracts were subjected to bioassay-guided 

fractionations and cytotoxicological tests and the results are presented in subsequent chapters.  

Previous reports have shown that the aqueous extract of A. arctotoides is inhibitory (though not 

fungicidal) against Aspergillus tamari and Penicillum digitatum (Afolayan, 2003). However, this 

study has shown that the extracts of A. arctotoides are fungicidal against some of the 
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opportunistic fungi common in HIV infections. Scientific studies on the antifungal activity of the 

selected medicinal plant son opportunistic fungi in HIV/AIDS patients are scarce. Candidiasis is 

the most common opportunistic fungal infection found in HIV/AIDS patients (WHO, 2009). Oral 

candidiasis is common in the elderly, HIV-infected patients, and also in patients with the long-

term use of broad-spectrum antibiotics, corticosteroids, and immunosuppressants (WHO, 2009). 

The results of this in vitro study showing the fungicidal effect of the hexane and acetone extracts 

of A. arctotoides and P. viridiflorum against Candida spp. suggests that these plants possess a 

strong potential therapeutic value against candidiasis. Therefore, these extracts with strong 

fungicidal activity might produce encouraging clinical outcomes. Notwithstanding, future 

research is warranted to identify the active compounds that inhibit candida growth as well as the 

appropriate dosages and formulations for clinical use.  

 

Human infections, particularly those involving the skin and mucosal surfaces, constitute a 

serious problem, especially in tropical and subtropical developing countries where 

dermatomycetes and Candida spp are the most frequent pathogens (Gurgel et al., 2005). Hence, 

the observation that the hexane and acetone extracts of the test plants were fungicidal and 

inhibitory against T. mucoides and M. canis, respectively, further justifies the 

ethnopharmacological use of these species against mycotic infections and also highlights the 

possibility of using them as sources of antifungal compounds against fungi in dermatomycoses.  

 

 

 



105 

 

5.4. Conclusion 

 

The results of this study have shown that the hexane and acetone extracts obtained from the 

selected medicinal plants were active against at least one of the opportunistic fungi. This 

highlights the potential of the plants as antifungal agents, and this increases the likelihood for the 

discovery of new phytomedicines and active principles employed in the treatment of mycoses 

associated with HIV/AIDS.  
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Abstract 

 

The effect of the acetone extract of A. arctotoides on the growth and ultrastructure of some 

opportunistic fungi associated with HIV/AIDS was analysed by means of scanning electron 

microscopy (SEM). Remarkable morphological alterations in the fungal mycelia which were 

attributed to the loss of cell wall strength ranged from loss of turgidity and uniformity, collapse 

of entire hyphae to evident destruction of the hyphae. The elements responsible for giving the 

fungi their characteristic virulence were detected and quantified by energy dispersive X-ray 

microanalysis techniques. X-ray microanalysis showed the specific spectra of sodium, potassium 

and sulfur as the principal intersection of the four pathogenic fungi studied. Since these ions have 

the potential of fostering fungal invasion by altering the permeability of host cell membranes, 

their presence was considered inherent to the pathogenicity of the opportunistic fungi. Hence, 

these findings indicate the potential of the acetone extract of A. arctotoides in preventing fungal 

invasion and subsequent infection of host cell membranes. 
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6. 1. Introduction 

 

The advent of HIV infection and clinically immunosuppression induced for organ transplants or 

by cancer chemotherapy has led to increased predisposition to fungal infections (Walsh et al., 

2004). A predominant source of morbidity and mortality among HIV positive individuals in late 

stages of HIV infection and low CD4 count (<500/mm
3
), is opportunistic infection caused by 

agents that rarely infect immune-competent individuals (Bharathi and Rani, 2011).Infections 

with Candida albicans appear when CD4 count is between 200–500/mm
3 

and may be the first 

indication of immunodeficiency (Bharathi and Rani, 2011). C. albicans is also part of the normal 

oral flora and it usually grows as a harmless commensal. However, when local or systemic host 

defense mechanisms are impaired, this organism can proliferate and cause debilitating 

oropharyngeal candidiasis (Sun et al., 2010). Invasive aspergillosis is a major cause of mortality 

in immunosuppressed patients (Baddley, 2008). Aspergillus fumigatus is responsible for more 

than 90% of invasive aspergillosis, with Aspergillus flavus, Aspergillus terreus, and Aspergillus 

niger responsible for the majority of the remaining infections (Thompson and Patterson, 2008). 

Without effective host defenses following pulmonary exposure, the conidia resting in alveoli 

begin to enlarge and germinate (Baddley, 2008) leading to pulmonary aspergillosis. 

 

Dermatophyte infection of the skin and nails in most HIV-infected patients is caused by species 

of the following genera: Epidermophyton, Microsporum and Trichophyton. There is a lack of 

epidemiological data on dermatophyte infections because of their low morbidity, but it appears 

that HIV-positive patients have an incidence similar to that of HIV-negative patients (Rodwell et 

al., 2008). There is a clear tendency towards the optimisation of alternative methods for disease 

control that produce minimal damage to the environment and human health (Alvarez-Castellanos 
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et al., 2001), plant extracts have attracted much interest partly due to their affordability and 

unmatched chemical diversity. A holistic concept of the mode of action of plant-derived 

antifungal agents demands a proper understanding of both the chemical nature of the antifungal 

ingredient present and the structural and biochemical properties of the pathogenic fungi. Many 

studies in ethnopharmacology have investigated the antimicrobial activities of various plant 

extracts and the chemical structures of many plant-derived antifungal compounds have been 

elucidated (Alvarez-Castellanos et al., 2001). However, very little has been documented on the 

chemical and structural parameters which are responsible for the virulence of the fungi. 

Therefore, in this study, the effect of the acetone extract of A. arctotoides on the growth and 

ultrastructure of some opportunistic fungi associated with HIV/AIDS was analysed by means of 

scanning electron microscopy (SEM). The elements responsible for giving the fungi their 

characteristic virulence were detected and quantified by energy dispersive X-ray microanalysis 

techniques. A. arctotoides was used because it showed the highest antifungal activity among the 

3 plants studied (see chapter 5). 

 

6.2. Materials and methods 

6.2.1. Plant material and culture conditions 

The acetone extract of A. arctotoides leaves was prepared as previously described (Sun et al., 

2010). Sabouraud dextrose broth (SDB) was prepared according to the manufacturer‘s 

prescription. The SDB medium was divided into 5ml aliquots in test tubes and sterilised by 

autoclaving at 120°C for 15min. Different amounts of plant extracts were added to the test tubes 

to make final two-fold serial concentrations of 5 – 0.032mg/ml. Test tubes containing only SDB 

were considered as controls. Spore suspensions (approximately 10
4
 spores/ml) of Candida 
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albicans ATCC 2091, C. glabrata ATCC 2001, Aspergillus fumigatus ATCC 204305, and 

Microsporum canis ATCC 36299 prepared from 10-day cultures on sabouraud dextrose agar 

slants were aseptically transferred into the test tubes (Salama and Marraiki, 2009). The tubes 

were incubated at 37°C for various times depending on the fungi: 48h for C. albicans and C. 

glabrata, 96hours for A. fumigatus and 6 days for M. canis. The experiment was conducted in 

duplicate. 

 

6.2.2. Inhibition of fungal growth 

 

Fungal mycelia were separated from culture media by passing through Whatman filter paper No 

1. The mycelia were thoroughly washed with distilled water and placed separately on 

preweighed petri plates and allowed to dry at 60°C for 6 hours to reach a constant weight 

(Shams-Ghahfarokhi et al., 2004). Inhibition of mycelia growth was calculated according to the 

formula given below (Das et al., 2010). 

% Mycelial inhibition = [(Mycelial growth of control) − Mycelial growth of treated 

sample)/(Mycelial growth of control)] × 100.  

 

Statistically significant differences among the percentage inhibition values of fungal growth 

induced by the different concentrations of the plants extracts when compared with the control 

culture of each fungus were determined by one way analysis of variance (ANOVA) while the 

treatment means were compared using the Duncan‘s multiple range test. All analyses were done 

with Minitab statistical software (student version 12 for Windows). 
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6.2.3. SEM and energy dispersive X-ray spectroscopy (SEM-EDXS) 

Mycelia selectively obtained after exposure to various concentrations of the plant extract were 

fixed with glutaraldehyde (6%), critical point dried, mounted on graphite stubs and coated with 

gold (Figueras and Guarro, 1997). Spectra and micrographs were obtained with a scanning 

electron microscope equipped with two wavelength spectrometers working with an accelerating 

voltage of 15kV. Different regions of the mycelia were microanalysed and the representative 

spectra are presented (Figure 6.3). A focused beam of electrons was used to scan the fungal 

hyphae at the point where examination of its chemical composition was desired. The detection 

and determination of elements with the EDXS was based on the emission of characteristic X-rays 

by the hyphae under bombardment with electrons. The dispersed spectra produce a pattern of X-

rays characteristic of the element excited. Only the most intense emissions, the so-called K′ and 

Kα lines were analysed with the spectrometers (Figueras and Guarro, 1997). 

6.3 Results and discussion 

 

6.3.1. Inhibition of fungal growth 

 

Results of the exposure of the treated fungi at various concentrations of the acetone extract of A. 

arctototides at 37°C in SDB are shown in Table 6.1. The inhibition of mycelia growth ranged 

from 0% in A. fumigatus at a concentration of 0.32 mg/ml of plant extract to 65.3% in C. 

albicans at the highest concentration of 5mg/ml. The plant extract inhibited mycelia growth in C. 

albicans and M. canis in a dose-dependent manner such that an increase in mycelial inhibition 

was observed with increasing concentration of the plant extracts. However, in C. glabrata, 

mycelia growth fluctuated despite increase in the concentration of the plant extract. Such 

fluctuations could be due to the resistance of the fungus against the invasive action of the 
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antifungal phytochemicals of the plant extract. For A. fumigatus, inhibition of mycelium growth 

was observed only at 5mg/ml, which was the highest concentration of extract used. 

 

Table 6.1. Inhibition of fungal growth by the acetone extract of A. arctotoides 

 

*Values are means of mycelial growth inhibition± SD 

Ca = Candida albicans, Cg = Candida glabrata, Af= Aspergillus fumigatus, Mc = Microsporum 

canis, control = Sabouraud dextrose broth 

 

 

6.3.2. Results of scanning electron microscopy 

 

The results showed variability in the ultrastructure of the fungi grown in medium supplemented 

with the plant extract as compared to the control. Electron microscopic observations revealed 

that untreated M. canis conidiophores displayed a complete tubular shape of approximately 6μm 

in diameter (Figure 6.1a). After being exposed to the plant extract at 5mg/ml, the conidiophore 

showed aberrant morphologies including shrinkage and partial distortion with reduced diameter 

Concentration of plant extract 

(mg/ml) 

Inhibition of mycelial growth (%)* 

 

Af  Cg  Ca  Mc 

5.00 9.7 ±1.0  25.0 ± 2.1  65.3 ± 4.1  59.5 ± 4.3 

2.50 0  29.0 ± 2.3  41.8 ± 3.0  41.4 ± 2.4 

1.25 0  14.3 ± 0.7  25.3 ± 1.3  29.0 ± 2.1 

0.63 0  19.5 ± 3.0  20.7 ± 0.9  26.3 ± 3.1 

0.32 0    14.3 ± 2.4  9.4 ± 2.1  15.6 ± 2.5 

0 (control) 0  0  0  0 
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of approximately 4μm (Figure 6.1b). Deformation of conidia was also observed in treated M. 

canis (Figure 6.1b). Remarkable morphological alterations were visible in treated C. albicans; 

including deformation of the mycelia; pseudohyphae appeared flattened and distorted (Figure 

6.1d), while the pseudohyphae of the control appeared clear, smooth and turgid (Figure 6.1c).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1. Scanning electron micrographs of treated and untreated opportunistic fungi: 

(a) Conidium and conidiophore (arrows) of  M. canis appear smooth and round (control),  (b) 

conidia disintegrates and conidiophores shrinks in 5mg/ml of plant extract; (c) pseudohyphae of 

C. albicans (control), (d) note breakage and deformation of  entire mycelia when treated. 
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a 
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A. fumigatus grown on SDB (control) had normal hyphae and conidiophores (Figure 6.2a), while 

the fungus exposed to 5mg/ml of plant extract showed disintegration of whole conidia (Figure 

6.2b). A normal budding profile was observed in C. glabrata (Figure 6.2c); yeast cells appeared 

smooth and turgid, while yeast cells of treated C. glabrata appeared distended, flaccid and rough 

(Figure 6.2d). No significant morphological changes were observed in the fungal mycelia that 

were treated with lower concentrations (<5 mg/ml) of the plant extract, when compared to the 

control. 
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Figure 6.2. Scanning electron micrographs of the treated and untreated opportunistic 

fungi: (a) Conidiophore and conidia of A. fumigatus, (b) note massive collapse of conidia 

when treated with plant extract; (c) yeast of  C. glabrata, (d) treated yeast cells appear 

flaccid, distended and rough. 
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6.3.3. Results of EDXS 

X-ray microanalysis of M. canis, C. albicans and C. glabrata showed the specific spectra of the 

following elements: calcium (Ca), potassium (K), sulfur (S), phosphorus (P) and sodium (Na) on 

the PET crystal detector (Fig. 6.3a-d). However, the spectrum of calcium was detected only in C. 

albicans (Fig 6.3b) and phosphorus was not detected in the microanalysis of A. fumigatus (Fig 

6.3c). The natural elements found in living tissues, namely, carbon, hydrogen, oxygen, and 

nitrogen were expected, while gold (AU) was assumed to be derived from the sputter coater. The 

peak heights of the elements in the spectra show their comparative measures while the 

quantitative estimates of their absolute concentrations are shown in Fig. 6.4. The common 

characteristic of all the four pathogenic fungi was the presence of sodium, potassium and 

sulphur. C. albicans and A. fumigatus were characterised by the richness of sulphur and the 

complete absence of phosphorous respectively, as opposed to rich levels of potassium in both M. 

canis and G. glabrata (Fig. 6.4). 
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Figure 6.3. Characteristic x-ray spectra of various elements detected in the opportunistic fungi: (a)  

M. canis; (b) C. albicans; (c) A. fumigatus; (d) G. glabrata. Micrographs on the left of each spectrum show 

the point of focus of the electron beam (anticathode). 
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Figure 6.4. Quantitative estimates of various elements detected in the opportunistic fungi 

by energy dispersive X-ray spectroscopy. 

 

In the present study, the acetone extract of A. arctotoides has shown fungistatic activity against 

the tested fungi when compared to the control, except at lower extract concentrations against A. 

fumigatus. A. arctotoides is a decumbent herb commonly found as a roadside weed in most 

coastal districts of South Africa (Afolayan et al., 2007). The inhibitory activity of the aqueous 

extracts of the shoots of A. arctotoides against six fungal species, with growth inhibition ranging 

from 50.7% on Aspergillus tamarii to 95.2% on Penicillium digitatum at 0.1mg/ml has also been 

reported (Afolayan et al., 2007). In the same study, the acetone and methanol extracts of the root 

of this plant demonstrated significant activity against five fungal species: Aspergillus flavus, A. 

niger, Fusarium oxysporium, Mucor heamalis and Penicillium notatum. Inhibition of fungal 

growth ranged from 56.23% on A. flavus to 100% on P. notatum and M. heamalis at 5.0mg/ml 

(Afolayan et al., 2007). However, to the best of our knowledge, there are no reports on the effect 
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of A. arctotoides extract on fungal ultrastructure. Hence, we report here for the first time the 

observation that the acetone extract of A. arctotoides causes ultrastructural changes in fungal 

compartments. Ultrastructural changes of fungal compartments have likewise been reported for 

A. niger hyphae treated with Cympobogon nardus (Sharma and Tripathi, 2008). The alterations 

in the fungal ultrastructure observed in the current study could be attributed to the impact of the 

plant extract on the cell wall with the resultant changes in the fungal hyphae. These changes may 

be related to the loss of cell wall strength, which is responsible for the strength and integrity of 

the cell and thus determines the cell shape (Gandomi et al., 2009). Fungal cells are supported by 

an internal hydrostatic pressure acting on the cell wall, rather than by an internal proteinaceous 

cytoskeleton as with animal cells, although a comparable cytoskeleton is essential for cell 

function (Gandomi et al., 2009). Irreversible morphological changes in the cell wall and plasma 

membrane of A. flavus caused by Ageratum conyzoides extract have been reported (Nogueira et 

al., 2010). de Billerbeck et al. (2001) reported a decrease in the cell wall thickness of A. niger 

caused by the essential oil of Cymbopogon nardus. These observations suggest that the cell wall 

could be one of the target sites of action of plant extracts. However, whether these changes are 

associated with direct interaction between the components of the plant extract with those of the 

cell wall, or are derived from interference with processes involved in cell wall synthesis remains 

elusive and therefore demands further investigation. Chemical analysis with the EDXS is based 

on the principle that each element of the Periodic Table has a unique and well-defined 

characteristic X-ray spectrum. It seems that during their development, pathogenic fungi secrete 

extracellular material that includes the elements (Si, P, S, K, and Ca) that give them their 

characteristic virulence (Figueras and Guarro, 1997). These ions may enhance their 

pathogenicity by affecting the permeability and subsequent invasion of hosts‘ membranes. The 
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presence of extracellular materials is not an uncommon feature of microorganisms (Sutherland, 

1989). A change in cell permeability might result in an imbalance in intracellular osmotic 

pressure, subsequent disruption of intracellular organelles, leakage of cytoplasmic contents and 

finally cell death (Tolouee et al., 2010). Breaking down of the cell wall, degradation of cell 

organelles, and changes in cell permeability have been noted to occur as the most significant 

cellular alterations (Das et al., 2010). 

6.5. Conclusion 

 

The opportunistic fungi: M. canis, C. albicans, C. glabrata and A. fumigatus were analysed by 

combining scanning electron microscopy with energy dispersive X-ray analysis. Remarkable 

morphological alterations were visible in these fungi following treatment with the acetone extract 

of A. arctotoides. These changes were attributed to the loss of cell wall strength, which led to the 

subsequent alteration in fungal morphology. X-ray microanalysis showed the specific spectra of 

sodium, phosphorus and sulfur as a common feature of the four pathogenic fungi. Since these 

ions have the potential of fostering fungal invasion by altering the permeability of the hosts‘ 

membranes, their presence was considered inherent to the pathogenicity of the opportunistic 

fungi. 
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Abstract 

It has been observed that perturbations in the antioxidant defense systems, and consequently 

redox imbalance, are present in many tissues of HIV-infected patients (Pham-huy 2000). Hence, 

the exogenous supply of antioxidants, as natural compounds that scavenge free radicals might 

represent an important additional strategy for the treatment of HIV infection. The aim of this 

study was therefore to analyse the phytochemical constituents, antioxidant potential and 

cytotoxicity of the selected medicinal plants. The in vitro antioxidant properties of the medicinal 

plants were screened through DPPH (1, 1-diphenyl-2- picrylhydrazyl), NO (nitric oxide), H2O2 

(hydrogen peroxide) radical scavenging effects and reducing power assays. Phytochemical 

studies were done by spectrophotometric techniques. Vacuum liquid chromatography (VLC), 

thin layer chromatography (TLC) and bioautography were employed in the fractionation, 

identification and isolation of the antifungal components in the acetone extracts of the selected 

medicinal plants. The cytotoxic activity of the acetone extracts was determined against the 

Chang liver cell line. Different concentrations of the extracts were added into 24-hour cultured 

cells and then incubated for 72 hours under specific condition (37°C, 5% CO2). Cell survival was 

evaluated using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 

assay.There were no significant differences in the flavonoid and proanthocyanidin contents of 

the three plants, while the total phenolic content of the bark extract of P. viridiflorum and leaves 

of A. arctotoides were significantly higher than that of G. bicolor leaf extract. The leaves of A. 

arctotoides and P. viridiflorum showed considerable antioxidant properties and could serve as 

free radical inhibitors, acting possibly as primary antioxidants. Since reactive oxygen species are 

thought to be associated with the pathogenesis of AIDS, and HIV-infected individuals often have 

impaired antioxidant defenses, the inhibitory effect of the extracts on free radicals may partially 
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justify the traditional use of these plants in the management of OFIs in HIV/AIDS patients in 

South Africa.A transmittance survey scan of the compounds recovered from the preparative TLC 

of the extract fractions in the wavelength ranging from 400 – 4000cm
-1

 revealed the presence of 

nearly identical functional groups among the plant extracts. Depending on the dosage and 

duration of treatment, the cytotoxic effects of Gasteria bicolor and Pittosporum viridiflorum 

extracts were considered relatively weak but not entirely absent, suggesting that the two plants 

are less of a toxicity risk. Arctotis arctotoides extracts were the most toxic both in terms of IC50 

values as well as the steeper slope of the dose-response curve.   The IC50 values for the acetone 

extract of this plant was 17.4μg/ml. These relatively low values raise concern for potential 

hepatotoxic effects and deserve further investigation or at least a warning to potential users.  
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7.1. Introduction 

HIV infection induces a wide array of immunologic alterations resulting in the progressive 

development of opportunistic infections and malignancy, which results in AIDS (Pham-Huy et 

al., 2008). It has been observed that perturbations in the antioxidant defense systems, and 

consequently redox imbalance are present in many tissues of HIV-infected patients (Bessong et 

al., 2005). Moreover, there is clear evidence that oxidative stress may contribute to several 

aspects of HIV disease, including viral replication, inflammatory response and decreased 

immune cell proliferation (Pham-Huy et al., 2008). Hence, the exogenous supply of antioxidants, 

as natural compounds that scavenge free radicals, might represent an important additional 

strategy for the treatment of HIV infection. Plants contain a wide variety of free radical 

scavenging molecules, such as flavonoids, anthocyanins, carotenoids, dietary glutathionine, 

alkaloids, tannins, saponins, steroids, terpenoids and rotenoids which are rich in antioxidant 

activities (Pham-Huy et al., 2008). In South Africa, there is a rapid proliferation of the 

consumption of plant based decoctions by HIV infected people. Herbal preparations are cheap 

and simple; hence they remain as hope for the infected people who cannot access the government 

sponsored antiretroviral programmes (Alam, 2011). An evaluation of the plants may therefore 

identify some that may be suitable for use as antioxidants and therefore vital in the management 

of HIV/AIDS. 

 

Plants commonly used in traditional medicine are assumed to be safe due to their long usage in 

the treatment of diseases (Schimmer et al., 1994). However, recent scientific findings have 

shown that many plants used as food or in traditional medicine are potentially toxic, mutagenic 

and carcinogenic (Schimmeret al., 1994). Toxicity is an expression of being poisonous, 
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indicating the nature of adverse effects caused by the interaction between toxicants and cells 

(Syahmiet al., 2010). Despite advances in the understanding of the medicinal properties of many 

herbs and the increased acceptance and utilisation of medicinal plants worldwide, the consumer 

today is confronted with the lack of informationor with misinformation concerning the safety of 

these herbs that rivals the heyday of the patent medicine era (Aboyade et al., 2009). Hence, many 

medicinal plants are used indiscriminately without recourse to any safety test. Thus, the need for 

toxicity tests to determine the safe dose for oral consumption remains great (Aboyade et al., 

2009).The Chang liver cell line originated from a normal liver obtained from a Chinese boy 

(Chang,1954)and was later transformed in vitro. Chang liver cells provide an acceptable model 

to explore general cellular cytotoxicity, as many of the known drug-induced cytotoxic 

mechanisms, including inhibition of mitochondrial function, disruption of intracellular calcium 

homeostasis, and activation of apoptosis, oxidative stress, inhibition of specific enzymes and 

transporters and formation of reactive metabolites that cause direct toxicity, are common to most 

cells. A modification of the original 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium 

bromide) (MTT) assay (Mossman, 1983) was used to evaluate the cytotoxicity of the extracts.  

MTT, a yellow tetrazolium salt, is converted by dehydrogenase enzymes in viable cells to an 

insoluble, purple formazan.  The amount of purple formazan that is extracted from the cells is 

proportional to the number of viable cells.  

 

Previously, the stem and leaves of G. bicolor were examined by Dagne et al.(1996), and three 

new dihydroanthracenones namely 3,4-dihydro-2,6,9-trihydroxy-8-methyl-1(2H)-anthracenone 

(gasteriacenone A), 3,4-dihydro-2,4,9-trihydroxy-6-methoxy-8-methyl-1(2H)-anthracenone 

(gasteriacenone B) and 3,4-dihydro-4,6,9-trihydroxy-7-carbomethoxy-8-methyl-1(2H)-
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anthracenone (gasteriacenone C) were isolated. Their structures were elucidated by spectroscopic 

methods including 2D NMR techniques. A literature survey revealed that several species of the 

genus Pittosporum have been studied for their secondary metabolites. Triterpenoids and saponins 

were isolated from P. tobira, P. undulatum, P. phylliraeoides, P. pentaurum and P. viridiflorum 

(Higuchi et al., 1983; Errington and Jefferies, 1998; D‘Acquarica et al., 2002; Seo et al., 2002). 

Bioassay guided purification of the ethanolic extract of the bark of New Caledonian Pittosporum 

pancheri Brongn. and Gris (Pittosporaceae) led to the isolation and characterisation of two new 

farnesyl monoglycosides pancherins A and B (Pham-Huy et al., 2008). The invitro antifungal 

activity of G. bicolor and P. viridiflorum and A. arctotoides have been investigated against a 

panel of opportunistic fungi in HIV/AIDS in our previous study (Otang et al., 2012) and by other 

authors (Seo et al., 2002; Vesoul and Cock 2011). Although the antioxidant and phytochemical 

properties of some of these plants have been investigated in different countries (Burits et al., 

2001; Afolayan et al., 2007; du Loots et al., 2007; Aquaro et al., 2008;Momeni et al., 2010), 

there is a dearth of knowledge of such studies on A. arctotoides, G. bicolor and P. viridiflorum in 

South Africa. The aim of this study was therefore to analyse the phytochemical constituents, 

antioxidant potential and cytotoxicity of these plants. The antioxidant potential of the extracts, 

determined by DPPH, NO, and H2O2 and reducing power assays are designated by their IC50 

(concentration required to attain 50% radical-scavenging effect) and compared with that of the 

standards (rutin, vitamin C, and Butylatedhydroxytoluene). Vacuum liquid chromatography 

(VLC), thin layer chromatography (TLC) and bioautography were employed in the fractionation, 

identification and isolation of the antifungal components in the acetone extracts of the selected 

medicinal plants. 
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7.2. Materials and methods 

Phytochemical analysis 

7.2.1. Determination of total phenolics 

Total phenolic contents were evaluated with Folin-Ciocalteu‘s phenol reagent (Adedapo et al., 

2009; Nabavi et al., 2008). Five ml of the extract solution was mixed with 5ml Folin-Ciocalteu 

reagent previously diluted with water (1:9 v/v). After 5 minutes, 4ml of 7% Na2CO3solution was 

added with mixing. The tubes were vortexed for 5 seconds and allowed to stand for 30 min at 

40°C for color development. Absorbance was then measured at 765nm using the Hewlett 

Packard UV-vis spectrophotometer. Samples of  the plant extracts were evaluated at a final 

concentration of 0.1mg/ml. Total phenolic content was expressed as mg/g tannic acid equivalent 

using the following equation based on the calibration curve: y = 0.1216x, R
2
 = 0.9365, where y 

was the absorbance and x was the concentration (Adedapo et al., 2009). 

 

7.2.2. Determination of total flavonoids 

The colorimetric aluminum chloride method was used for flavonoid determination (Nabavi et al., 

2008; Ebrahimzadeh et al., 2001). An aliquot of 0.5mL of the plant extract in methanol was 

separately mixed with 0.5ml of 2% aluminum chloride. After one hour at room temperature, the 

absorbance was measured at 420nm. A yellow colour indicated the presence of flavonoids. 

Extract samples were evaluated at a final concentration of 0.1mg/ml. Total flavonoid content was 

calculated as quercetin equivalents (mg/g) using the following equation based on the calibration 

curve: y = 0.0255x, R
2
 = 0.9812, where y was the absorbance and x was the concentration. 
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7.2.3. Determination of total proanthocyanidins 

Determination of proanthocyanidins was based on the procedure of Nakamura et al. (2003). 

0.5ml of 1mg/ml of extract solution was mixed with 3ml of 4% vanillin-methanol solution (4% 

v/v); 1.5ml of hydrochloric acid was added and the mixture was vortexed and allowed to stand 

for 15 minutes at room temperature. The absorbance was then measured at 500nm. Extract 

samples were evaluated at a final concentration of 0.1mg/ml. Total proanthocyanidins content 

was expressed as catechin equivalents (mg/g) using the following equation based on the 

calibration curve: y = 0.5825x, R
2
 = 0.9277, where y was the absorbance and x was the 

concentration. 

 

7.2.4. Saponin determination 

The saponin content in the plant extracts was estimated as previously described (Kim et al., 

2003). Ten grams of the powdered sample was placed in 200ml of 20% ethanol. The suspension 

was heated in a water bath at 55°C for 4 hours with continuous stirring. The mixture was filtered 

and the residue was re-extracted once as above. The combined extracts were reduced to 40ml 

over a water bath at 90°C. The concentrate was transferred into a 250ml separator funnel, 20ml 

diethyl ether was added and the mixture shaken vigorously. The ether layer was discarded, while 

the purification process was repeated. 60ml of n-butanol was added and the extracts were washed 

twice with 10ml of 5% aqueous sodium chloride. The remaining solution was heated in a water 

bath. After evaporation, the sample was dried in the oven to a constant weight. The saponin 

content was calculated according to the equation: amount of saponin (mg/g) = weight of residue/ 

weight of sample. 
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7.2.5. Alkaloid determination 

Five grams of the powdered sample was weighed into 200ml of 20% acetic acid in ethanol and 

allowed to stand for 4 hours. The mixture was filtered and the extract was concentrated using a 

water bath at 55°C to one-quarter of the original volume. Concentrated ammonium hydroxide 

was added drop wise into the extract until precipitation was complete. The whole solution was 

allowed to settle and the precipitate collected was washed with dilute ammonium hydroxide 

solution and then filtered. The residue which is the crude alkaloid was weighed and the alkaloid 

content was calculated according to the equation: amount of alkaloid (mg/g) = weight of 

precipitate/weight of sample (Obadoni and Ochuko, 2001) 

 

Antioxidant assays 

7.2.6. Assay of DPPH scavenging activity 

The DPPH radical-scavenging activity of the test extracts was examined as previously described 

(Ebrahimzadeh et al., 2001). Different concentrations (0.025 - 0.5μg/ml) of each extract were 

added, at an equal volume, to a methanolic solution of DPPH (100μM). The mixture was allowed 

to react at room temperature in the dark for 30 minutes. Vitamin C and rutin were used as 

standard controls. Three replicates were made for each test sample. After 30 minutes, the 

absorbance (A) was measured at 518nm and converted into the percentage antioxidant activity 

using the following equation: % Scavenged [DPPH] = [(Ao - A1)/Ao] × 100 where Ao was the 

absorbance of the control and A1 was the absorbance in the presence of the sample of extract or 

standard.IC50 values denote the concentration of sample which is required to scavenge 50% of 

DPPH free radicals. The IC50 values were calculated by linear regression of plots, where the 
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abscissa represented the concentration of the tested plant extracts and the ordinate the average 

percent of scavenging capacity from three replicates. 

 

7.2.7. Assay of nitric oxide scavenging activity 

This assay was based on the following procedure (Ebrahimzadeh et al., 2001). 2ml of 10mM 

sodium nitroprusside in 0.5mM phosphate-buffered saline (pH 7.4) was mixed with different 

concentrations of each extract dissolved in water and incubated at 25°C for 2.5 hours. After the 

incubation period, 0.5ml of Griess reagent was added and the absorbance was read at 540nm. 

Vitamin C and rutin were used as positive controls. 

 

7.2.8. Reducing power assay 

The reducing power of the plant extracts was determined according to the following method 

(Ebrahimzadeh et al., 2001). Different amounts of each extracts (0.025 - 0.05μg/ml) in distilled 

water were mixed with 2.5ml of 0.2M phosphate buffer (pH 6.6) and 2.5ml potassium 

ferricyanide (1% w/v). The resulting mixture was incubated at 50°C for 20minutes, followed by 

the addition of 2.5ml of trichloroacetic acid (10% w/v). This was then centrifuged at 3000 rpm 

for 10 minutes. 2.5ml of the supernatant was mixed with an equal volume of distilled water and 

0.5ml of FeCl3 (0.1% w/v) and the absorbance was measured at 700nm. Vitamin C and BHT 

were used as positive controls.  

 

7.2.9. Scavenging of hydrogen peroxide  

The ability of the extracts to scavenge hydrogen peroxide was determined according to standard 

procedures (Erukainure et al., 2011). A solution of hydrogen peroxide (40mM) was prepared in 
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phosphate buffer (pH 7.4). Different concentrations of the plant extracts (0.025 - 0.05μg/ml) in 

distilled water were added to a hydrogen peroxide solution (0.6ml, 40mM). The absorbance of 

hydrogen peroxide at 230nm was determined after ten minutes against a blank solution 

containing phosphate buffer without hydrogen peroxide. The percentage of hydrogen peroxide 

scavenged by the extracts and standard compounds was calculated as follows: % Scavenged 

[H2O2] = [(Ao - A1)/Ao] × 100 where Ao was the absorbance of the control and A1 was the 

absorbance in the presence of the sample of extract and standard. 

 

7.2.10. Microorganisms and medium 

The fungal organisms used in this study were C. albicans (yeast), M. canis and A. fumigatus 

(moulds). The organisms were cultured and the inocolum was prepared as previously described 

(section 5.2.3). 

 

7.2.11. Vacuum liquid chromatography (VLC) 

VLC was carried out as described in Suleimanet al. (2010) with slight modifications. A short 

column was packed by pouring slowly 500g of silica gel 60 onto filter paper placed inside a 

Buchner funnel (320ml) that was mounted on top of a 500ml filtration flask, connected to a 

vacuum pump. Silica gel (5g) was mixed with 10g of the plant extract dissolved in a small 

amount of acetone and allowed to dry. The dried sample was then placed neatly on top of the 

column of silica gel in the funnel. Filter paper was then placed on top of the sample to prevent 

disturbance at the surface during solvent introduction. The column was eluted with chloroform 

and thereafter with various mixtures of chloroform and acetone in order of increasing polarity. 

With the stepwise addition of each eluent (100ml) into the column, the vacuum was switched on. 
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The solvent was allowed to run through the column and collected in tubes of about 50ml each, 

through a separating funnel. The fractions were then concentrated under a stream of air.  

 

7.2.12. Analytical TLC and antifungal activity of VLC fractions 

The VLC fractions were further analysed by TLC. A 5μl aliquot of each active fraction was 

applied as a spot on precoated silica gel aluminum plate 60F254 (20x10 cm, E-Merck, Germany) 

using a micropipette (Suleiman et al., 2010). The mobile phase consisted of chloroform, ethanol 

and formic acid (CEF) in the ratio of 5:4:1.  Linear ascending development was carried out in 

20x10 cm glass chamber saturated with the mobile phase and the development was carried out 

twice with the same mobile phase for better resolution of the rhein. The dried TLC plates were 

observed under UV light and the VLC fractions with the same TLC profiles were pooled 

together and later tested for antifungal activity. Following VLC, the fractions of the various plant 

extracts were concentrated in test tubes to about half the original volume under a stream of air 

and 5ml from each test tube was transferred into a pre-weighed vial and allowed to dry under a 

stream of air (Suleiman et al., 2010). The mass of each dried sample was measured and the 

concentration (mg/ml) of the corresponding fraction was determined. Five microliters (5μl) of 

the solution of each fraction and 0.002μg/μl of the positive control (amphotericin B) were 

applied on a Silica gel G60 TLC plates (20 × 20 cm, 250μm thickness, Merck, Darmstadt, 

Germany). One week old cultures of fungal organisms grown on Sabouraud dextrose agar (SDA) 

were each transferred into 250ml of freshly prepared Sabouraud dextrose broth (SDB) using a 

sterile swab. Densities of fungal cultures used for A. fumigatus, C. albicans and M. canis were 

approximately 8 ×10
6
, 3 ×10

6
, 2 ×10

5
 cells/ml respectively.  The prepared chromatograms were 

dried under a stream of cool air for 24 hours and later sprayed with the fungal suspension in a 
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bio-safety cabinet.  The plates were incubated at 31°C and 100% relative humidity for 18 to 

24hours, after which they were removed and sprayed with an aqueous solution (2mg/ml) of p-

iodonitrotetrazolium violet (INT) (Suleiman et al., 2010) and further incubated overnight or 

longer in the case of M. canis. The inhibition zones appeared as white bands against a dark red 

background and they indicate where reduction of INT to the coloured formazan did not take 

place due to the presence of compounds that inhibited the growth of the tested fungi. Fractions 

showing inhibition zones were considered active, and the number of active fractions for each 

plant extract was counted and the diameters of their inhibition zones were measured. The test 

was performed in duplicate. Active fractions of the same plant with the same Rf values were 

combined and concentrated using a rotary evaporator at 40
o
C.The MICs of the active VLC 

fractions were determined as described in section 5.2.4. 

 

7.2.13. Bioautography agar overlay process, preparative TLC and IR spectral analysis 

A five-microliter (5μl)  sample of the solution of each active fraction or positive control was 

applied on to a Silica gel G60 TLC plate (20 × 20 cm, 0.5mmthickness, Merck, Darmstadt, 

Germany) and reference plate was similarly prepared. Both plates were developed to a distance 

of about 10cm in the same tank using the pre-determined mobile phase. The mobile phase was 

removed from the plate by drying under a stream of cool air (Runyoro, 2006). The developed 

chromatograms were viewed under UV light (254nm). The inoculation and incubation of the test 

plate was carried out as described in section 5.2.4. Compounds showing inhibition zones were 

considered active. The active compound was scraped off the duplicate TLC plates, eluted from 

the silica with acetone and collected by filtration through millipore filters (0.45µm). The IR 



142 

 

spectral analyses were carried out with the eluted active compounds using an IR 

spectrophotomer (Thermo scientific instuments, USA). 

 

Cytotoxicity analysis 

7.2.14. Preparation of extracts 

 

Aliquots of the plant extracts were transferred to pre-weighed eppendorf tubes and the samples 

dried by Speed Vac (Savant instruments INC, USA).  Dried extracts were then reconstituted in 

DMSO to a concentration of 100μg/μl and diluted to the concentrations indicated. 

 

7.2.15. Assay method 

Cells were seeded into 96-well culture plates (Nunc) at 10 000 cells/well in EMEM 

supplemented with10% fetal bovine serum (FBS) and left for 24 hours (Zhong et al., 2010).  

Plant extracts were added and the cells incubated for a further 48hrs after which the medium was 

replaced with 200μl MTT (Sigma) (0.5mg/ml in EMEM). After further 4hr incubation at 37°C, 

the MTT was removed and the purple formazan product dissolved in 200μl DMSO and 

absorbance measured at 560nm using a multiwell scanning spectrophotometer (Multiscan MS, 

Labsystems). All incubation steps were carried out in a 37°C humidified incubator with 5% CO2. 

IC50 values were calculated from 5-point dose-response curves using GraphPad Prism 4 software 

package (GraphPad software, San Diego California, USA), (Panda et al., 2005). 
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7.2.16. Statistical analysis 

Where applicable, the data were subjected to one-way analysis of variance (ANOVA) and 

differences between samples were determined by Duncan‘s Multiple Range test using the 

Minitab program (version 12 for Windows). P-values < 0.05 were regarded as significant. 

 

7.3. Results and discussion 

 

7.3.1. Total phenolic, flavonoid and proanthocyanidin contents 

The level of the phenolic compounds in the acetone extracts of the leaves and bark of A. 

arctotoides and P. viridiflorum, respectively, were considerable and are shown in Figure 7.1. The 

total phenolic content of the extract of A. arctotoides and P. Viridiflorum were significantly 

higher (P < 0.05) than that of G. bicolor leaf (Figure 7.1). There was no significant difference (P 

> 0.05) in the total flavonoid and proanthocyanidin contents in the extracts of the 3 plants. 
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Figure 7.1. Phytochemical constituents identified in the acetone extracts of the selected 

medicinal plants. Values with the same letter superscript within the same constituent are not 

significantly different (P > 0.05). 

 

In a similar study, the methanol extract of P. manni (synonym; viridiflorum) derived from 

Cameroon (Momeni et al., 2010) was shown to be very rich in phenolic derivatives (having 314 

± 4mg/g gallic acid equivalents). Flavonoids reduce free radicals by quenching, up-regulating or 

protecting antioxidant defences and chelating radical intermediate compounds (Ndhlala et al., 

2010). Proanthocyanidins are a class of nutrients that belong to the flavonoid family; hence their 

mechanism of action as antioxidants is the same as that of flavonoids. The antioxidant action of 

phenolic compounds is due to their high tendency to chelate metals. They may inactivate iron 
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ions by chelating and additionally suppressing the superoxide-driven Fenton reaction, which is 

believed to be the most important source of reactive oxygen species (Momeni et al., 2010). 

 

7.3.2. Alkaloid and saponin content 

 

Quantitative estimation indicated that the alkaloid content of the leaf extract of both A. 

arctotoides (299.0mg/g) and G. bicolor (285.0mg/g) was significantly higher (P < 0.05) than that 

of P. viridiflorum bark (Figure 7.1). On the other hand, the saponin content of the bark of P. 

viridiflorum and A. arctotoides leaf was significantly higher (P < 0.05) than that of G. bicolor 

leaves. Alkaloids and their synthetic derivatives have been shown to have analgesic activities and 

they exhibit marked physiological activity when administered to animals (Okwu and Okwu, 

2004). Some of the characteristics of saponins include formation of foams in aqueous solutions, 

hemolytic activity, cholesterol binding properties and bitterness. It has also been shown that 

saponins are active antifungal agents (Sodipo et al., 2000); hence, their presence in these 

medicinal plants may partially justify the traditional use of the plants in the treatment of mycotic 

infections associated with HIV/AIDS.  

 

7.3.3. DPPH radical scavenging activity 

 

The concentration required to attain 50% radical scavenging effect (IC50) was determined from 

the results of a series of concentrations tested. A lower IC50 value corresponds to a larger 

scavenging activity (Tung et al., 2009). The IC50 values of the tested samples were in the order: 

vitamin C < rutin < A. arctotoides < P. viridiflorum < G. bicolor (Table 7.1). Scavenging activity 

was expressed as percentage of inhibition of DPPH free radical. As shown in Figure 7.2, the 



146 

 

DPPH radical-scavenging activity of the acetone extracts of the medicinal plants and the 

standards (vitamin C and rutin) was found to occur in a dose-dependent manner. However, none 

of the plant samples evaluated here showed an activity that was as strong as that of vitamin C. 

 

 

Figure 7.2.DPPH scavenging activity of the acetone extracts of the medicinal plants. Results 

presented are means of 3 replicates. 

The results of the DPPH scavenging activity as shown in Fig 7.1 is consistent with that of the 

phytochemical content of the extracts in Fig 7.1 because the total phenolic content of P. 

viridiflorum and  A. arctotoides is higher than that of G. bicolor. Hence, based on the IC50 

values, A. arctotoides and P. viridiflorum extracts exhibited stronger scavenging activity than G. 

bicolor at all concentrations. A similar study revealed that the methanol extract of P. viridiflorum 

(bark) in Cameroon showed an excellent inhibitory activity of 68.82% against DPPH radical at a 

concentration of 250μg/ml (Momeni et al., 2010). These results indicate that P. viridiflorum 

could be an excellent source of natural antioxidants and deserves further investigation. The 

0

20

40

60

80

100

120

0.025 0.05 0.1 0.2 0.5

P
er

ce
n

ta
g
e 

in
h

ib
it

io
n

Concentration of extracts/controls (µl/ml)

P. viridiflorum

G. bicolor

Vit C

Rutin

A. arctotoides



147 

 

observation that none of the plant samples evaluated showed an activity that was as strong as that 

of vitamin C was attributed to the fact that the plant extracts are mixtures various substances. 

Hence, the effective concentration of antioxidants in a mixture is lower than that of a pure 

compound (vitamin C). The phenolic compounds present in the extracts could be responsible for 

the observed DPPH radical scavenging activity, since they can readily donate a hydrogen atom to 

the radical (Tung et al., 2009). 

Table 7.1. Scavenging activity of the acetone extracts of the medicinal plants. 

 

a:  IC50is defined as the concentration (µg/ml) sufficient to obtain 50% of a maximum 

scavenging capacity.  

b:  coefficient of determination; values obtained from regression lines with 95% confidence 

level.  

- : Values not determined. 

 

 

 

 

 

 

Sample 

 

DPPH 

  

Nitric oxide 

  

Reducing 

power 

  

Hydrogen 

peroxide 

 IC50
 a
 R

2 b
  IC50 R

2
  IC50 R

2
  IC50 R

2
 

A. arctotoides 0.19 90.00  0.13 91.10  0.24 83.40  0.20 92.20 

P. 

viridiflorum 
0.22 95.70  0.16 39.10  0.26 83.20  0.13 89.90 

G. bicolor 0.27 91.80  0.22 93.60  0.27 99.90  0.23 92.20 

Vitamin C 0.05 73.90  0.24 96.10  0.22 92.40  0.29 92.50 

Rutin 0.08 30.50  0.25 99.30  - -  - - 

BHT - -  - -  0.23 95.90  - - 

Gallic acid - -  - -  - -  0.15 55.90 
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7.3.4. Nitric oxide scavenging activity 

 

The acetone extract of P. viridiflorum showed a concentration dependent decrease in nitric oxide 

scavenging activity that reached a minimum at a concentration of 0.2µl/mland increased 

thereafter (Figure 7.3). Both G. bicolour extract and vitamin C also showed a dose dependent 

decrease in nitric oxide scavenging activity which was lower than that of rutin at all the tested 

concentrations. The scavenging activity of A. arctotoides was higher than that of the standard 

vitamin C but lower than that of rutin. 

 

Figure7.3. Nitric oxide scavenging activity of the acetone extracts of the medicinal plants. 

Results are means of 3 replicates. 

 

Generation of reactive nitrogen species beyond the capacity of a biological system to eliminate 

them gives rise to oxidative stress, which plays a role in the pathogenesis of opportunistic 

infections in HIV/ AIDS, and natural antioxidants could be helpful in the management of such 

diseases by reducing oxidative stress (Robert and Cathcart, 1984). 
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7.3.5. Reducing power assay 

 

The dose-response curves for the reducing powers of the tested samples are shown in Figure 7.4. 

The reducing power of all three plant extracts were comparable and significantly greater than 

that of vitamin C (P < 0.05). Plant extracts with reducing properties have been shown to exert 

antioxidant action by breaking the free radical chain through the donation of a hydrogen atom 

(Erukainure et al., 2011).  

 

 

Figure 7.4. Reducing power of the acetone extracts of the medicinal plants. Results are 

means of 3 replicates.  

 

7.3.6. Hydrogen peroxide scavenging activity 

The IC50 for scavenging of H2O2 ranges from 0.13 - 0.29μl/ml (Table 7.1). The H2O2 scavenging 

activity of both plant extracts and standards decreased with increasing concentration (Figure 7.5). 

0

20

40

60

80

100

120

0.025 0.05 0.1 0.2 0.5

P
er

ce
n

ta
g
e 

in
h

ib
it

io
n

Concentration (µl/ml)

P. viridiflorum

G. bicolor

Vit C

BHT

A. arctotoides



150 

 

The scavenging activity of both A. arctotoides and G. bicolor was higher than that of the 

standard gallic acid within the concentration range of 0.025 - 0.2μl/ml. 

 

Figure 7.5. H2O2 scavenging activity of the acetone extracts of the medicinal plants. Results 

are means of 3 replicates. 

 

The scavenging of H2O2by the plant extracts was attributed to their phenolics, which can donate 

electrons to H2O2, thus neutralising it to water (Ebrahimzadeh et al., 2001). Although hydrogen 

peroxide is not very reactive, it can sometimes cause cytotoxicity by giving rise to hydroxyl 

radicals in the cell, thus, removing H2O2 is very important (Nabavi et al., 2008). 

 

 

7.3.7. Vacuum liquid chromatography 

 

Varying polarities of the eluting solvents were used to fractionate the acetone extracts of the 

medicinal plants hence facilitating the isolation of the antifungal compounds. Following the VLC 
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of the medicinal plant extracts, 132 test tubes (25ml each) were collected and grouped into 11, 

10, and 7 fractions for A. arctotoides, P. viridiflorum and G. bicolor,  respectively, according to 

their similarity in TLC profile. The VLC fractions differed significantly in their activity against 

the tested OFIs (Table 7.2, Fig. 7.6). The MICS of the VLC fraction of each plant extract are 

shown in Table 7.3. The most potent antifungal activity was exhibited by the fractions resulting 

from the acetone extract of A. arctotoides; mean inhibition zone diameters of 16.3, 15.2 and 14.5 

were recorded against M. canis, A. niger and C. albicans, respectively. There were no 

statistically significant differences (P > 0.05) between the mean inhibition zone diameters of the 

control drug (amphotericin B) and the diameters resulting from the active fractions of the 

medicinal plants extracts (Table 7.2). The effective inhibition of C. albicans is of significant 

importance due to the frequent manifestation of candidiasis in immunocompromised hosts. In 

addition, Candida species are not very susceptible to antifungal agents due to the presence of 

several resistance mechanisms, such as efflux pumps that take antifungals outside the cell and 

over expression of the antifungal targets (Eggiman et al., 2003; Runyoro et al., 2006). The 

susceptibility of the C. albicans to the A. arctotoides fractions indicates the presence of potent 

antifungal compounds in A. arctotoides and this partially justify the traditional utilisation of this 

plant in the treatment of opportunistic fungal infections in HIV/AIDS patients. 
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      1              2         3                           4            5             6              7                 8               9             10 

 
Figure 7.6. Inhibition zones of the VLC fractions of the plant extracts against C. albicans in 

bioautographic  TLC plates. 1-3: A. arctotoides fractions; 4-7: P. viridiflorum fractions; 8 and 9: G. 

bicolor fractions. 

      1     2     3           4      5     6     7    8        9          10               

 

          1    2     3          4     5     6    7      8         9                

 

Figure 7.7. TLC plates of compounds derived from 

active VLC fractions run in duplicate. 

The plate above was viewed under UV light (254nm), the 

one below was used for bioautography with C. albicans; 

1-3: A. arctotoides fractions; 4-7: P. viridiflorum 

fractions; 8 and 9: G. bicolor fractions; 10: positive 

control. Arrows indicate antifungal activity. 
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Table 7.2. Antifungal activity of the active VLC fractions and compounds. 

 

 

 

 

 

 

 

 

 

Inhibition diameters with same letter superscript within the same column are not significantly different (P > 0.05). CA = C. albicans, 

AN = A. niger, MC = M. canis 

 

 

Table 7.3. Minimum inhibitory concentrations of the VLC fractions of the acetone extracts of the medicinal plants 

Plant/control 

drug 

No of 

fractions 

tested 

No. of 

active 

fractions 

 Inhibition 

diameters (mm) 

 Rfs of 

compounds in 

TLC 

 

 No. of active 

spots 

In TLC 

    CA AN MC    CA AN MC 

             

A. arctotoides 6 2  14.5±2.1
a
 15.2±2.4

a
 16.3±1.1

a
  0.59, 0.58, 0.95  3 2 1 

P. viridiflorum 5 2  14.5±2.2
a
 15.7±1.1

a
 16.7±2.2

a
  0.66, 0.67,0.86  1 1 1 

G. bicolor 4 2  15.6±2.1
a
 14.9±1.5

a
 15.6±1.6

a
  0.17, 0.26  0 0 0 

Amphotericin B    15.9±1.1
a
 16.0±1.0

a
 15.5±1.1

a
  0.66     

OFI  A. arctotoides fractions  P. viridiflorum fractions  G. bicolor fractions 

   

  1 2 3  1 2 3 4  1 2 3 

 

C. albicans  1.25 1.25 2.50  3.75 5.00 3.75 3.75  5.00 >5.00 >5 

A. niger   2.50 2.50 1.25  3.75 3.75 5.00 5.00  >5.00 5.00 5.00 

M. canis   5.00 5.00 2.50  3.75 2.50 2.50 3.75  >5.00 >5.00 >5.00 
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An important factor in quantifying the movement of a compound on a stationary phase e.g. silica 

with a certain solvent system is the Rf (retention factor) value which is defined as the ratio of the 

distance travelled by the compound from its origin to the movement of the solvent from the 

origin (Suleiman et al., 2010). Thin layer chromatography using chloroform: ethyl acetate: 

formic acid (5:4:1) as the mobile phase was able to separate different compounds having 

different retention factors (Rf values) in the fractions of the plant extracts (Table 7.2, Fig. 7.6). 

Bioautography agar overlay method is considered as one of the most efficient methods for the 

detection of antimicrobial compounds and it involves the transfer of the active compounds from 

the stationary phase into the agar layer through a diffusion process (Runyoro et al., 2006). 

Hence, inorder to identify the major compounds responsible for antifungal activity against the 

tested OFIs, TLC‐bioautography was performed. Clear inhibition zones were observed on the 

TLC bio-autographic plates due to the antifungal action of the active compounds (Fig 7.7).  

Three distinct compounds were observed in the TLC profile of both A. arctotoides and P. 

viridiflorum while two compounds were observed in that of G. bicolor (Table 7.2, Fig. 7.7). The 

colourless tetrazolium salt, used as an indicator of fungal growth, acts as an electron acceptor 

and is reduced to a coloured formazan product by viable organisms. The relationship between the 

amount of reduced salt/colour change and the concentration of the fungi is well established 

(Tengerdy et al., 1967; Gabrielson et al., 2002). In an actively growing culture, the reducing 

activity is proportional to the number of fungi in the culture and antifungal activity was noted in 

the spots that showed definite decrease in colour formation. Hence, the appearance of white areas 

against a dark-red background on the chromatograms denotes inhibition of growth of the 

opportunistic fungi (Figs 7.6 and 7.7) due to the presence of compound(s) that inhibit their 

growth (Suleiman et al., 2010. The absence of antifungal activity in compounds derived from the 
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active VLC fractions of G. bicolor suggest that the individual components are only weakly 

active; their combined presence in the fractions results in additive or synergistic effects. 

Synergistic or additive interactions of plant extracts or phytocompounds is the basis of activity of 

several herbal formulations (Ahmad and Aqil, 2007). Synergism may also play a major role 

considering that antifungal activity was recorded when the VLC fractions of G. bicolor were 

tested, but the separated compounds showed no antifungal activity when subjected to 

bioautography. Usually, when all the compounds with activity based on bioautography are 

isolated and tested, their activity is usually lower than could be expected, indicating the presence 

of synergism (Eloff et al., 2008). Evaporation of active constituents, photo-oxidation or limited 

amount of the active compound (Masoko and Eloff, 2005) could also account for the absence of 

antifungal activity in G. bicolor compounds. 

 

Different extracts of A. artotoides have been investigated for their antimicrobial constituents. 

Sultana and Afolayan (2003) isolated and identified a new daucosterol derivative 3-O-[β-D-(6'-

nonadeanoate) glucopyranosyl]-β-sitosterol and seven known compounds namely: serratagenic 

acid, stigmasterol, daucosterol, zaluzanin D, dehydrocostuslactone, nepetin, and pedalitin. The 

compounds exhibited antibacterial activity except stigmasterol, daucosterol and 

dehydrocostuslactone (Sultana and Afolayan, 2003). 

 

7.3.8. Results of the IR analysis of the plant extracts 

A transmittance survey scan of the compounds recovered from the preparative TLC of the extract 

fractions in the wavelength ranging from 400.0 – 4000.0cm
-1

 (Figs 7.8-7.10) revealed the 

presence of multiple components as evident by the presence of different peaks. The IR spectra 
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showed major peaks at 2920.11, 2923.14 and 2884.00 cm
-1

 for A. arctotoides, G. bicolor and P. 

viridiflorum respectively, which is probably due to C-H stretching mode of vibration  (Konwar 

and Baruah, 2011).  Absorption at 1738.53cm
-1

and 1730.00cm
-1

 for G. bicolor and A. arctotoides 

resepectively indicates the presence of a lactone ring. The presence of lactone rings indicates the 

presence of coumarins (Marzouk et al., 2012). The three plants have similar activities due to 

nearly identical functional group obtained from their extracts (Figs.7.8 – 7.10). 

 

 

 

 

 

 

 

 

  

 

 

Figure 7.8. Absorbance spectrum of the acetone extract of P. viridiflorum  
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Figure 7.9. Absorbance  spectrum of the acetone extract of A. arctotoides 
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Figure 7.10. Absorbance spectrum of the acetone extract of G. bicolor 
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7.3.9. Results of the cytotoxicity assays 

 

IC50 values obtained on the Chang liver cell line for each extract and the control drug are 

summarised in Table 7.5. The extracts and the control drug induced cell cytotoxicity in a 

concentration dependent manner, as illustrated in Fig. 7.11. Results are the mean of 3 

determinations (mean±SD) and are expressed as % cell survival.   

 

Table 7.5.  IC50 values (mean ± SD) for extracts and reference compound against Chang 

liver cells 

Plant extract/compound IC50 (μg/ml) Hill slope   R
2
 

Griseofulvin  9.02± 2.40 -1.78 0.98 

A. artotoides 17.46 ± 1.45 -3.37 0.98 

P. viridiflorum 246.95 ± 25.19 -1.92 0.98 

G. bicolor 156.00 ± 12.57 -0.89 0.98 
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Figure 7.11. Dose dependent inhibition of Chang liver cell viability by the medicinal plant 

extracts/control drug (0-50μg/ml); a: griesefulvin; b: A. arctotoides; c: P. viridiflorum; d: G. bicolor; 

PE: plant extract 
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Griseofulvin is an orally active non-toxic antifungal drug that has been used for many years for 

the treatment of skin infections in both humans and animals.  Its mechanism of action is believed 

to occur though the ―selective‖ inhibition of fungal cell mitosis concomitant to its accumulation 

in the keratin layers of the epidermis.  At first glance, the relatively strong cytotoxic effect 

observed in the Chang liver cells (Fig. 7.11a) is somewhat unexpected considering its accepted 

non-toxic clinical use.   This apparent discrepancy may to some extent be due to the limitations 

of in vitro cytotoxicity screening and the difference between therapeutic dosage and that used to 

determine the IC50 value.  While there exists a number of reports on the antiproliferatory activity 

of griseofulvin against various cancer cell lines, these antiproliferatory effects occur at 

concentrations well above that required to inhibit fungal mitosis.  One of the reasons for the 

relative safety of griseofulvin at clinically useful doses may be the fact that it accumulates to 

high levels in the keratin layers of the skin, where it acts against the growth of dermatophytes.  

Such an effect is completely lost in the in vitro Chang liver model.  The IC50 value of 9.02μg/ml 

(approximately 25μM obtained for the Chang liver cells is similar to that reported for HeLa 

(20μM) (Panda et al., 2005) and K562 cells (44μM) (Zhong et al., 2010). In contrast, the 

inhibitory concentrations of griseofulvin against various dermatophytes in vitro range from 0.4 to 

1.7μM, concentrations which are well below the range required to attenuate cell viability in 

Chang liver cells. Therefore the apparent cytotoxic effects displayed by griseofulvin are unlikely 

to manifest in the clinical context as the dosage will be below that required to produce a toxic 

effect.  It is also important to point out that the MTT assay does not distinguish between 

cytotoxic and cytostatic effects and that griseofulvin has been shown to induce cell cycle arrest 

in various cell lines (Teshome et al., 2010). Therefore the decrease in cell viability of 

griseofulvin-treated Chang liver cells is most likely due to the cytostatic effects of the drug and 
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to a lesser extent to direct toxicity.  This is supported by the griseofulvin dose-response curve 

which does not extend to zero viability at the higher drug concentrations; instead a plateau is 

reached in the region of 30% viability which probably represents the initial cell numbers at time 

zero. With regards to the plant extracts screened, the A. actotoides extract was the most toxic 

both in terms of IC50 value as well as the steeper slope of the dose response curve (Table 7.5, Fig 

7.11b).   The IC50 value for the acetone extract was 17.4μg/ml (Table 7.5).  In our experience 

these relatively low values raise concern for potential hepatotoxic effects and deserve further 

investigation or at least a warning to potential users.  Notwithstanding, it is the dosage at which 

these plants are used as ethnopharmacological agents and the pharmacokinetics of the toxic 

compounds which will ultimately determine the clinical relevance of these toxic effects.   

 

According to Gertsch (Zhong et al., 2010) in vitro bioassays of extracts that possess IC50 values 

greater that 200μg/ml are not considered meaningful as it is unlikely that such concentrations 

will be reached in vivo and due to the probability that high concentrations of plant extracts will 

significantly change the physiochemical environment in terms of ionic strength, pH and 

osmolarity which will impact on the cell viability independent of the extract itself leading to 

artificial toxicity.  Depending on the dosage and duration of treatment the cytotoxic effects of 

Gasteria bicolor and Pittosporum viridiflorum may be considered relatively weak (but not 

absent) and less of toxicity risk.  
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7.4. Conclusion 

The presence of phytochemicals such as phenolics, alkaloids, flavonoids, saponins, 

proanthocyanidins in the tested medicinal plants provides some scientific evidence for the 

traditional usage of these plants in the management of OFIs in HIV/AIDS patients. The crude 

acetone extracts of the plants have also indicated strong antioxidant activities in vitro. Since 

reactive oxygen species are thought to be associated with the pathogenesis of HIV/AIDS, and 

HIV-infected individuals have impaired antioxidant defenses, the inhibitory effect of the extracts 

on the free radicals may partially justify the traditional use of P. viridiflorum and G. bicolor in 

the management of opportunistic fungi by AIDS patients in the Eastern Cape Province of South 

Africa. A transmittance survey scan (infra red spectrophotometry) of the compounds recovered 

from the preparative TLC of the extract fractions in the wavelength ranging from 400.0 – 

4000.0cm
-1

 revealed the presence of nearly identical functional groups in the medicinal plant 

extracts. It is possible that the compounds of A. arctotoides and P. viridiflorum that have 

exhibited activity against the selected yeast and  mould (including dermatophytes) possess a 

broad antifungal action or they may even be general metabolic toxins that could be toxic to 

animals as well (Suleiman et al., 2010). Hence, it was apparent that the extracts be subjected to 

toxicity screening before any conclusions as regards their potential as sources of antifungal drugs 

can be reached.  

 

Based on the cytotoxicity tests,A. actotoides extract was the most toxic, both in terms of IC50 

value as well as the steeper slope of the dose response curve.   This raises concern for potential 

hepatotoxic effects and deserves further investigation or at least a warning to potential users. The 

cytotoxic effects of G. bicolor and P. viridiflorum may be considered relatively weak (but not 
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absent) and less of a toxicity risk. Screening of the extracts against other cell lines such as 

HepG2 and Vero cells as well as the use of multiple end point assays targeted toward specific 

cytotoxic mechanisms may be used to improve the predictability for potential toxic effects.    
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8.1. General discussion 

 

Western or modern medicine has for many years successfully been used in the treatment of 

infectious diseases. Many pathogens are however, becoming resistant to antibiotic drugs at an 

alarming rate that is unmatched by the development of new drugs (Dannaoui et al., 2001; Shai, 

2008). Overcoming antibiotic resistance is one of the major issues of the World Health 

Organisation for the present millennium (Mbosso, 2010). Compounding the existing problem is 

the inaccessibility of treatment drugs to poor communities due to escalating costs of medicines 

and unavailability of medical health practitioners and public health centres in some regions 

(Shai, 2008). The cultural importance of traditional medicine and the physical isolation of 

communities both in general and from primary health care are some of the factors that influence 

the widespread use of medicinal plants in developing countries (Vicente et al., 2007; Nanyingi et 

al., 2008). Cultural acceptability, perceptions of affordability, safety and efficacy play a role in 

stimulating scientific research and validation of traditional medicines (Nanyingi et al., 2008). 

 

As a multidisciplinary science, research in the phytosciences is almost unlimited; thus, in this 

thesis the ethnobotanical, antifungal, phytochemical and cytotoxicological investigations of A. 

arctotoides, G. bicolor and P. viridiflorum have been reported. The effect of the extracts on the 

growth and ultrastructure of some opportunistic fungi associated with HIV/AIDS and the 

elements responsible for giving the fungi their characteristic virulence were also discussed. 
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Ethnobotanical survey of medicinal plants used in the management of OFIs in HIV/AIDS 

patients 

 

In order to preserve traditional knowledge, it is necessary that inventories of plants with 

therapeutic value are carried out, and the knowledge related to their use documented (Langlois-

Klassen et al., 2008). The indigenous knowledge and the diversity of the medicinal plants 

(distributed in 26 families and 32 genera) used in the management of the OFIs are important to 

the herbal medicine trade and the pharmaceutical industry, whereby indigenous knowledge 

serves as the prerequisite information and the plants as raw materials (Dhillion et al., 2000). 

Against this background, the diversity of the medicinal plants and their corresponding traditional 

knowledge with respect to the management of OFIs in HIV/AIDS patients were scientifically 

documented (Otang et al., 2012).Some of the medicinal plants were cited as being used in the 

management of 2 or more OFIs. For example both Alepidea amatymbica and Citrus limon are 

used for the management of aspergillosis and cryptococcal meningitis, while Allium sativum is 

used for the management of aspergillosis and oesopharyngeal candidiasis (Otang et al., 2012). 

This is significant, firstly, in the context of plant conservation; the recurrent use of plants for 

managing different OFIs emphasises their value within the consciousness of the users, and 

hence, people take care to protect such plants (Etkin, 2002). Secondly, in addition to the 

scientific validation of their therapeutic claims, such plants will definitely have high market 

potential and can serve as a source of income for the locals (Tabuti et al., 2003). 

 

With the co-existence of traditional and conventional medical systems throughout much of 

Africa, there is often a simultaneous or sequential use of treatment from each medical system 
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(Langlois-Klassen et al., 2008). Hence, communication between patients and conventional 

medical care physicians about herbal medicine should be an essential component in the WHO‘s 

Traditional Medicine Strategy (Langlois-Klassen et al., 2008). However, the present study has 

shown that all the patients interviewed did not disclose to their physicians that they used herbal 

medicines in the managements of the OFIs. Without sufficient knowledge about patients' herbal 

medicine use, there is obvious risk of physicians prescribing pharmaceutical drugs without 

giving the required consideration for potential herb–drug interactions (Langlois-Klassen et al., 

2008). Collaboration between conventional medical practitioners (CMPs) and traditional healers 

can be valuable in that: traditional healers are highly accessible and outnumber physicians by 

100 to 1 or more in many African countries; they can foster communication about HIV/AIDS 

through culturally appropriate care; and they  may refer HIV/AIDS patients to physicians earlier 

(UNAIDS, 2000). 

 

Antifungal activity of the selected medicinal plants 

In vitro screening programmes, using the ethnobotanical approach, are important in validating 

the traditional use of herbal remedies and for providing leads in the search for new active 

principles. Whereas activity identified by an in vitro test does not necessarily confirm that a plant 

extract is an effective medicine, nor a suitable candidate for drug development, it does provide 

basic understanding of a plant‘s efficacy and, in some cases toxicity. Hence, the laboratory-based 

assays reported in the present study have provided basic understanding of the efficacy of the 

medicinal plants used by the traditional healers and AIDS patients in the management of the 

OFIs. Considerable variation in the inhibition of fungal growth by the different medicinal plant 

extracts is partially attributed to: (i) differences in susceptibility by the species of fungi selected; 
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namely filamentous and yeast-like growth forms and which represent diverse taxonomic groups 

(Jones et al., 2000);  (ii) the variation in quantity and composition of the classes of  known 

antifungal phytochemicals (tannins, saponins, flavonoids etc) present in the different medicinal 

plants and (iii) the variation in the composition and inhibitory activity of the isolated antifungal 

compounds present in the different medicinal plants as reflected in their TLC and IR profile. 

 

Extracts having activities with MIC values below 8mg/ml (Fabry and Arsong, 1998) are 

considered to possess some antimicrobial activity and natural products with MIC values below 

1mg/ml are considered noteworthy (Rios and Recio, 2005). Based on these criteria, A. 

arctotoides, P. viridiflorum and G. bicolor were selected for further pharmacological and toxicity 

evaluations. Apart from their in vitro antifungal activity, other factors may influence the usage of 

these medicinal plants in the management of OFIs by the traditional healers and AIDS patients in 

the Eastern Cape, South Africa. For example, the relatively lower in vitro antifungal activity of 

G. bicolor extracts amidst its ethnomedical usage in the management of the OFIs strongly 

suggest that alternative mechanisms are implicated in the efficacy of this  plant as a herbal 

medicine. In an ethnomedical study of plants used in the treatment of wounds in South Africa, 

Grierson and Afolayan (1999) reported that not all of the most commonly used plants were 

effective against all the microbes studied. This could be attributed to the fact that some plants 

may ward off microbial infections by stimulating the host immune system rather than by 

antibiotic activity (Grierson and Afolayan, 1999). 
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Phytochemical analyses of the selected medicinal plants 

The antioxidant activity of the medicinal plant extracts could be attributed to the presence of 

phenolic compounds, flavonoids and saponins. The polyphenol compounds play a wide range of 

biological effects including antibacterial, anti-inflammatory, antiallergic, hepatoprotective, 

antithrombotic, and antiviral effects (Wong et al., 2006).  These functions have been attributed to 

several mechanisms such as free radical scavengers, quenchers of the formation of singlet 

oxygen and stimulating the antioxidative defence enzymes activities (Zhou and Yu, 2004).  

Flavonoids have been shown to exhibit their actions through effects on membrane permeability 

and by inhibition of membrane-bound enzymes such as the ATPase and phospholipase A2 

(Surabhi and Leelavathi, 2010), and this property may explain the antioxidative action of the 

medicinal plant extracts. Previous studies showed that saponin fractions also exhibited 

antioxidant activities (Yalinkilic and Enginar, 2008). 

 

When an active extract has been identified, the first hurdle to be taken is dereplication, such as 

partial identification to the level of a family of known compounds (Pieters and Vlietinck, 2005). 

The second hurdle is purification of the new compound by chromatographic methods, the third 

hurdle is structure determination by spectroscopic methods, and when the novel structure has 

been established, the fourth hurdle is scale-up of the production. Although many studies have 

focused on the isolation and identification of bio-active compounds, it is important to keep in 

mind the complexity of plants; and that a single compound may not be responsible for the 

observed activity but rather a combination of compounds (either major or minor) interacting in 

an additive or synergistic manner (van Vuuren, 2007). 
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Cytotoxicity screening of the selected medicinal plants 

Although it is considered that traditional plant medicines, which have been used for centuries are 

generally safe, it cannot be taken for granted that these treatments are void of potential toxic 

properties (Fennell et al., 2004; Cos et al., 2006). Additionally, many herbal medicines are 

usually available in the form of unregulated botanical preparations and their use by the public is 

increasing rapidly (Cowan, 1999).  The idea that traditional medicine products are completely 

safe simply because they come from natural sources is dangerously false (Calixto, 2000). Not 

everything that is natural is safe; hence, traditional medicine products must be used judiciously, 

with awareness of potential herb–herb and herb–drug interactions. The risks are relatively small 

when traditional medicines are used correctly, but they are still there, and consumer 

understanding is generally low. For example, a cross-sectional population survey conducted in 

Australia found that less than half (46.6%) of traditional, herbal medicine users were even aware 

that there could be potential risks associated with product use (Calixto, 2000).Thus, the extracts 

of the medicinal plants used in this study were screened for toxicity using the Chang liver cell 

line. The high toxicity exhibited by the acetone extract of A. actotoides raises concern for 

potential hepatotoxic effects and therefore warants further investigation or is at least a warning to 

potential users. The cytotoxic effects of G. bicolor and P. viridiflorum may be considered 

relatively weak (but not non-toxic) and less of a toxicity risk.  

 

8.2. Conclusions and recommendations  

Despite the multiplicity of reports on the traditional uses of plants to treat various diseases in 

South Africa, knowledge on herbal remedies used to manage OFIs in HIV/AIDS patients in 

particular is not well documented. Hence, a detailed account of the ethnobotanical, antifungal, 
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phytochemical and cytotoxicity investigations of three commonly used plants, A. arctotoides, P. 

viridiflorum and G. bicolor, has been reported and published in this thesis and in peer reviewed 

scientific journals (see appendix 7). A summary of the major findings and recommendations is 

presented below: 

 

 There is a considerable diversity and abundance of plant species used in the treatment of 

opportunistic fungal infections in the Amathole District of the Eastern Cape Province, 

South Africa. Thirty three plant species distributed in 26 families and 32 genera were 

identified as being used to treat one or more of the OFIs. The most representative family 

was the Asphodelaceae with 4 species, followed by Asteraceae and Hypoxidaceae with 3 

species each and Rutaceae with 2 species. Three plants, A. arctotoides, P. viridiflorum 

and G. bicolor were frequently reported to be used to treat OFIs by patients as well as 

traditional healers and were therefore selected for further study. 

 The symptoms of OFIs are common in HIV/AIDS patients in the Eastern Cape, South 

Africa. ‗Herbal medicine as part of our cultural identity‘ was the main rationale behind its 

usage by the HIV/AIDS patients. Providers of health care to HIV-infected patients need 

to communicate with their patients so that they can be aware of the non-prescribed 

medicines they take. Given the high prevalence in the use of ‗unknown herbal medicine 

from a traditional healer‘ among the HIV/AIDS patients, efforts should be made by 

mainstream health professionals to provide validated information to traditional healers 

and patients on the judicious use of herbal remedies. Consideration must be given to the 

potential negative impact that herb–drug interactions can have on patients' health. In 
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future, there would be a need to engage in the standardisation of the herbal preparations 

by developing the necessary dosages and packaging of the herbal formulations. 

 

 Since the acetone extracts of P. viridiflorum and A. arctotoides were active against at 

least one of the yeasts (especially Candida spp.) and moulds (including the 

dermatomycetes M. canis and T. mucoides) and considering that the mean inhibition zone 

diameters of A. arctotoides and the positive controls were not significantly different (P> 

0.05) this suggest that both A. arctotoides and P. viridiflorum appear to have high 

efficacy with a broad spectrum of antifungal activity. The most susceptible fungi, based 

on the overall mean diameter of growth inhibition were Candida glabrata, C. krusei and 

Microsporum canis, while C. neoformans, T. tonsurans and M. gypseum were not 

susceptible to any of the extracts even at 5mg/ml which was the highest concentration of 

plant extract used. 

 

 The remarkable morphological alterations which were visible in the opportunistic fungi 

when treated with the acetone extract of A. arctotoides were attributed to the loss of cell 

wall strength, which led to the subsequent alteration in fungal morphology. X-ray 

microanalysis showed the specific spectra of sodium, phosphorus and sulfur as the 

principal intersection of the four pathogenic fungi. Since these ions have the potential of 

fostering fungal invasion by altering the permeability of hosts‘ membranes, their presence 

was considered inherent to the pathogenicity of the opportunistic fungi. 
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 The presence of phytochemicals such as phenolics, alkaloids, flavonoids, saponins, and 

proanthocyanidins in the tested medicinal plants are significant. The crude acetone 

extracts of the plants have also indicated strong antioxidant activities in vitro. Since 

reactive oxygen species are thought to be associated with the pathogenesis of HIV/AIDS, 

and HIV-infected individuals have impaired antioxidant defenses, the inhibitory effect of 

the extracts on the free radicals may partially justify the traditional use of the medicinal 

plants in the management of opportunistic fungi by AIDS patients in the Eastern Cape 

Province of South Africa. IR spectrometry showed that the three plants have similar 

antifungal activity due to nearly identical functional group; however, further analysis 

such as NMR spectrometry is needed in order to ascertain the actual bioactive 

components of the plants. 

 

 Depending on the dosage and duration of treatment, the cytotoxic effects of G. bicolor 

and P. viridiflorum may be considered relatively weak (but not non-toxic) and less of a 

toxicity risk.  A. actotoides extracts, however, were the most toxic both in terms of IC50 

values as well as the steeper slope of the dose response curve.   This raises concern for 

potential hepatotoxic effects and deserves further investigation or at least a warning to 

potential users.  Screening of the extracts against other cell lines such as HepG2 and Vero 

cells as well as the use of multiple end point assays targeted toward specific cytotoxic 

mechanisms may be used to improve the predictability for potential toxic effects.   
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The results of the phytochemical, antifungal and toxicological investigations of the selected 

medicinal plants have not only provided basic understanding for their claimed traditional uses 

but have also served as a warning against potential toxic effects of the indiscriminate use of 

herbal remedies. The value of this research therefore lies not only in serving to promote the value 

of the South African flora in the context of the HIV/AIDS pandemic, but also in the need for 

traditional healthcare. 
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