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ABSTRACT

Infectious diseases are prevalent and life threatening in Kenya. The majority of the sick are
seeking herbal remedies in search of effective, safe, and affordable treatments. This study
investigated the antimicrobial activity and presence of alkaloids, terpenoids, sapogenins,
flavonoids and quinones in different parts of Vemonia glabra, Senna iliiiymobotrya, and
Kigelia a/ricana. Traditionally, these medicinal plants are used to treat microbial infections in
Kenya. The plants were selected based on the available traditional medical knowledge and
literature and collected in January 2010 in Machakos and Kisumu counties. Different parts
were dried at room temperature under shade, ground into powder and extracted in
dichloromethane: methanol (1:1) and water. The crude extracts were tested against
Staphylococcus aureus (gram positive), Escherichia coli (gram negative) bacteria, Candida
albicans (yeast fungus), and Aspergillus niger (filamentous fungus) for antimicrobial activity
and Minimum Inhibitory Concentrations (MICs) determined using disc diffusion technique
under sterile conditions. Discs impregnated with standard antibiotics (Streptomycin for
bacteria and Nystatin for fungi) were used as positive controls while the extraction solvents
were used as negative controls. Antimicrobial activity was determined by measuring the
diameter of the clear inhibition zones around the paper discs using a transparent ruler (cm)
after 24 to 48 hours for bacteria and yeast fungus, and up to 72 hours for filamentous fungus.
Thin Layer Chromatography (TLC) was used to determine the chemical compounds present
in selected active crude extracts. Results showed that, organic extracts of V. glabra leaf
(Mean inhibition zone of 1.85 cm) and flower (M1Z of 1.78 cm) recorded the highest activity
against S. aureus than the standard antibiotic (Streptomycin MIZ of 1.30 cm). Organic extract
of V. glabra flower showed significant activity only against S. aureus, with the lowest MIC
of 1.5625 mg/100 pi compared to streptomycin at high MIC of 6.25 mg/100 pi. Qualitative
spray reagents on TLC plates, showed the V. glabra and S. didymobotrya flavonoids highly
present; terpenoids, sapogenins and quinones sufficiently present and V. glabra flower
alkaloids greatly present. The results of this study suggest that the three plants have
significant antimicrobial properties and justify their use in traditional herbal medicine for the
management of microbial based diseases. The presence of chemical compounds in most
extracts of V glabra indicates its potential to produce novel compounds. Bioassay-guided
fractionations are recommended to identify the compounds responsible for antimicrobial
activity. Cytotoxicity assays are highly recommended for V. glabra in order to verify,
validate and document its safety in medicine.

Key words: Microbial infections, Vernonia glabra, Senna didymobotrya, Kigelia africa
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CHAPTER ONE
1.0 INTRODUCTION AND LITERATURE REVIEW

11 INTRODUCTION

Infectious diseases are the leading cause of death in children and young adults accounting for
one in every two deaths in developing countries (WHO, 1999, 2000, as cited in Smolinski
and Hamburg, 2003). The issue of population health and socioeconomic development is
particularly acute in Sub-Saharan Africa with a high burden of bacterial, fungal, and viral
infections, such as: tuberculosis, skin rushes, mouth rush, diarrhoea, gonorrhoea, syphilis, and
ringworms among others. (Bloom and Canning, 2008). It has been estimated that every hour,

1,500 people die from an infectious disease. Over half of them are children under 5 years of

age.

Microbial infections are prevalent in Kenya and have contributed to unsustainable socio-
economic development due to high mortality rate of the infected patients, emergence of
antibiotic resistance in pathogens which threatens to overwhelm modern healthcare systems,
side-effects of these antibiotics to the hosts, unaffordable medicine to the poor, and
eventually the suffering people result to use of alternative mcdicine/or herbal remedies in
such of effective and safe cure. Natural products of higher plants may provide a new source

of antimicrobial agents with possibly novel mechanisms of action (Adenisa et al., 2000).

Throughout history, microbial infections have been a major threat to human and animal
health and a prominent cause of morbidity and mortality which lead to reduced work
productivity and long-term poverty (WHO/FAO/OIE, 2003). In our increasingly
interconnected world, new diseases are emerging at unprecedented rates, often with the

ability to cross borders rapidly and spread (World |lealth Organization, 2012).



Increased antibiotic resistance has become a global concern, coupled with the problem of
microbial persistence, thus highlighting the need to develop novel microbial drugs that are
not only active against drug resistant microbes, but more importantly, kill persistent micro-
organisms and shorten the length of treatment. Apart from toxicity, lengthy therapy also

creates poor patient compliance (Mariita el al., 2010).

The high cost of important conventional drugs and / or inaccessibility to modem health care
facilities has led to overrcliance on traditional medicine since it is affordable and available to
rural people. On the other hand, even when conventional health facilities are available,
traditional medicine is viewed as an efficient and an acceptable system from a cultural
perspective (Munguti, 1997). Given today’s universal vulnerability to these threats, better

security calls for global solidarity in search for safe, effective, and affordable drugs (WHO,

2007).

It is estimated that about 75% of the population in Kenya seeks health care among traditional
healers (Sandiga et al., 1995). In certain instances people utilize both traditional and modern
medicine simultaneously. Traditional medicine is widely practiced in Kenya, where this has
been documented by ethnomedical surveys (Miaron el al., 2004; Kareru el al., 2007).
Infections associated with bacterial and fungal pathogens are among some of the indications

treated using traditional remedies in Kenya (Njoroge and Bussmann, 2007).

Therefore, the aim of this study was to determine antimicrobial activity (efficacy) in different
parts of Vemonia glabra, Senna didymobotrya, and Kigelia african claimed to treat microbial
infections in Kenya, against Escherichia coli, Staphylococcus aureus, Candida albicans and
Aspergillus niger, and thereafter, find out the chemical profiles of the active crude extracts,

which would be a prospective open for future search to identify the active compounds.



12 LITERATURE REVIEW

1.2.1 Traditional Medicine
Traditional medicine is the knowledge, skills, and practices based on the theories, beliefs, and

experiences indigenous to different cultures, whether explicable or not, used in maintenance
of health as well as in prevention, diagnosis, improvement or treatment of physical and
mental illness (WHO, 2000). It involves use of herbal medicines, animal parts, and minerals;
but herbal medicines are the most widely used of the three, therefore, it is to be accessed in

this study.

For centuries, people have used plants for healing. Plant products as part of food or botanical
portions and powder have been used with varying success to cure and prevent diseases

throughout history (Maryam, et al., 2010).

During the past decade, use of traditional medicine has expanded globally and has gained
popularity (WHO, 1999). Practices of traditional medicine vary greatly from country to
country, and from region to region, as they are influenced by factors such as culture, history,
personal attitude and philosophy. In many cases, their theory and application are quite
different from those of conventional medicine (WHO, 2000). Traditionally, instructions are
generally given in the field, where the inheriting person is shown the plant, told the
vernacular name, and how to prepare the drug from the plant or plant part for specific

diseases (Kokwaro, 1976).

The historical use of traditional medicine that has been passed on from generation to
generation, has demonstrated some degree of safety and efficacy through trial and error.

However, scientific research is needed to provide additional evidence of its safety and

efficacy (WHO 1998).



In developing countries, broad use of traditional medicinal plants is often attributed to its
accessibility and affordability as a source of primary healthcare especially for the world’s
poorest patients. The world health Organization (WHO) estimates that around 80% of the
population in Africa use traditional medicine and about 85% of the population in Africa

involve use of plant extracts (Farnsworth, 1988).

About 20% of patients, who seek conventional medical care, first consult traditional healers
and therefore is a significant source of healthcare for significant number of Africans (Dejong,
1991). The overall number of drug plants used is large, and includes both indigenous and

introduced plants (Kokvvaro 1993; Fowler 2006).

To appreciate the extent of this dependence, it is estimated that in Sub-Saharan Africa there is
one traditional healer for every 50,000 people, whereas there is only one medical doctor for

every 40,000 people (Falodun, 2010).

Moreover, distribution of such personnel may be uneven, with most being found in cities or
other urban areas, and therefore difficult for rural populations to access. Ilerbal medicines for
treating microbial infections are considerably cheaper and many times are paid for in kind
and/ or according to the “wealth” of the client. However, increased use of traditional
medicinal plants has not been accompanied by scientific evidence in the efficacy and safety
to support traditional medicine claims (WHO 2000-2005). Traditional medicine is also
highly popular in many developing countries because it is firmly embedded within wider

belief systems and yet little effort has been devoted to their documentation, validation,

utilization and conservation.

With respect to diseases caused by microorganisms, the increasing resistance in many
common pathogens to currently used therapeutic agents, such as antibiotics and antiviral

agents, has led to renewed interest in the discovery of novel anti-effective compounds



(I'alombo, 2009). llcncec (he aim of this study is to provide scientific justification for the
efficacy of the medicinal plants and search for plant based drugs with less/or no adverse

effects, effective and economical.

Although the traditional herbalists may not know the actual bioactivc compounds in the
medicinal plants they use. it is the presence of bioactivc compounds that is the secret behind
the effectiveness of the traditional herbal medicine against a wide range of human ailments

(Balick, 1990; Farnsworth el al., 1985).

Hence the focus of this study is to access the efficacy and screen for phytochcmical
compounds present in the three medicinal plants claimed to treat microbial diseases in Kenya

and scientifically verify the traditional cthnomcdicine of these plants.

1.2.2 Herbal Medicine
Herbal medicine also called botanical medicine or phytomedicine refers to the use of any

plant part, i.e. seeds, berries, roots, leaves, bark, or flowers for medical purposes. Long
practiced outside of conventional medicine, herbalism is becoming more mainstream as
scientific research has shown their value in the management of diseases (Altschuler el a/.,

2007).

Herbal medicines arc efficient in the treatment of fungal related infections in Kenya, (Olcmbo
el al., 1995; Kokwaro, 1993) and they constitute a great economic and strategic value for the
people in Kenya. However, the development of these potentially useful drug plants has been
impeded by poor documentation together with little or no scientific validation of the herbal
drugs, their safety and efficacy. As reported by Ng’ctich, (2005) the use of ethnomcdicinal
leads to identify medicinal plants is a very slow process because herbalists maintain secrecy

of their knowledge regarding it as a personal property. In order to prove the full potential of



these medicinal plants, it is therefore necessary to scientifically verify for their efficacy and

produce a reliable and valid scientific documentation.

However, only a small portion of plant species that provide medicinal herbs have been
scientifically evaluated for their possible medical application. Safety and efficacy data are
available for even few plants, their extracts and active ingredients, and the preparations
containing them. Furthermore, in most countries the herbal medicines market is poorly
regulated and herbal products are often neither registered nor controlled. Assurance of the
safety, quality, and efficacy of medicinal plants and herbal products has now become a key
issue in industrialized and developing countries. Both the general consumer and healthcare
professionals need up to date authoritative information on the safety and efficacy of

medicinal plants (WHO, 1999).

Traditional herbal medicines are widely used in much of the world. However, their usefulness
is limited by lack of clinical trials that would definitively demonstrate efficacy and safety.
Without clinical trials, regulatory approval cannot be obtained, and the products cannot be

marketed as drugs (Mendel and Hollis, 2010).

1.2.3 Microbial Diseases Caused By Bacteria and Fungi in Kenya
Microbial infections pose a health problem throughout the world, and plants arc possible

source of antimicrobial agents (Burapadaja and Buchoo 1995; Adenisa et al., 2000). In
developing countries where microbial diseases are endemic, depend strongly on medicinal
plants as a source for inexpensive treatment of these diseases. However, scientific data to
validate the antimicrobial properties of these herbal remedies is scarce (Maryam et al., 2010).
Kenya is endowed with a wide variety of indigenous medicinal plants, many of which have
not been studied (Mwangi et al., 2009). These are used by traditional practitioners for

treatment of different microbial diseases.



Common bacterial infections that cause death include those associated with HIV/AIDS such
as Tuberculosis caused by Mycobacterium tuberculosis, syphilis caused by Treponema
pallidum, gonorrhoea caused by Neisseria gonorrhoea, skin and wound infections caused by
Staphylococcus aureus, diarrhoea caused by strains of Escherichia coli, and typhoid fever

caused by Salmonella typhus (Topley and Wilson, 1998).

Fungal infections are common opportunistic infections that cause quick death in about 10 %
of HIV/AIDS patients (Saag, 1997). For example. candidiasis/Oral lesions/oral thrush caused
by Candida albicans have been recognized as prominent features of AIDs infection since the
beginning of the epidemic, and it is estimated that about 5.8 % of people with AIDS have oral
lesions (Greenspan and Greenspan, 1997). Aspergillus species (Aspergillus niger) arc a
major cause of Aspergillosis and respiratory allergies associated with HIV/AIDS due to

exposure to their spores (Kozkievvicz, 1989).

The current antibacterial and antifungal agents used to treat microbial infections are
expensive, and there is increasing occurrence of resistance to the available antimicrobial
therapies (Frontling, 1984; Colombo et al., 1994). Several have been found to have cytotoxic
effects. For example, Ketoconazole useful in the treatment of cetaceous and systemic fungal
diseases has been known to cause liver damage (Frontling et al; 1984), thus reduces
compliance by the patients.

1.2.4 Antimicrobial Activity of Medicinal Plants

An antimicrobial agent is a chemical compound that in low concentrations can kill or inhibit
the growth of a micro-organism without causing the host (such as a human or an animal)

significant damage (WHO/FAO/OIE, 2003).

Antimicrobial agents can be naturally produced (like penicillin) by a mould, bacterium, or

plants, or synthetically made (like the fluoroquinones). Antimicrobials have had a more



positive impact on human health than any other medical discovery. In the early history of
antimicrobial agents, it was perceived that infectious diseases had been conquered and were
no longer a major threat to human and animal health. However, it was soon observed that
bacteria could develop resistance to antimicrobial agents. Due to the spread and persistence
of antimicrobial resistance, antimicrobials are losing their effectiveness (WHO/FAO/OIE,

2003) .

Plants produce a diverse range of bioactive molecules, making them a rich source of different
types of medicines. 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.,

2004) .

The substances that can either inhibit the growth of pathogens or kill them and have no or
least toxicity to host cells are considered leads for developing new antimicrobial drugs. In
recent years, antimicrobial properties of medicinal plants are being increasingly reported

from different parts of the world (Sexana and Sharma, 1999).

The beneficial medicinal effects of plant materials typically result from the combination of
secondary metabolites/ or compounds present in plants such as alkaloids, steroids, tannins,
flavonoids, terpenoids, quinoncs, saponins, fatty acids, and gums which are capable of

producing definite physiological action on a body (Bishnu el al., 2009).

Recent research has shown that Artemisia annua (Asteraceae family), better known in the
west as sweet wormwood, a traditional Chinese herbal medicine contains artemisinin
substance (classified as a sesquiterpene lactone) which has proved to be a dramatically
effective anti-malarial against multi-drug resistant plasmodium spp. (WHO, 2006). The

medicinal plant. Opium poppy (Papaver somniferum) is been reported to contain morphine



which is the most abundant alkaloid used to relieve severe or agonizing pain and suffering

(Sharon, 2010).

Ethanol extracts of Cassia occidentalis (Leguminoceae family), used in traditional Nigeria
folk medicine for the treatment of dysentery, gastrointestinal disorders and typhoid fever are
reported as antibacterial against Salmonella lyphi and revealed the presence of
anthraquinones, terpenoids, saponins, tannins and cardiac glycoside which might explain the
ethnomedicinal use (Sadiq el al., 2012). Acetone extract of Senna obtusi/olia L leaf (Cassia
synonymy) is reported to show antibacterial and antifungal activities against Staphylococcus
aureus, Neisseria gonorrhoea, Escherichia coli, Candida albicans and Aspergillus niger with
phytoconstituents including: saponins, alkaloids, tannins, llavonoids and no presence of

anthraquinones (Doughari et al., 2008).

Vernonia amygdalina (Asteraceae family) leaves have been reported to have medicinal
properties in the herbal remedies for leprosy, cough, gastro internal disorders and toothache.
In addition, the leaves have been screened for sesquiterpene lactones which exhibited a
significant bactericidal activity against S. aureus and antifungal activity against Aspergillus
niger, A. Jlavus, and Penicillium notation (Erasto et al., 2006). Also leaf and bark extracts of
V. tenoreana are reported to show a broad spectrum to varied number of bacteria, while the
bark extracts showed antifungal activity against C. albicans, A. niger and A Jlavus.
Phytochemical analysis revealed the presence of saponins, tannins, anthraquinones in the

bark extract, while tannins, anthraquinones, and cardenolides were present in the leaf extract

(Ogundare et al., 2006).

The medicinal plant, Jacaranda cuspidifolia Mart. (Bignoniaceae family) is traditionally used
in Brazil to treat syphilis and gonorrhoea. Methanol and chloroform extracts ofJ. cuspidifolia

bark exhibited antibacterial activity against Staphylococcus aureus, Neisseria gonorrhoea.



Streptococcus pyogenes, and Staphylococcus epiilermidis. These extracts showed presence of
saponins, flavonoids, tannins, quinones, alkaloids, triterpenes, and steroids (Arruda et al.,

2011).

The success of chemotherapy lies in the continuous search for new drugs to counter the
challenge posed by resistant strains of microbial pathogens (Khan et al., 2003), which have
evolved numerous defence mechanisms against antimicrobial agents, hence resistant to old
and newly available drugs (Poovendran et al., 2011). Antimicrobial activity of medicinal
plants is evaluated first by performing an in vitro experiment and then in vivo studies follow.
Therefore in order to confirm the eflicacy of medicinal plants, there is a need to evaluate their

antimicrobial activity against the diseases they are claimed to treat.

Previous reports on biological activities and phytochemical compounds of the three medicinal

plants being investigated in this study are shown below.

1.24.1 Previously Reported Biological Activities and Phytochcmical Compounds

Present in Senna didymobotrya (Fresen.) Irwin & Barncby.

The species Senna didymobotrya (previously described as Cassia didymobotrya) used
traditionally to treat skin conditions and stomach problems in Bomet district was reported to
exhibit antibacterial and antifungal activities. Methanol and Diehloromelhane stem bark
extracts of S. didymobotra exhibited antibacterial activity against S. aureus, E coli, and
Klebsiella pneumonia. Ilexane stem bark extract was antifungal on Microsporium gypseum,
while Dichloromethane stem bark extract was antifungal on Trychophyton mentagrophyte
and M. gypseum. The classes of compounds reported present in stem bark extracts were

quinones, Phenolics, flavonoids, terpenoids and alkaloids (Korrir et al., 2012). In Egypt dried

10



entire plant showed presence of quinones (El-Sayyad el al., 1988), while the leaf extract in

Rwanda also showed presence of quinones (Classen, 1977).

Ethyl acetate leaf extract of Cassia didymobotra exhibited pronounced antibacterial activity
on Staphylococcus aureus, Salmonella paratyphi, Bacillus cereus, Enterobacler faecalis and
Escherichia coli (Reddy et al., 2010). In Rwanda dried root showed antibacterial activity
against Bacillus subtilis (Boily and Puyvelde, 1986). In Kenya, leaf and root extracts of S.
didymobotrya are reported to be anligiardiasis against giardia lamblia- a protozoan (Johns et
al., 1995). Aqueous extracts of leaves, stem and root barks at concentrations of I, 0.1 and

0.01% wi/v showed larvicidal activities on Anopheles mosquito larvae (Ojewolc et al., 2000).

1.2.4.2 Previously Reported Biological Activities and Phytochcmical Compounds

Present in Kige/ia africana (Lam) Bcnth.

In the light of the traditional uses of this plant, antimicrobial activities of the aqueous,
ethanol, and ethyl acetate extracts of stem bark and fruit were reported to show signilicant
antibacterial activity against S. aureus, E. coli, Pseudomonas aeruginosa and Bacillus subtilis
using microtitre plate assay (Sangita et al., 2009). The crude ethanol extract of stem bark is
reported to exhibit antibacterial and antifungal activities against S. aureus and C. albicans
respectively, while butanol crude extract of stem bark exhibited in vitro antiamochbic activity
against Entamoeba histolytica ( using micro dilution method) (Sangita et al., 2009). The dried

bark is reported to be antimalarial against Plasmodium falciparum (Okecli et al., 1999).

Dichloromethane extracts from the root and stem bark of K. africana contains
naphthaquinones (Jackson et al., 2000) which showed antitrypanosomal activity in vitro
against Trypanosoma brucei brucei (Moidecn et al., 1999). Flavonoids and iridoids have

been isolated from the fruit and leaves (Guoda et al, 2006) and steroids, coumarins, and



iridoids from the root bark (Akunyili and Houghton, 1993; Khan and Mlungwana, 1999). The

dried fruit pulp is reported to have alkaloids (Cabalion el al., 1980).

1.2.4.3 Previously Reported Biological Activities and Phytochemical Compounds

Present in Vernonia glabra ((Stcetz) Oliv. & lliern.

V. glabra (Asteraceae family) dried bark water extract is reported to show antifungal activity
against C. albicans using test tube dilution method (Gundidza, 1986). Leafand root methanol
extracts were reported to be antigiardiasis against Giardia lambria at concentration of
1000ppm (Johns el al., 1995). The dried aerial parts are reported to have sesquiterpene

lactones, namely; loliolide, vernodalin, and vernolepin (Jakupovic el al., 1985).

1.2.5 Ethnomedicine and Its Role in Research

Ethnomedicine refers to the study of traditional medical practice which is concerned with the
cultural interpretation of health diseases and illness and also addresses the healthcare seeking
process and healing practices. The practice of ethnomedicine is a complex multi-disciplinary
system constituting the use of plants, spirituality and the natural environment and has been

the source of healing for people for millennia (Williams, 2006).

The use of ethnomedical information has contributed to healthcare worldwide, even though
efforts to use it have been sporadic. The plants that are used are often kept secret by the
practitioner, so little information about them is recorded; thus there is less dependence on
scientific evidence as in systems of traditional medicine that can be subject to scrutiny

(Fabricant and Farnsworth, 2001).

The value of ethnomedicine in scientific research is recognised when scientists go to certain
geographical areas to assess the use of ethnomedicinal plants by traditional healers and
collect plants to evaluate them for validity in the laboratories. To discover plants that contain
potential drugs, ethnomedical approach, could be the best way to select plants on the basis of

ethnomedical claims related to human illnesses. Much local knowledge regarding medicinal
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plants is being lost. Having never been written down, the indigenous knowledge of the
elderly is slipping away day by day and a number of plant species or varieties of species arc
on their way to extinction. Therefore, medicinal plant indigenous knowledge can serve as a
powerful search engine which will greatly facilitate a starting point in scientific research and
generate scientific knowledge useful for the preservation of cultural and biological diversity
and thus there is need to document it (GFHR, 2004).

1.2.5.1 Correlation between Plants used in Traditional Medicine and Drugs Obtained
From Them

Traditional medicine usually uses multiple plants which contain a complex mixture of
compounds and act multi-systematically, meaning they tend to have broad and non-specific
actions on a number of physiological systems simultaneously. These reactions are usually in
the same therapeutic action and arc complementary or synergistic with mild adverse effects.
A drug usually consists of a single chemical which is single target-based and elicit specific
metabolic reactions in the body. Their associated side effects are usually traded as a risk

against the benefit of the primary effect (Eagleton, 2006).

Pharmaceutical drugs involve chemical analysis techniques which allow scientists to isolate
and extract beneficial plant compounds and go through extensive testing before being
available to the public. In contrast, traditional use of medicinal plants involves utilizing an
entire portion of the plant like the root or leal' rather than extracting a single compound
(Audain, 2012). There is lack of standardization with respect to raw material, methods of
production and in quality control of the finished product. The problems with traditional
medicine is that, it does not keep pace with scientific and technological advancement, and its

methods, techniques, medicines and training are often kept secret (Taylor et </., 2001).

Crude plant extracts cannot be patented or approved as drugs. The drug researcher’s goal is to

come up with a single chemical with good biological activity, one that can be changed in
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some way (without losing activity), so that it can be patented as a novel chemical and then be
synthetically manufactured into a new patented drug. Sometimes the isolated chemical might
not be quite as effective as the crude extract in which it was found. Researchers can even
improve on the activity of the plant chemical by modifying it in some way, which also makes

it patentable (Taylor, 2005).

One of the major approaches in developing new drugs from plants is to examine the uses
claimed for a traditional preparation. Although investigators involved in the development of
drugs from natural products usually argue that there is a close relationship between a
traditional preparation and a drug obtained from the same plant, data supporting such claims

have not been presented (Farnsworth el al., 1985).

1.2.6. Phytochemical Profiling

Phytochemistry is the study of secondary metabolite compounds produced by plants (Croteau
el al., 2000). Many of these are produced by the plant to provide protection against insect
attacks and plant diseases. They also exhibit a number of protective functions for human
consumers (Vcilleux and Steven, 2006 as cited in Falodun, 2010). The techniques commonly
used in the field of phytochemistry for crude extracts are; extraction using solvents of varying
polarity (Houghton and Raman 1998) and then the classes of compounds are identified using
Thin Layer Chromatography were by the extracts are spotted on Aluminium TLC plates and
the chromatogram developed in a glass tank (Harbome, 1998). Visible light is used to locate
the coloured compounds, while Utra-violet lamp is used for identification of non visible
fluorescent classes of compounds at long wavelength of 366nm and also at short wavelength
of 254 for compound which absorb the light (Markham, 1982). Appropriate qualitative spray
reagents are also used for clear identification of the classes of compounds on TLC plates,

which take different colours and show band separations (Harborne, 1998). Therefore,
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phytochemical analysis techniques are needed in this study for quick identification of
chemicals present in these medicinal plants and documentation.

1.2.7 Description, Ecology, and Ethnomedicinal Information on S. didymobotrya, A
africana, and V. glabra

In this study, S. didymobotrya, K africana, and V. glabra were selected based on available

literature and Ethnomedicinal information as given below per plant.

1.2.7.1 S. didymobotrya (Fresen.) Irwin & Barneby (Lcguminosae)

It is an indigenous plant with common name as candle bush and local name; Owino
according to Luo community. A bushy, poisonous shrub, occasionally growing to a tree of
up to 6 m height; commonly found in riverines and lake-shore areas, and along forest edges,

in dump and well-watered sites. Occurs at altitude of 700 m to 2100 m.

Leaves, stems and roots serve as purgative, as a remedy for gonorrhoea, and backache in
women. The burnt ash is applied by smearing areas infected with ringworms. The leaves,
pods, and roots are poisonous; leaves are used as a fish poison. The bark contains tannins.
Roots are used as an antidote (neutralizes poison or counteracts its effects) to general

poisoning (Dharani, 2002; Kokwaro, 1993).



Figure 1. S. didymobotrya plant with its yellow inflorescences- collected from Kibuye in

Kisumu County. Picture by Catherine Kitonde

1.2.7.2 K africana (Lam.) Benth (Bignoniaceae)

The genus Kigelia comprises of only one species Kigelia africana, which occurs throughout
tropical Africa. Although some synonymys arc still acceptable by a few horticulturists as
distinct species, such as Kigelia pinnaia (Jacq.) DC., K aethiopica Dccnc, K abyssinica A.
Rick, Crescentia pinnaia Jacq., and Tecoma africana (Lam.) G. Don, botanical studies agree

that the genus contains only one species (JofTe, 2003).

It is an indigenous plant known as Sausage tree due to its long sausage shaped fruits. Its local
name is Yago with reference to Luo community. A semi-deciduous tree with a rounded
crown grows to a height of 9 m in open woodland, but 18 m beside rivers. It is widespread
throughout East Africa; found in wet savannah and along rivers in dry areas, from coast to the

highlands, at altitudes from sea level to 1850 m.
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A decoction from the bark serves as a remedy for headaches and dysentery. A leaf decoction
is taken for malaria. Dried fruit is powdered and used as a dressing for ulcers, sores, and
syphilis, and also applied locally as rheumatism. Beer made from the fruit appears to be an
excellent cure for childhood measles. The fruit is also known to induce abortion. A decoction
of fruit and bark may also be taken for juvenile stomach ailments (Dharani, 2002; Maundu

and Tengnas 2005; Kokwaro, 1993).

Sausage shaped fruits

Figure 2. A africana tree showing long sausage shaped fruits - collected from Kakola

village in Kisumu County. Picture by Catherine Kitondc

1.2.7.3 V glabra (Steetz) Oliv. & Hiern. (Asteraceae).

Its common name is Wild heliotrope. Herbaceous perennial that flowers throughout the
summer producing masses of flowers that look like little mauve paintbrushes, at tips arc

many upright stems. From a woody rootstock, tall, a robust stems, shoot stiff and upright,
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branching sparingly to about 1.2 m high. Flowers are grouped in dense clusters at the tip of
the stems. |ight buds arc light green to straw coloured, opening into light and dark purple
flowers, which turn into fluffy white seedheads. Buds, flowers and scedheads on the same

plant at the same time. Occurs naturally in Kenya, usually as a pioneer in disturbed ground

(Van der Walt, 2003).

A decoction of leaf plus root is used to treat gastrointestinal problems (Johns et al., 1995).

The leaf ash or crushed leaves rubbed into scarification around the snake bite as antidote

(Owour and Kisangau, 2006).

Terminal inflorescence of flower buds and dark purple flowers.

Figure 3. V. glabra herb collected from Kathiani in Machakos County. Picture by

Catharine Kitonde
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1.2.8. Justification of the Study

Microbial diseases in humans in Kenya, have contributed to unsustainable socio-economic
development due to high mortality rate of the patients, resistance of microbial pathogens to
antibiotics, side-effects of antibiotics, limited accessibility and unaffordable medicine to the

poor.

Sufficient information on the efficacy and safety of medicinal plants is limited by inadequate
knowledge of bioassay tests and identification of phytochemicals present among different

medicinal plants.

It is therefore necessary to incorporate antimicrobial and phytochemical studies to determine
the effectiveness and identify compounds present in V glabra, S. didymobolrya, and K

ajricana for quick scientific verification and documentation of these three medicinal plants.

1.2.9 Obijectives of the Study
1.2.9.1 Broad Objective
This study was designed to evaluate antimicrobial activity and phytochemical profiles of V

glabra, S. didymobolrya, and K. africana used traditionally for the treatment of microbial

infections in Kenya.

1.2.9.2 Specific Objectives
1 To screen for antimicrobial activity of the crude extracts of the three selected plants

against Staphylococcus aureus, Escherichia coli, Candida albicans and Aspergillus

niger.

2. To determine the minimum inhibitory concentration of the active crude extracts.



3. To screen for the presence of five classes of chemical compounds: alkaloids,

sapogenins, terpenoids, flavonoids and quinones.

1.2.9.3 Hypothesis of the Study

It is hypothesized that plants used in traditional medicine for treatment of bacterial and fungal
infections in Kenya, posses antimicrobial properties that may be scientifically verified and

documented.
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CHAPTER TWO

2.0 MATERIALS AM) METHODS

2.1 Study site
Below is a map of Kenya showing floral regions (Top right) and study sites (Top left) -

Kisumu county and (bottom left) - Machakos county.

Figure 4. Floral Regions of Kenya according to Flora of Tropical East Africa (FTEA) (Beentje, 1994)

(Top Right); and the Study Collection Sites (Top Left and Bottom left).
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2.1.2 Kisumu County

Kisumu County is located at 0.1° South latitude, 34.75° East longitude and about 1132 m
altitude above the sea level (Kisumu maps, 2012). It borders Vihiga to the North, Nandi
County to the North East, Kericho County to the East. Nyamira to the South, Homa bay to the
South West and Siaya to the West with an area of 2, 085.9 km2 (Kisumu County, 2012). It
has a population of 968, 909 (2009 Census) with a population density of 465 people per km2
(Kisumu County, 2010). It is composed of seven constituencies; Seine, Kisumu East, Kisumu
Central, Kisumu West, Nyando, Muhoroni and Nyakach (Kisumu County, 2011). The
prevalent diseases are Malaria, diarrhoea diseases, intestinal worms, respiratory disorders and

HIV/AIDs (Kisumu County, 2010).

2.1.3 Machakos County
Machakos county stretches from latitudes 0° 45° South to 1° 31* South and longitude 36° 45’

East to 37° 45’ East. It borders Embu County to the North, Kitui to the East, Makueni to the
South, Kajiado to the South West, Nairobi and Kiambu to the West, and Muranga to the
North West. It comprises of eight constituencies: Machakos town, Kathiani, Mwala, Mavoko,

Matungulu, Yatta, Masinga and Kangundo (Machakos County, 2010).

The county has a population of 1,098, 584 (2009 Census). The local climate is semi arid. The
terrain is hilly, and an altitude from 1000 to 1600 metres above sea level (Machakos County,
2010). The doctor/ population ratio is about I: 62, 325 showing over-utilization of doctors.
The average distance to a health facility is 5 km. The most prevalent diseases are malaria,
skin diseases and HIV/AIDs, while the childhood diseases include anaemia, marasmus, eye

infection, pneumonia, malaria, and kwashiorkor (Machakos County, 2010).
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2.2 Collection of Plant Materials

The three plants were selected on the basis of information from literature and previous
ethnobotanical study. These plants with information on treatment of microbial infections
were collected in January, 2010 in Kisumu and Machakos counties which fall within the

lloral regions K4 and K5 (Figure 4).

Based on the existing ethnomedical and literature information on biological activity and
phytochemical analysis of the three plants; leaves, stems, roots, flowers and seeds were
selected to be evaluated each plant part separately and/ or entire plant, because the secondary
metabolites are specifically found in certain taxa of plants and at varying presence among

different parts of plant tissues (Gottlieb, 1990).

Voucher specimens; V glabra (CK 2010/01), S. didymobotrya (CK 2010/02), and K
africana (CK 2010/03) were collected and carefully arranged on drying paper, tagged,
pressed in a plant press and identified using keys (Agnew and Agnew, 1994; Beentje, 1994)
and by comparison with authentic herbarium materials. They were finally mounted according

to standard herbarium procedures and deposited in the University of Nairobi Herbarium.

2.2.1 Ethnomedicinal data collection on K. africana

Ethnomedicinal information on K africana was collected through oral interviews from one
herbalist at Kakola village, Nyando constituency in Kisumu County. Information provided
included the human ailments treated, local name, plant species, plant parts used, method of

preparation, and administration. The fruit, leaves, bark and roots were collected.

2.2.2 Preparation of crude plant extracts
The plant material collected from the field was air-dried in the shade at room temperature for

two weeks. The dried plant material was ground into powder, divided into two portions and
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extracted using sterile distilled water, and organic solvents; dichloromethane and methanol
mixed in the ratio 11 (DCM-MEOI 1=1:1), according to standard extraction methods
(llarborne, 1998). Twenty grams of powdered plant material was mixed thoroughly with the
appropriate amount of solvent, left to stand for 24 hours and filtered twice. The filtrates were
combined and filtered using a Buchner funnel. Dry crude extracts were obtained by
concentrating filtrates from organic solvents using a rotary evaporator at 40°C. The water
crude extract filtrates were freezed to ice in 24 hours using a deep freezer, and dried into
powder using a freeze drier. The dry extracts were stored in vials at low temperatures (4°C)

awaiting antimicrobial test. Figure 5 below shows steps in preparation of crude extracts.

Figure 5: A flow diagram for crude plant extracts preparation
A total of 34 crude extracts were prepared from the mixture of the three plants, each plant

part separately, and/or entire plant (Table 1).
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Table 1. Number of Crude Extracts Prepared from M didymobotrya, A, africana, K

glabra and Mixture of the three plants

Plant

uj S.didymobotrya
Seed

Scedpod

Leaf

Stem

Root

Whole plant
Subtotal

b) K.africana
Fruit

Leaf

Bark

Root

Whole plant
Subtotal

c) V.giabra
Flower

Leaf

Stem

Root

Whole plant
Subtotal
d)Mixturc of
S.didymobotrya,
Kafricana, and V.glabra

Total

Organic extracts

17

25

Aqueous extracts

17

Total number of extracts

10

10
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2.3 Sources of Micro-organisms

Pure cultures of bacteria; Staphylococcus aureus ATCC 259213, Escherichia coli NC 35218
(from School of Pharmacy, Microbiology Laboratory, University of Nairobi) were
maintained on nutrient broth slants at 4°C. Two fungi; Candida albicans SC 5314 (Provided
by Ted White, from Seattle Biomedical Research Institution U.S.A), and Aspergillus niger
ATCC 16404 (a collection of the late Professor George M. Siboe, School of Biological
Sciences, University of Nairobi) were maintained on Sabourauds’ Dextrose broth slants at 4°

C.

2.3.1 Preparation of Standard Inoculums

After confirmation tests of the four micro-organisms was conducted, direct colony and/ or
mycelia and spores were transferred into 0.9% normal saline, using a sterile wire loop for
each test organism. The suspension was adjusted to a 0.5 McFarland standard turbidity
solution using a spectrophotometer at wavelength of 625 nm to give a concentration of | x 10H

cells or spores/ml (Nostro et al., 2000).

2.4 Stock Solutions and Serial Dilutions Preparation for Organic and Aqueous Extracts

2ml stock solution at concentration 2 g/2 ml (Ig/ml or Img/pl) was prepared for each plant
part, entire plant, and mixture of the three plants extracted ( Aqueous and DCM-MEOII 11
extracts), and nine serial dilutions prepared from each stock solution. Nine sterile glass vials
were arranged in a vial rank and Iml of diluent solvent added into vials one to nine. Then, 1
ml of stock solution was transferred into the 14 vial to total to 2ml, then Iml was transferred
from 14 vial to 2rd vial that totalled to 2ml. This was done up to the ninth vial. This way the
concentration of each dilution reduced by half to form ten concentrations including stock
solution, i.e., Ig/ml, 0.5g/ml, 0.25g/ml, 0.125g/ml, 0.625g/ml, 0.3125g/ml, 0.15625g/ml,

0.078125g/ml, 0.0390625g/ml and 0.01953125¢g/inl. The same concentrations were prepared
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for standard antibiotics for easy comparison of the antimicrobial activity. From each
concentration prepared, 100pl were pipetted on to individually placed sterile paper discs on
flat-bottomed glass plates and allowed to dry waiting for antimicrobial assays (Ochei and
Kolhatkar, 2000). The potency for each paper disc per extract for the concentrations prepared
was; 100mg/IOOpl, 50mg/100pl, 25mg/100pl, 12.5mg/100pl, 6.25mg/100pI, 3.125mg/100pl,

1.5625mg/100pl, 0.78125mg/100pl, 0.390625mg/100p! and 0.1953125mg/100pl.

2.5 Antimicrobial Assays and Minimum Inhibitory Concentrations (MICs) for Organic

and Aqueous Crude Extracts

The standard disc diffusion assay was used to evaluate the antibacterial and antifungal
activities according to standard antimicrobial techniques (Clinical and Laboratory Standards
Institute formerly NCCLS, 2012). The paper discs were prepared from Whatman filter paper
No. 1 using a paper punch with a diameter of 6mm. These paper discs impregnated with
various concentrations of crude plant extracts were transferred onto agar plates inoculated
with the test organisms using a sterile forceps, labelled, sealed with paralllm and incubated at
37°C for S. aureus, E. coli, and C. albicans for 24 to 48 hours. A.niger was incubated at 25° C
for 72 hours after which the inhibition zone diameter was measured in centimetres (cm) and

recorded against the corresponding concentrations (Das el al., 2010; Elgayyar et al., 2001).

These were done in duplicates under sterile conditions. The antimicrobial activity of crude
plant extracts were compared with the activity of two Standard commercial antibiotics at the

same concentrations; Nystatin for fungi, and Streptomycin for bacteria.

2.5.1 Determination of Minimum Inhibitory Concentrations (MICs)

The disc diffusion technique was used to determine MICs of each active organic and aqueous

extracts of V glabra, S. didymobotrya, and K africana against the four test organisms after
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the failure of broth dilution and agar dilution methods. These two methods made
determination of MICs impossible because of the opacity that was produced by the crude
extracts in the media. The active extracts screened for MICs in this study ranged from a
concentration of 100mg/100Jil to 0.02mg/I00pl. The MICs were compared with those of

standard antibiotics against S. aureus, E. coli, A. niger, and C. albicans.

Five organic extracts of V. glabra tested for MICs were Flower, Leaf, Stem, Root, and Whole
plant, and one aqueous extract of whole plant. Three organic extracts each for S.
diclymobotrya (Seed, Stem, and Root) and K. africana (Fruit, Root, and Whole plant) were
screened for MICs. Of all the mixture extracts of the three plants, only organic extract was

screened for MIC as the only active extract.

2.6 Phytochemical Screening of Crude Extracts Using Thin Layer Chromatography
Only DCM-MEOH crude extracts were evaluated for chemical prollling. Extracts that
exhibited MICs of 12.5-1.5625 mg/100 pi against any of the test organisms were selected for

chemical analysis.

They were screened for the presence of five classes of compounds: alkaloids, sapogenins,
terpenoids, quinones, and flavonoids using Thin Layer Chromatography (TLC) techniques.
The developed TLC plates were viewed under Ultra-Violet light and then sprayed with
appropriate reagents for the detection of the chemical groups according to Harborne (1998).

The analyses were carried out as shown in Table 2.
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Table 2. Solvent Systems and Spray Reagents used in TLC Analyses

Phytochemicals

Alkaloids

Sapogenins

Terpenoids

Quinones

Flavonoids

Solvent system

Dichloromethane/Methanol

Dichloromethane/Methanol

Chloroform/Ether

Ethyl acctate/Methanol

Dichloromethane/Methanol

(Adapted from llarbornc, 1998).

Ratio

92:8

151

6.25:1

29

Spray reagent

Colour of the

positive spot

DragendortT; Solution A  Orange spots

consists of 0.85 basic
bismuth nitrate dissolved
in a mixture of IQinl
acetic acid and 40inl
water; solution B consists
of 8g potassium iodide in
20ml of water. Equal
volumes of solutions A
and B are mixed to make
Dragendorff reagent. 1ml
is mixed with 2ml acetic
acid and 10ml water
before use.

Antimony trichloride in
concentrated
Hydrochloric acid and
heating the sprayed TLC
plate at 110°C for 10
minutes.

Concentrated  Sulphuric
acid sprayed on TLC
plates and heated at 100-

110°C for 5 minutes.
Exposure to ammonia
fumes

Add 8ml ethanol cooling
to 0.5g of vanillin in 2ml
of concentrated sulphuric
acid and heating at 110"C
for 5 minutes.

Pink to purple
spots.

Green, brown,
blue, yellow, or
red spots

Yellow, pink,
green spots

Red,  Purple,
yellow, and
blue. Spots
fluorescent in
long-UV light
at 366nm.



2.7 Data Analysis

Data analysis was done by use of multivariate Analysis of Variance (ANOVA) to determine
significant factors in production of inhibition zones; Tukey’s Honest Significant Difference

Test was used for separation or comparison of mean inhibition zones (Brown. 2012).
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CHAPTER THREE

3.0 RESULTS

3.1 Ethnomedicinal Data on K. africana

The traditional practitioner used sustained boiling of the hard parts of the plant or soaked
powdered plant material in water or mixture with various herbs, or burned into ash with
some additives to treat different ailments such as measles/skin diseases, diarrhoea, mouth

rush, malaria, typhoid, and ulcers (Table 3).

Table 3. Ethnomedicinal data on K. africana (Lam.) Benth. Collected from Kakola

village, Nyando constituency in Kisuinu County

Part used Preparation method and administration Ailment treated
Fruit Cut into small pieces, boiled and drunk. /4 Skin rushes, Measles,
glass for babies, 3/4 glass-adults, 2x a day Malaria,  Typhoid, and

Stomach problems

Leaves Burned to ash, ghee added and licked Ulcers

Bark Dried bark, add group of medicinal herbs, Diarrhoea, Mouth rush in
boiled in water and drunk children

Seeds Pound, boiled and drunk Stomach problems

Roots Boiled and drunk or put in basin and bath Diarrhoea and skin lesions

K.africana (Bignoniaceae) collected from Kakola village. Local name Yago (Luo), voucher

specimen CK 2010/03.

3.2 Antimicrobial Activity of Organic and Aqueous Crude Extracts of V,glabra, S.
didynwbotrya, K. africana and three plants Mixed at 100mg/IOOpl

Out of 34 crude extracts screened, 44% extracts (15 extracts) were active against at least one

of four micro-organisms tested. Organic extracts of V. glabra represented 14.7% of the active
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extracts (5 extracts) and its aqueous extracts represented 2.9% of active extracts (lextract),
with most of its extracts inhibiting S. aureus, E. coli, A. niger, or C. albicans. 3 organic
extracts of S. didymobotrya represented 8.8% of active extracts, and its aqueous extracts
showed 5.9% activity of the active extracts (2 extracts) against S.aureus. Organic extracts of
K. africarui represented 8.8% of the active extracts (3 extracts) only against S. aureus, while
its aqueous extracts were inactive. Organic extract of the mixture of these three plants
represented 2.9% of the active extracts (I extract) only against S.aureus. Its aqueous extract

was inactive. A summary of the activity of the active crude extracts are shown in figure 6.

\5
(0]
mS aureus
£ mf coli
sa -
) m4. niger
mC. albicans

Active organic extracts Active agqueous extracts

Figure 6. Percentage number of active organic and aqueuos crude extracts of V. glabra,
S. didymobotrya, K. africana, and three plants mixed.

Key: VG- V. glabra, SD-S. didymobotrya, KA- K africana

3.3 Antimicrobial Activity of Organic and Aqueous Extracts of V. glabra at
I00mMg/I00gl Concentration
The antimicrobial activity of V. glabra crude extracts varied with the plant parts used,

extraction solvent (organic and aqueous) and test-organisms as the significant factors that
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affected the production of inhibition zones. Time factor (incubation period) was insignificant

for the production of inhibition zones at p< 0.05, (Table 4).

Table 4. Significance of plant part used, test-Organism, and extraction solvent in the

production of inhibition zones by V. glabra extracts

Df Sum Sq Mean Sq F value Pr(>F)
Extraction Solvent 1 5.610 5.6103 89.1855 < 2.2e-16 ***
Plant part 4 1.985 0.4963 7.8902 2.612¢c-06 ***
Organism 3 11.268 3.7560 59.7081 < 2.2e-16 ***
Time 3 0.066 0.0220 0.3492 0.7898
Residuals 2068 130.089  0.0629

Signif. codes: 0 ***(0.001 ‘***00L 005V 01 °“°1

Based on this analysis part of plant used, Test- organism and extraction solvent factors

were significant but the hour factor is not significant at p-value< 0.05
Key: I)f- Degrees of freedom, Sum Sg- Sum of squares, Mean Sq- Mean Sum of squares,

Pr (DF) - P value

The extraction solvent, part of plant used, and test-organism were highly significant in
determining production of inhibition zones at p-value< 0.0 less than the accepted statistical p-
value< 0.05 in this study. The time factor was insignificant in determining formation of
inhibition zones at p-value= 0.7898, greater than the accepted p-value< 0.05 and therefore it
was dismissed as a factor.

3.3.1 Comparison Of Antimicrobial Activity Of Organic And Aqueous Extracts Of V.
Glabra Parts To Standard Antibiotics (Streptomycin And Nystatin) At 100mg/I0Opl

The organic and aqueous extracts of V glabra parts used were flower, leal, stem, root, and

the whole plant for antimicrobial activity. The mean inhibition zones comparison among the
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V glabra extracts to standard antibiotics (streptomycin and nystatin) were significantly

different or insignificantly different from each other at p-value< 0.05, (Table 5).

Table 5. Means inhibition zones (cm) comparison among organic and aqueous extracts

of V. glabra parts used compared to Streptomycin and Nystatin

Organic crude extracts

Crude extract S. E.
aureus  call
Flower 1.78d 0.00a
Leaf 1.85d 0.35b
Stem 0.00a 0.00a
Root 1.05bc  0.00a

Whole Plant 150b 0.00a
Control 0.00a 0.00a

Streptomycin 1.30c  2.36¢C

Nystatin NT NT
Control 0.0a 0.0a
(DCM-MEOH

or H20)

A.
niger

0.00a
1.43b
0.18a
0.00a
0.26a
0.00a
NT

0.83b

0.0a

C.
albicans

0.00a

0.00a

0.00a

1.13c

0.00a

0.00a

NT

1.05b

0.0a

Agueous crude extracts

S.
aureus

0.00a

0.00a

0.00a

0.00a

1.23c

0.00a

1.30b

NT

0.0a

E.
coli

0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
2.36b
NT

0.0a

A.
niger

0.00a
0.00a
0.00a
0.00a
0.00a
0.00a
NT

0.83b

0.0a

G
albicans

0.00a

0.00a

0.00a

0.00a

0.00a

0.00a

NT

1.05b

0.0a

Means, within a column, followed by the same letter are not significantly different Irom each

other at p < 0.05 (Tukey’s Honest Significant Difference Test).

Key: DCM-MEOII -Diehloromethane-Mcthanol, 1120- sterile distilled water), NT-Not

tested.

Figure 7 below shows that the organic extract of V. glabra flower recorded higher inhibition

zone (1.78 cm) than the standard antibiotic (streptomycin MIZ of 1.30 cm). |he same extract

inhibited S. aureus at the lowest minimum inhibitory concentration (MIC of 1.5625 mg/100

pi) than streptomycin at M.1.C of 6.25 mg/100 pi.



A clear inhibition zone on S. aureus (1.78 cm). M.I.C of 1.5625 mg/100 pi

Streptomycin M.I.C-6.25 mg/100 pi

Figure 7. Inhibition zones exhibited by organic crude extract of V. glabra flower and
streptomycin on S. aureus plates. Note that the flower had a lower MIC of 1.5625

mg/100 pi compared to the latter at 6.25 mg/100 pi
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Figures 8 and 9 below show the mean inhibition zones produced by organic and aqueous

extracts of V. glabra parts used respectively.

Figure 8. Antimicrobial activity of organic extracts of V. glabra parts compared to
streptomycin and nystatin against S. aureus, E. coli, A. niger, and C albicans

All the organic extracts of Vglabra tested were active at least against one of the four micro-
organisms. The leafand flower extracts showed the greatest activity against S. aureus (mean
inhibition zones of 1.85, and 1.78 respectively). These were both higher than streptomycin
activity (MIZ of 1.30). However, the leaf extract showed less activity against E. coli (MIZ of
0.35) compared to streptomycin (MIZ of 2.36) and moderate activity against A. niger (MIZ of
1.43) compared to nystatin (MIZ of 0.83). The stem extract showed activity only against A.
niger (MIZ of 0.18); lower than that of nystatin (MIZ of 0.83). Root extract was active
against S.aureus (MIZ of 1.05) and C.albicans (MIZ of 1.13), while the whole plant extract

was active against S. aureus (MIZ of 1.50) higher than streptomycin (MIZ of 1.30), and

A.niger (MIZ of 0.26) lower than nystatin (MIZ of 0.83).
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Among the aqueous extracts of V.glabra parts screened, only that of the whole plant was
active against S.aureus (MIZ of 1.23) with no significant difference in activity from

Streptomycin (MI1Z of 1.30) (Figure 9).

Figure 9. Aqueous extracts of V. glabra parts antimicrobial activity compared to

streptomycin and nystatin against S. aureus, E. coli, A. niger, and C. albicans

3.3.2 Extraction solvent: Organic versus aqueous crude extracts of V. glabra
antimicrobial activity compared to streptomycin and nystatin

The organic extracts of V.glabra were more active than the aqueous extracts and significantly

different in activity from the aqueous extracts at 100mg/l OOpl concentration ( l1able 6).
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Table 6. Means comparison among organic, aqueous extracts of V. glabra,

Streptomycin, and Nystatin against S. aureus, E. coli, A. niger, and C albicans

Extract S. aureus E. coli A. niger C. albicans
Organic 0.35b 0.01a 0.05a 0.03a
Aqueous 0.02a 0.00a 0.00a 0.00a
Streptomycin 0.33b 1.63c NT NT
Nystatin NT NT 0.30b 0.40b

Means, within a column, followed by the same letter are not significant y different from

each other at p-value < 0.05 (Turkey’s Honest Significant Difference Test)

Key: NT- Not tested

Figure 10 below shows the organic extracts of V. glabra with more activity than the aqueous

extracts against S. aureus, E. coli, A.niger and C. albicans.

ms.aureus
m E.coli
mA.niger

m C.albicons

Organic Aqueous Streptomycin Nystatin

Organic /Aqueous extracts of V.glabra

Figure 10. Organic versus aqueous extracts of V. glabra antimicrobial activity compared

to streptomycin and nystatin
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The organic crude extracts (mean inhibition zone 0.35) appear more effective than the
aqueous extracts (MIZ of 0.02) against .S aureus, with significant difference in activity from
each other, while there is no significant difference in activity of streptomycin (MIZ of 0.33)
from the organic extracts against S. aureus. There was no significant difference in activity of
organic (MIZ of 0.01) and aqueous extracts (MIZ of 0.00) against E coli, where as
streptomycin (MIZ of 1.63) was significantly effective against E coli. flic organic extracts
were less effective against A. niger (MIZ of 0.05) and C. albicans (MIZ of 0.03) with no
significant difference from each other, compared to nystatin with higher activity against
A.niger (MIZ 0f0.30) and C. albicans (MIZ of 0.40) with no significant difference in activity
in both organisms (Table 6).

3.3.3 Effects of V. glabra Extracts on S. aureus, E. coli, A. niger and C. albicans.

The different effects on the four test-organisms by organic and aqueous extracts of V.glabra
are shown on figure 10 above. Table 7, shows how the four micro-organisms were
significantly or insignificantly different in response to organic and aqueous extracts of V.

glabra compared to standard antibiotics (Streptomycin for bacteria and Nystatin for fungi).

Table 7. Comparison of means inhibition zones (cm) produced among test-organisnis by

organic and aqueous extracts of V. glabra compared to Streptomycin and Nystatin

Test-organism  Organic crude extracts Aqueous crude Streptomycin Nystatin
extracts

S. aureus 0.35b 0.02a 0.33b NT

E. coli 0.0la 0.00a 1.63c NT

A. niger 0.05a 0.00a NT 0.12b

C. albicans 0.03a 0.00a NT 0.15b

Means within the columns followed by same letter are not significantly different from

each other at p-value< 0.05 (Tukcy’s Honest Significant Difference Test)
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S. aureus was more sensitive to organic extracts of V. glabra (mean inhibition zone 0.35),
with no significant difference in susceptibility to streptomycin (MIZ of 0.33), but less
susceptible to aqueous extracts. E. coli was less susceptible to organic extracts (mean
inhibition zone 0.01), while it was not sensitive to any aqueous extract, but highly sensitive to
Streptomycin (MIZ of 2.36). A. niger and C. albicans were less affected by organic extracts
with mean inhibition zones of 0.05, and 0.03 respectively, compared to higher activity of
Nystatin (MI1Z of 0.30 for A. niger and 0.40 for C. albicans) to both organisms with no
significant difference in susceptibility from each other. A. niger and C albicans were not
susceptible to any aqueous extracts.

3.4 Antimicrobial Activity of Organic and Aqueous Crude Extracts d'V. ilidynwboirya
compared to Streptomycin and Nystatin at 100mg/l OOpl

Analysis of variance showed that the antimicrobial activity (production of inhibition zones)
ofS. didymobotrya extracts was influenced by plant parts used, test-organisms, and extraction

solvent (Table 8).
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Table 8. Significance of plant parts, test-organism, and extraction solvent in production

of inhibition zones by S. didymobotrya extracts

Df SumSq  Mean Sq F-value Pr(>F)
Extraction Solvent. 1 0.090 0.09009 4.9056 0.02687 *
Plant part 5 2.024 0.40482 22.0441 < 2e-16 ***
Organism 3 3.357 1.11908 60.9388 <2e-16"*
Time 3 0.020 0.00678 0.3691 0.77533
Residuals 2327  42.733 0.01836

Signif. codes: 0 ****' 0,001 ‘**0.01 **0.05°°01 ‘1

* Based on this analysis, plant parts, test- Organism, and extraction solvent factors
are significant but time (hour) factor is not significant in production of inhibition

zones at p-value< 0.05

Key: Df- Degrees of freedom, Sum Sg- Sum of squares, Mean Sq- Mean of Squares, Pr

(OF)- P value

Based on data analysis, only plant parts used and test organisms were highly signilicant at p-
valuc< 0.0, while the extraction solvent (DCM-MEOH and Water) was significant at p-
value< 0.05 in determining the production of inhibition zones (response). lime factor uas

insignificant in that, its p-value> 0.77533 is greater than the accepted statistical p-value<0.05

and thus it’s rejected.
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34.1 Comparison of Antimicrobial Activity of Organic and Aqueous Extracts of S.
didynwbotrya parts with that of Standard Antibiotics (Streptomycin and Nystatin) at
100mMg/IOCAtl

The organic extracts of S. clidymobotrya were significantly different in activity from those of

aqueous extracts and standard antibiotics (Table 9).

Table 9. Means inhibition zones comparison among organic, aqueous extracts of S.

diilynwbotryu parts, streptomycin and nyststin against S. aureus, E. coli, A. /tiger, and C.

albicans
Organic crude extracts Aqueous crude extract

Crude S. aureus E. coli A. niger C. albicans S. aureus E. coli A. niger C. albicans
extracts
Seed 0.18b 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Seedpod 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Leaf 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Stem 1.10c 0.00a 0.00a 0.00a 1.10b 0.00a 0.00a 0.00a
Root 1.58e 0.00a 0.00a 0.00a 0.76d 0.00a 0.00a 0.00a
Whole 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
plant
Control 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
St 1.30d 2.36b NT NT 1.30c 2.36b NT NT
Ny NT NT 0.83b 1.05b NT NT 0.83b 1.05b

Means, within a column, followed by the same letter are not significantly different from

each other at p<0.05 (Tukey’s Honest Significant Difference Test)

Key: St-Streptomycin; Ny-Nytatin, NT-Not tested

Control (DCM-MEOH 1:1 and/ or 112- Sterile distilled water)
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Among the organic extracts of S. didymobotrya parts used, only the Stem, root, and seed

extracts were active only against S. aureus (Figure 11).

Vo

m5.aureus
mE coli
*A.uiger

m C.albicans

Figure 11. Mean inhibition zones of organic extracts of S. didymobotrya parts compared
with streptomycin and nystatin

The organic crude extract of root was more active (MIZ of 1.58) against S. aureus with
significant difference in activity from streptomycin (MIZ 1.30). Stem extract (MIZ of 1.10)
was significantly different in activity from the root extract against S. aureus, but
insignificantly different in activity from Streptomycin (MIZ of 1.30). The seed extract was
less effective against S. aureus (MIZ of 0.18) with significant difference in activity from
Streptomycin (MIZ of 1.30), root, and stem extracts. The seedpod, leaf, and whole plant

extracts were not active against S. aureus, E. coli, A. niger, and C. albicans.

Only the stem and root aqueous extracts of S. didymobotrya were effective only against S.

aureus (Figure 12).



Figurel2. Comparison of means inhibition zones of aqueous extracts of S. didymohotrya

parts with those of streptomycin and nystatin

The stem extract was slightly more active (MIZ of 1.10) than the root extract (MIZ of 0.76)
against S. aureus, with significant difference from each other. Streptomycin (MIZ of 1.30)

was more active against S. aureus as compared to stem and root extracts.

3.4.3 Effects of S. didymohotrya Extracts on S. aureus, E. coli, A. niger and C. albicans

Table 10 below shows the significant difference in susceptibility of the four micro-organisms

by S. didymohotrya extracts.



Table 10. Comparison of means inhibition zones (cm) among test organisms by S.

didynwbotrya crude extracts compared to streptomycin and nystatin

Test-Organism Organic Crude Aqueous crude Streptomycin  Nystatin
extract extracts

S. aureus 0.11b 0.05a 0.33c NT

E. coli 0.00a 0.00a 1.63d NT

A .niger 0.00a 0.00a NT 0.30c

C. albicans 0.00a 0.00a NT 0.40c

*Means inhibition zones (cm) within a column, followed by the same letter are not
significantly different from each other at p < 0.05 (Tukey’s Honest Significant

Difference Test)
Key: NT-Not tested

S. aureus was the only susceptible organism to organic extracts (MIZ ol 0.11) and aqueous
extracts (M1Z of 0.05) ofS. didymobotrya with significant difference in susceptibility from E

coli, A. niger and C. albicans which were not affected by any of the extracts (Figure 13).
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iStreptomycin
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Figure 13. Mean inhibition zones (cm) comparison for different test pathogens by

organic and aqueous extracts of S. didymohotrya and antibiotics

3.4.4 Extraction Solvent: Organic versus aqueous extracts of S. didymohotrya,
antimicrobial activity compared to streptomycin and nystatin

Data analysis showed that extraction solvent was significant at p-value< 0.01, where by the

organic and aqueous extracts were significantly different from each other in activity (fable

11).

Table 11. Means inhibition zones comparison among organic, aqueous extracts of S.

didymohotrya against S. aureus, E. coli, A. niger, and C. albicans

Extracts S.aureus Ecoli A.niger C.albicans
Organic 0.11b 0.00a 0.00a 0.00a
Aquous 0.00a 0.00a 0.00a 0.00a
Streptomycin 0.33c 1.63d NT NT
Nystatin NT 0.30b 0.40b

*Means inhibition zones (cm) within a column, followed by the same letter are not

significantly different from each other at p< 0.05 (Tukey’s Honest Significant Difference

Test)
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Key:NT- Not tested.
The organic extracts (M1Z of 0.11) were significantly different in activity from the aqueous
extracts (MIZ of 0.05) against S. aureus compared to streptomycin with higher activity (MI1Z

0f0.33).

3.5 Antimicrobial Activity of Organic and Aqueous Extracts of K ufricana Compared to

Streptomycin and Nystatin at 100 mg/100 pi

Analysis of variance showed that the antimicrobial activity of K. ufricana extracts depended

on the extraction solvent, plant parts used, and test-organism (Table 12).

Table 12. Significance of extraction solvent, plant parts used, and test-organism in
production of inhibition zones by K. ufricana extracts

Df Sum Sq Mean Sq F value Pr(>F)
Extraction Solvent 1 0.0812 0.081250 15.7005 7.672e-05 ***
Plant.part 5 0.1010 0.020198 3.9031 0.001593 **
Organism 3 0.2438 0.081250 15.7005 4.26le-10 ***
Time 3 0.01 10 0.003683 0.7116 0.545003
Residuals 2067 10.6967 0.005175

Signif. codes: 0 “***’(0.001 Q Q) oo a 1

Based on this analysis, extraction solvent, plant part, and test-organism factors are

significant, but time was not significant in determining production of inhibition zones
Key: I)F- Degrees of freedom, Sum Sg- Sum of squares, Mean Sq- Mean Sum of

squares, Pr (OF) - P- value
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3.5.1 Comparison of organic and aqueous extracts of K. africana parts used in

production of inhibition zones compared to streptomycin and nystatin at |00Omg/I00plI

Table 13 below shows significant differences in activity among the organic and aqueous

extracts of K. africana parts used compared to standard antibiotics

Table 13. Means inhibition zones (cm) comparison among organic and agueous extracts
of K. africana parts to streptomycin and nystatin against S. aureus, /:. coli, A. niger, and
C. albicans

Organic crude extracts Aqueous crude extracts

S. aureus E.coh A. niger C. albicans S. aureus £ coh A niger C. albicans

Fruit 0.66c 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a
Leaf 0.00a 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a
Bark 0.00a 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a
Root 0.20b 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a
Whole plant 0.96d 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a
Streptomycin 1.30e 2.38f  NT NT 1.30b 2.38b  NT NT

Nystatin NT NT 0.83d 1.05¢ NT NT 0.83b 1.05b
Control 0.00a 0.00a  0.00a 0.00a 0.00a 0.00a  0.00a 0.00a

*Means inhibition zones (cm), within a column, followed by the same letter was not

significantly different from each other at p-value< 0.05 (Tukcy’s Honest Significant

Difference Test).

Key: NT- Not tested.

Only three organic extracts of AL africana (fruit, root, whole plant) were active only against

S. aureus, but none of the aqueous extracts were active (Figure 14).
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Figure 14. Organic extracts of K. africana parts used that determined production of
inhibition zones compared to streptomycin and Nystatin against S. aureus, E. coli,A.
niger, and C. albicans

The whole plant extract was high in activity (MIZ of 0.96) against S. aureus than the fruit
extract (M1Z of 0.66), while streptomycin (MIZ of 1.30) was significantly different in activity
from both whole plant and fruit extracts. The root extract (MIZ of 0.20) showed least activity

against S. aureus compared to Streptomycin (MIZ of 1.30). All the aqueous extracts of K

africana were not effective against the four micro-organisms.

3.5.2 Extraction solvent: Organic versus aqueous extracts of K africana as a

determinant for inhibition zones production compared to streptomycin and nystatin

Only the organic extracts of K. africana were active against S. aureus (Figure 15).
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Figurel5. Organic versus aqueous extracts of K. africana as a determinant for inhibition
zones production compared to Streptomycin against S. aureus, E. coli, A. niger, and C.

albicans

Only organic extracts (MIZ of 0.05) of K africana were active only against S. aureus with

significant difference in activity from the inactive aqueous extracts. Streptomycin (MIZ of

0.33) was significantly different in activity from the organic extracts against S. aureus (Table

14).

50



Tabic 14. Comparison of means inhibition zones (cm) production among organic,
aqueous extracts of K. africana, streptomycin, and nystatin against S. aureus, /:. coli, A.

niger, and C. albicans

Test-organisms

Extracts S.aureus E.coli A.niger C.albicans
Organic 0.05b 0.00a 0.00a 0.00a
Aqueous 0.00a 0.00a 0.00a 0.00a
Streptomycin 0.33c 1.63d NT NT
Nystatin NT NT 0.30c 0.40c

*Means, within column followed by the same letter arc not significantly different

from each other at p-value< 0.05 (Tukey’s Honest Significant Test)

Key: NT-Not Tested

3.5.3 Effects of Al africana Extracts on S. aureus, /. coli, A. niger, and C. albicans

S. aureus was the only affected test-organism by organic extracts of K africana with
significant difference in susceptibility from E coli, A niger, and C. albicans which were
unsusceptible to any extract. S. aureus was moderately susceptible to streptomycin (MIZ ol

0.33) at p- value < 0.05 (Table 15).
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Table 15. Means inhibition zones (cm) comparison among different test organisms by

organic, aqueous extracts of K. africana, streptomycin and nyststin

Test-organism Organic extracts  Aqueous Streptomycin Nystatin
extracts

S. aureus 0.05b 0.00a 0.30c NT

E coli 0.00a 0.00a 1.63d NT

A niger 0.00a 0.00a NT 0.30c

C. albicans 0.00a 0.00a NT 0.40c

*Means within a column, followed by the same letter are not significantly different from
each other at p-value <0.05

Key: NT-Not Test

3.6 Comparison of Antimicrobial Activity of Organic and Aqueous Extracts of V.
glabra whole plant, S. didymobotrya whole plant, K africana whole plant, and the

Mixture to Streptomycin and Nystatin at 100 mg/100 pi

The antimicrobial activity of the three single plants and their mixture was influenced by the

extraction solvent, plant used, and test-organism factors based on the analysis of variance at

p-value <0.05 (Table 16).
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Tabic 16: Significance of extraction solvent, plant used, and test-organism in

production of inhibition zones

Df Sum Sq Mean Sq F value Pr(>F)
Extraction solvent 1 0.8113 0.81126 12.6133 0.0004321 ***
Plant used 3 1.2997 0.43324 6.7359 0.0001953 ***
Test-organism 3 5.3092 1.76975 27.5158 4.267e-16 ***
Time 3 0.2946 0.09820 1.5268 0.2071193
Residuals 373 23.9904 0.06432

Signif. codes: 0 ***** 0.001 ****0.01 ** 005V 01’1

Based on this analysis, extraction solvent, plant (Treatment) used, and test-organism
factors are significant at p-value <0.05, but the time factor is not significant

Key: I)f- Degrees of freedom, Sum Sg- Sum of squares, Mean Sg- Mean of Squares, Pr
(OF) - Pvalue

3.6.1 Effects of Organic and Aqueous Extracts of Three Single Plants and their Mixture
on different Test Organisms

Among the four micro-organisms used, S. aureus and A. niger were the only aftected
organisms. S. aureus was significantly affected by V. glabra whole plant organic and aqueuos
extracts (MIZ of 1.50 and 1.23 respectively), organic extract of K. africana whole plant (MIZ
of 0.96), and organic extract of mixture (MIZ of 1.26) compared to streptomycin (MIZ of
1.30). A niger was only affected by organic extract of V. glabra whole plant (MIZ of 0.07),
but was insignificantly different in susceptibility from E. coll (MIZ 0.0) and C. albicans
(MI1Z of 0.0), while they were significantly different in susceptibility from and S. aureus at p-

value <0.05 (Table 17, Figure 16 and 17 below).



3.6.2 Extraction solvent: Organic versus aqueous extracts of three single plants and

their Mixture as a determinant of inhibition zone production compared to
Streptomycin and Nystatin

The organic extract of V. glabra (MIZ of 1.50) had a significant difference in activity from
the aqueous extract (MIZ of 1.23) against S. aureus, but not significantly different in activity
from streptomycin (MIZ of 1.30). Also, the organic extract of V. glabra whole was less active
against A.niger (MIZ of 0.26) and significantly differenct in activity from that of nystatin
(MIZ of 0.83). The means inhibition zones comparison among the organic and aqueous

extracts of the single plants , mixture and antibiotics are shown in Table 17, and Figures 16

and 17 below.

Table 17. Means inhibition zones (cm) comparison among organic and aqueous extracts
of V. glabra whole plant, S. didymobotrya whole plant, K. africana whole plant and their

mixture compared to streptomycin and nystatin

Organic crude plant extract Adqueous crude plant extract
Extracts S. aureus E. coli A. niger C albicans S. aureus £. coli A. niger C. albicans
Mixture 1.26bc 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
V. glabra whole 1.50d 0.00a 0.26b 0.00a 1.23¢c 0.00a 0.00a 0.00a
plant
S. didymobotrya  0.00a 0.00a  0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
whole plant
K. africana 0.96b 0.00a  0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
whole plant
Streptomycin 1.30c 2.36d NT NT 1.30c 2.36d NT NT
Nystatin NT NT 0.83b 1.05¢c NT NT 0.83b 1.05¢
Control 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a

*Means inhibition zones (cm), within a column, followed by the same letter are not
significantly different from each other at p < 0.05 (Tukey’s Honest Significant

Difference Test)

Key: Mixture- Mixture of V. glabra whole plant, S. didymobotrya whole plant, and K.

africana whole plant, C- Control (Dichloromathanc : Methanol (1:1), or Sterile distilled

water)



The three plants (V glabra, S. didymobolrya, and K africana) were tested individually and
compared to their mixture and standard antibiotics. Their significant differences in activity at

p-value < 0.05 are shown in Table 18.

The activity of organic extract of V. glabra whole plant (MIZ of 1.50) against S. aureus was
significantly higher than that of the mixture (MIZ of 126) as well as streptomycin (MIZ of
1.30) only against S. aureus. Contrastingly, K. africana whole plant organic extract (MIZ of
0.96) was significantly lower in activity, compared to mixture, V glabra whole plant extract,
and streptomycin. V.glabra whole plant actvity (MIZ of 0.26) against A. niger was lower than
that of nystatin (MIZ of 0.83), while S. didymobolrya whole plant extracts were not active

(Figure 16).

iS.aureus
\E coh
iA.niger
IC.albicans

Organic extracts ofsmgle plants, mixture .Antibiotics

Figure 16. Mean inhibition zones (cm) of organic extracts of three single plants

compared to their mixture and antibiotics

Only V. glabra whole plant aqueous extract was active only against S. aureus (Figure 17).
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Agueous extracts of tluee single plants, mixture Antibiotics

Figure 17. Mean inhibition zones (cm) of aqueous extracts of three single plants

compared to their mixture and antibiotics

3.7 Minimum Inhibitory Concentrations (MICs) of the Active Crude Plant Extracts

Minimum Inhibitory concentrations (MICs) of each extract that was able to kill or inhibit the
growth of one or four micro-organisms in this study was exhibited by extracts that were
active at concentration of 100 mg/100 pi to 0.02 mg/100 pi. The lowest MICs (1.5625-0.02
mg/100 pi) indicate highest activity, while 6.25-3.125 mg/100 pi (moderate activity), and

12.5-100 mg/100 pi indicated low activity (Table 18).
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Table 18. MICs (mg/100 pi) and inverse of MICs (mg/100pi) of organic and aqueous
extracts of V. glabra, S. didymobotrya, K. africana, Mixture and antibiotics against S.

aureus, E. coli, A. niger, and C. albicans.

Extract/Antibiotic Test organism MICs of Inverse of Remarks
Extructs/Antibiotics MICs
(mg/1OOMI) (mg/100pl)
Organic extracts
V. glabra flower S. aureus 1.5625 0.64 High activity
Streptomycin E coli 0.02+1 0.98 High activity
(Antibiotic) S. aureus 6.25 0.16 Moderate
activity
Nystatin (Antibiotic) A niger 3.125 0.32 Moderate
activity
C. albicans 3.125 0.32 Moderate
activity
V. glabra leaf S. aureus 12.5 0.08 Low activity
R coli 100 0.01 Low activity
A niger 25 0.04 Low activity
V glabra stem A. niger 100 001 Low activity
V. glabra root S. aureus 25 0.04 Low activity
C. albicans 50 0.02 Low activity
V.glabra whole plant S. aureus 25 0.04 Low activity
S. didymobotrya seed S. aureus 100 0.01 Low activity
S. didymobotrya stem S. aureus 6.25 0.16 Moderate
activity
S. didymobotrya root S. aureus 6.25 0.16 Moderate
activity
K africana fruit S. aureus 50 0.02 Low activity
K. africana root S. aureus 100 0.01 Low activity
K. africana whole S. aureus 100 0.01 Low activity
plant
Mixture S. aureus 25 0.04 Low activity
Aqueous extract
V. glabra whole plant S. aureus 100 0.01 Low activity
A niger 100 0.01 Low activity
S. didymobotrya stem S. aureus 25 0.04 Low activity
50 0.02 Low activity

S. didymobotrya root S. aureus

Note*: 0.02+1- 1 was added to 0.02 in order to get a value that will minimize the big range

among the inverse numbers, because values without whole numbers tend to have high inverse

numbers.

The inverse of MICs is displayed in Figure 18. Organic extract of V. glabra flower showed
the highest activity with an inverse MIC of 0.64 mg/100 pi (MIC ol 1.5625 mg/100 pi)

57



against S. aureus, which was high in activity than the standard antibiotic (Streptomycin) with
inverse MIC 0.16 mg/100 pi. The organic extracts of V. glabra root and whole plant against

S. aureus, and leafagainst/l. niger and S. aureus had low activity (Figure 18).

The organic extracts of S. didymobotrya stem and root against S. aureus recorded moderate
activity (inverse MICs of 0.16 mg/100 pi each) as well as streptomycin, while its aqueous
extracts of stem and root displayed low activity (inverse MIC of 0.04 and 0.02 mg/100 pi

respectively).

Organic extracts of K. africana fruit, root and whole plant showed low activity only against S.
aureus (inverse MICs of 0.02, 0.01 and 0.01 mg/100 pi respectively). Nystatin was
moderately active against A. niger and C. albicans (inverse MICs of 0.16 mg/100 pi each)

(Figure 18).

IS. aureus
IE. coli
iA. niger

IC. albicans

Organic extracts Aqueous extracts Antibiotics

Figure 18. MICs for active organic and aqueous extracts of V. glabra, S. didymobotrya,

and K. africana and mixture compared to streptomycin and nystatin

Key: VG- V. glabra, SD- S. didymobotrya, KA- K. africana.
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Note: Lower inverse of MICs indicate low activity while high inverse of MICs represent high
activity.

3.8 Chemical Profile of five classes of Compounds identified in Different Plant crude
Extracts

The crude extracts of V. glabra (flower, leaf, and root) and S. didymobotrya (stem and root)
were screened for alkaloids, sapogenins, terpenoids, quinoncs, and llavonoids. The presence
of classes of compounds was displayed by simple scoring (Table 19).

Table 19. Five classes of compounds screened present in V. glabra extracts (flower, leaf,

and root) and S. didymobotrya extracts (stem and root)

Five classes of compounds screened present

Extracts Alkaloids Sapogenins  Terpenoids Quinones Klavonoids
V glabra flower et + FRE =+ -

V. glabra leaf ) 44+ ++ ++ e+

V glabra root ++ +++ + +4++ +4+

5 didymobotrya + 4+ e+ S i

stem

S. didymobotrya ++ +++ + e+

root

Key: +++= highly or greatly present; ++ = moderately or fairly present; + - less present (trace

amounts); - = Not present

rNote: K. africana extracts were not screened for the presence of five classes of compounds,

because only crude extracts that showed lowest minimum inhibition concentrations (1.5625 to

12.5 mg/100 pi) in antimicrobial activity were used for TLC analysis.
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Following screening of the Five classes of compounds in all the five crude extracts,
flavonoids were highly present in all extracts. Terpenoids, sapogenins and quinones

sufficiently present, while alkaloids were least present because they were found only in a few

extracts; V. glabra flower, root and S. didymoboliya stem.

Alkaloids were greatly present in V. glabra llower extract, while the root extract had
moderate number of alkaloids. S. didymobotrya stem extract had less alkaloids. Both V.

glabra leafand S. didymobotrya root extracts had no alkaloid.

V. glabra root and leaf extracts showed high presence of sapogenins, followed by S.

didymobotrya stem and root extracts, each showing moderate presence of sapogenins, while

V glabra flower had less sapogenins.

Terpenoids were highly present in V glabra root, flower extracts, and S. didymobotrya root

and stem extracts. V glabra leafextract had moderate presence of terpenoids.

S. didymobotrya root, stem and V glabra root extracts showed high presence of quinones,

while V glabra flower and leaf extracts showed moderate number of quinones.

Flavonoids were highly present in all the five extracts; V glabra flower, leaf, root, S.

didymobotrya root and stem.
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CHAPTER FOUR

4.0 DISCUSSION

Ethnomedicinal data of K. africcmci from traditional herbalist in this study revealed that, the
herbal drugs were prepared through boiling, soaking in water, burning into ash and some
additive (ghee) added and administered orally or dermal to treat different human ailments;

such as skin lesions, diarrhoea, stomach problems, malaria, and ulcers (Table 3).

This observation is in agreement with studies by Sangita et al., (2009), who reported on
traditional preparation methods of K. africcmci, as powder or infusion for application or drunk

to treat a wide range of skin ailments, such as fungal infections, boils and internal ailments

like dysentery.

In addition, considering different ethnomedicinal uses of K. africcmci parts to manage various
ailments, some of the traditional information used as a guide in evaluating the antimicrobial
activity in this study turned positive; such as the antistaphylococcal activity of the organic
extracts of fruit and root traditionally used to treat skin rushes/lesions (Table 4). S. aureus is
known for causing skin rushes, boils and sores (Greenwood et al., 2002 p. 170). Therefore, K

cifriccma fruit and root extracts could be used to manage skin rushes by traditional healers.

This result is in agreement with studies of Houghton (2002) who worked on K. africcmci fruit
and root methanol extracts following their ethnomedicinal information and found out that
they were active against S. aureus. Therefore, there is a correlation between ethnomedicinal

uses of a plant and bioactivity in a biological screening system.

The results obtained in this study showed that 44% (15 extracts) of 34 crude extracts (17
organic and 17 aqueous extracts) screened demonstrated antimicrobial activity. V. glabra

plant (Asteraceae) was reported to have the highest number of active extracts (6 extracts)
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against at least one or four micro-organisms tested (S. aureus, E culi, A.niger, and C.
albicans). S. didymobolrya (Leguminosae) was second in presence of active extracts (5
extracts) only against S. aureus. K africana (Bignoniaceae) was third with little number of
active extracts (3 extracts) only against S. aureus. The mixture of the three plants had only
one active extract against S. aureus. According to literature done on these plants, no previous

work has reported the comparison of the antimicrobial activity of these three plant families.

However, not all information on ethnomedical uses is reliable, as noted by Marston and
Hostettman (1987); Silkkerveer and Silkkerveer (1995). This statement supports the findings
in this study whereby, 19 crude extracts (56%) (against) S. aureus, E. culi, A. niger, and C.
albicans) screened to give positive results failed. Some of these ineffective plant extracts are
probably used to treat diseases caused by non bacterial and non fungal pathogens. Among
other possible reasons for this are the methods used in preparation and administration of the
traditional medicine compared to scientific methodology applied in this study. For example,
the leaf extracts from K. africana had no bacteriotoxic or fungitoxic effects on any of the four
micro-organisms, although traditionally leaves are burned, mixed with ghee and licked for
treatment of stomach ulcers (Table 4) caused by a bacterium known as Helicobacter pylori.
In this case, the addition of ghee could have potentiated bacteritoxicity or lungitoxicity of the
extract. This is in agreement with the studies of Otieno, et al., (2007) who reported that, a
mineral Kadosero supplemented to plant extracts increased antimicrobial activity and thus
used in traditional healing systems in Siaya district- Kenya. Also, burning might have

affected its antimicrobial activity too.

The extent of the antimicrobial activity in this study was related to the extract of the plant
part used. The organic extract of V. glabra leaf elicited the highest mean inhibition zone ot
185, followed by organic extract of flower (MIZ of 1.78) against S. aureus. Still all

demonstrated greater activity than streptomycin (MIZ of 1.30). These two organic extracts
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with higher MIZs than the standard antibiotic, have never been reported in any antimicrobial
research work. This could be the first report and they can be used for management of
Staphylococal infections such as skin rushes. These findings are in agreement with the
studies of Abubakar et al., 2011, who also reported on other species in the same genus. They
found organic extracts of aerial parts of Vernonia ambigua, Vernonia blumeoides, and
Vernonia oocephala exhibited large inhibition zones on S. aureus, but less inhibition
compared to streptomycin. These data provided some justification in their use by traditional

medicinal practitioners for treatment of boils, sores, and open wounds.

Intermediate active extracts were reported in organic extracts parts of V glabra leafagainst
A. niger (MIZ of 1.43) compared to nystatin (MIZ of 0.83) and organic extract of root
(MiZs of 1.13 against C. albicans and 1.05 against S. aureus). Aqueous extract of V. glabra
whole plant was also moderately active against S. aureus (MIZ of 1.23) compared to
streptomycin (MI1Z of 1.30) and organic extracts of S. didymobotrya root and stem (MIZs of
158 and 1.10 respectively) against S. aureus. These results are significant in early stages of
drug research as reported by Ochei and Kolhatkar, (2000 p. 811) that intermidiate
susceptibility results indicate that the therapy with the drug can be successful only if it is

administered in larger doses or when the drug is concentrated at a certain site such as urinary

tract or dermal.

Some of extracts of plant parts were less active against test micro-organisms, including
organic extract of V. glabra leafagainst E. coli (MIZ of 0.35), stem against A. niger (M1Z of
0.18), organic extract ofS. didymobotrya seed agaist S. aureus (MIZ of0.18),aqueous extract
of S. didymobotrya root (MIZ of 0.76) against S. aureus, and organic extracts ot K africana
root, fruit, and whole plant (MIZs of 0.20, 0.66, and 0.96 respectively) aginst S. aureus. Some
extracts of plant parts were not active against any of the four micro-organism tested in this
study. These were S. didymobotrya leaf, seedpod, and K africana leal and bark. lhe less
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activity and inactivity of these extracts could have been caused by the seasonal variations in
collection of plant material and the part of plant species at different stages of the plant growth
and development that affected the chemical composition of the plants and thus its
antimicrobial activity. Therefore, the antimicrobial agents were either present in very little
quantities or totally absent. This argument is in line with that of Birdi el al., (n.d) who argues
that seasonal variations and part of plant species harvested at different stages of growth and
development, can affect chemical composition of the plants, and thus its biological activity.
In most cases, maximum accumulation of chemical constituents occur at the flowering season
and declines at the beginning of the fruiting stage and this can lead to cither presence of

chemicals in high or very low quantities or totally absent in matured plants.

Results of this study did show some extracts of plant parts were more active than those of
the entire plant extracts. Organic extract of V. glabra leaf (MIZ of 1.85) and flower (MIZ of
1.78) had higher activities compared to that of whole plant (MIZ of 1.50), while organic
extract of S. didymobotrya entire plant was inactive compared to its single parts; stem and

root extracts (MI1Zs of 1.10 and 1.58 respectively).

This observation indicates that, the interactions of the active chemical substances present in
crude extracts of plant parts used, formed strong synergistic effects to be able to inhibite the
growth of test organisms, compared to those of the entire plants which had intermediate
effect, less effect or no effect against the four micro-organisms tested. This observation is in
line with the studies of lbrahim el al., (2009) who did research on V amygdalina and

Occimum gralissimum and found out that parts of these plants were more active when used

singly than when the entire plant parts are combined.

Moreover, when the antimicrobial activity is compared among the three entire plant species

and their mixture, the organic extract of V. glabra (MIZ of 1.50) showed high activity than
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the mixture (M1Z of 1.26), yet traditional practitioners usually deliver these in combination.
The organic extract of K africana entire plant (MIZ of 0.96) and S. didymobotrya inactive
extract (MIZ of 0.0) were not significantly different in activity from the mixture extract. This
result may have indicate that chemicals present in V. glabra extract had synergistic effects or
potentiated the high effecacy of this extract, while the chemical compounds present in the
extracts of the mixture, K africana, and S. didymobotrya exhibited antagonistic effect that
could have been caused by the interaction of its active parts extracts, and therefore negating
or lessening the activity of each other. This study may be an eye open for traditional
medicine, in that, the idea of crude extracts combination may not always work better for

management of some infectious diseases.

These findings correlate with the results of Maryam, el al.,, 2010 who did research on
different plant parts and mixtures (combinations) of plant extracts and found that, plant
extracts or phytocompounds exhibiting strong antimicrobial activity may interact with each
other and the interactions may be synergistic or antagonistic. Therefore, the synergistic
effects of these plant extracts in this study would be of significant importance in further
search of novel compounds, with desirable synergistic effects, to kill persistent micro-
organisms that are resistant to known antibiotics and delay emergency of microbial

resistance.

Based on a literature review of V glabra, no previous work had reported the antimicrobial
activity of organic extracts of V glabra leaf (against S. aureus, A. niger, and E. coli), flower
extract against S. aureus, stem extract against A. niger. This could be the first report from the
results of this study and exhibiting a broad-spectrum activity against four test organisms, it

could be a start point for further drug research on a wide diversity of micro-organisms.
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The patterns of antimicrobial activity varied with the plant extract and the solvent used for
extraction. The organic crude extracts showed more inhibition than the aqueous extracts on
the average for all micro-organisms tested. This is seen in more active organic extracts of V.
glabra (MIZ of 0.35) compared to its aqueous extracts (MIZ of 0.02) against S. aureus,
organic extracts of S. didymobotrya (MI1Z of 0.11) compared to its aqueous extracts (MIZ of
0.05), and organic extracts of K. africana (MIZ of 0.05) compared to its inactive aqueous
extracts (MIZ of 0.0) against S. aureus. These were compared with streptomycin (MIZ of

0.33) against S. aureus.

Since traditional herbal remedy preparation use water as the extractant, it is a paradox that
the aqueous extracts were inactive in this study. It is possible that the aqueous crude extracts
may contain antimicrobial constituents insufficient for efficacy in our study and which may
explain why large amounts of the decoctions must be drunk by the patients. This observation
is supported by Jigna and Chanda, (2007) who also found out that, aqueous extracts showed

little or no antimicrobial activity in contrast to those made using organic extracts.

Another reason for the ineffectiveness of aqueous extracts could be that the active
compounds were not soluble in water, or the aqueous extracts in this study were not prepared
according to traditional methods, which in many cases involves boiling and soaking with
water for several hours (Clarkson et al., 2004). Success in traditional medicines may be due

to administration of the extracts in large quntities and over a long period of time (Yineger et

al., 2008).

Sensitivity of the test organisms to the plant extracts varied depending on the micro-
organism. Most of the extracts were antibacterial especially against S. aureus, which was the
most susceptible bacterium to the extracts compared to less affected E coli. Differential

sensitivity of bacteria to plant extracts, may be explained by the cell wall composition ol
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Gram-positive and Gram-negative bacteria. The ceil wall of gram-negativevc bacterium (£.
coli), contains an outer membrane and lipid bilayer embedded with proteins and porins
(carrier proteins). These proteins allow passege of certain small molecules or ions cither into
or out of the cell periplasm. The active compounds may not be able to pass into the cells,
making them inactive. The size of the porin channel particularly determines the size of the
molecule that can pass through it and thus, the outer membrane serves as a barrier to the
passage of many molecules and excludes many toxic compounds, and hence less sensitive to
many extracts. However, the Gram-positive bacterium (S. aureus) has a relatively thick
membrane consisting of layers of pcptidoglycan, but regardless of its thickness,
peptidoglycan is fully permeable to many substances including sugars, ions, and amino acids,

and thus sensitive to most extracts (Nester el al., 2004).

Most of the plant extracts were less antifungal or inantifungal. A. niger was moderately
susceptible compared to less affected C. albicans. The less active and inactive plant extracts
against yeast fungus (C. albicans) compared to filamentous fungus (A. niger) may be due to
differences in cell wall composition. Yeast fungus cell wall contains polyssacharides and
proteins, compared to chitin and glycan in the cell walls of filamentous fungi (Paiva el al.,
2010). The proteins expression of C. albicans function as a selective transport system to
expell wastes and compounds that are deleterious to the cell. This functions as an efflux
which is medically important in that, it allows micro-organisms to oust antimicrobial
medications that are made to destroy them, and therefore render them inactive (Nester et al.,
2004). This could be one of the reasons why the plant extracts were ineffective against
C.albicans. The report of this study is in agreement with the findings of Masakazu et al.,

(2010) who reported that expression of drug efflux pumps were responsible for the inactivity

ofdrugs to Candida spp.
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Minimum Inhibitory Concentration (MIC) is important to confirm resistance of micro-
organisms to an antimicrobial agent and also monitor the activity of new antimicrobial agent
(Das et al., 2010). MIC of the plant extracts ranged from 100mg to 1.5625mg/100pl. The
organic extract of V glabra flower showed the lowest MIC of 1.5625mg/100pl against S.
aureus, even lower than streptomycin (MIC of 6.25mg/IOOpl). The activity of V.glabra
flower at very low MIC of 1.5625mg/100pl has not been reported in any research work and
these findings from this study are being reported for the first time. V. glabra (lower activity at
low concentration even lower than the standard antibiotic (streptomycin), is significant in
that, it has been identified as a new antstaphylococcal extract in this study. This extract may
be used for discovery of novel compounds at low concentrations with new mechanisms to
combat bacterial strains unsensitive to drugs, shorten the length of treatment and increase
patient compliance, and avoid overdose which may lead to toxicity or side effects to patients.
This observation is collaborated by the studies of Mariita et al., (2010); Aiyegoro and Okoh,
(2009), who reported that bioactive extracts of medicinal plants at low concentrations are not
only active against unsusceptible bacteria, but may also kill persistent bacteria such S. aureus,

shorten the length of treatment and reduce overdose and toxicity.

This study reports that Ilavonoids were highly present in all extracts that were screened; V.
glabra flower, leaf, root extracts and S. didymobotrya stem and root extracts. 'l he presence of
flovonoids in V. glabra has not been reported in any other research work and this could be the
first time to report in this study. The Vernonia genus is reported to produce flavonoids, for
example, V. amygdalina has been reported for the production of flavonoids (I arombi and
Owoeye 2011). S. didymobotrya stem has been reported to produce flavonoids (Korrir el al.,
2012), but the root extract has never been reported to have flavonoids. Flavonoids have been
associated with inhibition of cytoplasmic membrane functions as well as inhibition of of

DNA gyrase enzyme and carrier protein activities (Paiva et al., 2010). This property of
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flavonoids may explain why most of the crude extracts were active against atleast one or four

micro-organisms tested in this study.

Terpenoids were the second class of compounds present in this study. They were adequately
present in V. glabra root, flower extracts, and S. didymobotrya root and stem extracts. V
glabra leaf extract had moderate presence of terpenoids. Literature has reported presence of
terpenoids (sesquiterpene lactones and triterpenes) in V glabra aerial parts (Jokupovic et al.,
1985; Bohlmann et al., 1983), but no work has reported presence of terpenoids in the root
extract. The presence of terpenoids in S. didymobotrya stem has been reported (Korrir et al.,
2012), but for the root extract has not been reported in any other research work. Other species
in genus Senna such as Senna obtusifolia, has been reported to produce terpenoids (Sudi et
al., 2011). The significance of terpenoids in medical application is reported to be usclul in
human healthcare. For instance, those with antimicrobial mechanism of action, influence
membrane structures which increase membrane fluidity and permeability, changing the
topology of membrane proteins and inducing disturbances in the respiration chain ot a
microbial pathogen (Paduch et al., 2007). Therefore, these plant extracts with terpenoids in

this study can be used to manage infectious diseases caused by microbial pathogens.

Sapogenins were also reported sufficiently present in this study; especially the V. glabra root
and leaf extracts, while they were moderately present in S. didymobotrya stem and root
extracts and in trace amounts in V glabra flower extract. No previous work has reported the
presence of sapogenins in V. glabra and S. didymobotrya extracts screened in this study.
Kareru et al., (2008) reported presence of saponins in S. didymobotrya, which are in the same
class of compounds as sapogenins, but differ from each other in that saponins are linked to
glycosyl group, while sapogenins are aglycosidic (llarborne, 1998). Sapogenins have been

associated with hemolysis property of microbial cells (Segal et al., 2006) and this property
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could enhance the antimicrobial activity of plant extracts with sapogenins in this stud\ for

management of infectious diseases.

Quinones were sufficiently present in S. didymobotrya stem and V glabra root extracts. V.
glabra flower and leaf extracts had moderate amount of quinones, while S. didymobotrya root
extract had trace amounts. The presence of quinones in V glabra extracts have not been
reported in any work and this is the first time to report in this study. Genus Vernonia has not
been reported to produce any quinones in the previous research works, but Calendula
officinalis in Asteraceae family has been reported to produce quinones (Muley et al., 2009).
El-sayyad et al., (1988); Classen, (1977) in their research findings reported presence of
quinoids in S. didymobotrya entire plant and leaf. Quinones have been reported to have
propable targets in the microbial cell such as, surface-exposure adhesins, cell wall
polypeptides, membrane-bound enzymes and render substrates unavailable to the micro-
organism (Review of literature, n.d). These properties associated with quinones could be

significant in medicine for extracts with quinones in this study for use in management of

microbial pathogens.

Alkaloids were present in greatly present in V. glabra flower extract, fairly present in root
extract, and present in trace amounts in S. didymobotrya stem. V glabra leaf and S.
didymobotrya root extracts had no alkaloids. The presence of alkaloids in V.glabra flower
and root extracts have not been reportedin any another work and are been reported in the first
time . Other Vernonia species, for example, V. ambigua, V. blumeoides, and V. oocephala
were reported to produce alkaloids (Abubakar, et al., 2011). Nyaberi et al., (2007) in their
research reported that S. didymobotrya stem alkaloids were less present. Alkaloids are
associated with the common biological property of toxicity against cells of organisms

(Igbinosa et al., 2009), and this could explain why the organic extract of V. glabra flower was

highly active only against S. aureus at low concentration.
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CHAPTER FIVE
5.0 Conclusions and Recommendations

5.1 Conclusion

The screening for antimicrobial activity of the thirty-four crude plant extracts from three
species in different families collected using available ethnomedical information, has verilied
that Kenyan medicinal plants have potential as new sources of antibacterial and antifungal
agents. Organic crude extracts of V glabra (flower, leaf, stem and root), K africana (fruit,
root and whole plant) and S. didymobolrya (stem and root) were active against one or four
microbial pathogens tested. This shows the potency of these medicinal plants to treat
bacterial and fungal diseases. Therefore, this study justifies the use of these plants by

traditional healers/ or herbalists and thus may be the starting point of research as

phytomedicines for the society’s healthcare.

The high antistaphylococcal activity of organic extract of V. glabra flower at lower MIC than
the standard antibiotic (streptomycin), shows the high potency of this extract and validates its
use in traditional medicine. This observation justifies that, medicinal plants in Kenya have

potential antimicrobial agents that can be used to curb microbial diseases at lower

concentrations, shorten lengthy treatment, and avoid overdose and toxicity.

Findings of this study showed that flavonoids were present in great amounts in all the
extracts screened, while terpenoids, sapogenins and quinones were present in sufficient
amounts and were the four major classes of phytochemical compounds present in almost
ever> extract screened. Alkaloids were highly present only in V. glabra flower extract and
moderately present in the root extract. The highly presence of these classes of compounds in
different crude extracts , suggests the richness of Kenyan medicinal plants with diverse
phytochemicals. These chemicals can be used for research in development of new compound

with antimicrobial activities for management of infectious diseases.
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5.1.2 KccommtMulations
As only in vitro method was used in assessing the antimicrobial activity of the plant crude

extracts, further investigations using bioassay guided fractionations arc recommended to
isolate and identify the pure compounds responsible for antibacterial and antifungal activities

of V. glabra which was more active of the three plants and less researched.

Toxicology research which is missing in this study, is recommended for V. glabra which

showed more active extracts, in order to verify and document the safety of this medicinal

plant to the society.

The antimicrobial activity of mixture of V. glabra, S. didymobotrya and K africana
medicinal plants was compared with those of their singles against the four test organisms.
The high activity of V. glabra whole plant than the mixture against S. aureus is not well
understood. Therefore, further investigation on synergistic and/ or antagonistic effects ol

these plants and their mechanisms of action is recommended.

While most of the major phytochemical classes of compounds were identified in most
extracts, further investigation is recommended to identify the compounds responsible for
antimicrobial activity and especially in V. glabra flower extract which was more active than

the standard antibiotic (streptomycin) and may be can be used as phytochemical indicator.
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7.2 THE SCIENTIFIC RESEARCH PAPER WORN

Antimicrobial Activity and Phytochemical Study of Vernonia glabra (Stectz) Oliv. &

Hiern. in Kenya.

Abstract

Infectious diseases are prevalent and life threatening in Kenya. Majority of the sick are
seeking herbal remedies in search of effective, safe, and affordable cure. This project aims to
investigate the antimicrobial activity and presence of active phytochemical compounds in
different parts of Vernonia glabra; a plant used by herbalists in various regions of Kenya, for
the treatment of gastrointestinal problems. The plant sample was collected in January 2010 in
Machakos, and different parts dried at room temperature under shade, ground into powder
and extracted in Dichloromethane: Methanol in the ratio 1:1, and water. These crude extracts
were tested against Staphylococcus aureus, Escherichia coli, Candida albicans, and
Aspergillus niger for antimicrobial activity using disc diffusion technique. Minimum
inhibitory concentrations (MICs) for active crude extracts were done using disc diffusion
technique after the failure of agar and broth dilution methods. It was observed that the
organic crude extracts of flower, leaf, stem, root, and/or entire plant, showed activity against
one or four micro-organisms, and at concentrations lower than the aqueous crude extracts.
Organic crude extract of the leaf showed the highest activity against Staphylococcus aureus
(mean inhibition zone 1.85), recording higher activity than the commercially used standard
antibiotic (Streptomycin mean inhibition zone of 1.30). The organic crude extract ol flower
showed significant activity only against S.aureus, with the lowest MIC of 1,5625mg/100pl,
compared to streptomycin with M.I.C of 6.25mg/100pl. Thin Layer Chromatography-
Bioautography Agar-Overlay showed that, flower alkaloids (50% active), root sapogenins
(43.8% active), and root terpenoids (38.5% active) were identified as the potential
antibacterial compounds against S.aureus. These results suggest that, V.glabra contains
phytochemicals of medicinal properties and justify the use of V.glabra in traditional herbal
medicine for the treatment of microbial based diseases. However, research on toxicity which

is missing in this study is recommended for V. glabra in order to verify, validate and

document the safety of this medicinal plant to the society.

Keywords: Vernonia glabra, Antimicrobial activity, and Phytochemicals.
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10 Introduction

Infectious diseases caused by microbes are a major health hazards all over the world, Jigna et
al., (2007); Sasikumar et al., (2007). Throughout history, infectious diseases have been a
major threat to human and animal health and a prominent cause of morbidity and mortality,
WHO/FAOQO/OIE, (2003). The use of natural products with therapeutic properties is as ancient
as human civilization and for a long time, mineral, plant and animal products were the main
source of drugs. For centuries, people have used plants for healing, Maryam et al., (2010).
About 80% of the worlds people rely on traditional plant based medicine, UNEP, (2010).
Increased antibiotic resistance has become a global concern, coupled with the problem of
microbial persistence, thus highlighting the need to develop novel microbial drugs that are
not only active against drug resistant microbes, but more importantly, kill persistent micro-
organisms and shorten the length of treatment. Apart from toxicity, lengthy therapy also
creates poor patient compliance, Mariita et al., (2010). It is estimated that about 75%
population in Kenya seeks health care among traditional healers, Sandiga el al., (1995).
Traditional medicine is widely practiced in Kenya, where this has been documented by
ethnomedical surveys, Miaron et al., (2004); Kareru et al., (2007). Ihe high cost of
important conventional drugs and/ or inaccessibility to western health care facilities has led to
overreliance on traditional medicine since it is affordable and available to people. On the
other hand, even when western health facilities are available, traditional medicine is viewed
as an efficient and an acceptable system from a cultural perspective, Munguti, (1997).
Infections associated with bacterial and fungal pathogens are among some of the indications
treated using traditional remedies in Kenya, Njoroge and Bussmann, (2007). lherefore, the
aim of this project is to investigate the efficacy and phytochemical compounds present and

active in different parts of V glabra’, an herb used by traditional practitioners in Kenya. A
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decoction of leaf plus root taken orally is claimed to treat gastrointestinal problems in Kenya

Johns et al., (1995). The leafash or crushed leaves rubbed into scarification around the snake

bite is used as antidote, Owour and Kisangau, (2006).

2.0 Material and Methods

2.1 Collection of Plant M aterial

The plant was selected based on ethnomedicinal information from literature and collected
from Kathiiani village in Machakos county, Kenya in January 2010 which falls within the
floral region K4 (Fig.l). The specimen was authenticated by a plant taxonomist in University

of Nairobi and a voucher specimen (CK 2010/01) deposited at University of Nairobi

Herbarium.



FIG. 1 AMAP OF KENYA SHOWING FLORAL REGIONS OF KENYA ACCORDING TO FLORA
OF TROPICAL EAST AFRICA (FTEA) BEENTJE, (1994).

2.2 Crude plant Extracts preparation

The (lowers, leaves, stem, and roots were air-dried under the shade at room temperature,
ground into powder and extracted using Dichloromethane/Mcthanol in the ratio 1.1, and
water, according to standard extraction methods (Harborne, 1998). 20g of powdered plant

material was mixed thoroughly with appropriate amount of solvent, lelt to stand for 24 hours
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and decanted (this was done twice). The filtrates were combined and filtered using a Buchner
funnel. Dry organic crude extracts were obtained after evaporating Dichloromethane and
Methanol using a rota evaporator. The aqueous extracts filtrates were freezed to ice in 24
hours using a deep freezer, and dried into powder using a freeze drier. These were made up to

desired concentrations for antimicrobial assay tests.
2.3 Sources of Micro-organisms and Preparation of Standard inoculums

Pure cultures of bacteria; Staphylococcus aureus ATCC 259213, Escherichia coli NC 35218
(from School of Pharmacy, University of Nairobi) were maintained on nutrient broth slants at
4°C, while fungi; Candida albicans SC 5314 (from Seattle Biomedical Research Institute
U.S.A), and Aspergillus niger ATCC 16404 (a collection of the late Professor George M.
Siboe, University of Nairobi) were maintained on Sabourauds' Dextrose agar at 4°C. The
standard inoculums suspensions were adjusted to turbidity equivalent to 0.5 McFarland

standards to give a density of 1x10s cells or spores/ml (Nostro et al., 2000).

2.4 Antimicrobial Activity

Disc diffusion technique recommended by the National Committee for ( linical Laboratory
Standards (NCCLS) was used. 100f.il stock solutions at concentration 100ing/lOOgl for each
plant part and entire plant were prepared, and ten serial dilutions made Irom each stock
solution. Sterile paper discs punched from Whatman filter paper No. 1 using a paper punch
(0.6cm diameter) were impregnated with wvarious concentrations of crude extracts
(I0Opl/disc), allowed to dry and aseptically transferred onto plates inoculated with 1ml of
standard inoculum for each test organism. The plates were labelled, sealed with parafilm, and
incubated at 37°C for S.aureus, E.coli, C.albicans, and 25°C for A.niger. Streptomycin (for
bacteria) and Nystatin (for fungi) were used as standards at similar concentrations, while
discs with extraction solvents only were used as controls. |hese were done in duplicates
under sterile conditions. The results were recorded after 24, 48, 72 and 96 hours. lhe
antimicrobial activity was determined by measuring clear inhibition zones diameters formed
around the discs using a transparent ruler (in cm). Minimum inhibitory concentrations (MIC s)

were determined by recording the lowest concentration of the active extracts that inhibited

growih of the micro-organisms, Ochei and Kolhatkar, (2000).
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2.5 Chemical Analysis of Selected Crude plant Extracts

Extracts that exhibited MICs of <25mg/100pl) against any of the test-organisms used were
selected for chemical analysis. They were screened for the presence or absence of five classes
of compounds namely: alkaloids, Sapogenins, terpenoids, quinones, and tlavonoids using
Thin Layer Chromatography (TLC) technique. The developed TLC plates were viewed under
Ultra-Violet light and then sprayed with appropriate reagents for the detection of the

chemical groups according to Harborne (1998).

2.6 Bioautography Agar Over-Lay

The active compounds were identified using bioautography agar over-lay method on
commercially prepared Aluminium silica gel TLC plates against only the most affected test-
organism. The separated spots were observed under UV lamp and the Ireshly prepared
standard inoculum of Staphylococcus aureus in nutrient agar was uniformly overlaid on the
TLC plates with the crude extracts and incubated at 37°C for 24 hours, then sprayed with
aqueous solution of 2.5mg/ml thiazolyl blue (3-(4, 5 dimethylthiazolyl-2-2, 5-diphenyl
tetrazolium bromide (M IT), Nostro et al., (2000): Runyoroe/ al., (2006) and inhibition zones

noted.

Data Analysis

In order to analyse data, multiple way ANOVA was used to determine significant factors in
formation of inhibition zones, Tukey’s Honest Significant Difference lest (THSDT) was
used for means comparison within the significant factors. Ms Word 2007 was used to draw

tables; Ms Excel 2007 was used to determine means inhibition zones, percentage number ol

present and active compounds, and plotting of bar graphs.

3.0 Results

3.1 The antimicrobial activity.
The antimicrobial activity (formation of inhibition zones) ol Vernonia glabra crude extiacts

depended on: (a) parts of plant used, (b) extraction solvent, and (c) test-organism lactors

(Table 1).
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Table 1. Significance of Parts of plant used, Extraction solvent, and Test-organism in
formation of Inhibition zones

Df Sum Sq Mean Sq F value Pr(>F)
Extraction Solvent 1 5.610 5.6103 89.1855 < 2.2e-16 ***
Parts of plant used 4 1.985 0.4963 7.8902 2.612e-06***
Test-organism 3 11.268 3.7560 59.7081 <2.2e-16 ***
Time 3 0.066 0.0220 0.3492 0.7898
Residuals 2068 130.089 0.0629

Signif. codes: 0 “****(0.001 001005V 011

*Based on multiple-way ANOVA , part of plant used, test- organism, and extraction
solvent factors were significant, but the time factor was not significant at statistical p-
value<0.05

Three factors namely: extraction solvent, parts of plant used, and test-organism were highly
significant in the formation of inhibition zones at p-value=0.00*** (0% error); less than the
accepted statistical p-value<0.05 (5% error) in this study (see Table 1). The time factor

(incubation period) was insignificant in that it has p-value=0.7898, greater than the accepted

p-value<0.05 (5% error) and therefore it was rejected.

(a)Parts of plant used: All the organic crude extracts of Vglabra parts used were active at
least on one or four test-organisms used (sec Fig. 2). It was observed that organic extracts ot
V.glabra leaf had the highest activity (mean inhibition zone ot 1.85) against S.aureus,
followed by organic extract of flower at a mean inhibition zone (MIZ) ol 1.78 against only
S.aureus. The two extracts showed no significant difference in activity from each other, but

were significantly different in activity from streptomycin (MIZ of 1.30).

Also organic extract of leaf recorded high activity (MI1Z of 1.43) against A.niger, compared to
nystatin (MIZ of 0.83 against A.niger), while the organic extract of whole plant (all pails

mixed) showed significant activity (MIZ of 150) against S.aureus compared to

streptomycin’s (MIZ of 1.30) low activity
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Fig.2 Antimicrobial activity of organic crude extracts of V.glahra parts compared to
streptomycin and nystatin at |00mg/IOOpl

Note: DCM-MeOH- Dichloromethane and Methanol in the ratio I:1(negative Control).

Agueous extract of the whole plant of V.glabra was the only active aqueous extract against

S.aureus (see Fig.3).

\o

Aqueous extracts of 1'glabra parts Antibiotics

Fig.3 Antimicrobial activity of aqueous crude extracts of V.glabra parts compared to

streptomycin and nystatin at 100mg/I0Opl
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The controls (Dichloromethane: Methanol 1.1, and sterile distilled water) were not active

against any test-organism

Note: HAD: Sterile distilled water (negative control).

(b) Extraction Solvent: The organic extracts of V.glabra were generally more active than

the aqueous extracts most of which had lower activity or no activity against one or four

micro-organisms (Fig.4).

Fig. 4. Organic versus aqueous crude extracts of V.glabra compared to streptomycin
and nystatin at 100mg/I00pl

(c).Test-organism: S.aureus was the most susceptible to organic extracts (M 1/ of 0.35) and

was significantly different in susceptibility from A.niger, (‘.albicans, and E.coli which had

MIZs of 0.05, 0.03, and 0.01 respectively (see Fig. 4).

3.2 Minimum inhibitory concentration: M.I.C of each extract that was able to kill or inhibit
the growth of one or four micro-organisms in this study was exhibited by extracts that were

active at concentration of 100mg/IOOpl to 0.02mg/I00pl. The lowest MICs (1.5625-
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0.02mg/100nl) indicate highest activity, while 6.25-3.125mg/100nl (moderate activity), and
12.5-100mg/100Jil indicate low activity (Table 2).
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Tabic 2. MICs (mg/IOOfil) and Inverse of MICs (mg/IOOfil) of organic and aqueous

extracts of V. glabra/Antibiotics against S. aureus, E.coli,A. niger, and C. albicans.

Extract/Antibiotic Test-organism MICs of Inverse of Remarks
Extracts/Antibiotics MICs
(mg/100fil) (mg/100fd)
Organic extracts
Flower S.aureus 1.5625 0.64 High activity
Streptomycin E. coli 0.02+1 0.98 High activity
(Antibiotic) S. aureus 6.25 0.16 Moderate
activity
Nystatin A. niger 3.125 0.32 Moderate
(Antibiotic) activity
C. albicans 3.125 0.32 Moderate
activity
Leaf S. aureus 125 0.08 Low active
E. coli 100 0.01 Low active
A. niger 25 0.04 Low active
Stem A. niger 100 0.01 Low active
Root S. aureus 25 0.04 Low active
C. albicans 50 0.02 Low active
Whole plant S. aureus 25 0.04 Low active
Aqueous extract
Whole plant S. aureus 100 0.01 Low active

Note*: 0.02+1- 1 was added to 0.02 in order to get a value that will minimize the big range

among the inverse numbers, because values without whole numbers tend to have high inverse

numbers.

The inverse of MICs was displayed on fig. 5 below. Organic extract of flower showed highest
activity recording the lowest MIC of 1.5625mg/I00f.il against S.aureus, which was lower than
the standard antibiotic (streptomycin) with MIC of 6.25mg/100fil. Ihe organic extracts ol
root, whole plant against S.aureus, and leaf against A.niger and S.aureus had low activity
(Fig. 5). The organic extract of root against C.albicans, organic extract ol whole plant against
A.niger, organic extract of stem against A.niger, and aqueous extract ot whole plant against
less clfectivc at higher

S.aureus, and organic extract of leaf against E.coli were

concentrations (Fig. 5).
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ME coh

MS aureus
1.4 mger
MC albicans

Organic extracts of I glabra Antibiotics ~ Aqueousextract of J'glabra

Fig. 5. MICs for organic and aqueous extracts of V. glabra compared to streptomycin
and nystatin (antibiotics).

Note: Extracts/antibiotics with high inverse of MICs indicate higher activity (MIC 0.64-
0.98mg/100pl) at low concentrations, extracts/antibiotics with inverse of MICs of 0.16-

0.32mg/100pl indicate moderate activity, while the extracts with low inverse of MICs display

low activity at higher concentrations (see Table 2).

3.3 Presence and Activity of Chemical Compounds.

Out of all the alkaloids screened present in different parts, flower alkaloids were 50% present
and were all active against S.aureus. Root sapogenins made up 43.8% of all sapogenins
present and were all active, while flower sapogenins followed with 31.3% presence and all
were active against S.aureus. Root terpenoids showed 38.8% presence out of all terpenoids
and almost all of them (38.5%) were active against S.aureus. Quinones of flower and leaf
accounted for 37.5% presence, but only leaf quinones were moderately active at 25% activity,
where as flower giunones were less active at 12.5%. flower flavonoids were present at
36.4%, while both leaf and root flavonoids showed 31.8% presence out of all flavonoids

screened present in different parts, but all showed less activity of 9.1% against S.aureus (see

Fig-6).
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Classes of compounds present Active classes ot compounds

Fig. 6. Percentage number of five classes of compounds present and active in V.glabra
crude extracts (flower, leaf, and root).

Note*: Most of the alkaloids and sapogenins present in the different parts, and root terpenoids

were active against S. aureus. Leaf quinones were moderately active, while all flavonoids in

all different parts were less active, (fig.6).

Discussion

The larger MIZs of leaf (1.85 against S.aureus and 143 against A.niger) and (lower (1.78
against S.aureus) extracts compared to standard antibiotic streptomycin (1.30 against
S.aureus) and nystatin (0.83 against A.niger), suggest that these extracts could be used for
management of staphylococcal diseases caused by Staphylococcus aureus such as boils,
sores, wounds as well as Aspergillosis diseases caused by Aspergillus niger, and also validate
its use by traditional medicine practitioners in Kenya. These findings are in agreement with
the studies of Chika et al., 2007 who reported large inhibition zones of organic extract of
Euphorbia hirta leaf against S.aureus and justified its use by traditional medicinal
practitioners for treatment of boils, sores and open wounds. Literature study done on
V.glabra, elicited no previous research work on the antimicrobial activity of crude extracts of
leafand flower. As such, this could be the first report on such activity and could very well be

a start point for further drug research of this species on a wide diversity ol microbial

pathogens.
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Organic extracts of leaf against E.coli (MIZ of 0.35) was less active compared to
streptomycin (MI1Z of 2.36 against E.coli), organic extract of stem against A.niger only (MIZ
of 0.18), organic extract of root against S.aureus (MIZ of 1.05), and C.albicans (MIZ of
113), and aqueous extract of whole plant (Fig. 3) against S.aureus (MIZ 1.23) had no
significant difference in activity from streptomycin (MIZ 1.30 against S.aureus) and nystatin
(MIZ of 0.83 against A.niger, and 1.05 against C.albicans). This could suggest presence of
resistance of these test-organisms and could be more active if the concentration of the
extracts is increased. These findings are supported by Ochei and Kolhatkar, (2006) who
reported that if drugs show less activity against micro-organisms it is an indication of
development of resistance by the test-organisms and that increase in drug concentration

would increase the antimicrobial activity.

However, some of the crude extracts were not active against any of the four micro-organisms
used. For instance, organic extract of flower (Fig.2) was not active against E.coli, A.niger,
and C.albicans, while organic extract of stem was not active against S.aureus, E.coli, and
C.albicans. These ineffective extracts are probably used to treat diseases caused by non
bacterial and non fungal pathogens. These findings correlate with the previous studies of

Johns et al., 1995 who reported that decoction of V.glabra leaf and root was active against

Giardia lambria which is a protozoa.

Moreover, this study shows that there are synergistic, intermediate, and antagonistic effects
among the plant parts used and their mixture whereby, the organic extract of whole plant
mixed (MIZ of 1.50 against S.aureus) showed intermediate activity ranging in between its
highly active and less active single parts, yet traditional medicine prefer mixing (combining).
This study may be an eye open for traditional medicine and could indicate that, the
interactions of active chemical substances present in single crude extracts of plant parts used
have strong synergistic effects to be able to inhibit the growth of test-organisms, compared to
their mixture with intermediate effect which could be due to antagonising elfects of less
active or inactive extracts lessening the effect of highly active single crude extracts of
V.glabra. These findings are in line with the findings of Maryam et al., (2010) who did
research on different plant parts and mixtures (combinations) of plant extracts and found that,
plant extracts or phytocompounds exhibiting strong antimicrobial activity may interact with
each other and the interactions may be synergistic or antagonistic. Therefore, the synergistic
effects of V.glabra leafand flower extracts in this study would be of significant importance in

further search of novel drugs, with desirable synergistic effects, to kill persistent micro-
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organisms that are resistant to known antibiotics and probably delay emergency of microbial

resistance.

The organic extracts were active against S.aureu, A.niger, C.albicans, and E.coli with Mean
inhibition zones of 0.35, 0.05, 0.03 and 0.01 respectively. The aqueous extracts were less
active against S.aureus only (MIZ of 0.02) and inactive against E.coli, A.niger, and
C.albicans. Noting that the traditional herbal remedy preparation from this species is by use
of water, it is a paradox that the aqueous extracts were inactive in this study. This may be
due to the absence or insufficient and effective concentration of the antimicrobial
constituents in the aqueous extracts of V.glabra. These findings are in agreement with the
studies of Koua et al., (2011) who reported that inactivity of aqueous and organic extracts of
Slriga hermonlhica may be due to absence or insufficient and effective concentration of the
antimicrobial agents of S.hermonthica extracts. It is well known that patients using the
traditional herbs take in large amounts of the concoctions and hence may eventually

consume sufficient amounts of the curative drugs to elicit healing.

Differential sensitivity of bacteria to V.glabra extracts may be explained by the cell wall
composition of the gram-positive and gram-negative bacteria. The cell wall of gram-ve
bacteria {E.coli), contains the outer membrane and lipid bilayer embedded with proteins and
porins that determine and allow different molecules or ions either into or out of the cell and
thus the outer membrane serves as a barrier to the passage of many molecules and hence less
sensitive to many extracts and render E.coli resistant to plant extracts. The gram+vc
bacterium {S.aureus) has a relatively thick layer of peptidoglycan sheets of interconnected

glycan chains made up of polymer which is fully permeable to many substances, and thus

sensitive to most extracts, Nester et al., (2004).

Less effects of the crude extracts against C.albicans (yeast fungus) compared to A.niger
(filamentous fungus) may also be due to differences in cell wall composition of the
organisms. Yeast fungus cell wall contains polysaccharides and proteins, compared to chitin
and glycan found in the cell walls of filamentous fungi, Paiva et al., (2010). The protein
expression on C.albicans, function as selective transport system used to expel wastes and
compounds that are otherwise deleterious to the cell; a function called efllux which is
medically important in that, it allows micro-organisms to oust antimicrobial medications that
are made to destroy them and therefore render them resistance, Nester et al., (2004). Ihis

explanation could be one of the reasons why C.albicans was resistant to most crude extracts.

100



This observation reported in this study is in agreement with the findings of Masakazu el al.,
(2010), who did research on antifungal drug resistance of Candida spp and reported that

expression of drug efflux pumps were responsible for the resistance.

The higher activity of organic extract of flower compared to the standard antibiotic
(streptomycin) is significant. Such comparisons may be used as yardstick to identify novel
drugs with new mechanisms of action to combat bacterial strains resistant to known
antibiotics, shorten the length of treatment, increase patient compliance, and avoid overdose
which may lead to toxicity or side effects to patients. The findings of this study are in line
with the studies of Mariita el al., (2010); Aiyegoro and Okoth, (2009), who reported that
bioactive extracts of medicinal plants at low concentrations are not only active against drug

resistant bacteria, but kill persistent bacteria, shorten the length of treatment, reduce overdose

and toxicity or side-effects.

The higher antimicrobial activity of Vernonia glabra flowers could be attributed to the
presence of large amounts of flower alkaloids 50% (Fig. 6). Alkaloids are pharmacogcnically
active basic principles of flowering plants, Das el al., (2010). The observed activity of these
compounds in V.glabra is in line with that of Sawer el al., (2005 (as cited in Karou el al.,
2006) who demonstrated that the Indoloquinoline alkaloid causes cell lysis and
morphological changes of S.aureus. The presence of alkaloids in Kglabra extracts has not

been reported in any previous research work and the findings in this study could be the first

one to report.

Root sapogenins (43.8% present and active) have been associated with hemolysis property
and it’s probably why significant anti-staphylococcal activity has been reported in this study.
This finding is in agreement with the studies of Pinarosa, el al., (2006) who did research on
sapogenins of Medicago arabica root and reported a high anti-staphylococcal activity against
S.aureus. According to literature on V.glabra sapogenins, no previous work has reported the

presence of sapogenins in V.glabra. This could be the first time to report.

The antibacterial activity of root terpenoids (38.5% active) may be due to presence of
terpenes combined and associated with bacterial membrane disruption. Ihis finding is in line
with the studies of Chiruvella et al., (2007) who did research on terpenoids isolated lrom

callus cultures of soymidafebrifuga and reported that antimicrobial activity of terpenoids is

probably due to membrane disruption by the terpenes.
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On the other hand, leaf quinones (37.5% present but 25% active) had moderate activity, while

flavonoids (31.8% - 36.4% present but 9.1% active) had low activity against S.aureus.

Conclusions and Recommendations

The screening of ten crude extracts (5 organic and 5 aqueous) of V.glabra collected using
available ethnomedical information, has justified the medicinal potency in V.glabra used b)
traditional practitioners in Kenya to treat gastrointestinal problems and other different

diseases and that ethnomedicinal information is important as a start point for research in drug

development.

The high activity of V.glabra flower reported at lowest MIC of 1.5625mg/IOOpl than the
standard antibiotic (streptomycin MIC of 6.25mg/100gl), is significant in treatment of
resistant microbial pathogens. The low concentrations needed for treatment means that cases
of overdose, toxicity, and side-effects may be reduced when using V.glabra flowers.
However, research on toxicology which is missing in this study is recommended for V.glabra

in order to verify and document the safety of this medicinal plant to the society.
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