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ABSTRACT
In Kenya, microbial diseases are prevalent and life threatening. Currently, herbal remedies are of 

interest as considered to be easily available, safe, effective and affordable. This study was 

designed to investigate antimicrobial activity, toxicity and phytochemical composotion in crude 

extracts of Leucas calostachys, Mimusops kummel, Acacia lahai and Caesalpinia decapetala. 

These plants are majorly used by herbalist from Sotik Sub- County, Kenya for treatment of 

gastroinstestinal problems. Antimicrobial activity was investigated using disc diffusion method 

and data analyzed using ANOVA. Minimum inhibitory concentrations (MIC) were determined 

by broth dilution method. Microorganisms employed were methicillin resistant Staphylococcus 

aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa and Candida albicans. 

Extracts toxicity was investigated using brine shrimp lethality assay, LD-50 was determined by 

analysis of data using Finney’s computer program. Phytochemical screening for flavonoids, 

alkaloids, saponins and sesquiterpene lactones was determined using Thin layer Chromatography 

(TLC). Highest antibacterial activity was noted with methanol extract of A. lahai on B. cereus 

while acetone extracts of A. lahai exhibited the highest antifungal activity. Most active crude 

extracts had MICS values of 20mg/ml. All the tested extracts had LC50 values greater than 1000 

pg/ml hence non-toxic on Artemia salina larvae. Flavonoids, alkaloids and saponins were present 

in all the plant species tested. Sesquiterpene lactones were present in L.calostachy and M. 

kummel. The results of this study shows that the tested plants have antimicrobial effects and is 

non-toxic supporting their traditional usage for treatment of microbial infections. Further 

bioassay of isolated compounds from active crude extracts is recommended.

Key words: Antimicrobial activity, Brine shrimp lethality assay, Medicinal plants,

Phytochemical composition, Sotik Sub- County; Kenya.
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CHAPTER ONE

1.0 INTRODUCTION
Plants have been recognized as an indispensible source of effective medicinal agents since time 

immemorial. This has led to isolation of a huge number of novel bioactive constituents from 

natural plant sources. Plant derived medicines have made large contributions to maintaining 

human health (El-Astal et al., 2005). In this case, traditional medicinal plants have been 

considered to be important therapeutic drugs for alleviating various illnesses of both animals and 

mankind. In Kenya, traditional medicine (TM) is widely practiced as documented by 

elhnobotanical surveys (Miaron et al., 2004, Kareru et al., 2007, Njoroge and Bussman, 2007, 

Kokwaro 2009). Chirchir et al., 2006, reported that an estimate of 90% of the population has 

used medicinal plants at least once for various health conditions. This is due to the significant 

healing power of the traditional medicinal systems (Adebolu and Oladimeji, 2005).

Infectious diseases caused by microbes are a major health hazards all over the world (Jigna et 

al., 2007, Sasikumar et al., 2007). Unfortunately, bacterial and fungal pathogens constantly 

continue to develop defense mechanisms against antimicrobial agents and resistance to 

conventional drugs. Bandow et al., 2003 reported that the clinical efficacy of many existing 

antibiotics is being threatened by the emergence of multidrug-resistant pathogens. The increasing 

lailure ol chemotherapeutics and antibiotic resistance exhibited by pathogenic microbes has led 

to the screening of several medicinal plants for their potential antimicrobial activity (Colombo 

and Bosisio 1996; Scazzocchio et al., 2001). Infections associated with bacterial and fungal 

l, pathogens are among some of the conditions treated using traditional remedies in Kenya 

i (Njoroge and Bussmann, 2007).
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Recently, a lot of effort has been directed towards discovering new antimicrobial compounds 

from both organic and non-organic sources. Janovska et al., 2003, stated that one of these 

sources is folk medicine and systematic screening of traditionally used plants could result in the 

discovery of novel effective antimicrobial compounds.

1'hcrc are several reports in literature regarding the antimicrobial activity of crude extracts 

prepared from plants (El-Seedi et al., 2002). The medicinal value of these plants lies in some 

chemical substances that produce a definite physiological action on the human body ( Edeoga et 

al., 2005). The most important bioactive compounds present in plants are alkaloids, flavonoids, 

tannins and phenolic compounds (Edeoga et al., 2005) whose antimicrobial properties have been 

reported.

Folk medicine has been recognized as part of primary health care system in many indigenous 

communities. World Health Organization (WHO) estimates that 4 billion people (80% of the 

World’s population) use herbal medicines for some aspect of primary health care (WHO, 2002b). 

However, there is limited scientific evidence from studies done to evaluate the safety and 

effectiveness of traditional medicinal products (Oreagba et al., 2011). Since scientific 

investigation and knowledge of the therapeutic potential of traditionally used medicinal plants is 

limited, there is need for detailed studies to authenticate the reported anecdotal efficacy and 

safety.

The rapid rise in microbial resistance to conventionally used drugs calls for urgent research on 

any potential source of new effective antimicrobial agents. This has led to an increased demand 

for more drugs from plant sources all over the world. This is due to increased awareness on the 

limited ability of synthetic pharmaceutical products to control major diseases and the need to 

discover new molecular structures as lead compounds from the plant kingdom (Nair et al 2005).
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A great interest is in traditional medicine due to belief that herbal medicines are safe, 

inexpensive and have no adverse side effects (Biesen et al., 2012). Therefore, the current study 

aimed to evaluate the antimicrobial activity, brine shrimp lethality and phytochemical 

composition of crude extracts from Leucas calostachys, Mimusops kummel, Acacia lahai and 

Caesalpinia decapetala. These plants are majorly used in traditional medicine for treatment of 

skin diseases, gastrointestinal tract diseases and respiratory problems.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2. 1.1 raditional medicine and its significance

Traditional medicine (TM) has continued to serve as a source of medicine in both human and 

livestock especially in Africa since time immemorial. According to WHO 2002, more than 80% 

of the world's population relies on traditional medicine for their primary healthcare needs. The 

use of medicinal plants as traditional medicines is well known in rural areas of many developing 

countries (Sandhu and Heinich, 2005; Gupta et al., 2005). Sotik Sub-county is one of those areas 

where majority of the rural population rely on TM to a large extent in treatment of diseases such 

as malaria, asthma, typhoid, sexually transmitted diseases, wounds, boils, ulcers, arthritis, 

gastrointestinal disorders, heart and kidney problems among others. This is attributed by factors 

such low cost, wide availability, less undesirable side effects and reliable accessibility of TM.

Among the TM, plant materials act as the main source of folk remedies used by traditional 

herbalist in their medication. Several parts of plants such as stem, leaves, roots, tubers, flowers 

and seeds arc utilized during preparation of Plant drugs mainly through decoction. Earlier reports 

indicate that the overall number of medicinal plants is large, and includes both indigenous and 

introduced plants (Kokwaro, 1993; Kanafani and Fowler 2006). Some of the plants used in 

African TM have been investigated as source of antibiotics, anti- tumour and other useful 

substances (Kokwaro, 1993). Therefore TM turns out to be an indispensible and potent source of 

cure to a wide range of diseases hence investigations into their potential as future 

> pharmaceuticals is a priority.
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2.2. Plant products as antimicrobial agents

The beneficial medicinal effects of plant materials typically result from the combination of 

secondary products present in the plant. Plants are rich in a wide variety of secondary 

metabolites with antimicrobial properties, such as tannins, terpenoids, alkaloids and flavonoids 

(Al-Momani et ah, 2007; Bisignano et ah, 2000; Bouzada et ah, 2009; Chakraborty and 

Brantner, 1999; Cowan, 1999; Lewis and Ausubel, 2006; Setzer et al., 2000; Sohail et ah, 2011). 

f or example, flavonoids are known to be synthesized by plants in response to microbial infection 

(Dixon et ah, 1983) while terpenoids are active against fungi (Rana et ah, 1997), viruses 

(Fujioka and Kashiwada 1994), and protozoa (Ghoshal et al 1996). Futhermore, many human 

physiological activities, such as stimulation of phagocytic cells, host-mediated tumor activity, 

and a wide range of anti-infective actions, have been assigned to tannins (Haslam, 1996).

There are thousands of species of medicinal plants used globally for the cure of different 

infections (Boer et al., 2005). Owing to the popular use of plants as remedies for many infectious 

diseases, searches for substances with antimicrobial activity in plants have recently increased. 

(Bctoni et al., 2006).

2.3. Plant products as resistance modifying agents

Plant metabolites act as the major basis for isolation of potentially useful compounds having 

resistance modifying activities to potential pathogens. Some traditional remedies have already 

produced compounds that are effective against antibiotic-resistant strains of bacteria (Kone et al,
A

2004). Such examples include aqueous* extracts of tea (Camellia sinensis) which have been 

shown to reverse methicillin resistance in MRSA and also to some extent, penicillin resistance in 

betalactamase producing Staphylococcus aureus (Stapleton et al., 2004). This information 

indicates the need for further research into traditional health systems (Romero et al., 2005). It
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also emphasises on evidence based pharmacological studies with a potential to identification of 

potent, efficacious and safe pharmaceutical formulations with different mechanisms of action to 

avert resistance development (Manna and Abalaka, 2000).

2.4.0. Microorganisms and their health effects.

Microbes cause major infectious diseases that represent an important cause of morbidity and 

death among humans, especially in developing countries (WHO, 2002). These infections are 

facilitated by presence of poor hygiene, overcrowded population, HIV/AIDS infection and 

microbial drug resistance. Moreover, new infections caused by microorganism emerge more 

often while the pharmacological effectiveness of the currently present antimicrobials is being 

threatened by rising microbial drug resistance. This is increasing healthcare costs, finally causing 

disease burden, morbidity and mortality (Korir et al., 2012). Herbal medications that are used by 

rural communities have proven to be able to manage microbial ailments for several generations. 

Collectively, natural products from higher plants may provide a new source of antimicrobial 

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

2.4.1. Pseudomonas aeruginosa

Pseudomonas aeruginosa is a gram-negative, aerobic bacteria and an opportunistic human 

pathogen. It is capable of causing severe invasive infections in patients with cystic fibrosis, 

neutropenia, iatrogenic immunosuppression, or disrupted anatomical barriers (Aoki et a l 2004). 

Indeed, infections with P. aeruginosa are problematic for hospitalized patients, particularly those 

in intensive care units (Karlowsky et al., 2003). P. aeruginosa is reported to have low antibiotic 

susceptibility attributable to a concerted action of multidrug efflux pumps with chromosomally 

encoded antibiotic resistance genes (Poole, 2004) and the low permeability of the bacterial 

cellular envelopes thus becoming resistance to a wide range of antibiotics (Li et al., 2000). Also
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P. aeruginosa easily develops acquired resistance either by mutation in chromosomally encoded 

genes or by the horizontal gene transfer of antibiotic resistance determinants and is naturally 

resistant to penicillin and related beta-lactam antibiotics (Poole, 2004).

2.4.2. Escherichia coli

Escherichia coli is a facultative anaerobic bacterium commonly found in the lower intestines of 

warm-blooded organisms. In humans, E. coli is responsible for a variety of intestinal and extra- 

intestinal infections. The pathogenic E. coli harbor different virulence and adhesion factors 

which allows it to cause specific diseases. Enterotoxigenic, enteroinvasive, enteropathogenic, 

entcrohemorrhagic, verotoxigenic, and enteroaggregative E. coli isolates are relevant agents of 

diarrhea (Croxen and Finlay, 2010), whereas the others are frequent causes of urinary tract 

infections, abdominal and bloodstream infections in both community and hospitalized patients. 

E. coli antibiotic resistance is a growing problem due to overuse of antibiotics in humans and use 

of antibiotics as growth promoters in animal feeds (Johnson et al., 2006). This bacterium often 

carries multiple drug-resistance plasmids, and under stress, readily transfers those plasmids to 

other species thus important reservoir of transferable antibiotic resistance (Salyers et al, 2004).

2.4.3. Mcthicillin resistant Staphylococcus aureus (MRSA)

Staphylococcus aureus is a gram- positive bacterium frequently found in the human respiratory 

tract and skin. It is a common cause of minor skin infections, such as pimples, impetigo, boils, 

cellulitis folliculitis, carbuncles, scalded skin syndrome, and abscesses to life-threatening 

diseases such as pneumonia, meningitis, osteomyelitis, endocarditis, toxic shock syndrome, 

bacteremia and sepsis (Kanafani and Fowler Jr., 2006). Methicillin resistant Staphylococcus 

aureus (MRSA) is any strain of Staphylococcus aureus that has developed, through the process
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of natural selection, resistance to beta-lactam antibiotics, Aminoglycosides, Quinolones, 

Clindamycin and Erythromycin.

2.4.4. Bacillus cereus

Bacillus cereus is a Gram-positive facultative anaerobe and spore-forming bacterium that 

produces multiple toxins which cause food poisoning in humans. Endospores of B. cereus are 

able to survive in harsh environments because of their thermal stability and ability to be easily 

transmitted to food through other environments such as soil or water (Kortiranta et al., 2000). B. 

cereus is responsible for both the emetic and the diarrheal food poisoning syndrome due to toxin 

production (Ceuppens et al., 2011). Additionally, it has been associated with more severe 

infection such as endophthalmitis and pneumonia (Miller et al., 1997).

2.4.5. Candida albicans

Candida albicans is a diploid fungus that grows both as yeast and filamentous cells and a causal 

agent of opportunistic oral and genital infections in humans. The species Candida is the major 

opportunistic pathogen in immune-compromised patients; over 90% of HIV-infected individuals 

develop oral candidiasis (Feigal et al., 1991). It is also a major etiological agent of oral 

candidiasis (Ilazen, 1995) especially in diabetic mellitus patients due to high sugar 

concentrations (Mubarak et al., 2013). C. albicans is reported to be resistant against fluconazole, 

flucytosine, and intraconazole whereas resistance to amphotecirin B is rare (Marchese et al., 

2007).
A

2.5. Importance of acute toxicity testing

Traditional medicine has been used since ancient times and has been anecdotally accepted to be 

safe. However, recent scientific studies have highlighted the toxic, mutagenic and carcinogenic 

effects of many plants used as traditional medicines (Fenell et al., 2004). Rahman et al, 1996
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also highlighted that although traditional medicinal plants have been extensively used; specific 

evaluation on toxicity has not been done and could lead to serious complications.

According to Awodele et al., 2011, adulterated, poor quality or poisonous herbal preparations are 

serious threats to patients’ safety. Oreagba et al., 2011 also reported that indiscriminate, 

irresponsible or non-regulated use of several herbal medicines may put users’ health at risk of 

toxicity. Toxicity studies therefore assist to determine the right dosage to be administered 

without causing health risks in humans (Ashafa et al, 2012). Hence in efforts to verify the 

efficacy of traditional medicine due to their ethno-pharmacological properties, toxicity testing is 

vital to justify the activity and safety of herbal drugs.

In order to study the toxicity of the medicinal plants, brine shrimp lethality bioassay can be 

performed which is based on the ability to kill laboratory cultured brine shrimp (Artemia salina). 

Brine shrimp lethality assay has proven to be a convenient system for monitoring biological 

activities of plant species that are used in traditional medicine (Subbaraju et al., 2005). The lethal 

concentration for 50% (LC50) mortality after 24 h of exposure is determined as the measure of 

toxicity of the extract (Nguta et al., 2011). The assay is considered a useful tool for preliminary 

assessment of toxicity because it is easy, cheap and small amount of extracts are utilized. Nguta 

et al 2013 also reported that this method is rapid, reliable and convenient as an in-house bioassay 

tool. Furthermore, Artemia salina is easy hatching from dry cysts and can be stored long without 

losing viability (Sorgeloos et al., 1978). They are also favoured by flexibility to nutrient sources, 

temperature, and salinity tolerance (Nunes et al., 2006).

9



2.6.0. Botanical description, traditional use and chemical constituents o f the four selected 
plant species

2.6.1 Leucas calostachys oliv. (Labiatae)

Figure!. Leucas calostachys shrub (Photo courtesy o f Cherotich Jackueline at Mosonik hill in 
Sotik Sub-county)

Leucas calostachys is a perennial shrub with densely hairy stems which is woody towards the 

base. Leaves are nearly sessile, oblong and are 1 .5-2 cm. long. The plant has many whorls and 

flowers o f approximately 1cm in diameter. It has hairy Calyx which is about 0.5cm long. Corolla 

is half as long as the calyx with a densely villous upper lip.

Leucas calostachys have been exploitated in the traditional treatment o f the various ailments
A

such as wounds, amoeba, heartburns, muscle pull, waterborne diseases, cough, kidney problems, 

pneumonia, malaria, stomach-ache (Jeruto el al., 2008). L. calostachys leaf extracts have been 

reported to have terpenoids, alkaloids and phenols (Jeruto et al., 2008). No pharmacological 

action o f this plant has ever been documented. However, arrays o f other species o f Leucas have
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undergone significant investigations for their anecdotal efficacy. For example, L  aspera extracts 

have been reported to have anti-inflammatory activity (Saha et al., 1997b), antibacterial and 

antifungal properties (Mangathayaru et al., 2005), as mosquito repellant and as insecticide. 

(Kirtikar and Basu, 1990). The extract o f L  zeylanica was found to exhibit potent inhibitory 

activity against Staphylococcus aureus and Bacillus subtilis (Valsara et al., 1997).

2.<L2 M imusops kum m el Ilochsh. Ex A.DC (Sapotaceae)

Figure 2: Mimusops kummel branches (Photo courtesy o f Cherotich Jackueline at Mosonik hill 

in Sotik Sub-county)
A

Mimusops kummel is a tree o f 25-35 m tall .The bark is deeply grooved, dark grey in colour. 

Young branches are densely red-brown with leaves that are simple and entire. Flowers are 

bisexual, sepals present in 2 whorls o f 4 while corolla is creamy-white. Fruit is an ellipsoid to
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ovoid berry of up to 2.5 cm long, orange-red when ripe with a Seed which is reddish brown in 

colour (Lemmens, 2005).

Decoction of M. kummel bark is utilized by traditional herbalist from Sotik Sub-county in 

treatment of typhoid, stomach ache, dysentery, tooth ache, hard burn, syphilis, menstruation 

complications and reduce inflammation. According to Lemmens 2005, M. kummel roots are used 

in traditional medicine as a laxative and galactagogue while the seeds are used to treat ascariasis. 

Konc et al (2011) reported that hydroalcohol crude extract from stem bark of M. kummel 

possess anthelmintic activity against Schistosoma mansoni adult worms. Other beneficial 

pharmacological properties of the genus includes anti-microbial propeties (Ali, 2008)], anti-ulcer 

(Payal et al., 2003), anti-oxidant, hyperglycemic (Ganu et al., 2010) and antihelminthic 

(Goutam, 2010) as exhibited by M. elengi. Several triterpenoids, steroids, steroidal glycosides, 

flavonoids and alkaloids have been identified and reported from Mimusops species (Misra et al, 

1968). batty acids, saponins and tannins extracts from different plant parts of the genus have also 

been reported.
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2.63  Acacia lahai Stead. & HochsLei Benth (Fabaceae)

Figure 3: Acacia lahai stem & a branch (Photo courtesy o f Cherotich Jackueline at Mosonik hill 
in Sotik Sub-county)

Acacia lahai is a flat-topped tree 3-15 m tall with rough grey-brown bark .Young branches 

exhibit a brown to blackish-purple colour. Bark is grey-brown and fibrous in texture. Leaves are 

pinnate, about 4.5mm long. Flowers colour is cream or white. Fruits are brown, straight or 

falcate with a dehiscent pod and Seeds are obviate, flattened, 6-7 mm long x 5 mm wide (Orwa 

eta l. ,2009).

Folk medication o f Acacia lahai indicates that bark is used for the treatment o f skin eruptions in 

children, clearing toxaemia o f pregnancy and bowels and also as an astringent (Hubbard and 

Milne-Redhead, 1959). Antimicrobial potentials o f acacia plant species have been noted such as 

A. nilotica  assays o f the stem bark extracts confirms the antibacterial activity against

Streptococcus viridans, Staphylococcus aureus, Escherichia coli, Bacillus subtilis (Banso, 2009)
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Aqueous bark extracts is reported to contain tannins (Hubbard and Milne-Redhead, 1959). Also 

phytochemical screening o f most o f plants in genus acacia exposed that the plants contain 

terpenoids, alkaloids, saponins and glycosides for example stem bark o f A. nilotica (Banso, 

2009).

2.6.4 Caesalpinia decapetala (Roth) Alston (Caesalpiniaceae)

Figure 4: Caesalpinia decapetala stem (Photo courtesy o f Cherotich Jackueline at Mosonik hill 

in Sotik Sub-county)

Caesalpinia decapetala is a robust thorny evergreen climber or a shrub that grows from two to 

four meters high or climbs to 10 meters or higher. It has sprawling branches that often form large 

dense impenetratable thickets. The stems are vine with a diameter o f up to 4 cm and covered 

with minute golden-hair and thorns. Leaves are bipinnate, dark green, paler underneath with 

thorns in spine Perfect flowers with yellow petals while pods have black seeds and burst open 

on their own.

Caesalpinia decapetala concoction o f roots is used in ethno-medication for treatment o f asthma, 

bums, whooping cough, stomach disorders, tooth ache, polio, inflammation, head ache, as well
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as being an anthelmintic and a digestive. The roots of C. decapetalci are reported to be used in 

folk medicine to treat bronchitis, prevent colds, and as an antimalarial agent (Wagner et al 1999). 

In Maharashtra and South India, C. decapetala bark is used for tanning, as laxative, tonic, 

carminative and antipyretic (Kiem et al., 1984). Leaves and root of C. decapetala act as a 

purgative and emmenagogue (Guha et al., 1999). Also fruit extracts from this plant have shown 

inhibitory effect against Candida albicans (Kumar et al., 2006).

Earlier scientific investigations on phytochemical constituents have shown that leaves of C. 

decapetala contain cassane diterpenoid, caesaldecan, spathulenol, 4, 5-epoxy-8(14)-

caryophyllene, squalene, lupcol, resveratrol, quercetin, astragalin and Stigmasterol (Kiem et al., 

1984). Triterpenoids is also reported to be present in leaves (Jiang et al., 2001). Stems of C. 

decapetala shows the presences of phenols like pauferrol (Zhang et al., 2008).

Table 1: Plant species collected from Sotik Sub-county based on traditional reputation for 

their use as antimicrobial agents

Plant species 
&Vouchcr 
specimen number)

Vernacular
name

Habit Part used Treatment
preparation

Disease(s)
treated

Leucas calostachys 
(CJ2013001)

Ngechepjat Shrub Leafs Pounding & 
burning to 
ash

Kidney problem, 
pneumonia, 
stomachache, 
wounds.

Mimusops kummel 
(CJ2013002)

Lalwat

A

Tree Bark Decoction Typhoid, 
stomachache, 
toothache, hard 
burn, syphilis

Acaia lahai 
(CJ2013003)

Chebitet Tree Bark Decoction Syphilis, skin
diseases,
stomachache

Caesalpinia 
decapetala 
(CJ2013004)

Chepkomon
* J

Climbing
herb

Roots Decoction toothache,
headache,
stomachache
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2.7. Problem statement

Microbial diseases have been a life threatening problem for a long time. In recent years, 

development of multi-drug resistances by pathogenic microbes to most available drugs has 

exacerbated this burden hence becoming a global concern. This is largely due to indiscriminate 

use of conventional antimicrobial drugs commonly employed in the treatment of infectious 

diseases. New illness caused by bacteria and fungi continues to emerge hence becoming difficult 

to treat and very expensive. New illness also foster frequent utilization of currently available 

synthetic antibiotics which can lead to toxicity hence becoming life threatening.

A revival of a prolonged steady development of new drugs from plant sources is emphasized by 

academic and pharmaceutical scientists as a key way towards addressing the problem. The 

current study aimed on those plants that have been used in the traditional medicinal practices as 

therapeutics for human and animal diseases. Considering the prominent potentiality of plants as 

a source of antimicrobial drugs, investi gation on the traditional medicinal plants should be 

prioritized since only a few have been evaluated pharmacologically. Toxicity evaluation of 

herbal medicine is also considered to determine their safety. This study therefore sought to 

evaluate four traditionally used medicinal plants; Leucas calostachys, Mimusops kummel, Acacia 

lahai and Caesalpinia decapetala in Sotik ethnomedicine for their antimicrobial activity, toxicity 

and phytochemical composition.

2.8. Justification

Microbes cause major infectious diseases that are responsible for morbidity and death among 

humans, especially in developing countries. The clinical efficacy of many existing antibiotics is 

being threatened by the emergence of multidrug-resistant pathogens. This antimicrobial 

resistance to the drugs is driving up healthcare costs, increasing the severity of disease, morbidity
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and mortality. Increasing trend in the emergence of resistance to antimicrobial agents results 

from low quality drugs manufactured, patient non-compliance, microbial mutations and 

indiscriminate use of antibiotics. Resistance is also contributed by HIV pandemic which 

compromises individuals’ immune system, rendering subjects susceptible to opportunistic 

infections.

Hence, there is a constant need to search for cost effective, new biologically and 

pharmacologically active antimicrobial agents. Recently, great effort to search for remedies for 

various critical ailments have driven focus on natural products of plant biodiversity where plants 

have become an essential source of therapeutics and most potent agents employed for 

medication. Scientists are turning to research for drugs from traditionally used herbal plants as 

they are considered to have fewer side effects, easily available and cost effective compared to 

allopathic systems of medicines. Among these traditional medicinal plants, few have been 

identified and toxicity of their phytochemicasl studied scientifically. Therefore, this research is 

necessary to validate antimicrobial activity, phyochemical constituents and toxicity of plants 

under study and can act as a means of providing alternative antimicrobial medicines to overcome 

the constant and increasing drug resistance.

2.9.0. Objectives of the study 

2.9.1 Main objective

To evaluate in vitro antimicrobial activity, toxicity and phytochemical composition of crude 

extracts of selected medicinal plants used in Sotik Sub-county, Kenya.
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2.9.2 Specific objectives

i. To evaluate the antimicrobial potential of the crude plant extracts against methicillin 

resistant Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus cereus, Escherichia 

coli and Candida albicans.

ii. To determine the acute toxicity of the crude plant extracts using brine shrimp lethality 

assay.

iii. To characterize the major phytochemical constituents in the crude plant extracts.

2 .1 0 . H y p o th esis

This study hypothesises that the crude extracts of Leucas calostachys, Mimusops kummel, Acacia 

lahai and Caesalpinia decapetala, which are used in traditional medicine, possess phytochemical 

constituents with antimicrobial effects and are non-toxic to brine shrimp larvae.
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CHAPTER THREE

3.0: MATERIALS AND METHODS 

3.1. Collection o f plant materials

Four plant samples were collected from Mosonik hill, Sotik Sub County, Bomet county o f Kenya 

in the morning with the help o f herbalists following ethnopharmacological usage o f the plants 

(leaves o f  Leucas caJostachys, barks o f Mimusops kummel. Acacia lahai and roots o f 

Caesalpinia decapefala). The plant parts were thoroughly washed with running tap water and air 

dried at room temperature for six weeks then they were chopped into small pieces and ground 

into powder. Voucher specimens were deposited in the University o f Nairobi Herbarium after 

identification by a taxonomist at the School o f Biological Sciences, University o f Nairobi.

Figure 5: A map o f Kenya showing location of Sotik Sub-county

A  Map of Kenya showing Sotifc Sub-county in Bomet County

19



Table 2: Plants collected from Sotik Sub-county

Voucher Specimen 
number

Plant species Family Part collected

CJ2013/001 Leucas calostachys Labiatae Leaf
CJ2013/002 Mimusops kummel Sapotaceae Stem bark
CJ2013/003 Acaia lahai Fabaceae Stem bark
CJ2013/004 Caesalpinia

decapetala
Caesalpiniaceae Root

3.2. Preparation of crude extracts

The prepared dried powder (50 grams) of each sample was soaked in 500 ml of distilled water 

for aqueous extract while acetone and methanol at the same amount (500 ml) was used for 

organic extracts. Each plant material was extracted by percolation with the respective solvent at 

the ratio of 1:10 (plant material/solvents), shaken thoroughly and left to stand for 24hrs at room 

temperature (Korir el al., 2012). The mixtures were then filtered using whatman No. 1 filter 

paper. Dry crude organic extracts were obtained by concentrating filtrates from organic solvents 

in vacuum at 45°C by use of a rotary evaporator while water extracts were frozen then 

lyophilized to dry powder. The dried extracts obtained were weighed then stored in stoppered 

sample vials at 4°C until used (Sultana elal., 2009).

3.3. Preparation of test strains

Pure cultures of methicillin resistant Staphylococcus aureus (MRSA), Pseudomonas aeruginosa 

were obtained from KEMRI, Centre for Microbiology Research (CMR) while Bacillus cereus, 

Escherichia coli, and Candida albicans were from the department of Public health, 

Pharmacology and Toxicology, University of Nairobi. The microbial suspensions were 

standardized according to the Clinical and Laboratory Standards Institute procedures (CLSI, 

2009 for bacteria) and (CLSI, 2008 for fungi). Bacteria were grown in Muller-Hinton agar for 

18hrs and fungus in Sabouraud agar for 48hrs to obtain freshly growing strains. Then the
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microbial suspensions were standardized with sterile saline to turbidity equivalent to 0.5 

McFarland scale (approximately 1-2 xlO8 CFU/ml for bacteria andl-5*106 CFU/ml for Candida 

spp.) and stored at 4°C until used during antimicrobial test.

Table 3: List of microbes tested in the study

Name of microbe Microbe type Gram strain type Details of strain used

Bacillus cereus Bacteria Gram Positive ATCC 11778
MRSA Bacteria Gram Positive Clinical isolate
Pseudomonas aeruginosa Bacteria Gram Negative ATCC 27823
Escherichia coli Bacteria Gram Negative ATCC 25922

Candida albicans Fungus ATCC 10231

3.4. Antimicrobial susceptibility testing (Disk diffusion technique)

The disk diffusion method according to National Committee for Clinical Laboratory Standards 

(CLSI 2009) procedures was used to evaluate antimicrobial activities of the crude extracts. Four 

concentrations (200, 100, 50 and 25 mg/ml) of each test extract were prepared for susceptibility 

testing using 1% DMSO for organic extracts and distilled water for aqueous extracts. Filter paper 

discs of 6 mm in diameter were impregnated with 100 pi of each crude extract dried and placed 

ascptically onto plates inoculated with 1ml overnight growth test microorganism. Bacterial 

culture was incubated at 37°C for 24 hrs and fungal culture at 30°C for 72 hrs respectively. 

Gentamicin 40pg/ml (for bacteria) and Amphotericin B 30 pg/ml (for fungi) were used as 

standards, while discs with diluting solvents only were used as negative controls. Each extract
A

was tested in triplicate under sterile conditions. Microbial growth was determined by measuring 

the diameter zone of inhibition in millimeters.
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3.5. Determination of Minimum Inhibitory Concentration (MIC): Broth micro dilution 

method.

Broth micro dilution method was used to determine minimum inhibitory concentration (MIC) 

values for the active crude extracts against the test microorganisms. The procedure was done as 

recommended by the Clinical Laboratory Standard Institute (CLSI, 2009; Ferraro, 2003). One ml 

of 24 hrs culture of test organisms (107 CFU/mL) adjusted to McFarland turbidity standard was 

incubated in serial dilution ranging from 10-100 mg/ml of plant extracts .Incubation was done 

for 24hrs at 37° C for bacteria and 30°C for 72hrs for fungi. The least concentration of the plant 

extract that did not permit any visible growth of the inoculated test microorganism in broth 

culture as indicated by lack of turbidity was regarded as visual MIC in each case (Michael et al., 

2003). Tubes inoculated with microbes alone and media alone served as control. All the 

experiments were done in triplicates and results were recorded.

3.6. Acute toxicity determination

The acute toxicity assay was performed using brine shrimp nauplii based on Meyer method 

(Ilossain et al, 2004; Islam et al, 2002; Nguta et al., 2013). Artificial sea water was prepared by 

dissolving 33 grams of sea salt in 1 litre of distilled water. A tank measuring 14 cm by 9 cm and 5 

cm having two unequal compartment chambers with several holes on the divider was used for 

hatching. The chambers were filled with artificial sea water, a solution of 3.8% sodium chloride. 

Brine shrimp eggs were placed in the larger compartment and yeast was added to act as food for 

the nauplii. The larger compartment was then covered with dark background paper while the 

smaller compartment was illuminated. The incubation was done at room temperature (23-29°C) 

lor 48h to allow hatching and nauplii were collected in the illuminated section.
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Various concentrations of the crude extract in sea water were used: 10, 100, and 1000 pg/ml in 

testing toxicity. A stock solution of 10, OOOpg/ml for each crude extract was prepared. For the 

aqueous extracts, the stock solution of 10, OOOpg/ml was prepared by dissolving O.lg of the 

crude extract in 10 mis of sea water while for organic extracts; 0.1 g of each sample was First 

dissolved in 1% DMSO then further diluted using artificial water to 10 mis to make stock 

solution.

10 brine shrimp larvae were drawn from the hatching tank using Pasteur pipettes and placed in 

each vial. The volume of artificial sea water in each vial containing 10 Brine shrimp salina was 

increased to 5ml for vials of 10 and 100 pg/ml of the plant extracts while for 1,000 pg/ml; it was 

topped to 4.5 mis. Using micropipettes, 0.5 mis, 0.05 mis and 0.005 mis were transferred from 

the stock solution to the vials containing 5mls artificial sea water to make experimental solutions 

containing 1000 pg/ml, lOOpg/ml and 10 pg/ml respectively. Control experiments were done 

using artificial sea water and DMSO for organic extract and artificial sea water only in the case 

of aqueous extract (Wanyoike et al., 2004). Three replicates for the three serial dilutions of 

different crude extracts and the control were performed (Table 4). Surviving nauplii were 

counted after 24hrs using a using a magnifying glass (Musila et al., 2013). Median lethal 

concentrations (LC50) were determined using finney computer program (Nguta et al, 2013) by 

use of probit analysis method described by Finney (Finney, 1971).
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Table 4: Brine shrimp bioassay set up for each plant extract

Vials Volume of 
Artificial 
sea water
M )

No of 
Brine 
shrimp 
larvae

Volume of 
stock 
solution 
(ml)

Concentration
(pg/ml)

Nature of 
experiment

Final volume 
in the vial 
(ml)

1 4.5 10 0.5 1 ,0 0 0 Trial 5
2 4.5 10 0.5 1 ,0 0 0 Repeat 5
3 4.5 10 0.5 1 ,0 0 0 Repeat 5
4 5 10 0.05 1 0 0 Trial 5
5 5 10 0.05 1 0 0 Repeat 5
6 5 10 0.05 1 0 0 Repeat 5
7 5 10 0.005 10 Trial 5
8 5 10 0.005 10 Repeat 5
9 5 10 0.005 10 Repeat 5
10 5 10 0 0 Control 5
11 5 10 0 0 Control 5
12 5 10 0 0 Control 5

3.7. Phytochemical determination for secondary metabolites using Thin Layer 

Chromatography

Phytochemical analysis of organic and aqueous crude plant extracts was done to determine the 

presences alkaloids, sesquiterpene lactones, flavonoids and saponins following the procedure of 

I larborne (2002). Extracts were dissolved in chloroform and methanol (1:1 v/v). Phytochemical 

screening was then perfomed using aluminum TLC plates. The plates were placed in a chamber 

with appropriate chromatographic solvent system specifically used for determination of the
A

presence of a given class of phytochemical constituents. The developed plates were also sprayed 

using specific spray reagents for each secondary metabolite as shown in table 5.
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Table 5: Determination for flavonoids, alkaloids saponins and sesquiterpene lactones

Class of Secondary 

metabolites
Solvent system Detection

Flavonoids n-hexane: ethyl 
acetate: acetic acid 

(6:3:1)
(Waksmundzka el 

al., 2008)

Flavonoids at 254 nm appeared as dark blue zones 
on a yellow background on the developed plates 
intensifying when sprayed with ammonia. At 365 
nm flavonoids fluoresced yellow, blue or green 
(Waksmundzka el al., 2008),

Alkaloids Dichloromethane: 
Methanol (85:15) 
(Harborne, 2002)

Dragendorff s reagent was sprayed on the 
developed plates. Orange colors indicated the 
presence of alkaloids. Spraying with sodium 
nitrate intensified the orange colors (Harborne, 
2 0 0 2 ).

Saponins Dichloromethane: 
Ethyl acetate (9:1) 

according to 
(Karem el al., 2005)

Saponins appeared as black spots when plates were 
sprayed with a mixture of ethanol and H2SO4 (9:1) 
and then heated at 110°C for 10 minutes (Karem el 
al., 2005).

Sesquiterpene
lactones

/

n-hexane: 
ethylacetate (9:1) 
(Waksmundzka el 

al., 2008)

Brown spots on the developed plates in presence of 
iodine indicated the presence of sesquiterpene 
lactones (Waksmundzka el al., 2008). Also 
detected as brown, yellow spots when plates were 
sprayed with concentrated II2SO4 and heated for 5 
minutes at 100-110°C (Harborne, 2002).

3.8. Data analysis

Statistical analysis of antimicrobial activity was done using SPSS to compare the various extracts 

lrom various plants to find out whether the plants exhibited growth inhibition of the various 

bacteria and fungi differently. Once differences were identified further ANOVA using Least 

Significance Difference test (LSD): was done to compare the treatments with the positive controls 

(Amphotericin B and Gentamicin) to find out whether any treatment had any bioactivity
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comparable to the positive control. Ms Excel 2007 was used to determine mean inhibition zones 

while Ms Word 2007 was used to draw tables. The lethal concentration (LC5o), 95%confidence 

interval of the selected plants was determined using the Finney (1971) computer program. The 

level of significance used in analysis of the data was 0.05 (p<0.05).

,
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CHAPTER FOUR

4.0. RESULTS

4.1. Yields of extracts from test plants

Yields of crude extracts of the selected medicinal plants were noted to vary with the plant species 

and solvent used in the extraction as shown on Table 6 .

Table 6: Percentage yields of extracted crude plant extracts

Plant species Part used solvent Extraction type % yield to weight 
of dry powered 

plant

Leucas
calostachys

Leafs Water Freeze drying 5.16

Methanol Rotary evaporation 2.74

acetone Rotary evaporation 1.72

Mimusops
kummel

Stem Water Freeze drying 7.46

Methanol Rotary evaporation 3.98

acetone Rotary evaporation 3.58

Acacia lahai Stem Water Freeze drying 6.92

Methanol Rotary evaporation 4.06

acetone Rotary evaporation 3.28

Caesalpinia
decapelala

Roots Water Freeze drying 5.84

A Methanol Rotary evaporation 3.16

acetone Rotary evaporation 2.34

Percentage yields of crude extract (% yields) = extracted weights/initial weightsxlOO (All

weights in grams)
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Mcthanolic extract of A. lahai had the highest antimicrobial activity with inhibition zone 

diameter of 15 mm compared to the rest of the tested extracts (Table 7). Furthermore, acetone 

extracts of all the tested plant species showed noteworthy inhibitory effect to most test 

microorganisms compared to methanol and water extracts (Table 7, 8 & 9) at 200 mg/ml 

concentrations.

It was observed that growth of B. cereus was inhibited by all the methanol, acetone and water 

extracts of M. kummel, acacia lahai and C. decapetala except that of L. calostachys as shown in 

fable 7. Among the tested plants extracts, methanol extract of C. decapetala and water extract of 

/,. calostachys were the only inactive extracts against MRSA.

It was noted that methanol extract of M. kummel, A. lahai, acetone and water extracts of C. 

decapetala had only antibacterial effect against the gram positive bacteria used in the test. 

Moreover, it was found that all the extracts of L. calostachys, acetone and water extracts of M 

kummel, A. lahai and methanol extract of C. decapetala exhibited only antibacterial activity 

against gram negative P. aeruginosa but no activity in E. coli. Generally, all the extracts of the 

selected ethnomedicinal plants were not active against E. coli. Likewise, acetone, methanol and 

water extracts of L. calostachys showed no inhibition on both B. cereus and C. albicans.

All the extracts of M. kummel and A. lahai, including methanol and water extracts of C.
*

decapetala exhibited antifungal activity against C. albicans (Table 11). However, acetone extract 

of acacia lahai revealed the highest antifungal activity with inhibition zone value equal to 13.17 

' mm.

4.2. Antimicrobial activity of the crude extracts against selected microorganisms
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The antimicrobial activity of the four selected plants against Bacillus cereus is as shown in Table 

7. It was observed that B. cereus was inhibited by all the extracts of M. kummel, A. lahai and C. 

decapetala except that of L. calostachys as shown in Table 7. Highest antibacterial activity was 

shown by methanol extract of A. lahai with inhibition zone diameter of 15 mm at a concentration 

of 200 mg/ml (Table 7) but at a concentration of 25 mg/ml, none of the extracts inhibited the 

growth of B. cereus. Among the plants used, organic extracts of A. lahai portrayed a higher 

inhibition zone as compared to that of M. kummel and C. decapetala. M. kummel aqueous 

extracts was more active than the aqueous extracts of the rest of the plants (Table 7). The growth 

inhibition of B. cereus by the various extracts from various plants was significantly (P<0.05) 

different. Their significance levels of comparison of all the plants with the positive control at 

concentrations; 200, 100, 50 and 25 mg/ml were all less than 0.05 hence all the extracts had

growth inhibitions of B. cereus which were significantly different from that of the positive
/

control at P<0.05.

4.2.1. Antimicrobial activity of the crude extracts on Bacillus cereus
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Tabic 7: Growth inhibition of the crude extracts on Bacillus cereus

plant c

Mean, zone of inhibition (Mm) ± S.D of three replicates

oncentration (mg/ml) methanol acetone water
L. calostachys 200 - - -

100 - - -
50 - - -
25 - - -

M.kummel 200 11.00 ±0.50 12.28 ±0.29 12.5 ±0.05
100 9.33 ± 1.29 12.17 ±0.29 11.00 ±0.00
50 7.50 ±0.05 8.50 ±0.50 8.00 ±0.00
25 - - -

A. lahai 200 15.00 ±0.00 13.00 ±0.50 12.17 ± 0.29
100 14.00 ±0.50 11.50 ±0.00 9.83 ± 1.04
50 11.00 ±0.00 8.5 ± 1.32 7.83 ±0.58
25 - - -

C. decapetala 200 9.17 ±0.29 10.83 ±0.29 9.33 ±0.58
100 8.33 ±0.29 9.17± 0.29 8.33 ±0.53
50 - 7.50 ±0.50 -

25 - - -

Gentamicin (40 pg/ml) - 15.83 ±0.76 15.83 ±0.76 15.83 ±0.76

DMSO & Water - - - -

4.2.2. Antimicrobial activity of the crude extracts on MRSA

Among the tested plants extracts, methanol extract of C. decapetala and water extract of L. 

calostachys was not active against MRSA. Effective growth inhibition was noted at higher 

concentrations of the extracts, whereas at 25 mg/ml it is only acetone extracts of L. calostachys 

that was found active against MRSA (Table 8 ). However, aqueous extracts of L. calostachys 

were not active in any of the four concentrations. Growth inhibition of MRSA by the various 

extracts of the four selected plants was found to be significantly different from each other at 95% 

confidence intervals (P<0.05). Their significance levels of all the plants compared with the 

positive control at 200, 100, 50 and 25 ug/ml were all less than 0.05 showing that all the extracts
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had growth inhibitions of MRSA which were significantly different from that of Gentamicin 

which was used as a positive control.

Tabic 8: Growth inhibition of the crude extracts on MRSA

plant

Mean, zone of inhibition (mm) ± S.D of three replicates

concentration (mg/ml) methanol acetone water
L. calostachys 2 0 0 1 1 .0 0  ± 1 .0 0 11.67 ±0.58 -

1 0 0 9.5 ±0.00 9.33 ±0.58 -

50 - 8.67 ±0.58) -

25 - 7.00 ±0.00 -

M .kummel 2 0 0 10.33 ± 0.58 9.00 ± 0.00 11.12 ± 1.04

1 0 0 9.5 ±0.50 8 .0 0  ± 0 .0 0 9.5 ±0.50

50 - - 7.83 ±0.29

25 - - -

A. lahai 2 0 0 11.33 ±0.29 1 1 .0 0  ± 1 .0 0 1 1 .0 0  ± 0 .0 0

100 9.12 ± 1.04 9.83 ±0.29 8.83 ±0.29

50 - - -

25 - * -

C. decapetala 2 0 0 - 9.83 ±0.77 9.00 ±0.00

1 0 0 - 8 .0 0  ± 0 .0 0 7.00 ±0.00

50 - - -

25 - - -

Gentamicin(40 pg /ml) - 15.67 ± 1.04 15.67 ± 1.04 15.67 ± 1.04

DMSO & Water ” • • “

4.2.3. Antimicrobial activity of the crude extracts on P. aeruginosa

Antibacterial activity of aqueous, methanol and acetone extracts of the four plants against P.
\

aeruginosa were as shown in Table 9. Among the extracts of C. decapetala, only methanol 

extract showed antibacterial activity against this bacterial strain. L. calostachys exhibit more
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activity among the sampled plants since all its extracts inhibit the growth of P. aeruginosa. 

Methanol extracts of both M. kummel and A. lahai did not inhibit the growth of P. aeruginosa 

while M. kummel acetone extracts had the highest growth inhibition (12.86 mm). P. aeruginosa 

was more sensitive to acetone extracts as compared to methanol and aqueous extracts of the 

selected medicinal plants. At P <0.05, the various extracts of the four plants had growth 

inhibition of P. aeruginosa which was significantly different from each other. Moreover, all the 

extracts had growth inhibitions of P .aeruginosa which were significantly different from that 

positive control (Gentamicin).

Table 9: Growth inhibition of the crude extracts on P. aeruginosa

plant

Mean, zone of inhibition (mm) ± S.D of three replicates

concentration(mg/ml) methanol acetone water
L. calostachys 2 0 0 1 1 .0 0  ± 0 .0 0 12.83 ±0.29 9.00 ±0.00

1 0 0 1 0 .0 0  ± 0 .0 0 11.67 ±0.58 7.67 ±0.58
50 9.33 ±0.58 9.30 ±0.58 -

25 8.50 ±0.50 8.12 ±0.29 -

M .kummel 2 0 0 - 12.86 ±0.29 12.18 ±0.29
1 0 0 - 1 2 .0 0  ± 0 .0 0 1 1 .0 0  ± 1 .0 0

50 - 8.67 ±0.58 8 .0 0  ± 0 .0 0

25 - 7.67 ±0.58 -

A. lahai 2 0 0 - 10.33 ±0.58 9.67 ±0.58
1 0 0 - 9.17 ±0.29 8.33 ±0.58
50 - 8.12 ±0.29 7.00 ± 0.00
25 - 7.33 ±0.58 -

C. clecapetala 2 0 0 9.83 ± 0.29 - -

1 0 0 9.00 ± 0.00 - -

50 8.12 ±0.29 - -

25 7.33 ±0.58 - -

Gentamicin (40 pg/ml) - 15.12 ±0.63 15.12 ± 0.63 15.12 ±0.63
DMSO & Water - - - “
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All the extracts of the selected ethno medicinal plants were not active against E. coli .The 

Significance level corresponding to plants and solvent was found to be 0.000 and 1 respectively 

at P<0.05. This showed that growth inhibition of E. coli by the various extracts of the four plants 

was significantly different but there was no significant difference in growth inhibition by the 

various extracts of the same plant. Significance levels of the comparison of all the plants with the 

positive control at 200, 100, 50 and 25 ug/ml proved that all the extracts had growth inhibitions 

of E. coli which were significantly different from that of positive control.

Table 10: Growth inhibition of the crude extracts on E. coli

4.2.4. Antimicrobial activity of the crude extracts on E. coli

Mean, zone of inhibition (mm) ± S.D of three replicates

plant concentration(mg/ml) methanol acetone water
L. calostachy 200 - -

100 - -
50 - -

25 - -

M .kummel 200 - -

100 - -

50 - -

25 - -

A. lahai 200 - -

100 - -

50 - - -

25 - - -

C. decapetala 200 - - -

100 - - -

50 - - -

25 - - -

Gentamicin (40 p g/ml) - 14.67 ±0.29 14.67 ±0.29 14.67 ±0.29
DMSO & Water
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Table 11 illustrated that all the extracts of M. kummel and A. lahai, methanol and methanol 

extracts of C. decapetala exhibited antifungal activity against C. albicans. However, acetone 

extract of A. lahai reveal the highest antifungal activity with inhibition zone value equal to 13.17 

mm. Acetone, methanol and aqueous extracts of L. calostachys showed no inhibition on C. 

albicans. It was evident that growth inhibition of C. albicans by the various extracts from the 

four plants was significantly different from each other (P<0.05), while the comparison of growth 

inhibition by all the plants with the positive control at 200, 100, 50 and 25 mg/ml proved that all 

the extracts had growth inhibitions of C. albicans which were significantly different from that 

Ampotericin B used as a positive control.

Table 11: Growth inhibition of the crude extracts on Candida albicans

4.2.5. Antimicrobial activity of the crude extracts on Candida albcans

Mean, zone of inhibition (mm) ± S.D of three replicates

plant concentration(mg/ml) methanol acetone water
L. calostachys 200 - - -

100 - - -

50 - - -

25 - - -

M .kummel 200 11.00 ±0.00 11.00 ±0.00 11.67 ±0.58
100 8.67 ± 1.15 9.00 ± 0.00 9.33 ±1.15
50 - 7.33 ±0.58 7.83 ± 0.29
25 - - -

A. lahai 200 12.670 ±.58 13.17 ± 0.29 10.00 ±0.00
100 10.00 ±0.00 12.00 ±0.00 8.33 ±0.58
50 - 7.17 ±0.29 -

25 - - -

C. decapetala 200 8.83 ±0.29 - 8.83 ±0.29
100 8.00 ±0.00 - 7.67 ±0.57
50 - - -

25 - - -

mpotoricin B(30p g/ml) - 15.83 ±0.76 15.83 ±0.76 15.83 ±0.76
DMSO & Water - -
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Figure 6: A representative Photo of antimicrobial assay showing inhibition zone diameter

KEY:

A- Petri dish with growth media 

B- Filter paper disk
A

C- Inhibition zone
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4.3. Minimum inhibitory concentration (MIC) of plant extracts against the test 

microorganism.

Results of minimum inhibitory concentration (MIC) of plant extracts against the test 

microorganisms were as shown in table 12. MIC values significally varied with plant samples 

from 90 mg/ml to 20 mg/ml. Leucas calostachys plant recorded more number (3) of least MIC 

values of 20 mg/ml as compared to the rest of the sampled plants as seen in MRSA and P. 

aeruginosa (Table 12). The MIC values of the test extracts also varied against different test 

pathogens. The results obtained from these assay revealed that P. aeruginosa was the most 

sensitive bacteria at lower concentrations with highest number of MIC values of 20 mg/ml. 

Table 12: Minimum inhibitory concentration (MIC) in mg/ml

Plant Solvent B .cereus MRSA P.
aeruginosa

E. coli C. albicans

Leucas
calostachys

Methanol - 60 20 - -

Acetone - 20 20 - -
water - - 90 - -

Mimusops
kummel

Methanol 40 70 - - 70
Acetone 40 70 20 - 40
Water 40 40 40 - 30

Acacia
lahai

Methanol 30 60 - - 70
Acetone 40 60 20 - 40

water 40 60 40 - 70

Caesalpinia
decapetala

Methanol 80 - 20 - 80
Acetone 50 80 - - -

water 70 90 - - 80

36



Lethal concentration (LD50) of the crude plant extracts were estimated using fmney computer 

program. The results are summarised in the Table 13. Based on Nguta et al., 2011 evaluation of 

toxicity, where LD50 ranging between 0-500 pg/ml implied high toxicity, LD50 between 500- 

1000 pg/ml implied moderate toxicity and LD50 over 1000 pg/ml implied non toxic nature of the 

extract, all the crude plant extracts were found to be non-toxic. Methanol extract of Leucas 

calostachys had the least toxicity while its acetone extract had the most toxicity with LC50 of 

9941 pg/ml and 1 lOOpg/ml respectively among the studied extracts (Table 13).

Tabic 13: Brine-shrimp lethality

4.4. Toxicity of the crude plant extracts on brine shrimp larvae

Plant
species

Solvent
A v era g e  m o rta lity

LD 501,000

pg/ml

100 pg/ml 10 pg/ml 0 pg/ml

/

Leucas

calostachys

Water 3.33 1.67 0 .0 0 0 .0 0 0

Methanol 2.67 1.67 0.33 0 .0 0 9941

Acetone 2.33 1.33 0 .0 0 0 .0 0 1 1 0 0

Mi mu sops 

kummel

Water 5.67 3.65 2 .0 0 0 .0 0 0

Methanol 3.33 1.67 0.67 0 .0 0 7130

Acetone 3.67 3.0 1.33 0 .0 0 5154

Acacia

lahai

Water 3.67 1.33 0.67 0 .0 0 0

Methanol 1.67 1.33 0 .0 0 0 .0 0 4741

Acetone 1.33 0.33 0 .0 0 0 .0 0 2005

Caesalpinia

(lecapetala

Water 3.33 2.33 0.33 0 .0 0 0

Methanol 2.67 1.67 0.67 0 .0 0 2559

Acetone 3.33 1.67 1.33 0 .0 0 2343
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The plants extracts showed a positive test for the presence of alkaloids. Saponins were present in 

all the extracts screened except aqueous extracts of L. calostachys, acetone and aqueous extracts 

M. kummel. Flavonoids were present in all organic extracts screened and aqueous extracts of C. 

decapetala only. Sesquiterpenes lactones were found to show a positive test in organic extracts 

of L  calostachys and M. kummel (Table 14).

Tabic 14: Phytochemical constituents of the crude plant extracts.

4.5. Phytochemical constituents of the crude plant extracts.

Plant species Solvent Flavonoids Alkaloids Saponins Sesquiterpene

lactones

Leucas calostachys Methanol + + + +

Acetone + + + +

water
-

+
— —

caesalpinia decapetala Methanol + + +
—

Acetone + +
—

water + + +
—

Mimusops kummel Methanol + + + +

Acetone + + — +

water
-

+ — -

Acacia lahai Methanol + + +
—

Acetone + + +
—

water - + + -
Key: + = present - = absent
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CHAPTER FIVE

5.0. DISCUSSION, CONLUSION AND RECOMMENTATION

5.1. Discussion

In the present study, in vitro antimicrobial activity of the four selected medicinal plants were 

evaluated against two gram positive bacteria (MRSA, B. cereus), two gram negative bacteria (E. 

coli, P. aeruginosas) and a fungus (C. albicans). Results of the study revealed that the tested 

plant extracts possess potential antimicrobial activity against most tested microorganisms. The 

tested plant extracts were more active against gram positive bacteria compared to gram negative. 

The higher sensitivity of Gram-positive bacteria (B. cereus and MRSA) could be due to 

possession of an outer peptidoglycan layer which is an ineffective permeability barrier while the 

Gram-negative bacteria have an outer phospholipid membrane carrying the structural 

lipopolysaccharide component (Korir et al., 2012). The most sensitive bacterium was Bacillus 

cereus which was inhibited by the crude extracts of all the plants except those of Leucas 

calostachys. In contrast, E. coli was not sensitive to any of the tested plant extracts.

Traditional practitioners mostly utilized water as the main solvent for active metabolites from 

medicinal plants, but based on the results of this study, acetone extracts of almost all sampled 

plants showed the highest degree of antimicrobial activity followed by methanol then water 

extracts. Similar findings of water extracts having the least antimicrobial activity as compared to 

organic extracts had also been reported earlier (Allero and Afolayan, 2006). This may be due to 

better solubility of the active components in an organic solvent (de Boer et al., 2005) hence 

acetone stands as the most effective solvent for extraction of antimicrobial metabolites from the 

four selected medicinal plants. The ;better efficacy of acetone was further clearly supported by
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MIC results in the study. Nevertheless, water acts as a better solvent for extraction of 

antimicrobial agents from M. kummel.

All the plant extracts tested showed significant antibacterial activity against most bacteria 

employed on this study, whereas Candida albicans was not sensitive to extracts of L. calostachys 

but high and broad spectrum antifungal activity was revealed by extracts of M kummel, A. lahai 

and C. decapetala. Investigation of this study revealed that the sampled plants differ in their 

activities against the tested human pathogens. Results obtained clearly indicated that antibacterial 

and antifungal activity varied with the species of the plant and the solvents used for extraction. In 

addition, all the extracts exhibited concentration dependent activity at tested concentrations; 

higher activity was observed at high concentration (200 mg/ml).

Acacia lahai extracts showed significant antimicrobial activity against the tested pathogenic 

organisms except E. coli. Methanol extract of A. lahai exhibited the strongest inhibitory activity 

against B. cereus (15 mm) than any other extract tested on this study. This is in agreement with 

previous findings on methanol extracts of Acacia nilotica (Mahesh and Satish, 2008). Methanol 

extracts of A. lahai had a MIC value of 30 mg/ml on B. cereus which was almost similar to 

findings on A. nilotica (40 mg/ml) as documented by Banso, 2009. At lower concentrations, A. 

lahai extracts was more active against P. aeruginosa as shown by the least MIC value of 20 

mg/ml when compared to other test microbes. Moreover, the extracts of A. lahai demonstrated 

the most potent antifungal activity against C. albicans in this study with acetone extract 

recording the highest zone of inhibition (13.17 mm). Antibacterial and antifungal results of A. 

lahai demonstrated a broad spectrum of activity as compared to other sampled plants in the 

study. Therefore, these strongly support the traditional utilization of the plant in Sotik Sub
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county in treatment of gastrointestinal problems and pneumonia among many other microbial 

diseases.

Traditional uses of M. kummel as a laxative and galactagogue (Lemmens, 2005), anthelmintic 

(Kone et al., 2011) and other beneficial pharmacological properties of the genus Mimusops such 

as anti-microbial properties (Ali, 2008) was previously reported. In the present study, the crude 

extracts of M. kummel showed inhibitory activity against the entire tested microorganisms except 

E. coli. A higher zone of inhibition against P. aeruginosa by acetone extracts was recorded 

(12.86 mm) as demonstrated by Table 9 with a MIC value of 20 mg/ml. Aqueous extracts from 

M kummel showed a better degree of zone of inhibition against the tested microbial strains as 

compared to aqueous extracts of other sampled plants. These showed that the plant could possess 

more polar secondary metabolites compared to other test plants. M. kummel demonstrated equal 

potential in antibacterial and antifungal properties as supported by the close range of inhibitory 

activity values.

Among all the tested plants, L. calostachys extracts were found to have moderate antibacterial 

activity and was only active against MRSA and P. aeruginosa only. Aqueous extracts of L. 

calostachys had no inhibitory effect on MRSA. The highest inhibitory activity was noted on its 

acetone extracts against P. aeruginosa. No inhibition was exhibited by all the extracts of L. 

calostachys on B. cereus, E. coli as well as C. albicans. Sensitivity of L. calostachys to MRSA 

was in line with activity of some other species of the same genus such as L. zeylanica which was 

found to exhibit potent inhibitory activity against Staphylococcus aureus (Valsara et al., 1997). 

Antibacterial and antifungal activity of L. calostachys was reported for the first time in this 

study but the plant has been documented for treatment of antimicrobial diseases such as Wounds, 

dry cough, heartburns, cough, kidney problems, pneumonia, stomach-ache (Jeruto et al., 2008).
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fresh leafs had been used to treat chest pain and stomach spasms (Iwu, 1993) and its juice and 

aqueous extracts in treatment of malaria (Muregi et al., 2004).

Caelsalpinia decapetala extracts showed the least antibacterial and antifungal inhibitory activity 

among the plants used on this study with inhibition zone ranging from 8.8 mm-10.8 mm. Active 

secondary metabolites on this plant may be present in insufficient quantities in the crude extracts 

to show a remarkable activity with the dose levels employed. Acetone extracts of C. decapetala 

possessed better antimicrobial activity in contrast to aqueous and methanol extracts. Fruit 

extracts from C. decapetala have shown inhibitory effect against C. albicans (Kumar et al., 

2006) which was further supported by its methanol root extracts on the present study. Only 

methanol extracts of C. decapetala were active against P. aeruginosa and C. albicans while 

acetone and aqueous extracts showed no inhibition. B. cereus was the most susceptible organism 

to the extracts of C. decapetala as higher zones of inhibition was exhibited than on the rest of the 

microbes employed in the study. Another study has showed that flavonoids isolated from this 

plant had antioxidant activity (Xiao et al., 2013).

When the selected crude plant extracts were tested for brine shrimp toxicity they were virtually 

non-toxic on Artemia larvae. Moreover, no mortality was found in the control groups used in the 

study. From the results, methanol extracts of L. calostachys was found to be the least toxic with 

IC50 of 9941 pg/ml while its acetone extracts exhibited the highest LC50 value of 1 1 0 0  pg/ml. 

Similarly, all the other extracts exhibited very low toxicity, giving LC50 values greater than 1 0 0 0  

pg/ml. Although all the extracts were non-toxic to Artemia larvae, differences in LC50 values 

were observed in brine shrimp bioassay. These could be attributed to phylogenetic origins of the 

tested species which possess varying phytoconstituents. The non toxic effect of L. calostachys 

extracts compares to that of other Leucas species as a study using this model showed that, the
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hydroalcoholic extract of leucas aspera whole plant exhibited cytotoxicity with LC50 of 1,900 

pg/ml (krishnaraju et al., 2005). Nguta et al 2011 report on toxicity of acacia seyal (LC50 =5915 

pg/ml) was in a close range with that of A. lahai (4741 pg/ml) (Table 8). The brine shrimps 

toxicity of these selected plants was reported for the first time in this study.

It is worth noting that the impressive activity of most extracts against bacteria and Candida 

albicans and the exhibited non-toxicity effect on brine shrimps on this study, support inherent 

selectivity of the plant extracts for treatment of bacterial and fungal infections. Notable, the 

aqueous extracts, which in most cases are the ones used by traditional practitioners were also 

non-toxic on brine shrimps. The non-toxic effect of the screened plant extracts on Artemia salina 

indicates that the concentration of phytochemicals at the employed doses were safe hence 

justifying continued use of these plants on traditional medication. McLaughlin et al., 1998 

outlined that a plant with less toxicity and equally good concentration of these active 

phytochemicals makes it a good plant for use in traditional medicine.

Phytochemical screening of bioactive constituents showed that methanol extracts had more 

secondary metabolites, followed by acetone and water lastly. Variably distribution of 

phytochemicals resulted due to difference in volatility of the solvent used during extraction and 

plant species major constituents present. Flavonoids and alkaloids were present in all the tested 

organic crude extracts but flavonoids were absent in aqueous extracts. The higher number of 

phytochemicals in organic extracts on this study probably explained their comparatively better 

antimicrobial potential in comparison to aqueous extracts.

Phytochemical Screening of extracts of A. lahai revealed the presences of flavonoids in methanol 

and acetone extracts, alkaloids and saponins in methanol, acetone and aqueous extracts. 

Alkaloids and saponins phytoconstituents had earlier been documented in stem bark of Acacia
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plants (Banso, 2009). Negative results were recorded for sesquertepene lactones in aqueous 

extracts of all plants and organic extracts of A. lahai and C. decapetala confirming the absence 

of this secondary metabolite. A. lahai aqueous extracts showed a negative test for flavonoids. 

Similar results for the absence of flavonoids in aqueous extracts of A .lahai had been recorded by 

other plants of genus Acacia for example A .nilotica (Banso, 2009).

Although Caelsalpinia decapetala had low antimicrobial activity, it was found to be richer in 

secondary metabolites such as flavonoids, alkaloids and saponins in all the extracts. Contrarily 

sesquiterpene lactones were not detected in any of the three extracts of C. decapetala. Presence 

of flavonoids in all the tested extracts agrees with previous chemical investigations on C. 

decapetala that had revealed that the main chemical components are flavonoids (Li et al., 2004, 

Li et al., 2002, Xiao et al.} 2013, Zhang et al., 2008,). Zhang et al., 2008 had reported presence 

of flavonoids on stem extracts of C. decapetala and alkaloids in leaves (Jiang et al., 2001) which 

are in line with the results of the present study.

Phytochemical analyses of M. kummel revealed the presence of saponins, flavonoids, alkaloids 

and sesquiterpenes lactones in methanol extracts while saponins was absent in acetone extracts. 

Positive test of Saponins is consistent with the existing phytochemical knowledge ((Nigam et al., 

1992; Sahu et al., 1995, Lavaud et al., 1996; Sahu, 1996). Aqueous extracts revealed presence of 

alkaloids only and this might be due to less solubility of other active constituents in aqueous 

solutions. Nevertheless, aqueous extracts of M. kummel exhibited the highest antimicrobial 

activity as compared to aqueous extracts of other plants on this study. Misra et al, 1968 reported 

the presence of alkaloids and flavonoids on Mimusops which is in agreement with findings of the 

current study.
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Leucas calostachys leaf extracts demonstrated availability of saponins, alkaloids, flavonoids and 

scquiterpene lactones in the organic extracts. However aqueous extracts shows the presences of 

alkaloids only. Jeruto et al., 2008 had also reported similar phytochemical metabolites in Leucas 

calostachys. The presence of more secondary metabolism in L. calostachys strengthens its 

traditional usage to cure an array of antimicrobial infections like pneumonia and stomach-ache 

among others.

Sodipo et al., 1991 have reported antifungal activity of saponins, but although saponins were 

present in methanol and acetone extracts of L. calostachys and acetone extract of C. decapetala 

they did not elicit antifungal activity against C. albicans. The contrary results could be attributed 

to the tested concentration of the extracts which may have been very little to exert a measurable 

inhibitory activity against C. albicans.

5.2. Conclusion

Bioactivity of methanol, acetone and aqueous extracts of Leucas calostachys, Mimusops hummel, 

Acacia lahai and Caesalpinia decapetala on bacterial and fungal strains was remarkable but 

none of them exhibited antimicrobial activity similar to positive controls. Lower activity of crude 

extracts as compared to positive controls could be due to presences of antimicrobial metabolites 

in lower concentration. Generally, alkaloids, saponins and flavonoids tested were present in all 

the four plant species while sesquiterpene lactones tested positive in L. calostachys and M. 

kummel. It is also evident from the study that none of the evaluated crude extracts was toxic to 

Artemia Salina, ascertaining value to the selected medicinal plants for continued use in ethno 

medicine. Among the studied plant extracts, methanol extracts of A. lahai had an overriding 

efficacy over other plant extracts. :From this study A. lahai is a better source of antimicrobial 

agents hence can be of interest in the development of new chemotherapeutic drugs. This study
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reports for the first time antimicrobial activity and toxicity of Leucas calostachys, Mimusops 

kummel, Acacia lahai and Caesalpinia decapetala.

5.3. Recommendation

This study evaluated some antimicrobial activity, phytochemical composition and acute toxicity 

of crude plant extracts hence it is worth recommending isolation, purification and structure 

elucidations. Antimicrobial investigations of isolated metabolites and further evaluation for in 

vivo toxicity can be carried out from the most active crude extract. Nature has demonstrated to be 

a good source of lead compounds for treatment of microbial infections but only a small 

proportion of lead compounds have been extracted from plants and evaluated against pathogens 

of medicinal importance. The current study recommends further evaluation of antimicrobial 

activity and safety of isolated compounds from those crude extracts found to be active in an 

attempt to search for optimized lead compounds with antimicrobial activity.
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APPENDICE

Toxicity of the test extracts on Brine shrimp

Leucas calostachys
solvent concentration mortality

Trial 1 Trial 2 Trial 3 Average
Water 1000 3 4 3 3.33

100 3 2 0 1.67
10 0 0 0 0.00
0 0 0 0 0.00

Methanol
1000 2 3 3 2.67
100 2 0 3 1.67
10 0 0 1 0.33
0 0 0 0 0.00

Acetone 1000 3 2 2 2.33
100 0 1 3 1.33
10 0 0 0 0.00
0 0 0 0 0.00

Mimusops kummel

Water
1000 7 4 6 5.67
100 4 3 4 3.67
10 3 1 2 2.00
0 0 0 0 0.00

Methanol
1000 4 2 4 3.33
100 2 2 1 1.67
10 0 1 1 0.67
0 0 0 0 0.00

Acetone 1000 3 4 4 3.67
100 2 • 4 3 3.00
10 2 1 1 1.33
0 0 0 0 0.00

Acacia lahai

Water
1000 5 3 3 3.67
100 1 2 1 1.33
10 0 2 0 0.67
0 0 0 0 0.00

Methanol
1000 2 2 1 1.67
100 1 2 1 1.33
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10 0 0 0 0.00
0 0 0 0 0.00

Acetone 1000 1 1 2 1.33
100 0 1 0 0.33
10 0 0 0 0.00
0 0 0 0 0.00

Caesalpinia 5-a

Water
1000 4 2 4 3.33
100 2 2 3 2.33
10 0 1 0 0.33
0 0 0 0 0.00

Methanol
1000 3 3 2 2.67
100 2 1 2 1.67
10 2 0 0 0.67
0 0 0 0 0.00

Acetone 1000 3 5 2 3.33
100 2 2 1 1.67
10 2 0 2 1.33
0 0 0 0 0.00
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