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ABSTRACT 

Respiratory diseases are a major cause of mortality in developing countries. Poor access to 

healthcare in rural areas makes many people in such communities to rely on traditional medicine. 

The current study was designed to address the following objectives: identify medicinal plants used to 

manage respiratory diseases in Kisumu East Sub-County, analyze the phytochemical composition of 

the plant extracts, establish the in- vitro antimicrobial activity of the crude extracts and evaluate in-

vitro cytotoxicity of crude plants extracts against Artemia salina Leach (Artemiidae) larvae. An 

ethnobotanical survey was conducted in Kisumu East Sub -County. Semi- structured questionnaires 

were used to collect information from 30 Traditional Medicine Practitioners (TMPs). 

Sociodemographic characteristics of informants, local names of plants used, habit, active parts, 

indications, method of preparation, routes of administration, scientific identity and conservation 

status were recorded. A literature search was conducted via PubMed, Google Scholar, and Research 

Gate to identify reported activities of the plants. Three plants parts namely, the root of Acanthus 

polystachius Delile (Acanthaceae), the root bark of Keetia gueinzii (Sond.) Bridson (Rubiaceae) and 

the root tuber of Rhynchosia elegans A. Rich. (Leguminosae) were collected using standard 

methodologies. The parts were extracted using double distilled water, 100% acetone, and 100% 

methanol. The aqueous, acetonic and methanolic crude extracts were subjected to secondary 

phytochemical screening; antimicrobial activity against Staphylococcus aureus (S. aureus), Bacillus 

cereus (B. cereus), Escherichia coli (E. coli), and Candida albicans (C. albicans); and cytotoxic 

potential using the brine shrimp lethality assay. Standard methods were adopted for efficacy, safety 

evaluation and for identification of secondary metabolites in the test crude extracts. Majority of the 

TMPs were female and comprised of 26 practitioners (86.7%). From the survey, 45 plant species, 

belonging to 43 genera and 28 families were identified. Leguminosae and Rutaceae were the most 

dominant plant families. Leaves were mentioned by 19 respondents (32.8%), hence were the most 

commonly used, while trees were mentioned by 20 respondents (44.4%) and comprised the 

commonest habitat. A literature search established that at least 43/45 plant species had reported 

pharmacological activities. Qualitative phytochemical analysis of aqueous extracts of Keetia gueinzii 

showed presence of flavonoids, glycosides, phenols, saponins and tannins. Aqueous extracts of 

Acanthus polystachius contained saponins, phenols and tannins. Results from the antimicrobial 

evaluation showed the extracts had varying degrees of activity against the tested microorganisms.  

Aqueous and acetonic root bark extracts of Keetia gueinzii had the lowest Minimum Inhibitory 

Concentration (MIC) of 12.5 mg/ml against Staphylococcus aureus. The methanolic extract of Keetia 

gueinzii had the lowest MIC value of 100 mg/ml against Candida albicans.  Brine lethality results 

showed that aqueous, acetonic and methanolic extracts of Rhynchosia elegans A. Rich. were toxic 

with LC50 values of 422.09 µg/ml, 175.77 µg/ml and 168.76 µg/ml respectively. Acetonic and 

methanolic extracts of Acanthus polystachius were also toxic with a LC50 value of 195.17 µg/ml and 

174.26 µg/ml respectively. All extracts of Keetia gueinzii were non- toxic. This serves as the first 

report on the phytochemical composition, antimicrobial and cytotoxic activity of Acanthus 

polystachius, Keetia gueinzii and Rhynchosia elegans. With the exception of the root barks of Keetia 

gueinzii, the use of all other plants tested are limited by safety concerns. In their current crude form, 

these plants are not recommended for the management of microbial infections. However, the root 

bark of Keetia gueinzii warrants further research.  

Keywords: Respiratory infections, phytochemical, antimicrobial, cytotoxicity. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background information 

Respiratory diseases comprise various conditions affecting the bronchi, lungs and nasal passages. 

These illnesses can be classified as upper and lower respiratory tract infections. They can be 

further grouped as acute or chronic respiratory infections. Acute infections include pneumonia 

and bronchitis while chronic infections include chronic obstructive disease and asthma. 

Respiratory infections are a health concern globally (Wang et al., 2016). In the year 2016, about 

six million people died due to Lower Respiratory Tract Infections (LRTI) and Chronic obstructive 

pulmonary disease (COPD) with lung cancer; trachea and bronchus cancer claiming 1.7 million 

lives (World Health Organization, 2018). 

The burden of communicable diseases is high in Sub Saharan Africa (Murray et al., 2012). Lower 

Respiratory Tract Infections (LRTI), diarrheal diseases and Acquired Immunodeficiency 

Syndrome (AIDS) contribute a considerable percentage of mortality for all ages (World Health 

Organization, 2018). The Kenya Human Resource for Health (HRH) strategy 2014- 2018 

highlights skin diseases, respiratory diseases, accidents, malaria and diarrhea among the top five 

causes of outpatient morbidity accounting for about 70 percent of reported deaths. According to 

World Health Organization (WHO) Kenya Country Profile 2014, chronic respiratory diseases and 

cancer are among the main causes of premature mortality.  

It is therefore important to find preventive and curative measures including drug alternatives to 

mitigate this continued mortality due to respiratory diseases despite presence of a wide range of 

commercially available remedies. In Sub Saharan Africa, there is an increase in consumption of 
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antimicrobials despite little knowledge on resistance patterns of common pathogenic bacteria 

(Ayukekbong et al.,  2017). 

There is an increase in use of medicinal plants in management of various illnesses worldwide 

(Ruhsam and Hollingsworth, 2018). In countries such as China, Germany and France, extracts of 

plants are being used as prescription drugs (Ji et al., 2017). In Kenya, communities especially 

from the poor rural areas rely on traditional herbal medicine (Kigen et al., 2013). This is attributed 

to proximity of herbal practitioners, affordability and cultural preference. With continued failure 

of conventional drugs in management of diseases including asthma, cancer, diabetes and malaria, 

considerable interest should be given to herbal medicine as a possible alternative. This study 

aimed at investigating ethnopharmacological utilization, validation of anecdotal efficacy and 

evaluation of the safety profile of medicinal plants used in management of respiratory tract 

infections in Kisumu East Sub- County. Communities in this locality use locally available 

medicinal plants, such as Ajuga remota Wall ex. Benth. (Lamiaceae) against many illnesses. The 

community has a wealth of ethnopharmacological knowledge, which can be scientifically 

exploited in a collaborative manner, in search of novel ligands against respiratory tract illnesses. 

This will ultimately address Sustainable Development Goal (SDG) number 3, which aims at 

global alleviation of illnesses, while addressing easy accessibility to affordable medicines to all 

Kenyan citizens, as envisaged in the “big four agenda”. 

 

1.2. Problem statement 

Respiratory diseases are a leading cause of death and disability globally. Premature mortality 

from chronic respiratory diseases is high in poorly resourced health systems (Collaborators, 
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2020). Acute respiratory infection including pneumonia constitutes a substantial disease burden in 

older adults > 65 years (Shi, et al., 2020). Tuberculosis is still considered as an emerging 

infectious disease (Nguta et al., 2015). In the year 2018, Kenya recorded between 11000- 30000 

deaths attributed to tuberculosis infection. (WHO, 2019). Kisumu county has been reported to 

have a high level of multi-drug resistant tuberculosis. (Odongo et al., 2017). This continued 

morbidity and mortality attributed to respiratory diseases warrants investigation to find possible 

remedies.  

1.3. Justification 

During the year 2011, acute upper respiratory infections were a major cause of inpatient morbidity 

for children aged 5 years and below. According to the Kenya National Bureau of Statistics 

(KNBS) economic survey (2013), tuberculosis and pneumonia were responsible for 13.7 percent 

of total deaths in that year compared to AIDS which was 5.39 percent in Nyanza region. The 

KNBS economic survey (2020) reported that in the year 2019, respiratory system disease was the 

leading cause of morbidity in Kenya accounting for 25% of all disease incidence. It further 

reported that pneumonia incidence for the period 2015- 2019 stood at 2.58%. Pneumonia was 

reported to be the leading cause children under- five admissions to health facilities with 21,383 

(18.7%) cases for the period 2017- 2019. These reports indicate the need to find drug alternatives.  

Herbal medicines are increasingly being used in developed and developing countries and 

alternatives to the conventional methods of management should be studied further (McKay and 

Blumberg, 2006). In Sub Saharan Africa, herbal remedies play a key role in the health care system 

and it’s of great benefit that their contribution in treatment of disease be studied (Omoruyi et al.,  

2012). This serve as a good entry point and a great wealth of knowledge could be attained. 
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1.4. Objectives 

1.4.1. Broad objective 

To document and evaluate pharmacological and toxicological profile of medicinal plants used to 

manage respiratory diseases in Kisumu East Sub- County. 

1.4.2. Specific objectives 

1. To identify and document medicinal plants used to manage respiratory diseases in Kisumu 

East Sub-County. 

2. To analyze the phytochemical composition of the plant extracts. 

3. To establish the in- vitro antimicrobial activity of the crude extracts. 

4. To evaluate in-vitro cytotoxicity of crude plants extracts against Artemia salina larvae.  

1.5. Hypothesis 

Crude plant extracts from some selected plants are rich in phytochemical constituents, possess 

significant in- vitro antimicrobial activity on test bacteria and are non-toxic to Artemia salina 

larvae.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1. Ethnobotany and ethnopharmacology 

In 1896, John Harshberger coined the term ethnobotany. Ethnobotany refers to study of plant use 

by man. It is a broad discipline as it encompasses medicinal plants and natural products including 

food, plants used for rituals, building materials for houses etc. It further includes aspects of 

biochemistry, pharmacognosy, toxicology, medicine and history. Over the years, there has been 

need to improve compilation of ethnobotanical data collection by incorporating suitable 

quantitative methods. These methods aid in describing the variables quantitatively leading to 

generation of quality information (Phillips, 1996). 

Ethnopharmacology is an interdisciplinary exploration of biologically active agents traditionally 

used by a particular community. It involves bioscientific study of indigenous drugs. 

Ethnopharmacology represent diverse intellectual traditions including botany, pharmacology and 

anthropology. Ethnopharmacology strives to bridge the gap between natural sciences and 

symbolic and cognitive aspects. People select plants based on their pharmacological properties 

and the symbolic power that they believe is in a plant. Some plants have been claimed to be used 

to expel evil, fend off spirits and as luck charms (Van Andel et al., 2013).  Factors that could 

contribute a plant to be considered magical include; an associated medicinal use; a perceived 

connection with ancestors; its habitat; growth form, shape, or color and sacred status (Van Andel 

et al.,  2013). The leaf of Aloe megalacantha Bark. (Aloaceae) and the seeds of Peganum harmala 

L. (Zygophyllaceae) has reportedly been used for evil eye (Ghorbani et al.,  2006;Teklayet al., 
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2013). The roots of Clerodendrum myricoides subsp. namibiense R. Fern. (Lamiaceae) has been 

reportedly used for evil spirits (Teklayet al., 2013).   

Ethnopharmacology strives to develop improved preparations that can be utilized by members of 

the local community. Determination of bioactive compounds from plants and evaluation of their 

pharmacological and toxicological profile helps in validation of their ethnomedicinal use.  

Various ethnobotanical studies have reported plants used for respiratory ailments. A study 

conducted in Lake Victoria region; Tanzania reported the use of Albizia versicolor Welw. Ex 

Oliv. (Fabaceae), Balanites aegyptiaca (L.) Delile (Zygophyllaceae), Cajanus cajan (L.) Druce 

(Fabaceae), Securidaca longipendunculata Fres (Polygalaceae). and Diospyros fischeri 

Gürke (Ebenaceae) in management of cough (Otieno et al., 2011). 

Decoction of stem bark of Olax scandens Roxb. (Olacaceae) has been reported to be used in 

treatment of cough (Duraipandiyan et al., 2006). The role of medicinal plants in management of 

respiratory illnesses should be fully exploited to enable derivation of new compounds to aid to 

address economic and health challenges associated with infectious and non-infectious illnesses. 

A study by Suliman et al., (2010) reported the use of Artemisia. Afra Jacq. (Asteraceae) and 

Zanthoxylum. capense Harv. (Rutaceae) in febrile conditions and treatment for colds. The fresh 

leaves of Artemisia. Afra Jacq. are inserted into the nostrils, inhaled or infused to treat upper and 

lower respiratory tract infections while a concoction of Artemisia. Afra Jacq. and Warburgia 

salutaris (G. Bertol.) Chiov. (Canellaceae) is used in management of acute bronchitis, coughs 

from colds or flu, fever. 



7 

 

2.2. Respiratory infections 

2.2.1. Prevalence and burden of respiratory infections 

Infectious diseases are a major cause of death in developing countries (Lozano et al., 2010). 

Global Burden of Disease Study 2017 ranked LRTIs 4th among the leading cause of early death in 

2017 (Arthur, 2014).  Respiratory diseases negatively impact individual’s productivity (Wang et 

al., 2016). Acute respiratory infections have contributed to economic loss with increase in 

utilization of healthcare resources and reduced productivity. This results in increase in out-of-

pocket cost negatively impacting an already poor population (Peasah et al., 2015). 

In Africa, respiratory tract infections are important causes of death. According to World Health 

Organization (WHO) estimates, infectious diseases account for 65% of all deaths (Bates et al., 

2013). In Sub-Saharan Africa, surveillance for influenza has been limited by poor public health 

infrastructure and others competing health priorities including tuberculosis and malaria (Katz et 

al., 2014). In Kenya, pneumonia is a public health problem responsible for 19-23% of deaths 

among children below the age of 5 years (Tornheim et al., 2007). A literature review of studies 

conducted in Kenya showed that hospitalizations of children with influenza was 2-3 times higher 

than in United States (Emukule et al.,  2015). It has been reported that the number of hospitalized 

influenza- associated Severe Acute Respiratory Infection (SARI) cases annually ranged 6,882-

7,836 for persons > 5years old with the number of non-hospitalized influenza-associated cases 

being higher than the hospitalized cases (Fuller et al., 2013).  In Western Kenya, a hospital-based 

surveillance identified 6.9% and 13.8% of inpatients and outpatient children aged 0-4 years 

respectively had influenza (McMorrow et al., 2015). 
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Studies have reported pneumonia as an important cause of childhood mortality and kills far more 

children than human immunodeficiency virus or malaria (Ferkol and Schraufnagel, 2014; Zar and 

Ferkol, 2014). 

A study conducted in Kenyatta National Hospital and Kibera South Hospital quantified the cost of 

screening and further evaluation of asthma in Kenya at $4.23 and $53 in public and private 

hospital respectively. The estimated cost for management of mild and severe asthma was $67.93 

and $146.74 respectively compared to $295.45 and $ 879.08 in private facilities. The cost for 

management of COPD was $372.45 and $1530.06 in public and private hospital respectively 

(Subramanian et al., 2018). This is similar to other studies conducted which showed a substantial 

cost in management of asthma. A study conducted in the USA reported that the economic cost of 

asthma in the year 2013 was $81.9 billion (Nurmagambetov et al.,  2018). 

With a substantial proportion of health care being provided by the private sector, it is imperative 

that there is need for review of National Hospital Insurance Fund (NHIF) to cater for all costs in 

private sector reducing patients’ out-of-pocket payments for health services (Chuma et al., 2012). 

Factoring the burden of infectious diseases worldwide, the ever-changing disease patterns and 

emergence of resistance to various drug molecules, demand has increased for new antimicrobial 

agents (Kariuki et al., 2012). In view of this, there should be increased funding for basic research 

towards novel remedies against respiratory-related diseases, antimicrobial resistance and 

emerging infectious diseases. 
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2.2.2. Etiology 

Bacterial, mycobacterial, fungal and viral pathogens are known causative agents of respiratory 

tract infections. Etiological agents responsible for Acute Lower Respiratory Infection (ALRIs) 

include bacteria, viruses, and fungi. Human coronavirus, Respiratory syncytial virus (RSV), 

human rhinoviruses and human influenza viruses have been identified among patients with ALRI 

(Feng et al., 2014). 

A study in Dhaka city reported that in symptomatic cases of viral respiratory infections, the 

predominant virus detected were human rhinovirus, RSV and adenovirus accounting for 31.5%, 

31% and 7% respectively. Streptococcus pneumonia was the most frequently isolated bacterial 

pathogen (9%), followed by Klebsiella pneumoniae (5.5%) and Hemophilus influenzae (1.5%) 

(Bhuyan et al., 2017). 

In addition to the etiological agents, other factors including temperature and humidity have been 

shown to have an influence on respiratory disease (Jati and Ginandjar, 2017). Activities such as 

smoking and exposure to biomass smoke are considered important risk factor for COPD. This is 

of importance as the tendency among the young generation to engage in smoking will likely lead 

to increase in incidences of COPD (Richardson et al., 2014). 

The continuous advancement in vaccine development and vaccination against influenza and 

pneumococcus is a welcome relief and will likely prevent the substantial ARI cases for persons 

living in rural African setup (Feikin et al., 2012). 
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2.3. Traditional medicine and medicinal plants 

2.3.1. Introduction 

Ethnopharmacological knowledge serves as a systemic approach that can aid in discovery of new, 

safer and affordable medicines. Documentation of herbal medications in Kenya is insufficient 

(Nguta et al.,  2010). With continued infrastructural development, cultural lands and wild 

vegetation are being utilized and it is imperative to document plants of medicinal value for 

posterity (Meragiaw, 2016). In the past, natural products from plant biodiversity have been less 

intensively investigated (Nguta et al., 2016). Ethnobotanical studies have reported various plants 

used for managing respiratory ailments including; Rhoicissus tridentata subsp. cuneifolia (Eckl. & 

Zeyh.) (Vitaceae) (Nanyingi et al., 2008), Strychnos henningsii Gilg (Loganiaceae) (Kaingua et 

al., 2014), Metha longifolia L. (Lamiaceae) (Asadbeigi et al., 2014), Clematis brachiata Thunb. 

(Ranunculaceae) (York et al., 2011) among many others. The appeal for herbal medicine has been 

occassioned in some measure by the rising concern on the safety of convectional drugs (Scott et 

al., 2010). With health seeking behavior being a mix of different medical systems, it is prudent to 

incorporate traditional medicinal knowledge and conservation strategies to complement 

established healthcare systems. 

2.3.2. Plants as a source of medicine 

Plants are known to be sources of medicines and around 2000 new plants species are identified 

annually (Willis, 2017). These increase in demand and utilization of herbal drug and natural 

health products has led to rapid use of medicinal plants globally (Cole et al., 2007). The demand 

of plant species witnessed an increase of between 8% to 15 % yearly in Asia, North America and 
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Europe (Ross, 2007). In the United States, one hundred and eighteen of the top 150 prescription 

medicines are from natural sources (Chen et al., 2016). In India herbal industry, 95% of traditional 

medicinal plants used and more than a quarter of prescribed drugs in developed countries are 

sourced from the wild (Hamilton, 2004). 

Despite popularity in their use, there has been challenges associated with plants as a source of 

new drug molecules. The continuous modification in plant taxonomy has led to difficulty in 

identification of plants (David et al., 2015). In addition, the population of many medicinal plants 

found naturally have been facing pressure from environmental degradation, climate change, 

urbanization, deforestation, high population and uncontrolled harvesting from the wild (Lata et 

al., 2010). The estimated loss of plant species is as high as 1000 times the natural rate of 

extinction and there is a loss of one or more potential drug every 2 years (Chen et al., 2016). 

Twenty percent of wild sources of these plant species has been destroyed due to increased plant 

consumption and human population expansion. This loss of species and destruction of habitat 

risks extinction of medicinal plants in Tanzania and Uganda as reported by Zerabruk and Yirga 

(2012), in Kenya Hamilton (2008), in China and India Heywood and Iriondo (2003). 

Overexploitation and indiscriminate collection affect the population of species. However, this 

does not provide sufficient explanation to individual species susceptibility or resilience to harvest 

pressure. Some biological characters that correlate with risk of extinction include rate of growth, 

distribution, habitat, population, species diversity and reproductive system (Chen et al., 2016). 

2.3.3. Drug development from natural products 

Bioprospecting focuses on the development of pharmaceutical products based on the chemical, 

biological and diversity of the different ecosystems. It involves collection of biogenic samples 
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comprising of microorganisms and animals. These are then analyzed for biological and chemical 

activity. Entities showing promising activity are isolated and serve as drugs or template of new 

drugs. 

Most plants of medicinal value are endemic species and their properties are attributed to presence 

of secondary phytoconstituents. These metabolites respond to stimuli in natural environments 

which may not be replicated under culture conditions in controlled laboratory setting (Figueiredo 

and Grelle, 2009). Validation of their use has led to increase in use of phyto-therapeutic agents in 

disease management in the last decade (Younis et al., 2018). Naturally derived products including 

paclitaxel, podophyllotoxin, or vinblastine have proven to be active compounds and have been in 

use for a period of time. However, compounds from these natural sources accumulate over long 

periods of growth and therefore cannot meet market demands (Staniek et al., 2014). 

Knowledge of interaction of a drug candidate with target site is key in its optimization for 

pharmacological activity. However, challenges in determining the precise molecular mechanism 

of action of natural products exist (Corson and Crews, 2007). Once a natural product is found 

promising by exhibiting pharmacological activity, challenge of availability arises as large 

quantities are required for characterization of pharmacological activity (Atanasov et al., 2015). 

Currently, the pharmaceutical industry has shifted interest towards biological big molecules in 

favor of small molecule-based drug (Mander and Liu, 2010). However, there is a drawback of 

high costs for biologicals and this increases pressure on national health insurance systems. 

Stringent regulations pertaining patentability of natural products and seasonal variation of 
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chemical composition of plant material has further led to already present challenges of use of 

natural products in development of new drugs (Corson and Crews, 2007; David et al.,  2015). 

2.4. Phytochemical constituents, solvent extraction and compound isolation 

2.4.1. Phytochemical constituents and their reported biological activities 

Medicinal plants contain natural products which possess pharmacological activity in human body 

systems. These secondary metabolites include flavonoids, tannins, withanolides among many 

others. These metabolites defend plants against abiotic stresses, pathogenic microbes and a variety 

of herbivores (Mazid et al., 2011). Azadirachtin, present in Azadirachta indica A. Juss (Meliacea) 

is known to act as a defense mechanism against insects (Njoku et al., 2011). 

Phytochemical analysis of medicinal plants is of great importance in not only the pharma industry 

but other related industries. Analysis of phytoconstituents coupled with knowledge of disease-

causing microorganisms may offer new opportunities in management of disease (McGaw and 

Eloff, 2008). Presence of antioxidant bioactive molecules in plants is of interest among players in 

food industry and scientist in health sector (Olajuyigbe and Afolayan, 2011). Antioxidant activity 

is attributed to polyphenols present in plant materials which protects the body against reactive 

oxygen species (Burton et al., 1985; Oliveira et al., 2008; Gülçin et al., 2011;Sharma et al., 2012).  

Terpenoids and flavonoids are known to possess antioxidants, anti-inflammatory, antiviral, anti-

bacterial, and anticancer properties (Iloki-Assanga et al., 2015). Terpenoids have been reported to 

have antimicrobial properties (Scortichini and Rossi, 1991; Griffin et al., 1999; Singh and Singh, 

2003). Terpenoids inhibit larval attachment and metamorphosis of the barnacle Amphibalanus 
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Amphitrite Darwin (Balanidae) (Hirota et al., 1996). Iboga-type indole alkaloid coronaridine 

possess antileishmanial activity inhibiting promastigote and amastigotes (Delorenzi et al., 2001).  

Flavonoids possess antimicrobial properties and are produced in response to microbial infestation 

(Hossain et al., 2013). Their antimicrobial activity is due to a combination of complexion with 

extra-cellular, soluble proteins and bacterial cells (Maiyo et al., 2010). Withanolides present in 

roots of Withania somnifera subsp. obtusifolia (Tackh.) Abedin, Al- Yahya, Chaudhary & J.S. 

Mossa (Solanaceae) crude extracts have been reported to have a role in promoting memory and 

learning in animal models (Dhanani et al., 2017). 

Other secondary metabolites have been characterized including more than 8000 phenolic 

compounds. Phenolics exhibit various properties, such as vasodilatory effect, anti-inflammatory, 

anti-allergenic, anti-atherogenic, anti-microbial, cardio protective and anti-viral. Antioxidant 

activity is attributed to their redox properties, where they act as reducing agents. (Tan et al., 2013; 

Altemimi et al., 2017). Moreover, studies have shown that medicinal plants containing 

polyphenols have neuroprotective effects and may represent a potential source for drug 

development against Parkinson’s disease. (Ngoungoure et al., 2019). 

Saponins have been shown to exhibit tonic and stimulating activities (Edeoga et al., 2005). 

Saponins have been reportedly used in treatment of hypercholesterolemia, hyperglycemia, cancer 

and weight loss (Manjunatha, 2006). Further non-biological activity of saponins has been reported 

with relation to use of Carica papaya var. bady Aké Assi (Caricaceae) as a soap substitute (Njoku 

et al., 2011). Inhibitory effect on gram-positive organisms and anti-inflammatory effects of 

saponins have been reported (Estrada et al., 2000; Oyekunle et al., 2006).   
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Cardiac glycosides act on smooth muscle of the vascular system and indirectly influence electrical 

activities of the heart. They work by inhibiting Na+/K+-ATPase and are used for management of 

atrial arrhythmia and heart failure. This explains their rationale for use in the treatment of 

hypertension (Olaleye, 2007).They have also shown anticancer activity and consequently 

potential use in cancer therapy (Prassas and Diamandis, 2008). 

Alkaloids have been reported to interfere with cell division, possess analgesic, anti-asthmatic and 

anti-anaphylactic properties and are used as anesthetic agents (Stærk et al., 2002).. Alkaloid 

constituents in crude ethanolic extracts of bark of Galipea officinalis J. Hancock (Rutaceae) have 

been reported to possess antimycobacterial (Houghton et al., 1999).Alkaloid insecticidal activity 

has been reported against common fruit fly, Drosophila melanogaster Meigen (Drosophilidae) 

larvae  (Riaz et al., 2018). Cytotoxic activity of alkaloids has also been reported (Kim et al., 

2001). 

Tannins possess useful therapeutic benefits. They are known to exhibit antimicrobial activity, 

anticancer activity, antioxidant activity and radical scavenging activity (Ghosh, 2015). Tannins 

acts via deprivation of iron, formation of hydrogen bonds and interaction with vital proteins to 

exert antimicrobial activities (Njume et al., 2009)Tannins have protein-precipitating and 

vasoconstriction effect which has been found to be advantageous in preventing ulcer 

development. Herbs containing tannins are known astringents used in treatment of various 

intestinal disorders such as dysentery and diarrhea and persistent cough (Akinpelu and Onakoya, 

2006; Sultana et al., 2016). 
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2.4.2. Extraction, Fractionation, Isolation, Structure Elucidation and Characterization of 

bioactive natural product molecules 

Extraction is a crucial and essential step that aids in recovery and purification of active 

constituents found in plant materials. The extraction process aims to achieve high extraction yield, 

high quality and concentration of target compound (Tan et  al., 2013). Nature of extraction 

solvent, temperature, period of soaking and method of extraction has an influence on the 

extraction yield (Nyong et al., 2009; Azwanida, 2015).  Selection of suitable method of extraction 

is essential in upscaling from bench scale to pilot scale level. Commonly used extraction 

techniques that can be employed include infusion, maceration, hot continuous extraction and 

percolation (Dhanani et al., 2017). 

In practice, the method used in the preparation of bioactive ingredients is key in determining the 

phytochemical constituent extracted and their health benefit in treatment (Ngo et al.,  2017). For 

example, preparing a decoction using potable water might extract a group of anti-inflammatory 

steroids to treat arthritis, yet the same plant if extracted in alcohol could yield different 

antibacterial alkaloids. A study by Ngo et al, (2017) reported that 50% acetone was the best 

solvent for extraction of saponins, 100% acetone was best for extraction of proanthocyanidins and 

50% (v/v) methanol was best for extraction of total phenolic content. Additional factors having an 

influence on phytochemical composition include genetic factors, rainfall, the nature of the soil, 

humidity and temperature. 

Various attempts of isolation of the compounds have been carried out. Isolation and determination 

of active components aids in the study of their pharmacological, pharmacokinetic and 
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toxicological mechanisms. Constituents present in the crude extracts including protein, sugars and 

fats hinders isolation and measurement of the active constituents. Chromatographic techniques 

have extensively been employed to isolate these phytoconstituents. Column chromatography is a 

widely used method. Mass spectrometry and infrared spectroscopy have the additional advantage 

of possibility of elucidation of chemical structure. 

Despite spirited efforts to isolate and characterize chemical compounds present in crude plant 

extracts, there has been concerns regarding their effectiveness. Activity of isolated active 

constituents has reportedly been found to be reduced as compared to that of crude extracts 

(Rasoanaivo et al., 2011). This has promoted focus on use of the plant extract wholesomely 

without need for isolation of the active moieties. 

2.5. Toxicity studies 

Toxicological screening is an important step in development of new drugs and chemical moieties. 

Toxicity test are designed to examine specific end point events including cardiotoxicity, skin/eye 

irritation and determination of No Observed Adverse Effect Level. Toxicological studies have 

various advantages including; ability to measure various responses, can assess effect of host 

characteristics e.g. age, genetics, other modifiers including diet. They in addition offer the 

potential to study mechanisms of development symptoms. 

Qualitative and quantitative analysis of toxins can be done to ascertain the nature of toxin. Some 

of the quantitative techniques that can be employed include colorimetric and Ultraviolet-Visible 

spectrophotometric analysis, gas chromatography, infrared spectroscopy and immunoassay 

techniques (Parasuraman, 2011). However, disadvantages associated with toxicological studies 
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exist including: uncertainty in the relevance of animal response to human response and the 

concentration of exposure and time frames are to some extent different from those experienced by 

humans. 

Some of the naturally derived plant secondary metabolites are toxic and may exhibit mutagenic or 

genotoxic potential. Negative effects associated with use of traditional medicinal plants in 

management of human illness is due to the presence of toxic contaminants/chemicals, over-dosage 

and inadequate knowledge of by-products contained in some plants which may possess harmful 

effects (Hamidi et al., 2014). Cytotoxic components present in plant extracts may mask detection 

of bioactive constituents which may possess desired activity. For example, saponins have 

detergent activity which can interfere with results of cell-based assay as they cause cell lysis 

(Henrich and Beutler, 2013). 

2.5.1. Brine Shrimp Lethality (BSL) Studies 

Brine shrimp lethality test is an example of a biological assay that can be used to evaluate 

botanicals. Brine shrimp studies are routinely used for screening of extracts and isolated 

compounds.  The test involves exposing larvae of Artemia salina to test sample in marine salt 

solution (3.3%) and % mortality calculated after 24 hours in a Finney computer program. It is a 

useful bench top assay which is cheap and easy to perform (Mclaughlin et al., 1998). The test is 

used to evaluate toxicity and/or general bioactivity of different formulations (Olowa and Nuñeza, 

2013). 

Various studies have shown that there is a correlation between LC50 values obtained with Brine 

Shrimp Lethality Assay and Acute Oral Toxicity Assay in Mice (Naidu et al., 2014). This 
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observation is in agreement with earlier observations (Nguta et al., 2011). Other advantages of the 

test include; rapidity of the test; simplicity as it requires no special training; low requirements; 

robustness, - inexpensiveness, - high degree of repeatability. A drawback of the study is that it 

does not provide sufficient information on possible mechanism of action of toxicity. 

Broad applicability of the Brine Shrimp Lethality Assay is achieved through adherence to some 

criteria including experimental conditions, geographical region of the cysts and age of Artemia 

nauplii. Biological assays with species of Artemia franciscana Kellog (Artemiidae) and 

Thamnocephalus platyurus Packard (Thamnocephalidae) have been employed in recent studies. 

These tests serve as preliminary assessment of toxicity (Hamidi et al., 2014). 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.1. Ethnobotanical survey 

3.1.1. Study area. 

The study was conducted in Kisumu East Sub-County, Kisumu County, Kenya (Figure 3.1).  
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Figure 3. 1: Map of Kenya showing Kisumu East Sub- County and Kisumu County. 

 

The Sub- County is 365 Km West of Nairobi. It covers an area of 135.9 square kilometers and lies 

within longitudes 33o20’E and 35o20’E and latitudes 0o20’South and 0o50’South. The Sub – 
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County is comprised of Kajulu, Kolwa Central, Kolwa East, Manyatta B, and Nyalenda A 

administrative ward.  

Its population based on the 2019 Kenya Population and Housing Census is 220,977  (Kenya 

National Bureau of Statistics, 2019). The area receives annual rainfall of between 1200mm and 

1300mm with temperature range of between 20oC to 35oC. Residents engage in various economic 

activity including fish farming, agriculture including sugar factories, poultry and livestock 

farming (County Government of Kisumu, 2013). 

3.1.2 Study design 

A cross sectional survey was conducted to determine ethno medicinal plants used to manage 

respiratory infection in Kisumu East Sub-County. Non probability convenient sampling was used 

to identify traditional practitioners with good ethno medicinal knowledge. Through the local area 

chief, traditional practitioners were identified and convenient sampling was used to identify other 

practitioners.  

3.1.3. Ethical approval of the study 

Ethical clearance was sought from Faculty of Veterinary Medicine Biosafety, Animal Care and 

Use Committee (FVM-BACUC) Ref No. FVM- BACUC/2019/210 (Appendix I) and NACOSTI 

License No: NACOSTI/P/20/3004 (Appendix II). The local chief was informed of the study and 

approved it. The participants were informed on the scope of the study, after which they signed a 

written consent (Appendix III) and willingly participated in the study.  
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3.1.4. Data collection 

Data was collected between March and September, 2019. Semi-structured questionnaires were 

used for data collection. The target respondents comprised of traditional practitioners rich in 

ethnomedicinal knowledge of plants used to manage respiratory infections. Thirty local traditional 

practitioners from both genders were selected from 3 wards: Kolwa Central, Kolwa East, and 

Kajulu. The interviews were conducted in Swahili and in Luo. A taxonomist familiar with the 

local flora and dialect was recruited. To ensure confidentiality, respondents were interviewed 

individually. The study sought to answer:  

1) Which plant species and plant parts are used in preparation of remedies for respiratory 

infections? It was assumed that respiratory illnesses were a common occurrence in the 

study area and the local community had acquired rich ethnopharmacological knowledge 

over time. 

2) How are the remedies prepared? In the same breath, the supposition was that the study 

community have inherited a wealth of experience from their fore fathers on the best 

methods of herbal preparations against lung diseases. 

3) What respiratory illnesses are treated in the area? The study community was assumed to 

have an excellent ethno diagnostic skill in reference to respiratory tract infections. 

4) What are the routes of administration? Just as information, communication and 

technology, in addition to movement of people have drastically changed ethnomedicinal 

practices, the supposition was that the Kisumu community have a clear knowledge on 



24 

 

those routes that have over the years, been shown to yield the best results upon herbal 

formulation exposure in positively diagnosed patients. 

3.1.5. Collection and identification of plant specimens 

Several trips were made to collect specimen of plants mentioned in Kajulu hills, herbalist 

homesteads and its environs with the help of a taxonomist. Kajulu hills was rich in medicinal 

plants and served as a key source of medicinal plants in the study area. Identification of plants 

specimens was done by a taxonomist in Maseno University and voucher specimens deposited at 

the University of Nairobi Herbarium. University of Nairobi taxonomist and literature survey 

further confirmed the identity of collected plants.  

3.1.6. Data analysis 

Descriptive analysis of data was done using frequencies and percentages for the social 

demographic data of the respondents. Ethnobotanical data was analyzed using Relative Frequency 

of Citation (RFC). 

3.1.6.1. Relative Frequency of Citation  

The measure was calculated to determine how many traditional medicine practitioners realized a 

particular plant species was worth mentioning (Tardio and Pardo-de- Santayana, 2008). The value 

was calculated using the formula below: 

RFCs = 
𝐹𝐶𝑠

𝑁
= ∑ 𝑈𝑅𝑖/𝑁𝑖𝑁

𝑖=𝑖1  
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Fc is the number of respondents who cited a particular species and N is the total number of 

respondents. 

3.2. Plant collection and preparation  

A literature search conducted via Google Scholar and Research Gate found that 3 plants; Keetia 

gueinzii, Acanthus polystachyus and Rhynchosia elegans had  little/no phytochemical, 

pharmacological and cytotoxic work on done on them despite their use among various 

communities. The root bark of K. gueinzii, roots of A. polystachyus and root tuber of R. elegans 

were collected in June 2019 in Kajulu hills, Kajulu west ward, Kisumu East Sub-County 

(Appendix V and VI). The plant parts were properly cleaned with running water and left to dry. 

The root bark of K. gueinzii was scraped while the whole root of A. polystachyus and root tuber of 

R. elegans were chopped into small pieces and left to dry for 4 weeks. They were then ground to a 

fine powder, weighed on a Mettler PM4600 balance and weights recorded. The ground powders 

were then stored in plastic bags and placed in tightly lidded plastic containers. 

 

3.3. Phytochemical constituents of root bark of Keetia gueinzii (Sond.) Bridson, roots of 

Acanthus polystachius Delile and root tuber of Rhynchosia elegans A. Rich. 

3.3.1. Preparation of crude extracts and yield determination 

3.3.1.1. Organic extraction 

For organic extraction, 100% methanol and 100% acetone were used. 500 g of each of the three 

powdered plant materials were separately macerated with 500 ml of the respective solvent for 72 
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h. It was then filtered to remove coarse residues. The filtrate was further passed through filter 

paper No. 1 MN615 (Macherey-Nagel). The resulting filtrate was concentrated on rota-vapor 

Buchi-R, under reduced pressure at 50 0C. The extract was transferred to glass bottles previously 

weighed. The glass bottles were covered with perforated aluminum foil then placed in a sand bath 

and left for 48h to allow slow and complete evaporation of the organic extractive solvent. The 

dried extracts in the glass containers were kept at 4 0C awaiting analysis (Naz et al., 2017; 

Mostafa et al., 2018). 

3.1.1.2. Aqueous extraction 

165 g of powdered plant part was put into a 2 L conical flask and 1 L of distilled water added until 

complete dissolution.  The conical flask was then placed in a water bath at 90 0C and incubated 

for 1 h with intermittent shaking. This was the ideal conditions for maximum extraction without 

risk of denaturation. The process was repeated twice to ensure full extraction. The contents were 

filtered and the supernatant (0.5 L) placed into 1 L freeze drying flasks. The flasks were coated 

(frozen) with dry ice that had been dissolved in acetone until all the liquid was gone. They were 

then freeze dried using a Buchi Lyovapor freeze drier operating at 0.5 mbar and -1040C. The 

freeze-dried powder was recovered and put into glass sample containers that were air tight and 

kept in a cool dry place (Yong et al., 2013; Tadesse et al., 2017). 

3.1.1.3. Determination of yield 

Glass vials containing the crude plant extracts were weighed using an analytical balance (Mettler 

AE 163) and weights recorded. 

Yield of the samples was determined by:  
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[(Weight of glass bottle + extract) – (Weight of empty glass bottle)] X 100 

  Weight of powdered plant part  

 

3.3.2. Phytochemical evaluation of aqueous, acetonic and methanolic crude plant extracts 

Crude plant extracts were phytochemically analyzed for presence of alkaloids, phenols, saponins, 

flavonoids, glycosides, terpenoids and tannins using standard methods. The results were evaluated 

by visual inspection and observed color change or precipitation recorded.   

3.3.2.1. Test for alkaloids  

Dragendorff’s reagent was prepared accordingly (Pascaline et al., 2011). To 10 g of extract, 4 ml 

of 1% hydrochloric acid was added and placed in a water bath for 5 minutes. To 2 ml of the 

filtrate, Dragendorff’s reagent was added. Appearance of an orange red precipitate was considered 

positive for alkaloids (Iqbal et al., 2015) 

3.3.2.2. Test for saponins  

500 mg of extract was mixed with 10 ml of distilled water and shaken for 30 s. After standing for 

30 minutes, froth persistence above the surface of the liquid confirmed the test to be positive for 

saponins (Pandey,  2015) 

3.3.2.3. Test for phenols  

2 ml of ferric chloride solution was mixed with 1 g of crude extract. Appearance of a blue- green 

precipitate is a positive test for phenols (Jaradat et al., 2015).  
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3.3.2.4. Test for flavonoids  

500 mg of the extract was mixed with 2 ml of dilute sodium hydroxide. Appearance of a yellow 

colour which turned colourless on addition of 2 drops of diluted acid was considered a positive 

test for flavonoids (Jaradat et al., 2015). 

3.3.2.5. Test for glycosides   

0.5 ml of extract was mixed with 2 ml of acetic acid glacial with 2 drops of 2% Ferric chloride 

solution.  To this, 1 ml concentrated sulphuric acid was added.  Appearance of a brown ring 

between the layers was considered positive for cardiac steroidal glycoside (Jaradat et al., 2015). 

3.3.2.6. Test of terpenoids  

100 mg of extract was shaken with 2 ml of chloroform and concentrated Sulphuric acid (H2SO4). 

Reddish-brown coloration at the interface was considered a positive test for terpenoids (Iqbal et 

al., 2015). 

3.3.2.7. Test for tannins 

10 ml of distilled water was mixed with 500 mg of the extract and stirred. Two drops of 1% ferric 

chloride solution were added to 2 ml of the filtrate. Appearance of blue green precipitate was 

considered to be a positive test for tannins (Usman et al., 2009).  
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3.4. In-vitro antimicrobial activity of root bark of Keetia gueinzii (Sond.) Bridson, roots of 

Acanthus polystachius Delile and root tuber of Rhynchosia elegans A. Rich. 

3.4.1. Collection and preparations of crude test extracts  

Plant materials were collected and prepared as describe earlier in section 3.2.1. 

3.4.2. Reference strains of microorganisms and culture conditions 

The reference strains for screening were Staphylococcus aureus (ATCC 25923), Candida 

albicans (ATCC 10231), Escherichia coli (ATCC 25922) and Bacillus cereus (ATCC 11778). 

Bacteria were obtained from stock cultures from the department of Public Health, Pharmacology 

and Toxicology (PHPT), Faculty of Veterinary Medicine, University of Nairobi. Freshly growing 

strains of bacteria were obtained by growing bacteria in Blood agar and incubated at 37 oC for 24 

h. Fungal stock cultures were sub cultured in Sabouraud dextrose broth at 35oC for 48 hours. The 

test strains were suspended in sterile saline to give a final density of 1.5 X 106 cfu/ml of bacteria 

or 1.5 x 105 spores/ml (The et al., 2017). 

3.4.3. Standard antimicrobial drugs 

Gentamycin powder and benzyl penicillin were used as reference standards for bacteria while 

nystatin was used as a reference for antifungal activity. 

3.4.4. Minimum Inhibitory Concentration value (MIC values) determination 

Broth dilution technique was conducted as adopted by Teke et al. (2013) with modifications. 

Sixteen hundred grams of respective crude plant extracts were put in 4 ml of pre-sterilized Muller 

Hinton Broth and Sabouraud Dextrose Broth for bacteria and fungi respectively contained in a 
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sterilized 10 ml test tube.  Each test tube was clearly labeled and put in a test tube rack. Serial 

two-fold dilutions of plant extracts were made. A total of 6 dilutions: 400, 200, 100, 50, 25 and 

12.5 mg/ml were prepared. Using a sterile 1 ml pipette, 0.1 ml of bacterial and fungal suspension 

was dispensed into the test tubes. A test tube containing Muller Hinton Broth without extract and 

0.1 ml of the inoculum was used as a negative control. They were incubated at 37 0C for 24 h for 

and 35oC for 48 h bacteria and fungi respectively. Experiments were performed in triplicates. 

Two-fold dilution of standard antimicrobials amoxicillin, gentamycin and nystatin were used as 

positive controls. After incubation period, visual turbidity was observed. The Minimum Inhibitory 

Concentration (MIC) was determined from readings on culture plates after incubation.  

3.4.5. Determination of minimum bactericidal concentrations (MBC) and minimum 

fungicidal concentrations (MFC) 

A sterile pipette was used to draw 0.1 ml from the two lowest concentrations of the plant extract 

exhibiting invisible growth from the MIC test tubes and sub cultured onto Muller Hinton Broth 

sterile agar plates and incubated accordingly. Microbial growth was examined for the respective 

plant extract and corresponding concentration. 

3.5. Evaluation of cytotoxicity of root bark of Keetia gueinzii (Sond.) Bridson, roots of 

Acanthus polystachius Delile and root tuber Rhynchosia elegans A. Rich.  against brine 

shrimp (Artemia salina) larvae. 
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3.5.1. Hatching of Brine Shrimp (Artemia salina) Larvae 

Artemia salina eggs were hatched in a dish partitioned into two compartments by a perforated 

plastic divider containing artificial sea water. Artificial sea water was prepared by dissolving 33 g 

of sea salt (Meersalz, Germany) in 1L of distilled water. One compartment was darkened by 

placing a plastic cover. 50 g of brine shrimp eggs were sprinkled in this compartment. The other 

compartment was illuminated by leaving the lid ajar under natural light next to a window. It was 

incubated in room temperature (23-29 0C) for 48 h. Phototropic nauplii attracted to the illuminated 

side were collected for the brine shrimp lethality test. 

3.5.2. Preparation of test crude extracts and cytotoxic drug for bioassay 

Aqueous and organic crude plants extracts were prepared accordingly. Briefly, 50 mg of organic 

extracts were dissolved in 0.1 ml of 0.01% Dimethyl sulfoxide (DMSO) followed by dilution with 

distilled water to make 5 ml stock solution (10,000 µg/ml). The DMSO concentration used is too 

low to be associated with solvent carry-over effects as reported in literature (Nguta et al., 2011). 

The same concentration of aqueous extracts was prepared by dissolving 50 mg in 5 ml of distilled 

water. Stock solutions of Vincristine Sulphate injection USP (10,000 µg/ml) were also prepared. 

3.5.3. Bioassay of Artemia Salina Larvae 

Brine Shrimp Lethality bioassay was done as described by Meyer et al., (1982). Three dilutions 

were prepared by transferring 5 ml of 1000 µg/ml, 100 µg/ml and 10 µg/ml of the plant extracts to 

a set of five graduated tubes. Using a pipette, 10 shrimps were transferred into vials. Five 

graduated vials were set for each dilution and a further five for the controls. Stock solution of the 
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positive control vincristine sulphate injection USP (10,000 µg/ml) was also prepared. The 

negative control group contained artificial sea water and brine shrimp larvae only while the 

positive control group contained vincristine sulphate and brine shrimp larvae. The tubes were left 

under illumination at room temperature. After 24 h, surviving larvae were counted with aid of a 

magnifying glass. The mortality endpoint was marked with absence of forward motion during 30 s 

of observation. 

The percentage mortality was determined for each dilution and controls. Abbot formula was used 

to correct data where control deaths occurred, as follows: % deaths = [(Test-control)/control * 

100]. (Nguta et al., 2012). 

3.5.4. Statistical analysis 

Lethal dose was calculated by linear regression analysis (Naz et al., 2017). Mean results of 

mortality percentage (converted to probits using Probit Transformation Table) versus the Log10 

concentrations was plotted using Microsoft Excel 2019 spreadsheet application which formulated 

the regression equations and LC50 values calculated (Meyer et al., 1982; Clarkson et al., 2004; Lei 

and Sun, 2018). 
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CHAPTER FOUR 

RESULTS 

4.1. Ethnobotanical survey 

4.1.1. Social demographic information 

Summary of socio-demographic information of the respondents.is provided in Table 4.1 below.  

Table 4. 1: Demographic profile of respondents (n=30)  

Biodata Frequency Percentage (%) 

Sex 

     Male 

     Female 

Age      

     31 – 40 

     41 – 50 

     51 – 60 

     61 – 70 

     71 - > 

Education 

     None 

     Basic 

     Secondary  

Years of experience as healer 

     Between 1 – 10 years 

     Between 11 – 20 years 

     Between 21 – 30 years 

     Between 31 – 40 years 

     Between 41 – 50 years 

     51 - > years 

 

 

4 

26 

 

5 

1 

5 

13 

6 

 

17 

12 

1 

 

5 

8 

9 

4 

2 

2 

 

13.3 

86.7 

 

16.7 

3.3 

16.7 

43.3 

20 

 

56.7 

40 

3.3 

 

16.7 

26.7 

30 

13.3 

6.7 

6.7 
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Thirty traditional medicinal practitioners were involved in the study. A total of 26 (86.7%) of the 

respondents were females while 4 (13.3%) were male. Majority of the respondents 13 (43.3%) 

were between the age of 61- 70 years. A total of 17 (56.7%) of the respondents had no formal 

education. The respondents had a mean of 26 years of practice. 

4.1.2. Diversity of medicinal plants identified and their uses 

Summary of the reported medicinal plants is shown in Table 4.2. The table shows Family, 

scientific name, voucher No., local name, part used, habit and status.  

Table 4. 2:  Plants used in managing respiratory infections in Kisumu East Sub- County 

Family Scientific 

name 

 

Local 

name 

Voucher 

No. 

Habi

tat 

 

Status 

 

Part 

used 

Conditio

n  

Mode of 

preparation/ 

Route of 

administrati

on 

RF

C 

Acanthac

eae 

Acanthus 

polystachius 

Delile. 

 JM2019/

284/003 

Shru

b 

Wild R Cough 

 

D/O 0.0

7 

Asphodel

aceae 

Aloe 

kedongensis 

Reynolds 

 

Ogaka JM2019/

194/030 

Shru

b 

Wild L Asthma, 

Pneumoni

a  

C/O 0.2

3 

Amarylli

daceae 

Allium sativum 

fo. pekinense 

(Prokhanov) 

Makino 

 

Otungu JM2019/

194/031 

Herb Cultivate

d 

Bu Allergies  Chew or C/O 0.0

3 

Anacardi

aceae 

Rhus 

natalensis var. 

comorensis 

Engl. 

 

Sagla JM2019/

194/021 

Shru

b 

Wild R Asthma  C/O 0.0

7 

Apiaceae Steganotaenia 

araliacea 

Hochst. 

Nyanian

g-liech 

JM2019/

118/006 

Tree Wild R/ 

SB 

Pneumoni

a  

D/O 0.0

3 

Apocyna

ceae 

Carissa edulis 

var. 

ambungana 

Pichon 

Ochuoga JM2019/

194/022 

Shru

b 

Wild R Common 

cold, 

pneumoni

a, asthma 

D/O 0.6

7 



35 

 

 

Asteracea

e 

Artemisia 

subsect. annua 

(Rydb.) 

Krasnob. 

Nyumba JM2019/

269/001 

Herb Wild or 

cultivate

d 

L Asthma D/O 0.0

3 

 Microglossa 

pyrifolia 

(Lam.) Kuntze 

 

Nyabun

g -odide 

JM2019/

194/006 

Shru

b 

Wild L/R Cough 

 

M, C/O 0.0

7 

 Tithonia 

diversifolia 

subsp. 

glabriuscula 

S.F. Blake 

 

Mafua/

maua 

JM2019/

194/012 

Shru

b 

Wild SB/L Asthma  C/O 0.0

3 

Bignonia

ceae 

Kigelia 

africana subsp. 

moosa 

(Sprague) 

Bidgood & 

Verdc. 

 

Yago JM2019/

194/003 

Tree  Wild or 

cultivate

d 

Fr/S

B 

Pneumoni

a   

D/O 0.3 

Burserac

eae 

Commiphora 

Africana var. 

venosa 

(Mattick) 

Govaerts 

 

Arupiny JM2019/

194/007 

Tree Wild R Pneumoni

a  

D/O 0.1

7 

Canellace

ae 

Warburgia 

salutaris (G. 

Bertol.) Chiov. 

 

Abaki JM2019/

244/001 

Tree Wild or 

cultivate

d 

SB Asthma, 

allergy, 

chest 

pain, 

pneumoni

a 

D/O 0.4

7 

Caricacea

e 

Carica papaya 

var. bady Aké 

Assi 

 

 

Apoyo JM2019/

269/002 

Tree Cultivate

d 

R/L Bronchiti

s 

D/O 0.0

7 

Combreta

ceae 

Terminalia 

glabrata var. 

brownii 

Fosberg & 

Sachet 

Minera/ 

Manera 

JM2019/

/058/016 

Tree Wild or 

cultivate

d 

SB Asthma, 

pneumoni

a, 

common 

cold 

D/O 0.2 

Convolvu

laceae 

Ipomoea 

kituiensis var. 

hirsutissima 

Verdc. 

 

Obinju JM2019/

194/028 

Shru

b 

Wild L Cough D/O 0.0

3 
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Ebenacea

e 

Euclea 

divinorum 

Hiern. 

 

Ochol JM2019/

194/023 

Shru

b 

Wild R Pneumoni

a, asthma  

D/O 0.7

3 

Euphorbi

aceae 

Croton 

megalocarpus 

Hutch. 

 

Ofunja 

muri 

JM2019/

194/015 

Tree Wild L Pneumoni

a  

D/O 0.1

7 

 Croton 

dichogamous 

Pax. 

 

Rachar JM2019/

178/001 

Tree Wild R Asthma  D/O 0.1 

Hyperica

ceae 

Harungana 

madagascarien

sis Lam. Ex 

Poir 

 

Aremo JM2019/

058/005 

Tree Wild L Cough D/O 0.2 

Iridaceae Gladiolus 

dalenii var. 

andongensis 

(Baker) 

Goldblattex 

Geerinck 

 

Obuya JM2019/

284/001 

Cor

m 

Wild Cor

m 

Asthma, 

allergy 

P/N 0.1 

Lamiacea

e 

Clerodendrum 

myricoides 

subsp. 

namibiense R. 

Fern. 

 

Okwero

gweno/s

angla 

JM2019/

058/021 

 

Shru

b 

Wild R/L Pneumoni

a, asthma 

D/O 0.1

7 

 Plectranthus 

barbatus var. 

grandis (L.H 

Cramer) 

Lukhoba & A. 

J. Paton 

 

Okita JM2019/

058/009 

Shru

b 

Wild L Asthma, 

pneumoni

a, allergy  

D/O 0.3

3 

 Vitex doniana 

Sweet 

 

Kalemba JM2019/

194/009 

Tree Wild L/SB Allergies, 

common 

cold   

D/O 0.0

3 

Legumin

osae 

Acacia robusta 

subsp. 

usambarensis 

(Taub.) Brenan  

 

Otiep JM2019/

214/001 

Tree Wild SB/

RB 

Bronchial 

obstructio

n 

C/O 0.0

3 

 Albizia zygia 

(DC.) 

J.F..Macbr. 

 

Oturbam JM2019/

224/002 

Tree Wild SB Pneumoni

a  

D/O 0.1 
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 Rhynchosia 

elegans A. 

Rich. 

 

Jandarus

i/Jandalu

si 

JM2019/

284/002 

Herb Wild Rt Cough C/O 0.0

3 

 Tamarindus 

indica L. 

 

Chwaa JM2019/

194/018 

Tree Wild or 

cultivate

d 

Fr/S

B 

Cough, 

general 

body 

malaise  

D/O 0.0

3 

 Tylosema 

fassoglense 

(Kotschy ex 

Schweinf.) 

Torre & Hillc. 

Ombasa JM2019/

194/016 

Clim

ber 

Wild R Flu, 

pneumoni

a, asthma  

D/O 0.6

7 

Meliacea

e 

Azadirachta 

indica A. Juss 

Mwarub

aine 

JM2019/

269/003 

Tree Wild or 

cultivate

d 

L Cough D/O 0.3 

 Khaya 

senegalensis 

(Desr.) A. Juss. 

 

Tido JM2019/

194/019 

Tree Wild SB Common 

cold, 

cough 

D/O 0.4

7 

Mollugin

aceae 

Mollugo 

nudicaulis 

Lam. 

 

Ataro JM2019/

138/001 

 

Herb Wild L Cough Chewed or 

D/O 

 

0.0

3 

Moringac

eae  

Moringa 

oleifera Lam. 

 

 JM2019/

269/004 

Tree Cultivate

d 

L General 

body 

malaise  

D/O 0.1

3 

 

Myrtacea

e 

Eucalptus 

camaldulensis 

subsp. arida 

Brooker & 

M.W.McDonal

d 

Bao JM2019/

269/005 

Tree Wild or 

cultivate

d 

L Common 

cold 

D/O 0.3

3 

 Syzygium 

cumini var. 

obtusifolium 

(Roxb.) K.K. 

Khanna 

 

Jamna JM2019/

194/008 

Shru

b 

Wild SB Cough  C/O 0.0

3 

Olacacea

e 

Ximenia 

Americana var. 

argentinensis 

DeFilipps 

Olemo JM2019/

269/006 

Shru

b 

Wild R/S

B 

Cough  C/O 0.0

7 

Ranuncul

aceae 

Clematis 

hirsuta var. 

junodii (Burtt 

Davy) W.T 

Wang 

Achogo JM2019/

269/007 

Clim

ber 

Wild L Common 

cold 

D/O 0.1 

Rubiacea

e 

Gardenia 

ternifolia var. 

goetzei (Stapf 

Rayudhi JM2019/

194/014 

Shru

b 

Wild R Cough, 

Pneumoni

a 

D/O 0.1

3 
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& Hutch.) 

Verdc. 

 Keetia gueinzii 

(Sond.) 

Bridson 

 

Atego JM2019/

264/001 

Shru

b 

Wild RB Asthma, 

pneumoni

a, 

coughing, 

allergy  

P/N 0.2 

Rutaceae Harrisonia 

abyssinica 

Oliv.  

 

Pedo JM2019/

194/001 

Shru

b 

Wild R Cough, 

pneumoni

a, asthma  

D/O 0.6 

 Teclea nobilis 

Delile 

 

Madat/m

idat 

JM2019/

194/024 

Tree Wild R/L Asthma, 

common 

cold  

D/O 0.2 

 Toddalia 

asiatica var. 

parva Z.M. 

Tan  

Ajua/Ny

alwet- 

kwach 

JM2019/

194/017 

 

Shru

b 

Wild L/R Common 

cold, 

pneumoni

a, throat 

infection  

C/O 0.3

3 

 Zanthoxylum 

chalybeum var. 

molle 

Kokwaro 

Roko JM2019/

269/008 

Tree Wild SB/

RB 

Pneumoni

a  

D/O 0.0

3 

 Zanthoxylum 

gilletii (De 

Wild.) P.G 

Waterman 

 

Sogo-

maitha 

JM2019/

224/001 

Tree Wild or 

cultivate

d 

SB Asthma, 

pneumoni

a, 

coughing, 

General 

body 

malaise  

D/O 0.5 

Vitaceae Cissus 

rotundifolia 

var. 

ferrugineopube

scens Verdc. 

 

Minya/k

atera 

JM2019/

194/026 

Clim

ber 

Wild L Throat 

infection, 

pneumoni

a, 

coughing 

D/O 0.2 

 Rhoicissus 

revoilii Planch. 

Rabong’

o 

JM2019/

269/009 

Shru

b 

Wild Rt General 

body 

malaise 

D/O 0.1

7 

          

RFC: Relative Frequency of citation, SB: stem bark; R: roots; L: leaves; Rt: root tuber; RB: root bark; Fr: 

fruit; Bu: bulb; C: concoction (prepared by boiling plant parts of different plants in water); D: decoction( 

prepared by boiling part in water); P: powdered (Plant part is dried and ground); M: macerate(Plant part is 

soaked in water); I: inhale; O: oral 
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Forty-five plant species belonging to 43 genera distributed among 28 families were reported to be 

used in herbal preparations for managing respiratory ailments. All the plants were identified by 

their local names except A. polystachius that was not identified by its local name. It was referred 

to as ‘Nyanandi’ depicting that it may have originated from the neighbouring Nandi County. 

Figure 4.1 below shows the distribution of the plant families reported in this study.  

 

Figure  4. 1: Distribution of plant families used in managing respiratory infections in 

Kisumu East Sub- County, Kenya 

The families Rutaceae and Leguminosae were dominant with 5 species each. The families 

Lamiaceae and Asteraceae had 3 species each. Of the identified plant species, they comprised; 

trees 20 (44.4%), shrubs 17 (37.8%), herbs 4 (8.9%), climbers 3 (6.7%) and corms 1 (2.2%).  
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Majority of the plants were sourced from the wild 42 (79.2%) while some were grown within the 

traditional practitioner’s homestead 11 (20.8%). Euclea divinorum, Tylosema fassoglense and 

Carissa edulis were the most cited plants with Relative Frequency of Citation (RFC) values of 

0.73, 0.67, and 0.67 respectively. Figure 4.2 below provides a summary of frequency of plant 

parts mentioned by the respondents used in preparation of remedies used for respiratory 

infections.  

Figure  4. 2: Plant parts used in management of respiratory infections 

Leaves were the most frequently mentioned by the 19 Traditional Medicine Practitioners (TMPs) 

(32.8%). Roots accounted for 16 (27.6 %) with the stem bark accounting for 14 (24.1%). The 

other plant parts accounted for the remaining 15.5%.   

4.1.3. Dosage, mode of preparation and route of administration 

The common methods for preparation of herbal remedies were decoction 33 (68.8%), concoction 

10 (20.8%) and chewing 2 (4.2%). Decoction were prepared by boiling a plant part of a particular 
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plant species in water while concoctions were prepared by boiling plant parts of different plants 

species in water. Decoctions and concoctions would be prepared by the herbalist. Alternatively, 

the herbalist would instruct the patient on how to prepare the remedy. Prepared decoctions and 

concoctions were sold to patients in plastic bottles varying between 500 ml to 2 L.   

Other methods included cold maceration and powdering. The plants would be harvested, air dried 

and then crushed into powder. Some would be taken to the local market and ground to powder.  

The major route of administration was the oral route. For management of common cold, a blanket 

would be used to cover the patient and a pot emanating with steam from boiling leaves of 

Eucalyptus camaldulensis for a few minutes after which the patient takes 2 teaspoons of the 

decoction.  The herbalists reported that remedies rarely failed and failure was attributed to patients 

not following instructions. 

4.1.4. Previous reported ethno medicinal uses and pharmacological activity of the medicinal 

plants documented in this study.  

Of the 45 identified plant species, 43 have been reported to have various ethnomedicinal uses and 

pharmacological activity. This is summarized in Table 4.3 below. 
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Table 4. 3: Literature review of medicinal plants used for respiratory illnesses in Kisumu 

East Sub -County 
Plant name 

 

Reported traditional use Reported pharmacological/chemical activity 

Acanthus polystachius 

Delile  

 

Malaria (Asnake et al., 2016). 

 

Wound healing activity (Demilew et al., 2018). 

Antimalarial activity (Derebe and Wubetu, 2019) 

Aloe kedongensis 

Reynolds 

 

Malaria (Pascaline et al.,  2011). Antiplasmodial, leishmanicidal activity (Kigondu 

et al., 2009). 

 

Allium sativum fo. 

pekinense 

(Prokhanov) Makino 

 

Malaria, wound disinfectant, 

intestinal infections (Kasali et 

al., 2014). 

Cold (Kankara et al., 2015). 

Aphrodisiac (Singh et al.,  

2012). 

 

Antimicrobial activity  (Benkeblia, 2004). 

Antiparasitic, antiviral activity (Ankri and 

Mirelman, 1999). 

Rhus natalensis var. 

comorensis Engl. 

 

Diarrhea, influenza (Kareru et 

al., 2008). Respiratory disorders, 

malaria (Kimondo et al., 2015). 

 

Antinociceptive (Kariuki et al., 2012). 

Aqueous extract possessed antibacterial activity 

(Kareru et al., 2008). 

Steganotaenia 

araliacea Hochst. 

Skin diseases (Taddese et al., 

2003). Tuberculosis (Bunalema 

et al., 2014). 

Antibacterial (Lino and Deogracious, 2006).  

Diuretic activity however causes damage to vital 

organs (Agunu et al., 2005). 

Carissa edulis var. 

ambungana Pichon 

Respiratory infections (Kariuki 

and Njoroge, 2011)  

Chest pains (Nedi et al., 2004; 

Kigen et al., 2019) 

Antibacterial (Abdu et al., 2008). 

Presence of alkaloids, sterols and resins (Abdu et 

al., 2008) 

Artemisia subsect. 

annua (Rydb.) 

Krasnob. 

Fever (Kankara et al., 2015). Antimicrobial (Tajehmiri et al., 2014). 

Camphor (Bilia et al., 2014). 

Methanolic leaf extract had antioxidant (Iqbal et 

al., 2012). 

Microglossa pyrifolia 

(Lam.) Kuntze. 

Ovarian cyst (Kasali et al., 2014) 

Malaria (Guédé et al., 2010; 

Kasali et al., 2014). 

 

Antioxidant activity, Flavonoids (Akimanya et al., 

2015). 

Tithonia diversifolia 

subsp. glabriuscula 

S.F. Blake 

Diabetes, malaria (Mwanauta et 

al., 2014; Passoni et al.,  2013). 

Abscesses, snake bites (Passoni 

et al., 2013). 

 

Ethanolic extracts of aerial parts have ant 

plasmodial activity (Elufioye and Agbedahunsi, 

2004). 

Aqueous extract of stem had antibacterial and 

antifungal activities (Liasu and Ayandele, 2008).  

Tagitinine C has anti- plasmodium activity (Goffin 

et al., 2002). 

Kigelia africana 

subsp. moosa 

(Sprague) Bidgood & 

Verdc. 

Pneumonia (Chenia, 2013). 

Tuberculosis (Bunalema et al., 

2014). Measles in children 

(Kigen et al., 2019) 

 

Stem bark and fruits extracts exhibited antibacterial 

activities (Grace et al., 2002).  

Antifungal (Owolabi et al., 2007).  

Aqueous fruit extracts had antifungal and anti- 

giardial activity and anticancer properties 
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(Arkhipov et al., 2014). 

 

Commiphora Africana 

var. venosa (Mattick) 

Govaerts 

 

Malaria, fever (Nadembega et 

al., 2011). Swollen testicles and 

abdominal pains (Kigen et al., 

2019). Pneumonia (Kareru et al., 

2008). 

Root extract possessed antifungal activity (Akor 

and Anjorin, 2009). 

 

Warburgia salutaris 

(G. Bertol) Chiov 

 

Cough (Maroyi,  2013). 

Yellow fever (Kuglerova et al., 

2011). Common cold, malaria 

(Coopoosamy and Naidoo, 

2012).  

Aspergillosis (Otang et al.,  

2012). 

Acetone extract showed fungicidal activity 

Fusarium species (Samie and Mashau, 2013). 

Antimycobacterial activity (; Rabe and Van 

Staden, 2000; Clarkson et al., 2007). 

Carica papaya var. 

bady Aké Assi 

 

Malaria, liver disease (Asnake et 

al., 2016). 

Tuberculosis (Bunalema et al., 

2014). 

Malaria (Ngarivhume et al., 

2015; Agbodeka et al., 2016). 

Fever (Kankara et al,  2015).  

Antibacterial activity. Glycosides, phenols present 

(Doughari et al., 2007).  

Terminalia glabrata 

var. brownii Fosberg 

& Sachet 

Cough, bronchitis (Khalid et al., 

, 2012; Salih et al., 2017) 

Allergy, Diabetes, malaria 

(Kareru et al., 2008; Salih et al., 

2017) 

Clotting agent, coughs and joint 

stiffness (Kaigongi and Musila, 

2015). 

 

Anti-fertility effect (Kamita et al., 2014). 

Aqueous extract of bark possessed antibacterial 

(Kareru et al., 2008). 

Flavonoids, triterpenoids (Kamita et al., 2014) 

Ipomoea kituiensis 

var. hirsutissima 

Verdc. 

 

Constipation, digestive disorders 

(Kaigongi and Musila, 2015). 

Methanol in DCM (1:1v/v) leaves extract showed 

acaricidal activity (Onyango, 2016). 

Euclea divinorum 

Hiern. 

 

Stomachache (Kidane et al., 

2014). Bleeding (Cheikhyoussef 

et al., 2011). 

Diarrhea, typhoid, stroke 

(Kamau et al.,2016). Toothache 

(Kaigongi and Musila, 2015). 

Contractile activity (Kaingu et al., 2012). 

Croton megalocarpus 

Hutch. 

 

Influenza, pneumonia (Kamau et 

al.,  2016). 

Antibacterial, antifungal. Presence of triterpenes, 

chalcones (Kisangau et al., 2007). 

Antifungal (Kiswii et al., 2014). 

Croton dichogamous 

Pax 

 

Chest congestion (Kipkore et al., 

2014). Pesticidal activity 

(Qwarse et al., 2018) 

 

Chest pains (Kigen et al., 2019). 

Threatened abortion, infertility 

(Kaingu et al., 2013).  

No reports 

Harungana GIT disorders (Okoli et al., Activity against S. Typhimurium (Kengni et al., 
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madagascariensis 

Lam. Ex Poir 

 

2002) 2013). Astilbin (Moulari et al., 2006). Presence of 

triterpenoids, phenols (Kengni et al., 2013). 

Gladiolus dalenii var. 

andongensis (Baker) 

Goldblattex Geerinck 

 

Epilepsy, Nasopharyngeal 

infection, 

(Ngoupaye et al.,  2014). 

 

Antibacterial (Gbadamosi, 2012). 

Antifungal activity against Aspergillus niger 

(Odhiambo et al., 2010). Presence of alkaloids, 

saponins, cardenolides (Gbadamosi, 2012) 

Clerodendrum 

myricoides subsp. 

namibiense R. Fern. 

 

Malaria (Moshi et al., 2010). 

Febrile convulsions, Abdominal 

colic (Moshi et al., 2012). 

Respiratory infections (Kariuki 

and Njoroge, 2011). 

Pneumonia (Kareru et al., 2008). 

Organic solvent root extract had antibacterial and 

antifungal activity (Njeru et al., 2016). 

Antibacterial activity (Matu and van Staden, 2003; 

Kareru et al., 2008). 

Anti-plasmodial activity (Deressa et al., 2010).. 

Plectranthus barbatus 

var. grandis (L.H 

Cramer) Lukhoba & 

A. J. Paton 

 

Abdominal pain, diarrhea (Kigen 

et al., 2016). 

Tuberculosis (Bunalema et al., 

2014). 

Malaria (Nguta et al., 2010). 

Wounds, swelling, joint pain, 

stomach problems, malaria 

(wanjiku Ngari, 2010). 

Asthma (Yashaswini and 

Vasundhara, 2011). 

Larvicidal properties (Govindarajan et al., 2016). 

α-pinene, manool (Kerntopf et al., 2002). 

Anticonvulsant activity (Borges Fernandes et al.,  

2012). 

Vitex doniana Sweet 

 

Diabetes, ulcers (Osuagwu and 

Eme, 2013). 

Malaria, Measles (Lagnika et al., 

2012). 

Gastroenteritis, Diarrhea (Fadeyi 

et al., 2013). Diuretic, diabetes 

(Muanda et al.,  2011) 

 

Antimicrobial properties (Kilani, 2006; Ali et al., 

2017). Aqueous leaf extract possessed antioxidant 

activity (Agbafor and Nwachukwu, 2011). 

Presence of alkaloids, anthraquinones, flavonoids 

(Agbafor and Nwachukwu, 2011). Hydroalcoholic 

Stem bark extract had wound healing properties 

(Amégbor et al., 2012). 

Acacia robusta subsp. 

usambarensis (Taub.) 

Brenan 

Malaria (Belayneh et al., 2012). 

Fibroids (Kaingu et al., 2013). 

Antifungal (Hamza et al., 2006).  

Albizia zygia (DC.) 

J.J. Macbr. 

 

Antimalarial (Abdalla and 

Laatsch, 2012; Kokila et al., 

2013).  

Anticancer (Appiah- Opong et 

al., 2016). 

Cough, fever (Oloyede and 

Oguniade, 2013). 

Bronchial disease, fever (Okpo 

et al.,  2016). 

Antimicrobial activity. Presence of alkaloid, 

saponin, (Oloyede and Oguniade, 2013). Anti-

inflammatory, antioxidant (Olarbi et al., 2016). 

 

Rhynchosia elegans 

A. Rich. 

Malaria, common cold, fever 

(Asnake et al., 2016). 

No report 

Tamarindus indica L. 

 

Malaria (Ali et al., 2004; Pierre 

et al., 2011).  

Constipation, jaundice (Khalid et 

al., 2012). 

Aphrodisiac (Singh et al., 2012). 

General wellbeing (Kankara et 

Antibacterial (Doughari, 2006; Abukakar et al., 

2008). 

Presence of tannins, phlobatamins, alkaloids, 

saponins, sesquiterpenes (Doughari, 2006).  
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al., 2015). Sexually Transmitted 

Infections (Kaigongi and Musila, 

2015). 

Tylosema fassoglense 

(Kotschy ex 

Schweinf.) Torre & 

Hillc. 

Cancer (Kigen et al., 2016). Methanol extracts had antibacterial activity 

(Adongo et al., 2012). 

Antifungal  (Ochanga and Chacha, 2016). 

Azadirachta indica A. 

Juss 

Malaria (Ali et al., 2004; 

Njoroge and Bussmann, 2006) 

Scabies, control blood sugar 

levels (Singh et al.,2012). 

Tuberculosis (Bunalema et al., 

2014). 

Antibacterial (Akpuaka et al., 2013) 

Antioxidant, antibacterial. Triterpenoids, steroids 

(Pandey et al., 2014). 

Khaya senegalensis 

(Desr.) A. Juss 

 

Diabetes (Karou et al., 2011). 

Hepatic inflammations, sinusitis 

(Khalid et al.,  2012). 

Malaria (Agbodeka et al., 2016). 

 

Antibacterial (Ugoh et al., 2014). 

Ethyl acetate extract had hypoglycemic activity 

(Muhammad et al., 2016). 

Aqueous extract showed hepato- protective and 

hepatotoxicity effects (Muhammad et al., 2015). 

Ethanolic extract possessed antioxidant activity 

(Ibrahim et al., 2014). 

Presence of anthroquinones (Ugoh et al., 2014). 

Mollugo nudicaulis 

Lam. 

 

Jaundice (Nagesh and 

Shanthamma, 2011). 

Antioxidant activity (Rameshkumar and 

Sivasudha, 2012). 

Whole plant had antidiabetic properties (Sindhu et 

al., 2010). Presence of steroids, reducing sugars 

(Rameshkumar and Sivasudha, 2012). 

Moringa oleifera 

Lam. 

 

Malnutrition (Nadembega et al., 

2011). 

Tuberculosis (Bunalema et al., 

2014). Loss of memory, prostate 

cancer (Kamau et al., 2016). 

Flu, asthma, hypertension, 

malaria (Kasolo et al., 2010). 

Antibacterial (Caceres et al.,  1991). Flavonoids, 

terpenoids, steroids (Kasolo et al., 2010). 

Eucalptus 

camaldulensis subsp. 

arida Brooker & 

M.W.McDonald 

Tuberculosis (Bunalema et al., 

2014). Malaria, liver disorders 

(Nadembega et al., 2011). 

Respiratory tract congestion, 

chronic bronchitis, coughing, 

tuberculosis (Basak and Candan, 

2010). 

Antibacterial (Ghalem and Mohamed, 2008). 

(Adeniyi et al., 2009) Chloroform leaf extract had 

activity against Antimycobacterial (Gemechu et al., 

2013). 

 

Syzygium cumini var. 

obtusifolium (Roxb.) 

K.K. Khanna 

Asthma, bronchitis, sore throat 

(Ayyanar and Subash-Babu, 

2012). Coughing, diabetes, 

dysentery, ringworm, 

inflammation (Swami et 

al.,2012). Diarrhea, dysentery, 

wounds, constipation (Singh et 

al., 2012). 

Bark extract exhibited anti-inflammatory activity 

(Muruganandan et al., 2001). 

Aqueous extract had hypoglycemic and 

antihyperglycemic activity (Saravanan and Pari, 

2008). 

Ximenia Americana 

var. argentinensis 

DeFilipps 

Throat infection, amenorrhea, 

pain (Le et al., 2012). 

Root and stem bark extract had antimicrobial 

activity (James et al., 2007). Methanolic stem bark 

extract had antioxidant activity (Maikai et al., 
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2010). Tannins, cyanogenetic glycosides 

(Ogunleye and Ibitoye, 2003). Terpenoids, 

glycosides, steroids, phenols and triterpenoids 

(Kamita et al., 2014). 

Clematis hirsuta var. 

junodii (Burtt Davy) 

W.T Wang 

Colds, cleanser (Kamau et al., 

2016). Common cold, chest 

problems (wanjiku Ngari, 2010). 

Antifungal activity against Candida albicans (Cos 

et al., 2002). 

Gardenia ternifolia 

var. goetzei (Stapf & 

Hutch.) Verdc. 

Hypertension (Karou et al., 

2011). 

Treat dysentery, urinary tract 

infections (Silva et al., 1996). 

Antimicrobial activity (Silva et al., 1996). 

Root bark extract exhibited in -vivo antiplasmodial 

activity (Nureye et al., 2018). 

Ethanolic extract exhibited viricidal activity (Silva 

et al.,  1997). 

Keetia gueinzii 

(Sond.) Bridson 

 

Malaria (Njoroge and 

Bussmann, 2006). 

No reports 

Harrisonia abyssinica  

Oliv.  

 

Arthritis, STIs (Kimondo et al., 

2015). 

Stomach ache, coughs, malaria 

(Kaigongi and Musila, 2015). 

Malaria (Nguta et al., 2010). 

Antifungal activity (Fabry et al., 1996).  

Antiviral, antifungal, antibacterial and 

molluscicidal activity (Balde et al., 1995). 

Teclea nobilis Delile Antipyretic (Wabe et al., 2011). 

Common cold, pneumonia, chest 

pain (wanjiku Ngari, 2010). 

Pneumonia and arthritis (Kigen 

et al.,  2019). 

 

Antipyretic, analgesic activities, anti-inflammatory 

(Mascolo et al., 1988; Al Rehaily et al., 2001).   

Anti-caseinolytic activity (Chayamiti et al., 2013).  

Toddalia asiatica var. 

parva Z.M. Tan 

Sore throat, Malaria (Orwa et al., 

2008). 

Fever, stomach ache (Orwa et 

al., 2013). 

Common colds, cancer, (Kigen 

et al., 2016). 

Tuberculosis (Bunalema et al.,  

2014). 

Pneumonia (wanjiku Ngari, 

2010). Colds, respiratory 

diseases (Kamau et al., 2016). 

Malaria and respiratory illnesses 

(Kigen et al.,  2019). 

Larvicidal activity (Borah et al., 2010). 

Antifungal activity against Candida albicans 

(Maobe et al., 2013). 

Anti-inflammation (Kariuki et al., 2013). 

Zanthoxylum 

chalybeum var. molle 

Kokwaro 

Tuberculosis (Bunalema et al.,  

2014). 

Malaria (Njoroge and 

Bussmann, 2006). 

Pneumonia (wanjiku Ngari, 

2010). Cough, cervical cancer 

(Tugume et al., 2016). 

 

Antibacterial (Matu and van Staden, 2003; Nguta 

and Kiraithe, 2019). 

Antihyperglycemic activity (Kimani et al., 2015). 

Anti-plasmodial activity (Kiraithe et al., 2016). 

 

Zanthoxylum gilletii 

(De Wild.) P.G. 

Waterman 

 

Malaria (Guédé et al.,  2010). Anti-plasmodial (Omosa and Okemwa, 2017).  

(E)-β-ocimene, E-nerolidol (Affouet et al., 2012).  

Sanguinarine, 8-Methylnorchelerythrine (Gaya et 

al., 2013). 
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Cissus rotundifolia 

var. 

ferrugineopubescens 

Verdc. 

 

Contraception (Kaingu et al., 

2013).  

Pain (Matu and van Staden, 

2003). Malaria, liver disease and 

otitis (Hussein and Dhabe, 

2018). Malaria (Ali et al.,  

2004). 

Antibacterial activity (Alzoreky and Nakahara, 

2003). 

Aqueous leaf extracts had hypoglycemic activity 

(Al-Mehdar and Al-Battah, 2016). 

Rhoicissus revoilii 

Planch 

Pneumonia, tonsillitis (Thoithi et 

al., 2014).  

Ethanolic extract had good antifungal activity 

against Candida albicans (Thoithi et al., 2014). 

   

 

4.2. Preliminary phytochemical analysis of root bark  Keetia gueinzii (Sond.) Bridson, roots 

of Acanthus polystachius Delile and root tuber of Rhynchosia elegans A. Rich. 

4.2.1. Solvent extraction yields   

Acetonic, methanolic and aqueous extraction yields are given in Table 4.1 below.  

Table 4. 4: Percentage extraction yield of extraction solvents  

Scientific name 

 

Extraction yield 

Aqueous (%) Acetone 

(%) 

Methanol(%) 

Acanthus polystachius Delile 

 

21.23 4.27 10.14 

Keetia gueinzii (Sond.) 

Bridson 

 

17.8 4.93 10.91 

Rhynchosia elegans A. Rich. 

 

20.21 0.78 5.18 
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The aqueous extracts from all the plant parts had a higher yield, followed by methanolic extract. 

Acetonic extract had the lowest yield. Aqueous extracts of A. polystachyus and R. elegans gave 

the highest recovery of 21.23% and 20.21% respectively, while K. gueinzii aqueous extract had a 

yield of 17.8%. The methanolic extract of K. gueinzii and A. polystachyus had a yield of 10.19% 

and 10.14% respectively. Acetone had the least yield recovery across the plant species, with R. 

elegans recording the lowest yield of 0.78%. K. gueinzii and A. polystachyus had an extraction 

yield of 4.93% and 4.27% respectively. The yield of extraction increased with polarity of the 

solvent used. The extraction yield of acetone was lowest as compared to absolute methanol and 

distilled water. This is an agreement with previous studies that reported extraction of 100% 

acetone to be lowest (Do et al., 2014). 

4.2.2. Phytochemical screening   

Screening of acetonic, methanolic and aqueous extracts of root bark of K. gueinzii, roots of A. 

polystachius and root tuber of R. elegans revealed presence of various phytoconstituents as 

presented in Table 4.5 below. 

 

 

 

 

 



49 

 

Table 4. 5: Preliminary phytochemical screening of crude root, root bark, and root tuber 

extracts of Acanthus polystachius, Keetia gueinzii, and Rhynchosia elegans respectively 

Plant 

metabolite 

Tests Root extracts of 

Acanthus polystachyus 

Root bark extracts of  

Keetia  

gueinzii 

Root tuber extracts of  

Rhynchosia  

elegans 

  AQ ACT MEOH AQ ACT MEOH AQ ACT MEOH 

Alkaloids Dragendorrf’s test - + + - - + - + - 

Flavonoids Alkaline reagent 

test 

- + + + - - - - - 

Glycosides Keller-killiani test + + + + + - - + - 

Phenols Ferric chloride test + + + + + + + + + 

Saponins Froth test + - + + - + + - + 

Tannins Ferric chloride test + - - + + + + + - 

Terpenoids Salkowski test - - + - - - + - - 

AQ: Aqueous extract; ACT: Acetone extract; MEOH: Methanol extract; +: metabolite present; -: 

metabolite absent 

Methanolic extracts of A. polystachyus contained alkaloids, flavonoids, glycosides, phenols, 

saponins and terpenoids while the methanolic extract of R. elegans contained saponins and 

phenols. Methanolic extracts of K. gueinzii alkaloids, phenols, saponins and tannins.  

Aqueous extracts of K. gueinzii possessed flavonoids, glycosides, phenols, saponins and tannins 

while extracts of R. elegans and A. polystachius contained saponins, phenols and tannins. 

Acetonic extract of A. polystachyus contained alkaloids, phenols, flavonoids and glycosides while 

K. gueinzii contained phenols, glycosides and tannins. 
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4.3. In-vitro antimicrobial activity of root bark of Keetia gueinzii (Sond.) Bridson, roots of  

Acanthus polystachius Delile and root tuber of Rhynchosia elegans A. Rich. 

4.3.1. Minimum Inhibitory Concentration (MIC) Values 

Antimicrobial results of the plant extracts against the four tested microorganisms are shown in 

Table 4.6.  
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Table 4. 6: Minimum inhibitory, Bactericidal, and Fungicidal concentrations of crude root, 

root bark, and root tuber extracts of Acanthus polystachius, Keetia gueinzii, and Rhynchosia 

elegans respectively. 

 

Type of pathogen Plant extract MIC MBC MFC MBC/MIC MFC/MIC 

Bacillus  

Cereus  

(Gram +ve) 

Acanthus 

polystachyus 

AQ 

ACT 

MEOH 

 

 

25 

12.5 

100 

 

 

50 

12.5 

200 

 

 

- 

- 

- 

 

 

2 

1 

2 

 

 

- 

- 

- 

 Keetia gueinzii 

AQ 

ACT 

MEOH 

 

 

50 

12.5 

25 

 

 

100 

12.5 

50 

 

 

- 

- 

- 

 

 

2 

1 

2 

 

 

- 

- 

- 

 Rhynchosia 

elegans 

AQ 

ACT 

MEOH 

 

 

ND 

* 

200 

 

 

ND 

* 

400 

 

 

- 

- 

- 

 

 

ND 

* 

2 

 

 

- 

- 

- 

Staphylococcus 

aureus  

(Gram +ve) 

Acanthus 

polystachyus 

AQ 

ACT 

MEOH 

 

 

ND 

ND 

200 

 

 

ND 

ND 

400 

 

 

- 

- 

- 

 

 

ND 

ND 

2 

 

 

- 

- 

- 

 Keetia gueinzii      
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AQ 

ACT 

MEOH 

 

12.5 

12.5 

25 

 

12.5 

12.5 

50 

 

- 

- 

- 

 

1 

1 

2 

 

- 

- 

- 

  

Rhynchosia 

elegans 

AQ 

ACT 

MEOH 

 

 

 

 

ND 

* 

200 

 

 

 

 

ND 

* 

400 

 

 

 

 

- 

- 

- 

 

 

 

 

ND 

* 

2 

 

 

- 

- 

- 

 Amoxicillin 0.00156 0.00156 - 1 - 

 

Escherichia coli 

(Gram –ve) 

 

Acanthus 

polystachyus 

AQ 

ACT 

MEOH 

 

 

 

ND 

ND 

200 

 

 

 

ND 

ND 

400 

 

 

 

- 

- 

- 

 

 

 

ND 

ND 

2 

 

 

 

- 

- 

- 

 Keetia gueinzii 

AQ 

ACT 

MEOH 

 

 

200 

200 

200 

 

 

400 

400 

400 

 

 

- 

- 

- 

 

 

2 

2 

2 

 

 

- 

- 

- 

 Rhynchosia 

elegans 

AQ 

 

 

ND 

 

 

ND 

 

 

- 

 

 

ND 

 

 

- 
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ACT 

MEOH 

* 

ND 

* 

ND 

- 

- 

* 

ND 

- 

- 

 Gentamycin 0.00156      0.00156 - 1 - 

Candida albicans Acanthus 

polystachyus 

AQ 

ACT 

MEOH 

 

 

200 

ND 

200 

 

 

- 

- 

- 

 

 

400 

ND 

400 

 

 

- 

- 

- 

 

 

2 

ND 

2 

 Keetia gueinzii 

AQ 

ACT 

MEOH 

 

 

ND 

200 

100 

 

 

- 

- 

- 

 

 

ND 

400 

200 

 

 

- 

- 

- 

 

 

ND 

2 

2 

 Rhynchosia 

elegans 

AQ 

ACT 

MEOH 

 

 

ND 

* 

ND 

 

 

- 

- 

- 

 

 

ND 

* 

ND 

 

 

- 

- 

- 

 

 

ND 

* 

ND 

 Nystatin 0.00156 - 0.00156 - 1 

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; MFC: Minimum fungicidal 

concentration; AQ: aqueous extract; ACT: acetone extract; MEOH: methanol extract; ND: Not determined (Did not 

display activity at the tested concentrations).; * Extract not subjected to antimicrobial screening. 0.00156 mg/ml was 

the lowest test concentration used for the positive controls. 
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Acetonic and methanolic extract of K. gueinzii showed broad spectrum activity against the test 

microorganism.  MIC values of the extracts tested against S. aureus showed that acetonic and 

aqueous root bark extracts of K. gueinzii had the lowest MIC of 12.5 mg/ml. Methanolic extracts 

of A.  polystachius and R. elegans showed activity against S. aureus with MIC values of 200 

mg/ml. 

All extracts exhibited activity against B. cereus at the tested concentrations with the exception of 

aqueous extract of R. elegans.  Aqueous extract of R. elegans did not show activity against any of 

the microorganisms at the tested concentrations. The acetonic root bark extract of K. gueinzii and 

root extract of A. polystachius against B. cereus had a MIC value of 12.5 mg/ml. Aqueous extract 

of A. polystachius and methanolic extract of K. gueinzii activity against B. cereus had a MBC of 

50 mg/ml.  

Aqueous, acetonic and methanolic extract of K. gueinzii possessed activity against E. coli with a 

MIC value of 200 mg/ml. Methanolic extract A. polystachyus showed activity against E. coli with 

MIC of 200 mg/ml. 

Aqueous extract of A. polystachyus possessed activity against C. albicans with a MFC of 

400mg/ml. Methanolic extract of K. gueinzii had the lowest MIC value of 100mg/ml against C. 

albicans and a MFC value of 200 mg/ml. Acetonic extract of R. elegans was not subjected to 

antimicrobial testing due to a very low extraction yield. 

Bacteriostatic activity was determined by MBC/MIC values of >4 while bactericidal activity with 

MBC/MIC values of < 4 (Djeussi et al., 2013). Fungistatic activity was determined by MFC/MIC 

values of >4 while fungicidal activity with MFC/MIC values of < 4 (Hazen, 1998; de Castro et al., 
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2015). Based on the calculated values of ratios of MBC/MIC, aqueous, acetonic and methanolic 

extract of K. gueinzii were considered bactericidal against all the tested bacterial with values of < 

4. Methanolic extract of K. gueinzii and A. polystachyus were considered fungicidal with 

MFC/MIC values of < 4.  

 

4.4. Evaluation of cytotoxicity of root bark of Keetia gueinzii (Sond.) Bridson, roots of 

Acanthus polystachius Delile and root tuber of Rhynchosia elegans A. Rich.  against brine 

shrimp (Artemia salina) larvae. 

4.4.1. Acute toxicity of the crude extracts 

Results showed that aqueous extracts of root bark of K. gueinzii and root of A. polystachyus were 

non-toxic. However, aqueous root tuber extract of R. elegans with a LC50 of 422.09 µg/ml was 

considered to be moderately toxic to toxic against brine shrimp larvae, as tabulated in table 4.7. 

below.  
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Table 4. 7: Brine shrimp cytotoxicity of Dimethyl sulfoxide, vincristine sulphate and crude 

extracts of Acanthus polystachius, Keetia gueinzii, and Rhynchosia elegans  

 

 

 

 

   Mortality per test dose  Toxicity 

Plant 

species 

 

Part  

used 

Solvent  

Used 

10 

µg/ml 

100 

µg/ml 

1000 

µg/ml 

LC50 (µg/ml) 

 

Meyer’s 

toxicity 

index  

Clarkson’s 

toxicity 

index  

Acanthus polystachius 

Delile 

Roots Acetone 

 

0 1 50 195.17 (109.11-

349.08) 

Toxic Moderately 

toxic 

  Distilled 

Water 

0 0 0 No death Non-toxic Non-toxic 

  Methanol 0 6 49 174.26 (93.37-

325.23) 

Toxic Moderately 

toxic 

Keetia gueinzii (Sond.) 

Bridson 

Root 

bark 

Acetone 0 0 0 No death  Non-toxic Non-toxic 

  Distilled 

Water 

0 0 3 148,735,210.7 

(2,807,216.20-

7,880,462,816) 

Non-toxic Non-toxic 

  Methanol 0 0 1 1.0×1016 

(2.0×1012-

5.1×1019) 

Non-toxic Non-toxic 

Rhynchosia elegans A. 

Rich. 

Root 

tuber 

Acetone 0 2 50 175.77 (98.27-

314.39) 

Toxic Moderately 

toxic 

  Distilled 

Water 

0 0 45 422.09 (199.52-

893.59) 

Toxic Moderately 

toxic 

  Methanol 0 5 50 168.76 (94.35-

301.85) 

Toxic Moderately 

toxic 

0.1% 

Dimethyl sulfoxide 

_ _ 0 0 0 No death Non-toxic Non-toxic 

Vincristine sulphate _ _ 8 31 50 45.77 (19.75-

106.06) 

Toxic Highly toxic 
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Methanolic extract of K. gueinzii was non-toxic with a LC50 value of 1.0 x 1016 µg/ml. However, 

methanolic extract of A. polystachyus and R. elegans with LC50 values of 174.26 µg/ml and 

168.76 µg/ml were considered moderately toxic to toxic.  

Acetonic extract of K. gueinzii was found to be non-toxic. A. polystachyus and R. elegans extracts 

were toxic with LC50 values of 195.17 µg/ml and 175.77 µg/ml respectively. 
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CHAPTER FIVE 

DISCUSSION 

5.1. Ethnobotanical survey 

Continuous and timely documentation of medicinal plants used by communities’ aids in 

preservation of ethnomedicinal knowledge. Within the study locality, majority of practitioners 

belonged to the older age group. This age group is considered to be a more likely custodian of 

traditional ethno medicinal knowledge and their advanced age shows the potential risk of loss of 

this information (Lambert et al., 2011; Mukungu et al., 2016). Inexperience among the youth with 

regard to traditional medicinal knowledge further impacts negatively on their acceptance by the 

community (Mukungu et al., 2016). The. Males were fewer as they resorted to other ventures to 

supplement income from herbal practice. It has been reported that a major portion of herbal 

practitioners practice medicine as a part time (Parthiban et al., 2016).  

Majority of the respondents interviewed had little or no formal education. This serves to further 

reinforce the fact that herbal practice is a field left to the less educated members of the community 

(Mukungu et al., 2016). It serves to argue that younger people are not keen on learning the craft of 

herbal medicine. The extensive year of experience of male and female practitioners in the study 

serves to explain their rich experience and sharp expertise with regards to medicinal plants 

utilization. 

Most of the plants cited belonged to the Leguminosae family. This observation is different from a 

similar study that reported Asteraceae as the dominant family of plant used for management of 

respiratory diseases in Pakistan (Alamgeer et al., 2018). The family Leguminosae is widely 
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distributed and is one of the largest plant families globally (Christenhusz and  Byng, 2016). The 

dominance of Leguminosae family use for preparation of remedies in the study locality could be 

attributed to its worldwide distribution and presence of various secondary metabolites which are 

known to have pharmacological activity. This argument has been shared by other authors 

(Alamgeer et al., 2018). 

The predominance of trees in the study could be attributed to their large presence and ease of 

availability. Trees are known to be more resistant to season variations and drought (Ahmed and 

Bassuony, 2009; Khan et al., 2013; Alamgeer et al., 2018). Leaves had the highest frequency of 

use which was also reported in similar studies. Leaves are important sites for photosynthesis and 

this could explain their high frequency of use (Mukungu et al., 2016; Alamgeer et al., 2018). 

Over reliance of wilds plants poses a threat as some species are utilized to extinction (Kankara et 

al., 2015). It was observed that some plants were being uprooted during collection. This could be 

attributed to poor conservation and harvesting practices, scarcity of plant species and the 

extensive drought period. This is of concern as over usage of root parts and stem bark pose danger 

to plant biodiversity (Maroyi, 2013).  

The dosage of indigenous remedy depended on the indication, severity of the illness and the years 

of experience of the practitioners. The practitioners emphasized on the importance of following 

laid down instructions on the preparation and administration of the herbal remedy. Dosage of the 

remedy was measured using teaspoons and tablespoons. Decoctions and concoctions were 

measured as cupful/glassful. However, there was ambiguity on the appropriate cup size and the 

sizes ranged between 300 ml to 500 ml. Previous studies have reported on this ambiguity 
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(Kankara et al., 2015). The herbalist reported that remedies rarely failed and had very minimal 

side effects. However, the capacity of the herbalist in identifying adverse effects of the remedies 

cannot be ascertained.  

Various studies have been conducted in the country in an effort to conserve ethnomedicinal 

knowledge including; Kisumu (Kokwaro and Johns, 1998; Orwa et al., 2007), Kakamega 

(Mukungu et al., 2016), Lake Victoria region (Otieno et al., 2011) and Msambweni (Nguta et al., 

2010). This serves as the first study that documents plants of medicinal value used for respiratory 

infection in Kisumu East Sub-County. 

There is agreement with other herbal practitioners on the use of plants identified in the study in 

management of illnesses. Carissa edulis has been reportedly used in management of respiratory 

infections (Kariuki and Njoroge, 2011). Leaves of Moringa oleifera have been used for flu, 

asthma and hypertension (Basak and Candan, 2010). Clematis hirsuta has been reported for cold, 

body cleanser and chest problems (Kamau et al., 2016). Harrisonia abyssinica has been reported 

for use in management of cough and malaria (Nguta et al., 2010; Kaigongi and Musila, 2015). 

This overlap in utility suggests that there is agreement among practitioners from different 

geographical locations with regards to the use of medicinal plants.  

From literature review, there is minimal or no pharmacological evaluation of A.  polystachius, K. 

gueinzii and R. elegans. A. polystachyus has been reported in management of malaria and 

scorpion bites (Asnake et al., 2016; Demilew et al., 2018). R. elegans root has been used in 

treatment of backleg disease, anthrax and amoebiasis (Kidane et al., 2014). The leaves have been 

reported in treatment of malaria, fever and cold (Asnake et al., 2016).  
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5.2. Phytochemical constituents 

Medicinal plants possess curative properties due to presence of various secondary metabolites 

(Pandey, 2015). It is of great interest that this serves as the first report on phytochemical 

composition of the above crude plant extracts. 

Quantitative estimates of percentage crude yields were different. Variation in yields could be 

attributed to concentration of compounds, their polarity, structure of compounds, particle size of 

plant material which would have contributed to surface to volume ratio, types of compounds 

present, plant part used and compound similarities. Concentration of plant constituents varies with 

plant part used and across plant species and geographical location (Figueiredo et al., 2008). 

The current study serves as the first report on the phytochemical constitution of K. gueinzii, A. 

polystachyus and R. elegans. Phytochemical screening showed that the roots, root bark and root 

tuber of the test plant materials contained various chemical constituents. Alkaloids, saponins, 

phenols, flavonoids and tannins were present in the plant parts. The variation in phytochemical 

present could be attributed to differences in solubility of the phytoconstituents in the various 

extraction solvents (Ngo et al., 2017). 

The biological activity of a plant extract is dependent on the phytoconstituents present. These 

chemical constituents have been known to possess biological activity which is of health benefit. 

Flavonoids have been reported to exhibit analgesic, antimicrobial and anti-allergic activity 

(Wintola and Afolayan, 2015). Antioxidant properties of flavonoids have contributed to the 

treatment of several diseases including microbial infections, cancer, liver dysfunction and 
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cardiovascular disease (Mohammed et al.,  2013). Phenols are known to possess antimicrobial, 

anti-inflammatory and antioxidant activities (Amoo et al., 2011).  

These reported activities attributable to the phytochemicals will further serves as areas for further 

research in an effort to understand observed chemical and pharmacological properties of the plant 

extracts. Further work to quantify these phytoconstituents is recommended 

5.3. Antimicrobial properties of various test extracts against test microorganisms 

In -vitro antimicrobial activity assays are an important step in validating ethnomedicinal use of 

plants. In these study, organic and aqueous crude plant extracts showed varying degree of 

antimicrobial activity. The MIC value ranged from 12.5 mg/ml to 200 mg/ml.  

The MBC for the aqueous and acetonic extract of K. gueinzii against S. aureus was 12.5 mg/mL, 

with the methanolic extract at 50 mg/ml. Acetonic crude extracts of K. gueinzii and A. 

polystachyus had MBC values of 12.5 mg/ml. These findings are of interest as S. aureus and B. 

cereus are known to being resistant to various antibiotics. S. aureus and B. cereus produce 

enterotoxins that can lead to septicemia and enteritis. The antimicrobial properties of K. gueinzii 

crude extracts could be attributable to presence of alkaloids, saponins, phenols, flavonoids and 

tannins. Phenols are known to possess antimicrobial, antioxidant and anti-inflammatory activities 

(Amoo et al., 2011; Jaberian, et al., 2013). Tannins present could also explain their activity 

against S. aureus as reported in earlier studies (Akiyama et al., 2001). They have been reported to 

inhibit growth of S. aureus and P. aeruginosa with MIC values of 4.01 mg/ml and 8.20 mg/ml 

respectively (Rodrigues et al., 2014).  
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The MFC of methanolic and acetonic crude extracts of K. gueinzii against C. albicans was 200 

mg/ml and 400 mg/ml respectively. Likewise, acetonic and methanolic crude extract of A. 

polystachyus had MFC of 400 mg/ml each. These could be attributed to presence of phenols. 

Thymol, a phenol derivative has been shown to reduce biofilm mass formed by C. albicans 

significantly reducing the number of viable cells (Guo et al., 2009; Vasconcelos et al., 2014). 

Carvacrol, a phenol, has exhibited activity against strains of C. neoformans. It acts by causing 

fungal membrane instability. Antibacterial and antioxidant activity of carvacol has also been 

reported (Jaberian et al.,  2013; Nóbrega et al., 2016). This could explain the observed fungicidal 

activity of acetonic and methanolic extracts of K. gueinzii against C. albicans. 

Aqueous extract of R. elegans showed no activity against any of the tested microorganisms 

despite the presence of phenols, tannins, saponins and terpenoids which are known to possess 

antimicrobial properties (Mastelic et al., 2005). Bioactivity cannot be completely ruled out. 

Observed lack of bioactivity could be due to antagonistic effects of other constituents in the 

extract or low concentration of bioactive constituents. The crude extract could possibly have 

activity against other microorganisms that cause respiratory ailments. Furthermore, antimicrobial 

effects of the plants could be due to immunostimulant activity, or compounds present that require 

activation by enzymes to bring about therapeutic effect in-vivo (Madikizela et al., 2013).  

Methanolic extract of R. elegans showed no activity against gram-negative bacteria and fungi but 

showed activity against gram positive bacteria. This could be attributed to presence of saponins 

which have been reported to possess inhibitory effect on gram-positive organism but not on gram 

negative organism and the fungi (Oyekunle et al., 2006). However, Acaciaside A and B, two 
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acylated bisglycoside saponins have reportedly exhibited antifungal and antibacterial activities 

(Mandal et al., 2005). 

5.4. Cytotoxicity evaluation of crude extracts 

Evaluation of toxicity of plant extracts is important in order to ascertain safety on administration. 

It is of importance to note that these calculations offer a significant preliminary data for further 

toxicity testing (Hamidi et al., 2014).  

Findings from the current study reports for the first-time cytotoxicity of the crude extracts derived 

from K. gueinzii, A. polystachyus and R. elegans. The degree of lethality of the extract was 

proportional to concentration of the extracts. Aqueous crude extract of R. elegans was considered 

moderately toxic to toxic with an LC50 value of 422.09 µg/ml. This brings concern on continued 

use of decoctions and concoctions that containing the said plant. The traditional medicinal 

practitioners did not report any adverse effects of use of the plants apart from diarrhea. This could 

be attributed to poor hygiene and potential toxicity of the plants as shown from the results. Lack 

of reported adverse effects of R. elegans could be attributed to its use in small quantities during 

preparation of concoctions in management of respiratory infections in the study area. However, its 

use should be carried out with caution as the extent of cumulative toxicity of the plant is not 

known. Consideration should be made for dose adjustment of the plant extracts before 

administration. Substitute of the plant should also be considered as other plants have been equally 

mentioned to be used for respiratory infections. It is important to note that toxic plant extracts 

may have medicinal potential which may not be antimicrobial. A study by Sautron and Cock, 
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(2014) demonstrated that toxicity in bioassays using A. franciscana nauplii may indicate anti-

cancer potential. 

 Acetonic extracts of A. polystachyus and R. elegans were considered moderately toxic to toxic 

and further in-vivo studies are recommended to ascertain extent of toxicity. This suggest that there 

is presence of potent cytotoxic components. Presence of alkaloids in the crude extracts could be 

attributed to the reported cytotoxicity. Previous studies have demonstrated the cytotoxic and 

anticancer activity of alkaloids (Lamchouri et al., 2000; Ma et al., 2004). Herbalists from the 

study area could still be trusted with the information since they prepare decoctions and 

concoctions using water, which according to the current study, was not toxic. 

Aqueous, methanolic and acetonic extracts from the root bark extracts of K. gueinzii showed that 

they were non-toxic. The aqueous and methanolic extracts had LC50 values greater than 1,000 

µg/ml. This suggest that antimicrobial activity of the preparation is not related to its inherent 

cytotoxicity. This further suggest that K. gueinzii can be safely used in management of respiratory 

infections. Further work is recommended to quantify and separate pure compounds. We 

recommend for further acute toxicity testing on animal model to correlate the two methods of 

toxicity evaluation. Clinical studies should be conducted to have a better understanding of their 

toxicity profile. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions   

The Luo community resident in Kisumu East Sub – County had a wealth of ethnomedicinal 

knowledge. Forty-five plant species were identified and documented for management of 

respiratory diseases. Roots, root barks and root tubers were predominantly used in the preparation 

of herbal remedies by the herbalist in the study area which threatens the ecological survival of 

some of the plants species used. Tested crude plant extracts of root bark of Keetia gueinzii, root of 

Acanthus polystachyus and root tuber of Rhynchosia elegans showed presence of various 

phytoconstituents. Phenols were detected in all the crude extracts of the studied plants. 

K. gueinzii extracts exhibited antimicrobial activity at the tested concentrations. Methanolic 

extract of A. polystachius showed antimicrobial activity with acetonic and aqueous extracts 

exhibiting activity against B. cereus and C. albicans. Aqueous and organic crude extracts of 

Keetia gueinzii were all nontoxic to Artemia salina larvae and therefore considered safe for use in 

management of respiratory illness. All extracts of Rhynchosia elegans were toxic to Artemia 

salina larvae and it use in treatment in human population should be done while exercising caution. 
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 6.2. Recommendations  

Efforts should be made to documentation and preservation of ethnomedicinal knowledge within 

the study locality. Further studies should be conducted to quantify phytochemicals present and 

other phytoconstituents present when other extractive solvents are used. In addition, further 

antimicrobial evaluation studies should be carried out to validate the use of these plants. Some 

plants were being used as decoctions and concoctions against respiratory infections but did not 

appear to possess antibacterial or antifungal activity at the tested concentration.  

Present observations have shown that some of the tested crude extracts were toxic. It is 

recommended that in-vivo studies be conducted to determine the possible risk of continued use of 

R. elegans to the patients. Results of this study serve as an opportune starting point to further 

investigate the studied and commonly used medicinal plants amongst the Luo community for 

possible isolation of active moieties to combat ever rising concern of resistance to antimicrobials. 

Due to increase of new and emerging diseases, there is an urgent need of new agents with diverse 

novel mechanisms of action and chemical structures (Cheesman et al., 2017). 
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Appendix II: Approval from National Commission for Science, Technology & Innovation 

(NACOSTI) 
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Appendix III: Consent to participate in a study of medicinal plants used against respiratory 

infections in Kisumu East Sub-County 

INVESTIGATOR 

Name: James Mailu  

Department: Public Health, Pharmacology and Toxicology, University of Nairobi  

Phone No: 0726 340 608 

INTRODUCTION 

You are humbly requested to take part in a research study to look at the ethnomedicinal practice 

of locals within Kisumu East- Sub County. You have been selected as a possible participant as 

you are residents of the Sub County, above 18 years of age and identified as a key resource person 

with good knowledge on medicinal plants. 

I urge you read the form and I will happily address any of your concerns. 

PURPOSE OF THE STUDY 

To conduct an ethnopharmacological and toxicological study of plants of medicinal value used 

against respiratory infections in Kisumu East Sub-County. This work will possible be published in 

a peer review journal. 

STUDY PROCEDURE 

Upon agreeing to participate in the study, you will be asked questions regarding basic 

demographics and plants used in management of respiratory diseases. You will highlight type of 

plant species, part of plant material used, how it is prepared, route of administration, dosage, 

contraindications and possible side effects. In addition, you will assist the researcher in 
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identifying the plant/plants and aid in collection of the same for documentation and subjection to 

further analysis. 

RISKS IN PARTICIPATING IN THE STUDY 

There are no foreseeable risks expected in the study. 

BENEFITS OF PARTICIPATING IN THE STUDY 

Benefits of being in the study include helping in sharing of vital information for posterity, 

learning from likeminded persons and possible identification of lead compounds that may 

alleviate human suffering. 

CONFIDENTIALITY 

Information shared will be treated confidential. Your identity will be kept anonymous. Electronic 

information will be coded and secured using a password. 

RIGHT TO REFUSE OR WITHDRAW 

You retain the right to refuse or withdraw your participation in the study. 

RIGHT TO MAKE ENQUIRIES 

You can ask any question to the investigator at any time during the study. The investigator will 

address any concerns raised at any point in the study. 

 

CONSENT 

I have clearly read and understood the information provided and hereby willingly participate in 

the study. 

 

Informant’s name ……………………………………………………… 



122 

 

Informants signature………………………………………………………. 

Date……………………… 

 

Investigators Signature…………………………………………………… Date…………………… 
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Appendix IV:  A questionnaire to collect ethnomedicinal data of herbal medicinal plants 

used against respiratory infections in Kisumu East Sub -County 

Kindly respond to the questions below. This information is confidential and will be used for 

research purpose only 

1. Name. 

 

2. Gender    Male                      Female     

3. Age  

4. Level of education                          

No formal education                                      Primary education                    

                                                                                                      

Post-secondary education    Secondary education    

5. Ward/Village      

6. Have you heard of herbal medicinal practice?       Yes    No  

 

7. Do you practice herbal medicine?           Yes    No 

 

8. Are you a herbal practitioner?                    Yes    No 

 

9. If yes, for how many years have you been practicing? ………....................................... 

10.  Which illnesses are prevalent in this area? …………………………………………… 

11. Which methods do you use to treat them? ........................................................................ 
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12. Are respiratory infections a problem in this locality?…………………………………… 

13. How do you treat respiratory infections here? …………………………………….……….. 

14. Do you use medicinal plants to respiratory infections? .......................................................... 

15. If yes, which plants do you use?................................................................................... 

16. How can you prioritize these plants in the management of respiratory infections? ……… 

17. What is the local name of the plant? ……………………………………………… 

18. Which parts of this plant do you use to treat respiratory infections? …………………… 

19. How do you prepare it? ………………………………………………………… 

20. How is it administered and for how long? …………………………………………… 

21. Do you use the plant fresh?...................................................................... 

22. If NO, how do you store the plant for future use? ……………………………………… 

23. Does it have side effects? …………………………………………………….. 

24. If yes, which ones? …………………………………………………… 

                                     

 

 

 

Plant 

(local 

name

) 

Conditi

on 

treated 

Part 

of 

plant 

used 

Preventiv

e/curativ

e 

Method of 

preparation and form 

of plant extract 

administered 

Amount of plant 

extract consumed, 

frequency and route 

of plant extract 

administration 

Possible side 

effects/precaution 

while 

administering or 

during use of the 

plant extract 

Other 

uses of 

the plant 

and plant 

extract 

Comment

s/ Notes 
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Appendix V: Photos taken in Kajulu hills during collection of plant specimens 
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Appendix VI: Sample of plant specimens collected and deposited in University of Nairobi   

Herbarium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Family:    Apocynaceae 

Botanical name: Carissa edulis 

Common name: Ochuoga 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  19.4.2019 

Voucher no:  JM2019/194/022 

Family:    Acanthaceae 

Botanical name: Acanthus polystachius 

Common name: Nyanandi 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  28.4.2019 

Voucher no:  JM2019/284/003 
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Family:    Fabaceae 

Botanical name: Tylosemma fassonglesse 

Common name: Ombasa 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  19.4.2019 

Voucher no:  JM2019/194/016 

Family:    Meliaeae 

Botanical name: Khaya senegalensis 

Common name: Tido 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  19.4.2019 

Voucher no:  JM2019/194/016 
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Family:    Ebenaceae 

Botanical name: Euclea divinorum 

Common name: Ochol 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  19.4.2019 

Voucher no:  JM2019/194/023 

Family:    Rubiaceae 

Botanical name: Keetia gueinzii 

Common name: Atego 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  19.4.2019 

Voucher no:  JM2019/194/001 
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Family:    Verbenaceae 

Botanical name: Clerodendrum myricoides 

Common name: Okwerogweno 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  5.8.2019 

Voucher no:  JM2019/058/021 

Family:    Euphorbiceae 

Botanical name: Croton megalocarpus 

Common name: Ofunjamuri 

Place of collection:  Kajulu hill 

Collectors name: James Mailu 

Collection date:  5.8.2019 

Voucher no:  JM2019/058/021 
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Appendix VII: Photos of extraction process 
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Appendix VIII: Photos of determination of Minimum Inhibitory Concentration (MIC) 

values  
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Appendix IX: Photos of cytotoxic evaluation (Brine shrimp lethality assay) 
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Appendix X: Percentage mortality of the crude extracts of Acanthus polystachius, Keetia 

gueinzii and Rhynchosia elegans  

Table 1: Percentage mortality of aqueous extract of Acanthus polystachius Delile.  

Tube Number Concentration µg/ml Log10 concentration % Mortality Probit 

1 10 1 0 0 

2 10 1 0 0 

3 10 1 0 0 

4 10 1 0 0 

5 10 1 0 0 

1 100 2 0 0 

2 100 2 0 0 

3 100 2 0 0 

4 100 2 0 0 

5 100 2 0 0 

1 1000 3 0 0 

2 1000 3 0 0 

3 1000 3 0 0 

4 1000 3 0 0 

5 1000 3 0 0 

 

Table 2: Percentage mortality of aqueous extract of Keetia gueinzii (Sond.) Bridson.  

Tube Number 

Concentration 

µg/ml 

Log10 

concentration % Mortality Probit 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 0 1.0334 

3 100 2 0 1.0334 

4 100 2 0 1.0334 

5 100 2 0 1.0334 

1 1000 3 0 1.0334 

2 1000 3 0 1.0334 

3 1000 3 20 4.1584 

4 1000 3 10 3.7184 

5 1000 3 0 1.0334 
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Table 3: Percentage mortality of aqueous extract of Rhynchosia elegans A. Rich.  

Tube Number Concentration µg/ml Log10 concentration 

% 

Mortality Probit 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 0 1.0334 

3 100 2 0 1.0334 

4 100 2 0 1.0334 

5 100 2 0 1.0334 

1 1000 3 100 8.9538 

2 1000 3 100 8.9538 

3 1000 3 80 5.8416 

4 1000 3 90 6.2816 

5 1000 3 80 5.8416 

 

Table 4: Percentage mortality of acetonic extract of Acanthus polystachius Delile.  

Tube Number Concentration µg/ml Log10 concentration % Mortality Probit 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 10 3.7184 

3 100 2 0 1.0334 

4 100 2 0 1.0334 

5 100 2 0 1.0334 

1 1000 3 100 8.9538 

2 1000 3 100 8.9538 

3 1000 3 100 8.9538 

4 1000 3 100 8.9538 

5 1000 3 100 8.9538 
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Table 5: Percentage mortality of acetonic extract of Keetia gueinzii (sond.) Bridson. 

Tube Number Concentration µg/ml 

Log10 

concentration % Mortality Probit 

1 10 1 0 0 

2 10 1 0 0 

3 10 1 0 0 

4 10 1 0 0 

5 10 1 0 0 

1 100 2 0 0 

2 100 2 0 0 

3 100 2 0 0 

4 100 2 0 0 

5 100 2 0 0 

1 1000 3 0 0 

2 1000 3 0 0 

3 1000 3 0 0 

4 1000 3 0 0 

5 1000 3 0 0 

 

Table 6: Percentage mortality of acetonic extract of Rhynchosia elegans A. Rich.  

Tube Number Concentration µg/ml Log10 concentration 

% 

Mortality Probit 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 0 1.0334 

3 100 2 10 3.7184 

4 100 2 0 1.0334 

5 100 2 10 3.7184 

1 1000 3 100 8.9538 

2 1000 3 100 8.9538 

3 1000 3 100 8.9538 

4 1000 3 100 8.9538 

5 1000 3 100 8.9538 
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Table 7: Percentage mortality of methanolic extract of Acanthus polystachius Delile.  

Tube Number Concentration µg/ml Log10 concentration % Mortality Probits 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 20 4.1584 

2 100 2 30 4.4756 

3 100 2 0 1.0334 

4 100 2 0 1.0334 

5 100 2 10 3.7184 

1 1000 3 100 8.9538 

2 1000 3 90 6.2816 

3 1000 3 100 8.9538 

4 1000 3 100 8.9538 

5 1000 3 100 8.9538 

 

Table 8: Percentage mortality of methanolic extract of Keetia gueinzii (Sond.) Bridson. 

Tube Number Concentration µg/ml Log10 concentration 

% 

Mortality Probits 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 0 1.0334 

3 100 2 0 1.0334 

4 100 2 0 1.0334 

5 100 2 0 1.0334 

1 1000 3 0 1.0334 

2 1000 3 10 3.7184 

3 1000 3 0 1.0334 

4 1000 3 0 1.0334 

5 1000 3 0 1.0334 
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Table 9: Percentage mortality of methanolic extract of Rhynchosia elegans A. Rich.  

Tube Number Concentration µg/ml Log10 concentration 

% 

Mortality Probit 

1 10 1 0 1.0334 

2 10 1 0 1.0334 

3 10 1 0 1.0334 

4 10 1 0 1.0334 

5 10 1 0 1.0334 

1 100 2 0 1.0334 

2 100 2 10 3.7184 

3 100 2 40 4.7467 

4 100 2 0 1.0334 

5 100 2 0 1.0334 

1 1000 3 100 8.9538 

2 1000 3 100 8.9538 

3 1000 3 100 8.9538 

4 1000 3 100 8.9538 

5 1000 3 100 8.9538 

 

 

 

 

 

 

 

 

 

 

 

 

 



138 

 

 

Appendix XI: Probit analysis and determination of LC50 values for Acanthus polystachius, 

Keetia gueinzii, and Rhynchosia elegans using Microsoft Excel 2019 
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