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ABSTRACT

According to World Health Organization (WHO), the traditional systems of medicine provide
primary health care for over 80% of the world population. Antimicrobial resistance is now a
major pitfall in the use of conventional antimicrobial drugs. Natural products used in Traditional
Medicine (TM) may be used to combat multidrug resistant infectious diseases through careful
elucidation and validation of their biological components that have novel mechanism of action.
Use of medicinal plant remedies is of high importance in many African communities. The
Samburu community in Kenya values traditional medicine administered by their traditional
healers and this forms the most important means of treatment of diseases among the Samburu
community. Ther are several reasons including Poor infrastructure and inadequate modern
medical facilities that have made most pastoralist communities in Kenya to rely on herbal

medicines.

The traditional remedies used in Traditional African Medicine (TAM) lack proper
documentation and data on safety and efficacy generated through scientific methods. The current
study was carried out to document the use of medicinal plants in management of sexually
transmitted infections among the Samburu community in Kenya and to study the
pharmacological and toxicological profile of selected medicinal plant extracts. The first part of
the study was an ethnobotanical survey on the use of herbal remedies used for the treatment of
venereal diseases. This was followed by preliminary phytochemical screening, antimicrobial

activity, cytotoxicity studies and in vivo toxicological studies of selected plant extracts.

Data on use of plants for management of sexually transmitted infections was obtained through
focused group discussions and administration of semi-structured questionnaires to the herbalists.
The herbalists then identified the plants in situ; samples were collected and submitted to a
herbarium for botanical identification and allocation of voucher specimen numbers. Data on
identity of medicinal plants, herbal remedies preparation methods, herbalists views on
effectiveness, safety, availability of plants, their use on sexually transmitted infections (STIs)
and ethnodiagnostic skills was entered into a computer package for descriptive statistical

analysis.

XiX



Eight commonly used plant species in management of STIs as cited in the ethnobotanical survey
were selected: Clerodendrum myricoides, (Hoecst) Vatke Carissa eduli (Forsk) vahl, Acassia
tortilis (Fossk) Hayne, Myrsine Africana L., Rhamnus staddo A. Rich, Rhamnus prinoides
L herit, Psiadia arabica Jabb and Spach and Sansevierria enhribergii Bach.

Preliminary phytochemical screening of agueous and methanol/water plant extracts was done
using standard phytochemical techniques for determination of the presence of alkaloids, steroids,
triterpines, tannins, flavanoids, flavones, phenols, glycosides, anthraquinones, proteins and
resins.

The bioactivity (cytotoxicity) of methanol/water (70/30) v/v and chloroform extracts of the 8
plants was tested using the brine shrimp lethality test (BLT). Ten naupli were introduced in tubes
containing various dilutions of the plant extracts and mortality after 24hrs recorded. Mortality
data was entered into the Probit Method of Finney Computor Programme for determination of
the lethal concentration (LCso) and its 95 % confidence interval. The calculations were based on
the number of dose level, the number of brine shrimp that died per concentration and % mortality
per concentration.

The antimicrobial activities of the plant extracts against Neisseria gonorrhea, Staphylococcus
aureus, Escherichia coli, Bacillus cereus Pseudomonas aeroginosa, and Streptococcus fecalis
using broth dilution technique were determined. These were compared with those of benzyl
penicillin, oxytetracycline and streptomycin as positive controls in the experiment. The toxicity
of the aqueous extract of Clerodendrum myricoides (Hoechst) Vatke was determined in rats
using the Organization of Economic Corporation and Development (OECD) protocols for
toxicity testing, acute toxic class method for acute toxicity and 28-day repeated dose method for

sub acute toxicity testing.

Results of ethnobotanical survey showed that the ethnodiagnosis of sexually transmitted
infections (STIs) by the Samburu traditional healers was mainly based on symptoms. The
commonly used plants species in management of STIs were roots of Clerodendrum myricoides
(Hoecst) Vatke, (93%), Carissa edulis (52%), Myrsine africana L., (31%), Rhamnus staddo A.
Rich, (24%), Rhamnus prinoides L herit 17%), Sansevieria enhribergii Bach, (10%) and Psiadia
arabica Jabb and Spach (10%). Clerodendrum myricoides (Hoechst) Vatke was ranked first in

STIs management and is used alone or in combination with other plants. The remedy was

XX



prepared as a decoction that was given orally. For treatment of chronic cases of STIs,
Clerodendrum myricoides (Hoechst) Vatke is administered to the patient per rectum. The extract
of C. myricoides was positive for tannins, triterpenoids, cardiac glycosides, phenolics
compounds, saponins and resins. Alkaloids were present in the methanolic/water extract only.
Results of BLT showed that all the aqueous extracts had an LCsy equal to or higher than
1000ug/ml. All medicinal plants tested for in vitro antimicrobial were inhibitory to the growth of
bacteria as either aqueous or methanol/water extract. The aqueous extract of Clerodendrum
myricoides (Hoechst) Vatke showed a broad spectrum of activity against various microorganisms
tested except Streptococcus fecalis. The methanolic/water extract of Rhamnus prinoides L herit
had a broad spectrum of activity against all microorganisms tested except for Neisseria
gonorrheae. In the Acute Toxic Class Method at dosage 2000mg/kg body weight mortality
occurred within 24 hours. None of the rats died within 24 hrs after administration of C.

myricoides aqueous extract at 300mg/kg body weight.

Clinical signs of acute toxicity observed affected the respiratory, musculoskeletal and respiratory
systems. The extract of C. myricoides was found to have an LDsy of 1000mg/kg and was
therefore classified as slightly toxic. The signs of sub acute toxicity of Clerodendrum myricoides
were characterized by behavioural changes, dyspnoea, piloerection, huddling together and
scratching. The body weights of the treated animals increased significantly as compared to the
control group (P<0.05). The weights of organs differed significantly from those in the control
group. Administration of the extract of C. myricoides affected the biochemistry and the

haematological parameters of the experimental animals.

Gross and histopathology lesions were observed in the liver, lungs, kidney, heart muscle and
spleen. Some biochemical changes observed were significant although they were not dose
dependent. They included blood urea nitrogen and creatinine. Results of histopathological
examination showed mild congestion in animals that received C. myricoides extract at the
300mg/kg dosage. Changes in Serum levels of Alanine aminotransferase (ALT) were observe
but they were not dose dependent. The serum levels of Aspartate aminotransferase (AST) were
within normal range. The histopathological changes observed within the liver were mild and

included congestion. Results of haematological examination showed an increase in total white

XXi



blood cells (WBC) and neutrophils. The lymphocytes counts significantly reduced in the

experimental animals compared to the control group (P< 0.05).

The survey showed that alone or in combination with other plants especially M. africana and C.
edulis is considered as important medicinal remedy for STIs in the Samburu community. The
plant contains several phytochemicals that are probably responsible for the medicinal value. This
study also supports the medicinal use of the plants since the sensitivity tests revealed the plant
extracts were active against most microorganisms. C. myricoides can be used as non cytotoxic
drug although the toxicity results classified it as slightly toxic and probably the benefits of the
plants outweigh the risk of toxicity.

Further studies on formulation, dosage standardization, efficacy, clinical trials and value
addition are needed for minimization of the observed side effects while maintaining the claimed
medicinal values of the extract. The herbalist should be encouraged and facilitated to develop
products that can be subjected to evaluation for registration by regulatory authorities. The
pharmacological and toxicological data generated in this study may form part of the dossier for
such products.
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CHAPTER ONE

INTRODUCTION
1.1 Introduction
Medicinal plants have been used for treatment of disease of humans and animals since
prehistoric time. The first accepted use of plants as healing agents was depicted in the cave
paintings discovered in the Lascaux caves in France and radiocarbon-dated to 13,000-25,000 BC
(Tyler and Foster 1999). It has been reported that animals evolved a tendency to seek out bitter
plant parts in response to illness which contain secondary plant metabolites like tannins and
alkaloids (Hutchings et al., 2003). These metabolites have antiviral, antibacterial, antifungal and
anthelminthic properties (Cindy and Houghton 2002). In addition to medicinal plants, the scope
of herbal medicine is sometimes extended to include fungal and bee products, minerals, shells

and animal parts (Acharya and Shrivastava 2008).

Complementary Alternative Medicine (CAM) is gaining popularity in many developed countries.
Forty-two percent (42%) of the population in the US have used CAM at least once (WHO, 1998)
and the use of at least one of 16 alternative therapies increased from 34% in 1990 to 42% in 1997
(UNCTAD 2000). The number of visits to providers of CAM exceeds by far the number of visits
to all primary care physicians in the US (WHO, Geneva 1999 a; WHO, Geneva; 2002). The
expenses for the use of CAM are exponentially growing in many parts of the world. The 1997
out-of-pocket CAM expenditure was estimated at US$ 2. 7 billion in the USA and the world
market for herbal medicines based on traditional knowledge is now estimated at US$ 60 billion
(Breevort, 1998). Traditional Medicine (TM) is used globally and is rapidly growing in
economic importance. In developing countries, TM is a readily accessible and affordable

treatment. The WHO reports that TM is the primary health care system for 80% of the
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population in developing countries. In Latin America, the WHO Regional Office for the
Americas (AMRO/PAHO) reports that 71% of the population in Chile and 40% of the population
in Colombia have used TM. The WHO indicates that in many Asian countries TM is widely
used, even though Western medicine is often readily available, and in Japan, 60-70% of
allopathic doctors prescribe TMs for their patients (WHO, 1999 b)

In Kenya, more than 1200 plants are described as medicinal from a flora of approximately
10,000 members (Kokwaro, 1993). The wide spread use of traditional medicine among both
urban and rural population in Kenya could be attributed to cultural acceptability, efficacy against
certain types of diseases, physical accessibility and affordability as compared to modern
medicine. Kenyan traditional medical system is characterized by variation and is shaped by the
ecological diversities of the country, socio-cultural background of the different ethnic groups as
well as historical developments, which are related to migration, introduction of foreign culture
and religion. In Kenya, the knowledge from herbalists is often passed secretively from one
generation to the next through word of mouth (Gathuma, et al., 2004). Herbal medicines are
cheap and readily available in the pastoral areas like Samburu District of Kenya but lack
sufficient scientific data on efficacy, therapeutic index, toxic effects and other pharmacological
and toxicological properties to support their use (Gathuma, et al., 2004). Ideally, information
obtained from local people should be used within the communities of its origin to ensure that
they benefit from their own knowledge. A selected remedy can be improved outside the
community through pharmacological and clinical research and then be returned, “Value added”
to its place of origin (Martin et al, 2001).

Clerodendrum myricoides is widely used for medicinal purposes in some African countries

including Ethiopia, Uganda, Rwanda and Congo among others (Getahun, 1976). It is recognized



by the Samburu tradition as an important ethno medical remedy for many ailments including
venereal diseases especially gonorrhea and syphilis (Nanyingi et al., 2008). The plant is used
alone or in combination with other plants but no detailed study has been documented on its
antimicrobial, phytochemical and toxicological properties. Although the Samburu traditional
healers use the plant as an important herbal remedial plant, they caution that it may cause acute
poisoning in case of overdose. The traditional healers therefore advise that this herb should only
be handled and administered by experienced traditional healers (Nanyingi et al, 2008). The fact
that it is used in treatment of gonorrhea and other venereal diseases shows that it may possess
antimicrobial activities. The caution that it is administered by experienced traditional healers
suggests that it may be acutely toxic. There is no documented scientific study of antimicrobial
spectrum, phytochemistry and toxicity of Clerodendrum myricoides used by traditional healers in
Samburu, Kenya. This study screened the phytochemistry of Clerodendrum myricoides,
investigated its acute and sub-acute toxicological profiles and its antimicrobial profile together
with other plants used to manage sexually transmitted bacterial diseases in man used by the
Samburu community. The study will build from the community knowledge on management of

venereal diseases.

1.1 Objectives of the study

1.1.1 General objective

To screen the phytochemical composition, determine antimicrobial and toxicological profile of
Clerodedrum myricoides obtained from Samburu, Kenya.

1.1.2 Specific objectives

i) To conduct an ethno-botanical survey of plants traditionally used in management of sexually

transmitted infections among the Samburu community
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i) To determine the in vitro antimicrobial activity of important medicinal plants used for
treatment of sexually transmitted infections in Samburu County, Kenya

iii) To carry out the preliminary phytochemical screening of the aqueous extract of
Clerodendrum myricoides.

iv) To determine the in vivo acute and sub-acute toxicity of the Clerodendrum myricoides
aqueous extract in albino rats

V) To determine the acute toxicity of Clerodendrum myricoides aqueous extract using the brine

shrimp lethality test



CHAPTER TWO
LITERATURE REVIEW

2.1 Microbial Infections

Microbial infections are the invasion of the host body tissue by microbes which include bacteria,
viruses, fungi and parasites. These infections are classified according to the invading
microorganisms, the symptoms of disease and the duration of infection. There may be an
unapparent infection with no symptoms of disease or apparent infection with clear symptoms. A
short term illness is either per-acute or acute while a long term illness can be either sub-acute or
chronic if present for quite a long duration (Verlag, 2005). Diagnosis of a disease can be
achieved through the symptoms, the laboratory tests done using samples and case history (Bruel,
et al., 2010). Diseases arise when either the host immune mechanism is compromised, or if the
microbes release toxins or enzymes that damage the host tissues. Persistent infections occur if
the host is unable to clear the primary infection while chronic infections account for quite a high
mortality and morbidity (Bruel, et al., 2010).

Pathogens are usually transmitted from an existing reservoir to the host through various portals
of entry which can be either direct; for example touch or indirect; where the organism can with
stand adverse environmental temperatures. The entry can be through damaged skin or mucosa.
Microbial infections are treated using antimicrobial agent that include antibacterial, antivirals,
antifungals and antiprotozoal drugs while prevention may be achieved through proper hygiene,

vaccinations and breaking the life cycle of parasites (WHO, 2010)



2.2  Sexually transmitted infections

These are illnesses with a significant probability of transmission between individuals by means
of their sexual behaviour which involves vaginal intercourse, oral and anal sex. The global
prevalence of these diseases is 8.5%. Some of them can be transmitted through use of
intravascular needles, childbirth and breastfeeding. The infection may not necessarily show
clinical symptoms and in case of chronic infection they may lead to pelvic inflammatory disease
in women (Ronald, and Michelle, 2007). The causative agents of these diseases include; bacteria
which cause Chancroid (Haemophilus ducreyi), Chlamydia (Chlamydia trachomatis), Gonorrhea
(Neisseria gonorrheae), Granulomma inguinale (Klebsiella granulommatis), and Syphilis
(Treponema pallidum). The viral diseases include Viral hepatitis (Hepatitis B virus), herpes
simplex (Herpes simplex virus), HIV (Human immunodeficiency virus), HPV (Human papilloma
virus), Molluscan contagiosum (Molluscan contagiosum virus). Parasitic diseases include crab
louse (Pthirus pubis), Scabies (Sarcoptes scabiei) while the protozoal disease is Trichomoniasis
(Trichomona vaginalis). These diseases are easily transmitted through the mucous membranes
which allow certain pathogens into the body as opposed to the skin (Ronald and Michelle, 2007).
Treatment of these diseases is achieved by use of antibiotics including azithromycin, cefixine

and metronidazole (Ronald, and Michelle, 2007).

2.3  Antimicrobial agents

Antimicrobials are drugs that are used to prevent and treat microbial infections. Their discovery
started in the 19" century (1800 A.D) when the German scientist Paul Erlich discovered that
Arsenic compounds could treat syphilis (users.ipfw.edu/blumenth/pharmweb/antibiotics.pdf,).

This was followed by the discovery of the penicillin by Alexander Fleming in 1928 in the 20"



century and the sulphur drugs were discovered by the German chemist Gerhard Domagk in 1932

(users.ipfw.edu/blumenth/pharmweb/antibiotics).

2.3.1 Classification of antimicrobial drugs

There are several modes of classification of antimicrobial drugs. They can be classified as
antibacterial, antifungal, antiviral and antiparasitic depending on the type of microbe the drug
targets. They are also classified based on their sources as natural; produced by bacteria and fungi
(penicillin, cephalosporin, bacitracin, and polymixin), semisynthetic or synthetic drugs
(http://highered.mcgraw-hill.com/classware/infoCenter). Antimicrobial drugs may be classified
according to the range of microbes they act against such as broad spectrum antimicrobials which
act on a wide range of microbes and narrow spectrum antimicrobials which act on a smaller
range of microbes.These chemicals may also be grouped according to the site of action on the
microbe. They may act to inhibit the cell wall synthesis, disrupt the plasma membrane, block
protein synthesis, disrupt metabolic pathways and also by inhibiting the nucleic acid synthesis

(http://highered.mcgraw-hill.com/classware/infoCenter).

2.3.2 Antimicrobial resistance

Antibiotic resistance is whereby some or all sub-populations of a microorganism are
able to survive after exposure to one or more antibiotics; pathogens resistant to
multiple antibiotics are considered multidrug resistant (MDR) or superbugs. Penicillin
and third generation cephalosporins resistant gonococci including N. gonorrheae have
made treatment of some STls very difficult hence the search for other options of

medication (www.who.int/drugresistant/, www.who.int/mediacentre/)



Kapil, (2005) reported that antibiotics are important in the treatment of microbial infections.
Following their discovery there was drastic reduction in morbidity and mortality of diseases
caused by microorganisms which led to great satisfaction in the medical field. However, misuse
of these drugs by concentrating on curative measures at the expense of preventive measures
resulted in development of resistance of microorganisms to these drugs. He also observed that

the resistant strains had a survival advantage and spread through out the world.

2.3.3 Mechanism of resistance

Bacteria can resist antibiotics as a result of chromosomal mutation or by exchange of genetic
materials, which carry resistance genes, through transformation, transduction or conjugation by
plasmids (Opal, et al., 2000). The mechanism of resistance to antimicrobial agents can be
through; impermeability of the drug, alteration in target molecule, enzymatic drug modifications
for example b-lactamase enzymes accounting for most of the resistance to penicillins and
cephalosporins and efflux of drug from the bacterial cell (Rice and Bonomo, 1996).

Although both chromosomal mutations and genetic transfer can be responsible for the resistance
acquisition, it is the transferable resistance which poses a great threat as it can achieve much
larger dimensions due to wide and rapid dissemination. This transferable resistance is carried on
R plasmids. A single plasmid can carry a number of genes coding for multiple drug resistance
(Day, 1998). Evolution of multi drug resistant plasmids in pathogens came into existence after
the introduction of antibiotics after 1940s. This supports the observation that the use of antibiotic
itself has been responsible for emergence of resistance in the pathogenic bacteria in clinical

practice (Kapil, 2005).



It has been reported by Kunin, et al., (1973) that the most important factors responsible for
emergence of antibiotic resistance include, lack of education. The combination of poverty and
ignorance makes it easy for resistance development due to inability to buy adequate quantity of
antibiotics or to reach qualified doctors for proper prescriptions of antibiotics. Hospital acquired
infections where the selective pressure of antibiotics is the highest as the hospital bacteria are
mostly multi drug resistant (Kapil, 1998). This may be due to the increase in hospital associated
infections because of the disregard to standard isolation precautions in most of the busy hospitals
with limited resources according to Kaplan, et al., (1990). Use of antibiotics in agriculture or
aquaculture for therapeutic, prophylactic and growth promoting purposes (Gustafson and Bowen,
1997, Willis, et al., 1999). The presence of residual antibiotics in the flesh of animals may result
in direct exposure of the consumers to these drugs. In addition, the presence of low levels of
antibiotics may select for resistant bacteria in the intestines of animals intended for human
consumption (Willis, 2000). Antibiotics resistant bacteria can also be found on fruits and
vegetables due to spreading of sewage sludge on farm land or use of antibiotics directly on fruit
and vegetable crops (Gustafson and Bowen, 1997). The presence of antibiotic resistant bacteria
in fresh water sources has been documented from different parts of the world (Willis, et al.,
1999).

Selection of resistant organism in nature may result from the natural production of antibiotics by
soil organisms, or contamination from animal feed or crops or waste products from treated
animals or humans. Resistant organisms from farming practices may be transferred into rivers
and other water sources through waste disposal system or by drainage or rain water from farm
land (Gustafson and Bowel, 1997). All these factors contribute to the natural reservoirs of

resistant genes which may provide a source of transferable genes. There is an increase in the use



of surface antibacterial agents over the years into healthy households. The antibacterial
substances added to diverse household cleaning products are similar to antibiotics in many ways
and they can also select out resistant strains (Levy, 2001).

Appropriate use of antibiotics will delay and in many cases prevent the emergence of resistance.
Several approaches to proper use of antibiotics have been employed to address antimicrobial
resistance as reported by Bonhoeffer et al., (1997) and Scheld, (2003) including; using newer
more potent antimicrobials in settings where resistance has emerged to an older agent, judicious
and rationale use of antibiotics, effective hospital infection control programme and research in

the field related to development of newer antibiotics.

2.4. Ethnomedicine, ethnoveterinary medicine and indigenous systems of medicine

2.4.1 Ethnomedicine and Ethnoveterinary medicine

It has been reported (www.naturalhealthschool.com/prepper-lesson 2-supplement.html) that
since the beginning of humanity people relied on plants for treatment of diseases. Through
traditional bioprospecting man discovered that some plants could be used as food, others as
medicine while others were poisonous. Animals too use plants for self cure for example the
jaguar eats leaves after glooming to remedy against furballs while dogs and cats eat grass to
alleviate gastric distress and to dislodge parasites. Traditional knowledge was passed orally from
generation to generation with each succeeding generation adding to or refining the knowledge.
Each culture world over has thus developed a body of herbal knowledge as part of its tradition.
The first written record of herbs used as medicine (Girish and Shridhar, 2007) was made by the
Sumerians (present day Iraq), the Chinese and Indians about 5,000 years ago. In China a book
“an herbal” was put together by the then King and it contained 300 herbal plants including

ephedra, the source of ephedrine. Indian system of medicine or Ayurveda had its materia medica
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comprising of between 500 and 760 herbal plants which are still in use today. The Greeks and
Romans derived much of their herbal knowledge from these early civilizations and also from
Babylon (present day Iraq) and Egypt. The Greek physician Hippocrates (460-377 BC) referred
to as the father of medicine was an herbalist and is credited for writing that “Let your food be
medicine and your medicines be food”. In the Middle Ages herbalism was furthered by Monks
who grew and studied herbs together with translating the Arabic works on herbalism. When the
European explorers came to South America they found the Native Americans already practicing
herbalism although it was mixed with spiritism. In Africa, Australia and globally, herbal
knowledge developed and has been part of the tradition, for example among others Prunus
africana is useful for the treatment of prostate cancer, Morinda citrifolia is useful as an immuno
stimulant while Pipper methysticum is useful in promoting relaxation without causing dullness.
Today herbs that are in use are being tested scientifically for safety and efficacy and spiritism is

far removed from them. (www.naturalhealthschool.com/prepper-lesson 2-supplement.html)

Ethnopharmacy is defined as how different types of medicines in a given society are viewed and
used (http://www.wisegeek.com). Although it concentrates on folk medicine, it also studies the
origin of pharmaceuticals whether natural or manmade and how they have been accepted by the
society as medically beneficial. It encompasses the study of the routes of administration and how
effective they are in treating medical conditions. Ethnopharmacy also encompasses the society
dynamics including diet, medical practices and religion among others that affect the perception
of a given pharmaceutical by a given society. It includes the study of how traditional or folklore
medicine can be blended with modern medicine to be more effective. It further explores how the
marketing and sale of these products can be achieved. In respect of the foregoing Pieroni, et al.,

(2002) conducted a study in Southern Italy where they analyzed the biological means
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traditionally used in ethnomedicine of three communities in the vulture area. They reported
various plants to have medicinal use in the communities. Other means with medicinal importance
were derived from minerals, animals and industrial materials. They further reported that these
means of medication were not all used either internally or externally but also as symbolic ritual

objects in spiritual healing ceremonies.

A study was carried out by Yoney, et al., (2010) among the Turkish migrants in London. This
study reported that in the Eastern Mediterranean region traditional medicinal use has been
accepted for centuries to manage both minor and major diseases. They recorded 13 chronic
illnesses and 85 species of plants 18 of which had been mentioned more than 10 times. The
citations depended on the knowledge of the Turkish Cypriot tradition and the United Kingdom or
General western Herbal Medical Tradition. The study further reviewed the danger of loss of this
knowledge among the young and therefore served as a repository of knowledge for use in the
future. It recommended the need to develop information sources for use by health care
practitioners so as to bring awareness on benefits and risks of these medical and health food
products. In their review on anticancer drugs derived from plants, Heinrich and Bremner, (2006)
discussed examples of anti cancer drugs including Camptothecan, Taxol and their derivatives
and other drugs at the stages of clinical trials. They highlighted the requirement of modern
research on natural products as outlined in the Convention on Biological Diversity (Rio
Convention) and the overall approach in ethnobotanical research. They have discussed the
importance of ethnobotanical driven anticancer research using phytochemical pharmacological
studies based on traditional plant use. They have further emphasised the potential of

chemopreventive agents derived from traditional food plants.
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Ethnoveterinary medicine (EVM) has been defined as a holistic, interdisciplinary study of local
knowledge and associated skills, practices, beliefs, practitioners and social structures involving
the health care and husbandry of food, work, and income producing animals, with a view of
practical development and application in livestock production and livelihood systems; and with
the goal of increasing human well being through increased benefits from livestock rearing in a
given community (McCorke, 1995). EVM and Ethnomedicine overlap in some parts of the world
including the type of resources used, prevalence of use of resources, modes of administration of
remedies, and ethnomedical techniques employed reports (McCorke and Martin, 1998). Studies
of EVM can be justified as they generate useful information that can develop locally made
remedies for treatment of livestock diseases. Validation of traditional knowledge has been
carried out to verify the safety and efficacy of treatment as demanded by scientists reports
(Gathuma et al., 2004, Githiori, 2004). EVM can be a key veterinary resource and can be useful

in adding new drugs to the pharmacopoeia.

2.4.2 Indigenous Systems of Medicine.

2.4.2.1Traditional African Medicine

Traditional African medicine is a holistic discipline involving indigenous herbalism and African
spirituality, typically involving diviners, midwives, and herbalists. Practitioners of traditional
African medicine claim to be able to cure diverse conditions such as cancers, psychiatric
disorders, high blood pressure, cholera, most venereal diseases, epilepsy, asthma, eczema, fever,
anxiety, depression, benign prostatic hyperplasia, urinary tract infections, gout and healing of
wounds and burns (Helwig, 2010). Diagnosis is reached through spiritual means and a treatment
is prescribed, usually consisting of an herbal remedy that has not only healing abilities, but

symbolic and spiritual significance. Traditional African medicine, with its belief that illness is
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not derived from chance occurrences, but through spiritual or social imbalance, differs greatly
from Western medicine, which is technically and analytically based. In the 21st century, modern
pharmaceuticals and medical procedures remain inaccessible to large numbers of African people
due to their relatively high cost and concentration of health centres in urban centres. In recent
years, African medical practitioners have acknowledged that they have much to learn from

traditional medical practice (www.yale.edu/africanow, Mokaila, 2001).

2.4.2.2 Traditional Chinese Medicine

Traditional Chinese medicine, also known as TCM, includes a range of traditional medicine
practices originating in Asia, primarily in regions that are now part of China and Taiwan. TCM is
a common part of medical care throughout East Asia, but is considered a complementary and
alternative medical system (CAM) in much of the Western world. TCM therapy largely consists
of Chinese herbal medicine acupuncture‘tui-nd massage and dietary therapy. It uses a
scientifically incorrect "alternative anatomy "(Camillia, 2006) metaphysical principles that have
no correlation to science based medicine, (Camillia, 2006, Felix and Bauer, 2006, Singh and
Ernst, 2008,) and is fundamentally based on a conclusion from these principles that are
inconsistent with scientific facts; that the blood is propelled by a supernatural force called qi
whereas in science based medicine blood is propelled by the pumping of the heart. Traditional
Chinese medicines play a major role in Chinese lifestyle that is substantially different than the
role of medicines in the west. They are part of everyday and social life in Chinese society. Those
that have been scientifically analyzed have sometimes been found to be either ineffective, make
discoveries in science-based pharmacology or to contain dangerous toxins (Chun-Fa et al.,

2007).
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Traditional Chinese medicine theory is based on ancient Daoist philosophical and religious
concepts of balance and opposites (yin and yang), and other metaphysical belief systems. In
evidence based medicine, disapproved theories are "continually being replaced with new ones",
but in traditional Chinese medicine little has changed since antiquity and “the most current
medical knowledge always had roots from many centuries” (Camillia, 2006). Chinese knowledge
of the human body was based not on anatomical studies using dissection, but on an “alternative
anatomy” (Camillia, 2006) based on astrological calculations and “complex associations with
gods” (Camillia, 2006, Wikipedia). Il health is believed to result from an imbalance between what
are believed to be interconnected organ systems, with one organ system believed to weaken or
overexcite others. TCM practitioners believe that plant and animal products, and minerals can be
used to stimulate or calm particular systems and bring them into balance. It is believed that
insertion of needles in points of the body (acupuncture) and burning points of the body
(moxibustion) stimulates the systems directly along what TCM believes are metaphysical flow
lines of qi "energy", and that these can also be stimulated by practices such as a special kind of
massage and exercise. Astrological influences are also believed to affect gi flow in the body, for
example, the alignment of homes with the planets and stars, and the year, month, day, and hour

of birth (Camillia, 2006, Felix and Bauer, 2006, Singh and Ernst, 2008)

TCM has been subject to criticism regarding a number of issues: its lack of scientific basis
(Camillia, 2006), its questionable effectiveness (Singh and Ernst, 2008 ) its medicines containing
toxins(Chun-Fa et al., 2007) its being used instead of proven science based medicines (Barret,
2007, Anonymous, 2005, Singh and Ernst, 2008) possible side effects of its treatment methods,

the ecological impact on endangered species by creating a black market demand for ineffective
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medicines made from animal part (Anonymous, 2005, Harding, 2006, ,Chen ,2009, Bensky et

al., 2004) and the superstitious beliefs it promotes ( Singh and Ernst, 2008)

2.4.2.3 Traditional Indian Medicine

The system of medicines which are considered to be Indian in origin or the systems of medicine,
which have come to India from outside and got assimilated in to Indian culture are known as
Indian Systems of Medicine (Prasad, 2002). India has the unique distinction of having six
recognized systems of medicine in this category which includes Ayurveda, Siddha, Unani and
Yoga, Naturopathy and Homoeopathy. Though Homoeopathy came to India in the18™ Century,
it was completely assimilated into the Indian culture and got enriched like any other traditional
system hence it is considered as part of Indian Systems of Medicine (Prasad, 2002). Apart from
these systems, there are large numbers of healers in the folklore stream who have not been

organized under any category.

2.4.2.3.1 Ayurveda system

In India, Ayurveda is considered not just as an ethnomedicine but also as a complete medical
system that takes into consideration physical, psychological, philosophical, ethical and spiritual
well being of mankind. It lays great importance on living in harmony with the Universe and
harmony of nature and science. This universal and holistic approach makes it a unique and
distinct medical system. This system emphasizes the importance of maintenance of proper life
style for keeping positive health. This concept was in practice since two millennium and the
practitioners of modern medicine have now taken into consideration the importance of this
aspect hence the WHO's concept of health propounded in the modern era closely agree with the

concept of health defined in Ayurveda (Kurup, 2004). The basic foundation is the fundamental
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doctrine according to which whatever is present in the Universe (macrocosm) should be present
in the body (the microcosm). It has been conceptualized that the universe is composed of five
basic elements named Earth, Water, Fire, Air and Space or Ether. The human body is derived
from them in which these basic elements join together to form what are known as ‘Tridoshas’
(humors). These humors govern and control the basic psycho-biological functions in the body. In
addition to these three humors, there exist seven basic tissues and three waste products of the
body such as faeces, urine and sweat. Healthy condition of the body represents the state of
optimum equilibrium among the three doshas. Whenever this equilibrium is disturbed, disease
condition results. The growth and development of the body components depend on nutrition
provided in the form of food. The food is conceptualized to be composed of the basic five
elements mentioned above. Hence it is considered to be the basic source material to replenish or
nourish the different components of the body after the action of bio-fire. The tissues of the body
are considered as the structural entities and the humours are considered as physiological entities,
derived from different combinations and permutations of the five basic elements

(http://www.indianmedicine.nac.in).

2.4.2.3.2 Siddha system

Siddha system of medicine is practiced in some parts of South India especially in the state of
Tamilnadu. It is closely related to Ayurveda yet it maintains a distinctive identity of its own. This
system has come to be closely identified with Tamil civilization. The term ‘Siddha’ has come
from ‘Siddhi’- which means achievement. Siddhars were the men who achieved supreme
knowledge in the filed of medicine, yoga or meditation (Narayanaswamy, 1975). Before the
advent of the Aryans in India a well-developed civilization flourished in South India especially

on the banks of rivers Cauvery, Vaigai, and Tamiraparani among others. The system of medicine
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in this civilization seems to be the precursor of the present day Siddha system of medicine. With
time it interacted with the other streams of medicines complementing and enriching them and in
turn getting enriched. The materia medica of Siddha system of medicine depends to a large

extent on drugs of metal and mineral origin in contrast to Ayurveda of earlier period, which was

mainly dependent upon drugs of vegetable origin.

According to the Siddha concepts matter and energy are the two dominant entities, which have
great influence in shaping the nature of the Universe. Matter cannot exist without energy and
vice-versa. Thus both are inseparable. The universe is made up of five proto-elements. The
concept of five proto-elements and three doshas in this system of medicine is quite similar to
Ayurvedic concept. However there are certain differences in the interpretation (Narayanaswamy,

1975).

2.4.2.3.3 Unani system

Unani medicine has its origin in Greece. It is believed to have been established by the great
physician and philosopher- Hippocrates (460-377 BC). Galen (130-201 AD) contributed for its
further development. Aristotle (384-322 BC) laid down foundation of Anatomy & physiology.
Dioscorides - the renowned physician of the 1% Century AD made significant contribution to the
development of pharmacology, especially of drugs of plant origin. The next phase of
development took place in Egypt and Persia (the present day Iran). The Egyptians had well
evolved pharmacy; they were adept in the preparation of different dosage forms like oils,

powder, ointment and alcohol. (http://www.indianmedicine.nac.in).

The Arabian scholars and physicians under the patronage of Islamic rulers of many Arabian

countries have played great role in the development of this system. Many disciplines like
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chemistry, pharmaceutical procedures like distillation, sublimation, calcinations and
fermentation were developed and refined by them. Jabir bin Hayyan (717-813 AD) a Royal
physician of his time has worked on the chemical aspects; Ibne Raban Tabari (810-895 AD) is
the author of the book- Firdous ul Hikmat and introduced concept of official formulary. Abu
Bakar Zarakariya Razi (865-925 AD) has authored a book known as “Alhawi fit tibb ”. He has
worked in the field of immunology. Further more the name of Bu Ali Sina (Avicenna 980-1037
AD) is always referred in all matters related to Unani. He was a renowned global level scholar
and philosopher. He had great role in the development of Unani medicine in the present form.
His book Alganoon or (The canon of medicine) was an internationally acclaimed book on
medicine, which was taught in European countries till the 17" century. Many physician of Arab
descent in Spain have also contributed to the development of the system. Abul Qasim Zohravi
(Abulcasus 946 — 1036 AD) has authored the famous book on surgery “Al Tasreef”-
(http://lwww.indianmedicine.nac.in). The Arabs were instrumental in introducing Unani medicine
in India around 1350 AD.

According to the basic principles of Unani the body is made up of four basic elements i.e. Earth,
Air, Water, Fire which have different Temperaments which include Cold, Hot, Wet, and Dry.
They give rise, through mixing and interaction, to new entities. The body is made up of simple
and complex organs. They obtain their nourishment from four humors namely- blood, phlegm,
black bile and yellow bile. These humors also have their specific temperament. In the healthy
state of the body there is equilibrium among the humors and the body functions in a normal
manner as per its own temperament and environment. Disease occurs whenever the balance of

humors is disturbed.
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In this system also prime importance is given for the preservation of health. It is conceptualized
that six essentials are required for maintenance of healthy state. They are Air, Food and drink,
Bodily movements and response, Psychic movement and repose, Sleep and wakefulness and
Evacuation and retention (Khaleefathullah, S. 2002).

The human body is considered to be made up of seven components, which have direct bearing on
the health status of a person. They are Elements, Temperament, Humors, Organs, Faculties, and
Spirits. These components are taken in to consideration by the physician for diagnosis and also
for deciding the line of treatment (Khaleefathullah, S. 2002)

2.4.2.3.4. Yoga.

Yoga is a traditional meditative practice and physical and mental discipline originating in India.
In a non-religious context, it is used as a form of meditation, a form of alternative medicine, and
as a low-impact on physical exercise Yoga has been studied as an intervention for many
conditions, including pain, stress, and depression. Both the meditative and the exercise
components of yoga show promise for non-specific health benefits. Some yoga practitioners
assert that yoga stimulates the flow of "life energy” and can treat a wide variety of diseases,

illnesses, and complaints. (McCall, 2007).

2.4.2.3.5 Homeopathy system

Homeopathy is a form of alternative medicine in which practitioners treat patients using highly
diluted (Ernest, 2002,) preparations that are believed to cause healthy people to exhibit
symptoms that are similar to those exhibited by the patient. The collective weight of scientific
evidence has found homeopathy to be no more effective than a placebo (Ernest, 2002, Altunc et
al., 2007, Shang et al., 2005). While some individual studies have positive results, systematic

reviews of published trials fail to demonstrate efficacy (Kleijnen et al., 1991, Linde et al., 1997,
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Linde and Melchart 1998, Cucherat et al., 2000, Mathie, 2003). Furthermore, higher quality
trials tend to report results that are less positive, (Linde and Melchart 1998, Caulfield, 2005) and
most positive studies have not been replicated or show methodological problems that prevent
them from being considered unambiguous evidence of homeopathy's efficacy (Ernest, 2002,
Altunc et al., 2007, Linde et al., 2001)

Depending on the dilution, homeopathic “remedies” may not contain any pharmacologically
active molecules, (Ernst, 2005) and for such “remedies” to have pharmacological effect would
violate fundamental principles of science (Shang et al., 2005). Modern homeopaths have
proposed that water has a memory that allows homeopathic preparations to work without any of
the original substance; however, there are no verified observations or scientifically plausible
physical mechanisms for such a phenomenon (Maddox et al., 1988). The lack of convincing
scientific evidence to support homeopathy's efficacand its use of “remedies” lacking active
ingredients have caused homeopathy to be described as pseudoscience, quackery, (Wahlberg,
2007, Atwood, 2003, Ernst and Pittler 1998) and a "cruel deception”. (Hilly, 2008) Homeopathic
“remedies” are safe at high dilutions recommended by Hahnemann, since they likely contain no
molecules of the original substance, but they may not be safe at lower dilutions (Chakraborti et
al., 2003). Homeopathy has been criticized for putting patients at risk due to advice against
conventional medicine such as vaccinations, anti-malarial drugs, and antibiotics (Ernst and
White, 1995). The regulation and prevalence of homeopathy is highly variable from country to
country. There are no specific legal regulations concerning its use in some countries, while in
others, licenses or degrees in conventional medicine from accredited universities are required. In
several countries, homeopathy is covered by the national insurance to different extents, while in

some it is fully integrated into the national health care system. In many countries, the laws that
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govern the regulation and testing of conventional drugs do not apply to homeopathic “remedies”
(WHO, 2001b)

2.4.2.3.6 Naturopathy system

Naturopathy or naturopathic medicine is a medical system that focuses on the body's innate
vitalistic ability to heal and maintain itself (Benedict, 2002). Naturopathic philosophy favors a
holistic approach, and finding the least invasive measures necessary for symptom improvement
or resolution, thus encouraging minimal use of surgery and unnecessary drugs. According to the
Association of Accredited Naturopathic Medical Colleges, "Naturopathic medicine is defined by
principles rather than by methods or modalities. Above all, it honors the body’s innate wisdom to
heal." (http://www.aanmc.org/naturopathic-medicine/ 2011). According to the American cancer
society naturopathy is an alternative health care system that uses various approaches including,
herbs  nutrition  acupuncture  manipulation of the body among  others.
(http://www.cancer.org/treatment/treatmentsandsideeffects/complementaryandalternativemedicin
e/ 2010). The term "naturopathy" is derived from Greek and Latin and translated as “nature
disease” (http://nccam.nil.gov/naturopathy/D372.pdf, 2007). Modern naturopathy grew out of the
Natural Cure movement of Europe. (Brown, 1988, Langley, 2007). The term was coined in 1895
by John Scheel and popularized by Benedict Lust, (http://www.ama-assn.org) the father of USA
naturopathy” (Baer, 2001). Beginning in the 1970s, there was a revival of interest in the United
States and Canada in conjunction with the holistic health movement Baer, (2001)

Naturopathic practitioners are split into two groups, traditional naturopaths and naturopathic
physicians (http://nccam.nih.gov/health/naturopathy/). Naturopathic physicians employ the
principles of naturopathy within the context of conventional medical practices. Naturopathy

comprises many different treatment modalities of varying degrees of acceptance by the
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conventional medical community; these treatments range from standard evidence-based
treatments, to homeopathy and other practices sometimes characterized as pseudoscience.
Naturopathy is practiced in many countries, primarily the United States and Canada, and is
subject to different standards of regulation and levels of acceptance. The scope of practice varies
widely between jurisdictions, and naturopaths in unregulated jurisdictions may use the
Naturopathic Doctor designation (http://medicalboard.iowa.gov/policies/naturopathy.htm). The
philosophical and methodological underpinnings of naturopathy are sometimes in conflict with
the paradigm of evidence-based medicine (EBM) Jagtenberg et al., 2006. Naturopaths have
opposed vaccination based in part on the early philosophies that shaped the profession (Ernst,

2001)

2.4.2.4 Osteopathic Medicine

Osteopathy and osteopathic medicine are often used inter-changeably (http://en.wikipedia.org)
Doctors of osteopathy are medical physicians who, in addition to their medical training, are also
trained in musculoskeletal medicine, as well as manipulation. Osteopathic medicine in the United
States is a complete system of medical training (MD), much like the allopathic (MD) training in
the US or the British system of medical education, with all of the medical and surgical specialties
and subspecialty (http://www.osteopathic.org). Osteopathic students study more of
musculoskeletal system and osteopathic medicine as it relates more to the health of their patints.
Disease prevention is central in their philosophy where there is an emphasis on treating the
whole person body, mind and spirit, rather than just the symptoms. (http://www.law.cornell.edu)

There is an international organization for individuals, the World Osteopathic Health
Organization (WOHO), (http://www.woho.org/) which permits membership by both ‘restricted

scope manual therapist' osteopaths and ‘full scope of medical practice' osteopathic physicians.
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Similarly, there is also an international organization for national osteopathic and osteopathic
medical associations, statutory regulators, and universities/medical schools offering osteopathic
and osteopathic medical education, known as the Osteopathic International Alliance (OIA)

(http://www.oialliance.org).

2.4.2.5 Chiropractic system

Chiropractic is a health care discipline and profession that emphasizes diagnosis, treatment and
prevention of mechanical disorders of the musculoskeletal system, (Keating, 2005) and nervous
system (Nelson, et al., 2005). It is generally categorized as complementary and alternative
medicine (CAM), a characterization that many chiropractors reject (Redwood, et al., 2008).
Meeker and Haldeman, (2002) noted that although chiropractors have many attributes of primary
care providers, the pactice has more of the attributes of a medical specialty like dentistry or
podiatry. The main chiropractic treatment technique involves manual therapy, including
manipulation of the spine, other joints, and soft tissues; treatment also includes exercises and
health and lifestyle counseling (Mootz and Shekelle 1997). Traditional chiropractic assumes that
a vertebral subluxation or spinal joint dysfunction interferes with the body's function and its
innate intelligence, (Keating, 2005) a vitalistic notion that "brings ridicule from the scientific and
health care communities and confusion within the chiropractic profession.” (Keating et al., 2005
a) Palmer, D.D. founded chiropractice in the 1890s and his son Palmer, B. J. helped to expand it
in the early 20th century (Martin, 1993) It has two main groups: "straights”, now the minority,
emphasize vitalism, innate intelligence and spinal adjustments, and consider vertebral
subluxations to be the cause of all disease; "mixers" are more open to mainstream and alternative
medical techniques such as exercise, massage, nutritional supplements, and acupuncture

(Kaptchuk and Eisenberg 1998). It is well documented that Chiropractice is established in the

24



U.S., Canada and Australia and is the third largest health profession, behind medicine and
dentistry (http://gateway.nlm.nih.gov/MeetingAbstracts/ma?f=102184948.html). Throughout its
existence, chiropractice has been area of controversy (Homola, 2006, DeVocht, 2006). For most
of its existence it has battled with mainstream medicine, sustained by pseudoscientific ideas such
as subluxation and innate intelligence (Keating et al., 2005 b) that are not based on solid science
(Ernst, 2008). In spite of the general consensus of public health professionals regarding the
benefits of vaccination, among chiropractors there are significant disagreements over the subject,
(Busse, et al., 2005) which has led to negative impacts on public vaccination and mainstream
acceptance of chiropractice. The American Medical Association called chiropractice an
"unscientific cult” (Johnson et al., 2008) and boycotted it until losing an antitrust case in 1987
(Cooper and McKee 2003). Chiropractice has had a strong political base and sustained demand
for services; in recent decades, it has gained more legitimacy and greater acceptance among
medical physicians and health plans in the U.S., (Cooper and McKee 2003); evidence-based
medicine has been used to review research studies and generate practice guidelines (Villanueva-
Russell, 2005).

It has been reported that conflicting results have been documented after the study of the various
treatment methods used in chiropractice. It has been collectively concluded that, manual
therapies commonly used by chiropractors are only effective for the treatment of low back pain,
neck pain, some forms of headache and some extremity joint conditions (Bronfort et al., 2010).
Chiropractic care is generally safe when employed skillfully and appropriately (WHO, 2005).
Spinal manipulation is frequently associated with mild to moderate adverse effects, with serious
or fatal complications in rare cases (Ernst, 2010). A systematic review found that the risk of

death from manipulations to the neck outweighs the benefits (Ernst 2010).
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2.4.2.6 Shamanism system. Shamanism
is an anthropological term referring to a range of beliefs and practices regarding
communication with the spiritual world (Hoppal, 1987). Shamans are said to treat
ailments/illness by mending the soul. Alleviating traumas affecting the soul/spirit
restores the physical body of the individual to balance and wholeness. The shaman
also enters supernatural realms or dimensions to obtain solutions to problems
afflicting the community. Shamans may visit other worlds/dimensions to bring
guidance to misguided souls and to ameliorate illnesses of the human soul caused by
foreign elements. The shaman operates primarily within the spiritual world, which in
turn affects the human world. The restoration of balance results in the elimination of

the ailment

2.5 Use of Medicinal plants in treatment of microbial infections.

Herbalism is a traditional medicinal or folk medicine practice based on the use of plants and
plant extracts. Herbalism is also known as botanical medicine, medical herbalism, herbal
medicine, herbology, and phytotherapy. The scope of herbal medicine is sometimes extended to
include fungal and bee products, as well as minerals, shells and certain animal parts (Acharya, et

al., 2008).

Many plants synthesize substances that are useful to the maintenance of health in humans and
other animals. These include aromatic substances, most of which are phenols or their oxygen-
substituted derivatives such as tannins. Many are secondary metabolites, of which at least 12,000

have been isolated and a number estimated to be less than 10% of the total. In many cases, these
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substances (particularly the alkaloids) serve as plant defense mechanisms against predation by
microorganisms, insects, and herbivores. Many of the herbs and spices used by humans to season
food yield useful medicinal compounds (Fabricant and Farnsworth, 2001, Lai and Roy, 2004).

A wide range of chemical and natural compounds are used as antimicrobials. Organic acids are
used widely as antimicrobials in food products, e.g. lactic acid, citric acid, acetic acid, and their
salts, either as ingredients, or as disinfectants. For example, beef carcasses often are sprayed with
acids, and then rinsed or steamed, to reduce the prevalence of Escherichia coli O157:H7
(http://www.purac.com/purac)

Traditional healers have used plants for long to prevent or cure infectious diseases. Many of
these plants have been investigated scientifically for antimicrobial activity, and a large number of
plant products have been shown to inhibit the growth of pathogenic microorganisms. A number
of these agents appear to have structures and modes of action that are distinct from those of the
antibiotics in current use, suggesting that cross-resistance with agents already in use may be
minimal. Essential oils from plants have also been found to have bacterisostatic activity. So, it is
worthwhile to study plants and plant products for activity against micro-organisms. (Smith et al.,

1998)

Herbal products have gained popularity over the past few years. In the United States of America
20% of the population use them. Here herbs are defined as dietary supplements in the law hence
they are not required to be subjected to efficacy and safety procedures as the pharmaceutical
drugs. Despite herbs being regarded as natural and hence safe, there have been reports by
several authors of side effects due to active ingredients, contaminants or interactions with drugs
(Ernest and Pittler, 1998, Martinez and Schmeiser., 2000, Ang Lee and Yuan., 2001, De Smet,

2002, Bent et al., 2003, Stickel et al., 2005). There is little scientific evidence to establish the
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safety and efficacy of herbal products. Some products may have scientific evidence suggesting
efficacy but lack of evidence on safety and considering other drug therapies may cause people
not to use herbal remedies. (US office of the inspector general HHS, 2001). The limitation for
the success of herbal products lies in there being a change in regulation, standardisation and
funding for research of the herbal products (Bent, 2008). Further an understanding of the
composition, regulation, safety and efficacy of herbal products can help clinicians in advising
their patients who can be in a position to choose either alternative or allopathic medicine (Harkey
et al., 2001). An herb being any part of the plant or plant product (leave, stem, fruit, seed, and
root) can be sold raw or extracted with a given solvent to give various phytochemicals (fatty
acids, sterols, flavonnoids, and saponins among others). As a given plant contains multiple
chemicals some manufacturers attempt to create a standardised herbal product by identifying a
“suspect” active ingredient and altering the process to obtain a consistent amount of the
chemical. This is usually done using the High Performance Liquid Chromatography method
(HPLC) (Bent, 2008). In herbal medicine the exact chemical or a combination of chemicals
giving a given biological effect is not known and getting an exact chemical to give a desired
effect may not be possible. The complication of varying techniques that can be used give
differing results as reported by Rubber and Kanfer, (2004). It would therefore not be clear if a
combination of chemicals would give a superior effect to one chemical use or not. Further
scientific evidence of efficacy often suffers from poor methodology, inconsistent outcome

measures, difference in herb preparation, and conflicting results (Bent, 2008).

2.6 Methods of testing efficacy and toxicity of herbal medicine
Herbal medicines or natural products are chemical compounds or substances produced by living

organisms that usually have a pharmacological or biological activity for use in the
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pharmacological drug discovery and drug design. These products may be useful
pharmacologically but others may produce toxicity of adverse effect to the body of the organism
(animal, plant, and bacterium) or to the substructure of the organism (cell of an organ). Some
may show toxicity to pernicious cells or materials. Natural products may show dual roles
depending on the target for treatment (Fang, 2010). Bent and Neuhaus, 2004) reported that
Herbal medicines are often mistakenly regarded as safe because they are natural but these
products usually contain bioactive principles that are potentially toxic. This makes it necessary
for natural products to be subjected to the same efficacy and safety tests by the same methods

used for new synthetic drugs (Talalay and Talalay, 2001).

Herbal medicines vary in toxicity from relatively safe which can be taken without causing any
undesirable effect to potentially lethal which demand extreme caution at the time of dosing since
any excess may lead to adverse effects or even death (Corns, 2003). Substances can be classified
as extremely toxic if the LDsy is less than 1mg/kg bwt, highly toxic when the LDsg is between 1
and 50 mg/kg bwt, moderately toxic when the LDsg is between 50 and 500mg/kg bwt, slightly
toxic when LDso is between 500 and 5000 mg/kgbwt, practically non toxic when LDs is
between 5000 and 15000 mg/kgbwt and relatively harmless when LDsy is greater than 15000m

g/kg bwt (Matsumura, 1975, Clarke and Clarke 2007).

During toxicity studies daily clinical observations of the test animals are of major importance as
well as the final observation or end point in repeated dose application (Ferez et al., 2006). The
body weights act as an indicator of adverse side effects as the animals that survive cannot loose
more than 10% of the initial body weight (Teo et al., 2002, Obici et al., 2008). The organ weight

changes are also important indices of toxicity in animals which are readily determined in short
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term toxicity tests. There is a high possibility that when herbal products are ingested into the
human body may affect important organs such as the liver, kidney, lung, stomach, spleen, and
intestines due to their diverse role in the human body; it then follows that the evaluation of the
histopathological changes of these organs and others remains a cornerstone in the safety

assessment of medicines (Greaves, 2007).

Additionally blood parameters analysis is relevant to risk evaluation. The haematological system
has a higher predictive value for toxicity in humans (91%) when assays involve rodents and non
rodents (Olson et al., 2000). Biochemical parameters evaluations are important because there are
reports of liver and kidney toxicity related to the use of phytotherapeutic products (Corns, 2003,

Rhiou et al., 2008).

In their IUPAC technical report of 2008, Mosihuzzaman and Choudhary define efficacy of
herbal medicine as the measure of its ability to improve health and well being and its assessed by
the clinical , laboratory or diagnostic outcome while Ronald and Torgeson, (1998) define
efficacy as the benefit a treatment produces under ideal condition often using carefully designed
subjects. Fabio and Luigi (2007) propose that for efficacy to be studied realistically, explanatory
trials need to be carried out. These include randomised studies where control or placebo should
be used and standardised protocols should be followed. Chawau et al., (2006) further state that
DNA microarrays can be used in pharmacodynamics for drug discovery, in pharmacogenomics
for prediction of side effects and in pharmacognosy for correct botanical identification and

authentification of crude plant materials as part of standardisation and quality control.

Further Mosihuzzaman et al., (2008) have given details on the protocol for assessing the efficacy

of herbal medicine which include; first Anecdotal reports; these are gathered from the traditional
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healers and the people already using the herbal medicine in the communities. These are then
organised in to case series to get useful data on the herbal agents being used. Secondly case
reports which can be collected from published work on the herbal medicine in use. These are
available from peer reviewed journals. The data collected can provide identification of new
cases, new interventions or previously unknown adverse effects. Thirdly cases series which
involve collection of individual case reports which can be organised to explore a given
association. Lastly randomised clinical trials where double blinded (placebo controlled) trials
are important. In the latter more resources are needed as more patients found in one and in
different centers will be involved in the study. The foregoing should be broken down in terms of
case study, case series study, animal experiment study, invitro experiment study, uncontrolled

clinical trials and controlled clinical trials (Mosihuzzaman et al., 2008).

As it has been reviewed by Ifeoma and Salawu, (2013) plants generally synthesise
phytoprotectants to enable them survive adverse conditions. These are used in case of damage by
herbivores pathogens or nutrient depletion. Some have been related to carcinogenic and ties in
nephrogenic activities in man. Some plants may contain high levels of toxic heavy metals
including mercury, cadmium, arsenic and lead among others. Saponins may disrupt lipid rich red

blood cell among other effects.

Preclinical trials are carried out in animal tests (in vivo) and non animal tests (invitro). Extracts
of herbal medicines are used in this way. Cell based cytotoxicity tests are carried out to predict
potential toxicity using cultured cells. The goals of toxicity testing include identifying adverse
side effects and the limit of exposure level where the effects occur, the nature and significance of

adverse effects and the risks involved in the target population. In drug development toxic
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compounds can be detected in either preclinical or clinical trials which may assist either in their

removal or modification to improve their tolerability (Ifeoma and Salawu, 2013).

Cell based tests (CTAs) involve short term exposure of extracts to cultured cells. This helps to
detect how basal or specialised cells may be affected by substances before performing tests in
whole organisms. They help test carcinogenic and genotoxic effects of the extract. In these tests
solvents for extraction should be ascertained that they are not toxic. Some cell lines include
normal cells of primary origin for example rodents are used, permanent cell lines of high quality
and reproducible over time for example mouse fibroblast cell lines BALB/C 3T3, Syrian
Hamster Embryo cells (SHE). These predict genotoxicity and carcinogenicity and are highly

predictive (Mosmann, 1983; Ifeoma and Salawu, 2013).

Herbal toxicokinetics deals with the prediction of toxicity due to pharmacokinetics of the herb or
purified chemicals from it. It starts by using human liver michrosomal cytochrome P450
isoforms. These help to identify any metabolites known to cause toxicological modulation at any
level of cellular organization. Invitro metabolic data can be used to predict invivo metabolic
activity of the extract. Toxicogenomic screening tools measure potential toxic results of herbal
compounds interaction at the molecular level. It aims at highlighting the molecular mechanism
involved in expression of toxicity and derives molecular patterns (biomarkers) that can predict
toxicity or individuals susceptible to it. Three main aspects are involved viz; DNA microarrays
which provide clear prediction of cellular response to chemical toxicant. Proteomics which help
identify proteins which are closer to toxicology endpoint and metabonomics which evaluates
toxicity through large scale analysis of metabolic profiles. High thorough put Next Generation

Sequencing is the creation of large volumes of DNA sequences. It has enabled creation of large
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genetic databases of plants. Animal tests are assumed to be more closely related to human
toxicity as the system involves the pharmacokinetic aspects of metabolism, distribution and
absorption of the test substance hence it is given through routes similar to its intended use. It also
involves similar physiological events that influence toxicity. The animal system measures critical
toxicity manifested as signs on gradual increase in the dose of test. The main drawbacks include
the high cost of animals, species difference which affect the results and the test period which

may prove to be quite tedious (Ifeoma and Salawu, 2013; www.gth.org).

General tests that are common have been harmonised by the Organisation for Economic
Cooporation and Development (OECD) so as to internationally harmonise test guidelines.
Several factors are considered before safety studies are conducted including; the preparation of
test substance which may be in form of tablets, capsules, ointment creams among others. These
are usually standardised based on intended use in man. Animal welfare is important and clinical
signs should be used as endpoints determination. The animals used are equally of significance,
where different rodents and non rodents species are used. In chronic studies species and strain of
the animals should be justified. The animals should be housed properly. Regulatory requirements
should be adhered to. Among the general tests used include Acute Systemic Toxicity which
measures the relative toxicological response of an experimental organism to a brief single

exposure to test substance.

The test organisms range from simple systems like Brineshrimp to large organisms like rats,
mice, guinea pigs and rabbits. The test also helps to calculate the Median Lethal Dose (LDsp)
using standard methods like Corke and Acute Toxic Class among others. Exposure routes

include oral gavage, dermal, inhalation or injection. Animals are observed for 30 minutes
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periodically within 24hours and especially the first 4 hours and once daily for 14 days to be able
to observe delayed toxicities. Data generated include feed intake, water intake, body weight
measurements, serum biochemical parameters, haematological factors, gross pathological lesions
and histopathological data. The liver and kidney have been reported mostly with injuries as the
liver acts as a detoxifying organ and the kidney as a conduit for excretion of many chemicals

(Lorke, 1983; OECD, 1998; OECD, 2001a; Ifeoma and Salawu, 2013).

In chronic toxicity or carcinogenicity studies a large number of animals are used. The test period
may be from 24 months or a life time. The routes used include oral, dermal and in halation
depending on the intended use in humans. Carcinogenicity and mutagenicity are revealed
including the target organs by the substance. Important data include the lowest dose at which no
toxicity occurs, no observable adverse effect level, mortality, food and water intake, hematology,
clinical biochemistry, gross pathology and histopathology. OECD guidelines are strictly
followed. The tests carried out include, specialised tests which are designed to reveal specific
toxicities including reproductive, developmental, eye and skin irritant (Draize) test, neurotoxicity
and genotoxicity. Clinical trials are also carried out in human participants and are grouped into
four phases. In phase 1 a minimum number of subjects are used to assess the impact of use of the
herbal remedies on various physiological indices. It determines the safety and maximum
tolerable doses. It is usually done in healthy subjects. In phase Il few subjects are used and it
determines clinical efficacy (feasibility studies). Relatively safe doses are used and participants
are monitored for adverse effects. In phase Il a large number of humans are used in different
centres. It is a randomised study, double blind controlled clinical trial. The test validates clinical
efficacy of the herbal product and it is compared with a standard intervention. In phase 1V there

is post marketing surveillance. This monitors for rare side effects that may have been missed in
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the first three trials that may occur when the product is already in the market (Ifeoma and

Salawu, 2013; OECD).

Justification for the clinical trials should be provided using WHO guidelines. These include
Chemistry Manufacturing Control; herbs have a wide range of composition and hence markers or
fingerprints should be used for standardisation according to WHO standards. Non clinical
considerations which involves collecting data on efficacy, safety and toxicity. Here Published
data should be searched to identify gaps that can be bridged using the proposed clinical trials.
Clinical considerations by keeping ethics and quality standards are important for example
adverse effects for the proposed doses should be noted, the age, gender, health status parameters
are equally important. The standard intervention is usually the product. Ethical considerations
are mandatory including clearance by the ethical board in the region where trials are being
performed, Good clinical practice should be adhered to, an informed consent of all participants
must be obtained and experienced ethical investigators should be involved so that any effects or

risks occurring may be countered immediately and effectively (Ifeoma and Salawu, 2013).

2.7 Phytochemical Constituents and extraction of bioactive ingredients

2.7.1 Extraction of bioactive ingredients

In the book The Healing Power of Rainforest Herbs (Taylor, 2004) it has been reported that
extraction methods are usually standardised but vary with the plant being used and the disease
being treated. These methods include fusions or hot teas; which are used for delicate herbs,
leaves or fresh tender plants. The material is put in a container with water that has been boiled
and covered for 10 to 15 minutes. Then this is sieved or strained and is ready to be taken.

Decoctions which are used in case of tougher materials like the bark or the roots are boiled in

35



water for 20 minutes sieved or strained and are ready to be taken. Stronger decoctions are
obtained after boiling the material for a longer time like 2 hours (Taylor, 2004). Tinctures are
made by mixing the material with alcohol in the ratio of 1:4 for two weeks. This is usually
shaken after 3 days to allow the principle constituents out of the plant. This is then filtered or
decanted after standing and is ready for use. This product has a shelf life of up to 2 years.
Maceration is where the herb is soaked in water overnight. The method is used if the active
principles can be degraded by heat or alcohol. Poultices are made by chewing the herb, crushing
the herb or using mortar and pestle to grind the herb. The material obtained is put on the sick part
of the skin for example a wound. Compresses are made by soaking a piece of cloth in a
decoction, infusions or a tincture. The cloth is then applied on to the sick part of the skin. Baths
and bathing remedies is when herbs are added in the bathing water and the patient soaks in it.
This relies on the fact that the skin can absorb the active principles. In this book the author
reports that the methods are used by the traditional healers and can be used by the community at

large (Taylor, 2004).

In their Publication, Handa et al., (2008); Ankit et al., (2012); have defined extraction as
separation of medicinally active portion of plant or animal tissue from inert components. This is
done by using selective solvents in standard extraction procedure. These extracts are relatively
impure liquids, semisolids or powders for oral or external use. Standardisation aims at getting the
therapeutic portion and eliminates inert material using a selective solvent (menstruum). This
gives tinctures and fluid extracts. These can be further processed into tablet or capsule form or
fractionated to give individual chemicals like hyoscine, vincristine among others which are

modern drugs.
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In this publication various methods of extraction of herbal medicines which can be used for
small scale and large scale production of herbal drugs have been reported ((Handa et al., 2008;
Ankit et al., 2012). These methods include; maceration where whole or coarsely powdered
crude drug is placed in a stoppered container and allowed to stand at room temperature for 3
days, with frequent agitation until soluble matter dissolves. The mixture is then strained, the
marc is pressed and the combined liquid is clarified by filtration or decanting after allowing it to

stand for some time.

Infusions are fresh solutions of readily soluble constituents of crude drug which are prepared by
macerating crude drug for a short period of time with cold or boiling water. Digestion is
maceration where gentle heat is used in the process of extraction. This method is used where
moderately elevated heat is required. Decoction is when the crude drug is boiled with a specified
amount of water over a defined period of time then cooled and strained or filtered. This method
works well for water soluble and heat stable constituents. The initial ratio of crude drug to water
is fixed for example 1: 4, 1: 16. The volume is then reduced to a quarter of the original volume,

then strained or filtered (Handa et al., 2008).

Percolation is used to prepare tinctures and fluid extracts using a percolator. Solid ingredients are
well moistened with appropriate menstruum and allowed to stand for 4 hours in a closed
container. This is then packed in a percolator and the top closed. Additional menstruum is then
added to form a layer at the top and it is allowed to macerate for 2 hours. The outlet of the
percolator is opened and it is allowed to drip slowly. More menstruum is added until the
percolate measures % of the required amount. The marc is pressed and the liquid added to the

percolate. Sufficient menstruum is added and the liquid clarified by filtration or decanting after
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standing for some time. Hot Continuous Extraction (Soxhlet) is the method where a soxhlet
apparatus is used where finely ground drug is placed in a thimble (porous bag). The extracting
solvent is put in a flask and heated, its vapours condensing in the condensor. The condensed
extractant drips into the thimble extracting by contact. When the level of the liquid in the
chamber where the thimble is rises to the siphon the thimble contents are siphoned to the flask.
This process is continuous and is complete when a drop of solvent from the siphon tube leaves
no residue on evaporation. In this method a large amount of extract can be achieved with limited
amount of solvent. It saves on time, energy and financial input (Handa et al., 2008; Ankit et al.,

2012; www.motherearthliving.com).

Aqueous —Alcoholic Extraction by Fermentation is where by the crude drug is soaked as a
powder or decoction for a specified period of time. Then it generates alcohol in situ which
facilitates extraction of active principles and acts as a preservative. Fermentation may be carried
out in earthen vessels (not new), wooden vats, porcelain jars or metal vessels. Counter Current
Extraction (CCE) is whereby wet raw material is pulverised to produce smooth slurry which is
moved in one direction within a cylindrical extractor. Then it comes into contact with the
solvent. The further the material moves the more concentrated is the extract hence it is important
to optimise the quantity of the solvent and their flow rate. This process is efficient and requires
less time without any risk of high temperatures. The concentrated extract gets out from one end
and the marc which is free from the solvent on the other end (Handa et al.,, 2008;

agritech.tnau.ac.in; www.philadelphia.edu.jo).

Ultra Sound Extraction (Sonication) is a method which involves the use of ultra sound with

frequencies of between 20 kHz and 2000 kHz. This increases permeability of the cell wall and it
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increases cavitation. This process is costly and also forms free radicals of active ingredients
thereby changing the drug molecule. This is caused by high ultrasound energy which damages
the phytochemical. Supercritical Fluid Extraction (SFE) is a process that enhances increased
extraction and reduced organic solvent use. It can use either carbon dioxide or Argon as a
solvent. The latter is preferred due to its being inert. The method finds application in the
extraction of pesticides, environmental samples, foods and fragrances, essential oils, polymers

and natural products. This process has a prohibative high cost of investment.

The Phytonic process is based on the hydrofluorocarbon-134a as a solvent. It is a new process
which can be used to get high quality natural fragrance oils, flavours and biological extracts
which can be used directly without further chemical or physical treatment. The solvent is poor
and can be combined with other products to give specific endpoints. This process is carried out
in ambient temperatures and neutral PH. It is environmental friendly and self sustaining until a
complete cycle has been completed. The solvents are completely recycled within the system

(Handa et al., 2008; Ankit et al., 2012; agritech.tnau.ac.in; www.philadelphia.edu.jo).

2.7.2 Phytochemical constituents of phytomedicines

Plants have almost limitless ability to synthesise phytochemicals mainly secondary metabolites.
About 12,000 of these have been isolated which is a number less than 10% of the total. These
molecules serve as the plant defence mechanism against predation by micro organisms, insects
and herbivores. Some of them produce plant odour like terpenoids, others pigmentation like
tannins and quinines, while others produce flavor like capsanin. More importantly several of

these molecules possess medicinal poperties (Peteros and Mylene, 2010).
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Some phytochemicals with physiological properties may be elements rather than complex
organic molecules. Abundant in many fruits and vegetables, selenium, for example, is involved
with major metabolic pathways, including thyroid hormone metabolism and immune function
(Brown and Arthur, 2001). Particularly, it is an essential nutrient and cofactor for the enzymatic

synthesis of glutathione, an endogenous antioxidant (Papp et al., 2007)

2.8 Classificafion of Organic Phytochemical

2.8.1 Terpenoids

A terpene unit is a hydrocarbon chain made of 10 Carbon atoms and 16 Hydrogen atoms. It is the
basis for classification for a variety of organic molecules, many of which are volatile. The
classes are based on the number of terpene units in each molecule including: monoterpenoids,

diterpenoids triterpenoids, sesquiterpenoids (Harbone, 1984, 1998)

2.8.2 Alkaloids

These organic compounds are some of the most biologically active molecules that plants
produce. At their simplest, they consist of a carbon ring into which a Nitrogen (N) atom is
inserted. Some examples are Nicotine (Tobacco), Lobeline (Lobelia), Morphine and Codeine
(Opium poppy), Atropine (Belladonna), Cocaine (Coca), Caffeine (Coffee), Hydrastine and
Berberine (Goldenseal), Ephedrine (Ephedra), Mescaline (Peyote), Quinine (Cinchona spp.),
Taxol (Yew). The substances are very intense, heroic medicines that can be quite toxic in high

doses (Harbone, 1984, 1998)

2.8.3 Iridoids
These are a subclass of altered monoterpenoids. They are also called lactones. They generally
have a bitter taste and are often responsible for the effect of ‘herbal bitters’. Some examples are
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Kavalactones (from Kava-Kava), Nepetalactone (from Catnip), and the Valepotriates (from
Valerian). In general, most iridoids/lactones are sedative, laxative, bitter and salilagogue

(Harbone, 1984, 1998).

2.8.4 Saponins

These compounds are soap-like and are fairly well soluble in water. They can help dissolve
other, more oily, compounds as well because of their nature. They can be found in many plants,
including lots of food plant families especially the pea family, and notably in ginseng and
licorice with glycirrhizin. If an infusion, decoction or tincture is shaken and a stable foam
remains on the surface, saponins are probably present. They have a variety of actions, some due
to their ‘soapiness’ (although they are mostly broken down in the stomach), others due to the
effect of their metabolites. Saponins can be thought of as being crucial in the adaptogen class,
helping to stimulate our body/minds into better tone. As such, they are adaptogenic,
hepatoprotective, and immune modulators, anti-bacterial, expectorant, anti-inflammatory,

diuretic and alterative (Harbone, 1984, 1998)

2.8.5 Steroidal saponins

This is a sub-class of the saponins and the compounds have similar activities, bordering on the
phytosterols. They are found in plants such as Astragalus, Black Cohosh, Ginseng
(Ginsenosides), and Wild Yam (Diosgenin) (Harborne, 1984, 1998).
2.8.6 Cardioglycosides

These are a specific sub-class of steroidal saponins that have a tonic effect on the heart, however
only in small doses. In larger doses they are quite toxic. David Hoffman tells how butterflies,
who in general are immune to these glycosides, store them in their tissues to dissuade birds (who

41



can die from them) from eating them. Convallotoxin, from lily of the valley, and digitalis, from
foxglove (of Dr. Withering fame) are two prime examples. They are cardio-tonic in tiny doses,

stimulating the heart to work much more efficiently (Harbone, 1984, 1998).

2.8.7 Phytosterols

Different phytosterols have been isolated from Red Clover and other herbs and are being termed
as ‘estrogenic’ replacements for synthetic hormones. Their presence may or may not be
responsible for the anti-hot-flash activity of some herbs. Some phytosterols include cholesterol
and testosterone (mostly found in animals, although also in some plants), estradiol (found in
members of the pea family), stigmasterol from soybeans. They are fairly water-soluble, and in

general, they possess anti-tumor and anti-inflammatory activity (Harborne, 1984, 1998).

2.8.8 Resins

These are sticky, oily substances that are often exuded from tree barks. Myrrh, Pine pitch,
Frankincense, and Dragon’s blood are some examples. Other plants possess some amount of
resin in their tissues the most striking example is Grindelia, a sticky plant whose flowers secrete
an aromatic white resin. Propolis is a collection of various resins collected by bees to protect
their hives; they tend to have an antiseptic, anti-bacterial, expectorant, nervine and rubifacient

activity (Harbone, 1984, 1998).

2.8.9 Phenols

These comprises molecules with both a hydroxy (-OH) group and an aromatic resonant ring (C6
six carbons). There is a variety of different structures. From the basic compound, different atoms
and functional groups can be added, or the structure itself can be repeated multiple times.

Generally, phenolics are fairly water-soluble, and exist in every plant in one way or another. The
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simple phenols include such compounds as Salicin (in Willow and Meadowsweet), Arbutin (in
Uva-Ursi), and Vanillin (from Vanilla). Phenols have antiseptic, anti-inflammatory, analgesic

(anodyne), blood-thinning, and rubifacient externally as major activities (Harbone, 1984, 1998).

2.8.10 Additional phenolic compounds (Polyphenols).

2.8.10.1 Phenolic acids

These compounds are simple variations on phenols with the addition of a carboxylic group (-
COOH) that gives them a slightly acidic pH and increases their solubility. A prime example is
salicylic acid (aspirin), derived from modifying Salicin. These compounds have anti-

inflammatory and anti-pyretic activity (Harbone, 1984, 1998).

2.8.10.2 Coumarins

To form this group there is additional rings to the basic phenol structure. In this class, there is the
basic original C6 aromatic ring to which is attached another ring with 3 Carbons. In Coumarin
itself (from Turmeric), the additional slot on the adjacent ring is taken up by oxygen (O). These
compounds have anti-inflammatory and antiseptic activity, and although they can possess a
variety of other actions depending on how different they are from the basic structure, these two

will always be present (Harbone, 1984, 1998).

2.8.10.3 Quinones

These molecules can get quite large and complex. Simple Anthraquinones are derived from
Anthracene, a three-ring structure, (C6 — C2 — C6). Sennoside and Rhein (found in Senna, and
Rhubarb to some extent) are compounds with anthraquinones and are laxative and can be quite
strong. They seriously stimulate peristalsis, and can be habit-forming. They are also alterative

because of their function in tissue elimination. There are many other quinones as well, with the
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naphtaquinones being a two-ring structure (C6 — C4), and much more complex quinones
involving stacked tiers of multiple carbon rings, like Hypericin (from St. John’s Wort). These

compounds have antiviral, antiseptic and anti-bacterial activity (Harbone, 1984, 1998).

2.8.10.4 Flavonoids

Flavonoids, basic structure is made of two rings, connected by a three-carbon (C3) chain. These
compounds are responsible for pigmentation in plants and for many medicinal effects. Primarily,
they have an antioxidant effect, but usually possess a certain degree of antiseptic, immune-
modulating, and circulatory stimulant effect. Some sub-classes of this huge family include the
anthocyanidins and oilgomeric pro-anthocyanidins (OPCs) (Pine bark extract, Blueberries),
catechins (Green Tea), flavonols (Quercetin), isoflavones (Red Clover, and Soy). There is
research going on around these compounds for fighting tumors, improving memory and
circulation, fighting allergies, protecting the liver (Sylimarin is a bioflavonoid), aiding in
hormone regulation, helping the nervous system, among others (Harborne, 1984, 1998).
2.8.10.5 Lignans

These are polymers of phenolic compounds, meaning they consist of simple phenols and/or
flavonoids linked together in long, complex chains. They are found in woody tissues of plants.
They have adaptogenic, antioxidant, anti-tumor and antiviral activities, and are partly responsible

for the medicinal effect of Chaparral, for example (Harborne, 1984, 1998).

2.8.11 Tannins
Very often astringency in plants will be due to the presence of these compounds. White Oak is a
great example of an herb rich in tannins. There is some cross-over between these compounds and

the proanthocyanidins of the flavonoid class. The primary chemical property is that they bind
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proteins, making them difficult to absorb by reducing their solubility in water. They are probably
chemical protectors for the plants themselves, ensuring the integrity of cell walls and internal

tissues. They are astringent, anti-tumor, and help with diarrhea (Harborne, 1984, 1998).

2.8.12 Carbohydrates

These are simple sugars and also include more complex polysaccharides and starches. Their
function, especially of the monosaccharides, is primarily nutritive and as a source of energy for
the body. The more complex sugars can have interesting adaptogenic and immuno-modulating
power (such as, for example, the polysaccharide fraction of Echinacea), and the starches often
contribute to plant structure, along with the lignans. Combining with amino acids, they form
glucosaminoglycans, of which Glucosamine is the most famous. They also often combine with
phenolic compounds and become known as glycosides, such as flavonoids (Harbone, 1984,

1998).

2.8.13 Mucilages
These are a specific class of polysaccharides that form soothing, healing, often slimy solutions in
water. Marshmallow root, Comfrey, Corn silk and Slippery EIm are good examples of this sub-

class, and all of them have strong demulcent action (Harbone, 1984, 1998).

2.8.14 Lipids

These are naturally occurring fats and oils. The most important class of lipids is the essential
fatty acids (EFA’s), of which Linoleic acid is the best known and is found in Flax, Evening
Primrose, Borage, and Black Currant seeds. These possess anti-cholesterol, anti-inflammatory

and hormone-regulating activities. They are not very water soluble, so administration occurs by
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ingesting the crushed seeds or an oil extract, or by emulsion with a saponin (Harborne, 1984,

1998.

2.8.15 Proteins

This is a large family of compounds, providing the building blocks for cell membranes,
musculature, hemoglobin in animals and chlorophyll in plants, DNA and RNA in cell nuclei and
enzymes that aid in metabolism. They are essential for life to exist because all body processes
are mediated by proteins. They all come from a single dietary source: amino acids. They have a
huge variety of structures, but always possess an amine group (-NH2). They can combine with

other molecules, forming amides (Harbone, 1984, 1998).

2.9 Literature of some of the plants studied

2.9.1 Clerodendrum myricoides (Hoechst) Vatke

The genus Clerodendrum L. (Family: Lamiaceae) is very widely distributed in tropical and
subtropical regions of the world. More than five hundred species of the genus are identified till
now, which includes small trees, shrubs and herbs. Ethno-medical importance of various species
of Clerodendrum genus has been reported in various indigenous systems of medicines and as
folk medicines. The genus is being used as medicines specifically in Indian, Chinese, Thai,
Korean, Japanese systems of medicine for the treatment of various life- threatening diseases such
as syphilis, typhoid, cancer, jaundice and hypertension. Few species of the genus like
Clerodendrum inerme, C. thomosonae, C. indicum, and C. speciosum are ornamental and being
cultivated for aesthetic purposes. The powder/paste form and the various extracts of root, stem
and leaves are reported to be used as medicine for the treatment of asthma, pyreticosis, cataract,

malaria, and diseases of blood, skin and lung. To prove these ethno-medical claims, some of
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these species are being extensively studied for their biological activities using various animal
models. Along with biological studies, isolation and identification studies of chemical
constituents and its correlation with the biological activities of the genus has also been studied.
The major chemical components reported from the genus are phenolics, steroids, di- and

triterpenes, flavonoids, volatile oils, among others (Shrivastava and Patel, 2007). Figure 1 is

an aerial photograph of C. myricoides.
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Figure 1: Photogragh ofclerodendrum myricoides (Hoechst) Vatke from Samburu
County
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2.9.2 Acacia tortilis (Hayne)

The Genus has a global distribution but it is native to much of Africa and the Middle East. The
parts used include the pods, bark and the wood. It is usually prepared as a decoction, infusion
and dust and taken orally. It is a medium umbrella-shaped tree 4-15 m tall, often with several
trunks, reduced to a small wiry shrub less than 1 m tall under extremely arid condition. Leaves
are up to 2.5 cm long. Flowers are white, aromatic, and in small clusters. Pods are flat, glabrose
and coiled into a spring-like array. Flowering occurs in May-June and fruits occur in July, but
ripening is from November to February. Its constituents include proteins (19%), fats (2.5%),
carbohydrates (46.5%), minerals (5.1%) and crude fibre (20.1%) which is found in the pods
while the leaves contain flavonnol glycosides and tannins (www.fao.org). Figure 2 is a

photograph of Acacia tortilis.
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Figure 2 Photograph of Acacia tortilis (Hayne) from Samburu County.
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2.9.3 Myrsine africana L.

Myrsine africana, belongs to the family Myrsinaceae, a large family of about 33 genera and
nearly 1000 species, widespread mainly in the tropical and subtropical regions (Choudhury, et
al., 2007). Traditionally, the plant is used as fragrance in tea, spices, carminative, appetizer and
flavoring agent. Its fruits are edible and locally used as an anthelmintic (Zabta et al., 2003;
Kokwaro, 1993; Beentje, 1994; Desta, 1995) and for the treatment of diarrhea, rheumatism,
toothache, pulmonary tuberculosis and relieving hemorrhage (Zhong, 1985). It is active against
the tapeworm (Choudhury et al., 2007). Figure 3 is a photogragh of the plant Myrsine africana

together with one of the reknown herbalists within Samburu community.
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Figure 3 Photograph of Myrsine africana L.and one of the oldest and reknown
herbalists within the Samburu Community Kenya
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2.9.4 Carissa edulis (Vahl) with ripened fruit.

As it has been reported by (Bekele et al., 1993, Beentje, 1994, Burkil, 1994) this plant belongs to
the family Apocynaceae and is a spiny, much branched, small tree, shrub or scrambler, up to 5 m
in height. The flowers are white tinged with purple, red or pink and sweetly scented. The fruits
are ovoid to almost spherical and red-black, ripening to purplish black. The name Carissa is
probably derived from the Sanskrit ‘corissa’, a name for one of the Indian species of the genus.
The specific name, edulis, means edible. C. edulis is found in Arabia, Africa, Asia and Indo-
China. It can be found at an Altitude of 1 000-2 000 m above sea level and tolerates most soils
including black cotton.

The fruits are sweet and pleasant to eat, while the roots are put into water gourds to impart an
agreeable taste and are added to soups and stews for the same reason. Goats and camels in the
dry areas browse on C. edulis and the species is a source of excellent firewood. In Kenya, a
piece of the root is fixed into a hut roof as a snake repellent. The roots contain an active
ingredient, carissin that may prove useful in the treatment of cancer while the twigs contain
quebrachytol and cardioglycosides that are useful as anthelmintic against tapeworm. The boiled
leaves are applied as poultice to relieve toothache. The root bark is mixed with spices and used
as an enema for lumbago and other pains and root scrapings are used for glandular inflammation;
ground-up roots are used as a remedy for venereal diseases, to restore virility, to treat gastric
ulcers, cause abortion, and as an expectorant. An infusion of roots along with other medicinal
plants is used for treating chest pains, and a root decoction is also used for treating malaria.
C. edulis is an attractive plant that is suitable for planting in amenity areas and the abundant
branching habit and the presence of spines make the plant suitable for planting as a protective

hedge. Figure 4 is a photogragh of Carissa edulis
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Figure 4 Photodgraph of Carissa edulis (Vahl)
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2.9.5 Rhamnus Prinoides (L'Herit)

According to Kokwaro, (1993), Beentje, (1994), Hong et al., (1996), among others Rhamnus
prinoides L' Herit belongs to the family Rhamnaceae and is commonly known as dog wood or
shiny leaf. The plant is a shrub or a small dense thick bushy tree that may reach up to 9m in
height. The plant is common at medium to high altitude, along water courses, in riverine forest
and at the margins of evergreen forests and frequently among rocks. It can be found in South
African countries, tropical Africa, Kenya and Ethiopia. The plant thrives in moist humus soils.
The plant can be used as food as the fruits are edible. A decoction of the tree is taken as a blood
purifier, treats pneumonia, gonorrhea, rheumatism and stomach ache. The leaves are applied as
liniment to simple sprains. Further the tree can be cultivated to control soil erosion, it can be
used as a hedge to act as a wind breaker and around fish ponds to protect and shade the fish. The
plant can be used effectively as an ornamental plant. Figure 5 is a pgotogragh of Rhamnus

prinoides.
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Figure 5 Photograph of Rhamnus prinoides (L'Herit)
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2.9.6 Rhamnus staddo A. Rich

Rhamnus staddo belongs to the family Rhamnaceae and it has been traditionally used in East
Africa to treat malaria, venereal diseases and anaplasmosis (https://www.thieme-
connect.com/ejournals/abstract, Bussman et al., 2006, Kiringe, 2006). Figure 6 is a photogragh

of Rhamnus staddo
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Figure 6 Photograph of Rhamnus staddo A. Rich
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2.9.7 Sansevierria ehrenbergii Bach

Sansevierria ehrenbergii is commonly known as East African Wild sisal. It grows well in
Northern Africa, Eastern Africa and Saudi Arabia. It occurs widely along the Olduvai Gorge in
Northern Tanzania. This plant is commonly used by the Maasai community as a natural wound

bandage (wikipedia). Figure 7 is a photogragph of Sansevivierria ehrenbergii.
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Figure 7 Photograph of Sansevierria ehrenbergii Bach
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2.10 The Samburu Culture

The Samburu people are Nilotes who are closely related to the Maasai. They are semi-nomadic
pastoralists who keep cattle, sheep, goats and camels. They speak the Samburu language which
has its origin from the Maa languge spoken by the Maasai. (www.magicalkenya.com). The
Samburu people live in settlements called Manyattas which are usually prepared by the women
folk. The Manyattas usually host three to five families. The Samburu practice polygamy where
one man may have several wives. This practice starts from an early age where the morans
(warriors) are allowed to bead girls only for purposes of entertainment. In case the girl conceives
she is sent to a midwife to procure an abortion. This beading is repeated till the girl is ready for
marriage (Straight. 2005).

The Samburu people adorn themselves with color as seen in their traditional way of dressing.
This manner of dress describes them well in relation to their name which translated means
butterfly. The women are good at weaving the beads which are won by both gender. The women
from an early age are given beads by their admirers the morans and by the age of fifteen and
sixteen the girl should have enough beads to support the chin. Then she will have reached an age
for marriage. The beads are given frequently and generously by their admirers and the necklaces

soon merge to form a collar (Straight, 2005)
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CHAPTER THREE

ETHNOPHARMACOLOGICAL PRACTICES USED IN MANAGEMENT OF
SEXUALLY TRANSMITTED INFECTIONS IN SAMBURU COUNTY, KENYA

3.1 INTRODUCTION.

Sexually transmitted diseases occur worldwide. The prevalence of Sexually Transmitted
Infections (STIs) worldwide is high (8.5%), despite diagnostic and therapeutic advances that can
manage most of these infections (Mary-Ann and Ann Barbara, 2006). This is compounded by the
development and spread of drug-resistant micro-organisms like penicillin-resistant gonococci.
An estimated 340 million new cases of STIs mainly syphilis, gonorrhea, chlamydia and
trichomoniasis occur throughout the world annually with Sub-Saharan Africa leading with 11 to
35% of all new STIs (WHO, 1999 a, Avertorg. http: //www.avert.org/stdstatisticsworldwide). This is
probably due to Lack of access to resources for health care and treatment. An estimated 1 million
people in Africa are being infected by STI daily especially the youth and women of child bearing
age (WHO, 1999 a). Many STlIs are asymptomatic and are often inadequately treated or left
untreated, leading to Pelvic Inflammatory Disease (PID) and infertility. Untreated Chlamydia
and gonorrhea infections often result in pelvic inflammatory disease (PID), and accounts for 50-
80% infertility in Africa (WHO, 2007). Sexually transmited infections are widespread in Kenya
both in urban and rural areas (Peter, 2010). Management of these diseases in rural areas like
Samburu County in the Northern part of Kenya is a challenge. In such places, roads for
motorized transport are poorly developed. Reaching the pastoralist and nomadic inhabitants with
HIV/AIDS and STI services require use of animals for transport. Animals like camels are often

used for this purpose. This is compounded by poverty, illiteracy, cultural practices like
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polygamy, beading practice and early forced marriages. The Samburu community has to rely on
traditional medicine for primary health care because of these problems. In an
ethnopharmacological survey conducted in Samburu Kenya STIs were reported to be among the
ailments treated by traditional healers using plant remedies (Nanyingi et al., 2008). The study
mentioned several plants reportedly used in the management of STIs by Samburu Traditional
Healers. Among the plants documented was Clerodendrum myricoides. The plant was said to be
efficacious but toxic to the patients (Nanyingi, et al., 2008).

Many articles have been published on the traditional knowledge and practices of indigenous
people of Samburu, County, Kenya in dealing with many diseases of human and livestock
(Njoroge and Bussman, 2006, Kiringe et al., 2006, .Nanyingi et al., 2008) among others.
However, a thorough documentation of the traditional use of plants in the managemet of venereal
diseases in Samburu County has not been done. There is no good documentation on the unique
and diverse practice on how traditional healers manage venereal diseases. This study was carried
out to document the ethopharmacological practices by the traditional healers of Samburu, Kenya
in management of STIs. The study aimed at identifying the plants used, parts of the plant used

and methods of preparation and administration of the remedies.

3.2 MATERIALS AND METHOD

3.2.1 Study area

The study was carried out in Samburu County which is located in the dry northern frontier of
Kenya. The County covers approximately 21126.5 Km? (Figure 8) and is bordered by other
counties including to the West by Baringo, Laikipia to the South, Isiolo to the East, Turkana to
the North West and Marsabit to the North. It is characterized by high level plateaus, hills and the

Great Rift Valley with an altitude of up to 2000 m above sea level. The area has a bimodal
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rainfall distribution pattern which runs from April to May (long rains) and July to September for
short rains. The dry season then extends from January to March. The mean annual rainfall is 500
mm and the mean annual temperature is 29°C. The Samburu people are the dominant
indigenous ethnic group (80%) but Turkana, Kikuyu, Meru, Somali and Maasai people (20%)
have also settled in the area. Pastoralism is the major economic activity of the local people. The
District is sparsely populated and has a population of approximately 156,125 inhabitants. These
rural communities are almost totally dependent on forests and savannah as source of traditional
medicine for their own health and livestock care (Central bureau of statistics, 1999). The pastoral
livelihood exposes this community to complete lack of formal infrastructure hence they rely on

the natural resources. The area is harsh and difficult to survive during the dry spell.
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Figure 8: The map of Kenya showing the location of Samburu County and its administrative boundaries
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3.2.2 Ethnobotanical survey of indigenous knowledge and practices of Samburu people in
management of STIs

Preliminary data on social, economic and geographical characteristics of the study area was
collected. The study employed participatory epidemiological approaches including interviews,
questionnaires, focused group discussion and transect walks involving local community and
Traditional Herbal Medicine Practitioners (THMP), all of which culminated in an ethnobotanical
workshop. A validated semi-structured questionnaire (Appendix 3) was used to obtain
information on indigenous knowledge on ethnodiagnostic and treatment of sexually transmitted
infections (STIs) in Samburu County, Kenya. The interviews were recorded in specifically
designed forms detailing interviewees’ personal information, medicinal plant knowledge and
utilization as well as the availability and status of the target plants.

An inaugural stakeholder’s workshop involving Samburu Integrated Resource and Aids Network
(SIRAN) a community based organization, researchers from the University of Nairobi and
Samburu traditional healers was held in Maralal. Twenty nine herbalists from Maralal, Kirisia,
Malaso, Baragoi, Loroki, Wamba and Nyiro Divisions of Maralal County were involved in the
study. Leading questions and technical terms were avoided when asking the questions. The
major questions addressed the medicinal plant usage in the management of STIs. The
participants were assured that their responses shall remain confidential and would only be used
for research purposes. Each informant was interviewed independently and information on the
following data was obtained; methods of diagnosis of STIs, names of plant and part used,
method of preparation, dosage and means of administration, antidotes used in case of overdose,
storage as well as plant status and habitat. Both formal and informal consents were obtained from

the herbalists prior to the interviewing session.
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3.2.3 Collection and identification of medicinal plants used in management of STIs

Plant samples were collected depending on the part used from highlands, escarpments and
lowland areas of the vast dry land with the assistance of the Samburu herbalists. These included
the leaves roots stem fruits and seeds. Only the medicinal plants reported by the herbalists as
useful in the treatment of STIs were collected. Sixteen medicinal plants were identified in situ
by the herbalists and plant specimens collected for botanical identification. The specimens were
identified by a botanist at the University of Nairobi, Department of Land Resource Management
and Agriculture Technology (LARMAT) where voucher specimens were allocated a specific

number and the voucher specimen deposited (Appendix 5).

3.2.4 Data Analysis
The information collected was normalized and summarized into meaningful units prior to

calculating descriptive statistics.

3.3 RESULTS

3.3.1 The Samburu ethnodiagnostic skills

The specific STIs managed were not confirmed using laboratory diagnosis but were arrived at
using the associated clinical signs as perceived by the traditional Samburu medicinal healers who
have accumulated knowledge to identify various ailments using clinical symptoms. Herbalists
associated STIs such as gonorrhea with backache (14%), pus in urine (52%), blood in urine
(10%), urine blockage (14%), wounds in the mouth and eyes (7%), painful urination (28%),
swollen genitals (17%), abdominal pain (10%), fever (7%), headache (3%), poor weight gain

(3%) and yellow urine (3%).
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3.3.2 Biodata of Samburu Traditional Healers.

Twenty nine consented THMPs participated in the workshop (59% males and 41% females).
The majority (42%) of the respondents were mature adults aged between 48 and 57 years. Thirty
four percent (34%) of the herbalists were older than 57yrs. Majority of them (62%) had practiced
herbal medicine in the area for over 10 years. Fifty percent (50%) of respondents had no formal
education while the other 50% had some formal education with the highest level of education
being secondary school (20%) and primary school education (20%). All the herbalists
interviewed claimed to have used herbal remedies to treat venereal diseases.

Most of the THMPs interviewed had gained skills either from their parents (45%) or they were
trained by other herbalist (65%). Some of the members belonged to various organizations such
as Samburu Integrated Resource Aid Network (SIRAN), Samburu Livestock Traders
Association, Maendeleo Ya Wanawake, a women group, Samburu Traditional Healers
Association and Maralal Tree Nursery Association which helped them in one way or another to

market their traditional medicine.

3.3.3 Anti STI traditional herbal remedies of Samburu.

Sixteen medicinal plants were reported as useful in samburu area for the treatment of STIs. The
plants used belong to 15 families distributed in 16 genera as detailed in Table 3.1(Appendix 5).
The parts of the plants that are commonly used are the roots (58%), followed by the stem bark
(17%), the leaves (10%) branch bark, fruits, seeds and shoots (3%) as shown in Figure 9. The
plants are usually used after drying either as a powder or the unground part. Most of the
medicinal plants were abundant apart from the dry season when the plants would only be
available in the high land area. They however became scarce in the lowland and the escarpment

especially during the dry season.
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Figure 9: Percent mention of the plant parts used in the management of sexually transmitted diseases by Samburu traditional healers
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Clerodendrum myricoides ranked first (93%) among the medicinal plants used in the
management of STIs (Figure 10). Fifty two percent (52%) of the respondents reported that this
plant is used alone to manage STIs while others reported that it is used in combination with
several other plants (Figure 11). Those who preferred mixing several plants reported that this
reduced the possibility of toxicity and the bitter taste of the product.

The remedy is usually formulated as a decoction for oral administration. However, in chronic
and recurrent cases of STIs, Clerodendrum myricoides decoction is administered per rectum
(3%). However, fresh plant of Clerodendrum myricoides was reported to be toxic when used
alone. Thus, for oral dosing, the decoctions and concoctions are usually mixed with exipients
like soup, milk, fat, oil, soap and even blood to reduce toxicity and mask the bitter taste of the
product. The decoctions are given once, twice or thrice a day for one up to seven days or until
recovery. Moreover, according to the respondents (69%); the plant is used cautiously since
toxicity may occur if the dosage is exceeded. The adverse symptoms of overdose reported
include stomachache (17%), fainting (12%), vomiting (10%), diarrhea (2%), headache (2%),
rectal prolapse (2%), inappetence (2%) and weakness (5%) However milk, fat and even blood

were reported to be used to ameliorate the adverse effects.
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healers to treat sexually transmitted infections
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3.4 Discussion

Traditional medicine remains the most affordable and easily accessible source of treatment in the
primary healthcare systems of poor communities (Yinegar et al., 2007). This is not different of
the Samburu community in Kenya as the respondents cited in this study reported several
medicinal plants that they use traditionally in management of STIs. The major health problems
experienced by Samburu, as with most rural African populations, are infectious diseases
including venereal diseases, malaria, pneumonia, gastroenteritis, diarrhea, measles, and
whooping cough (Bussman, 2006). Some of the clinical signs reported for STI included pus in
urine, urine blockage, blood in urine and even painful urination. Patients presenting with these
clinical signs to traditional healers were administered to herbal remedies preferentially
Clerodendrum myricoides alone or in combination with other plants. Clerodendrum myricoides
(Hoechst Vatke) has also been reported to possess antibacterial and antifungal activity in a study
done in Ethiopia (Abebe, 1998). The roots of this plant squeezed fresh and the juice mixed with
milk and then administered orally in very small amounts are reported to cure Rissaa (Yinegar et
al., 2008). However, among the Samburu the plant roots are taken when in powder form and not
while wet to avoid toxicity.

The Samburu have reported that use of Clerodendrum myricoides alone is toxic. This is in
contrast to Yinegar report, (Yinegar et al., 2008) where no toxicity was reported. This may be as
a result of the different parts of plants used by the different communities. The samburu use the

roots while the study from Ethiopia reported the use of plant leaves (Yinegar et al., 2008).

Carrisa edulis (Forsk) Vahl was also used for treatment of STI by the Samburu community

although less frequently than Clerodendrum myricoides. It was also the main plant of choice for
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mixing with C. myricoides. This plant has also been used for treatment of STI before (Burkill,
1995, Bussman et al., 2006).). The other plants mentioned in the treatment of STI are Rhamnus
staddo A. Rich, and Rhamnus prinoides L'Herit, Sansevieria ehrenbergii Bach. R. staddo and R.
prinoides which have also previously been cited in literature as medicinal remedies for STls
among the Samburu of Mt Nyiro, (Bussman et al., and 2006) and the Masaai of Kajiado, Kenya
(Kiringe, 2006). Sansevieria ehrenbergii Bach has been reffered in other studies as a treatment
for gonorrhea (Ichikawa, 1998) and also has strong antifungal activity (Mohammed et al., 2007)
Psiadia Arabica Jabb and Spach was mentioned as a remedy for STIs in our study. It contains
flavonoids and kaulene as the bioactive compounds (Keriko et al., 1995, Midiwo et al., 2002).
Myrsine africana L. was also cited among the remedies for STIs and has been reported as having
antifertility, analgesic, anti-inflammatory, antibacterial, antitumor activities. Additionally it has
free radical scavenging compounds (Sileshi et al., 2007). Five plants including Capparis spinosa,
Acacia drepanolobrum, Hilderbranta sepalosa, Myrsine africana L., and Psiadia Arabica Jabb
and Spach were mentioned for the first time as useful in treatment of STIs.

In conclusion, this study provides important data that forms a basis to validate the efficacy and
safety of plants used in the management of STIs by Samburu people. Community engagement in
problem based research for development will usually stimulate market driven product
development research that can enhance livelihoods of communities and motivate conservation of
medicinal plants and the associated indigenous knowledge. This fact has been taken positively
by the Samburu herbalists in collaboration with the Ministry of Forestry, Culture and National
Heritage and Non governmental organization (SIRAN) to start tree nurseries at Maralal Town
Samburu County. Furthermore, the results of this survey show that several plants are used in

STIs management in Samburu. Although the plants are generally safe, some may cause serious
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toxic effects for example Clerodendrum myricoides. Clerodendrum myricoides (Hoechst Vatke)
is considered toxic based on the results of the current study and therefore safety standards need
to be instituted through laboratory techniques so that the traditional healers may safely and
efficaciously administer the herbal remedies. Notably the main parts of the plants used are the
roots, which pose a danger to the sustainability of the medicinal remedies. It is therefore
important to institute concerted measures so as to be able to conserve this important flora. The
respondents reported that they have started a tree nursery which would help in reafforestation of

the important species that are being threatened by climate change and over use
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CHAPTER FOUR
PRELIMINARY PHYTOCHEMICAL SCREENING OF THE CRUDE EXTRACTS
OF CLERODENDRUM MYRICOIDES FROM SAMBURU COUNTY KENYA

4.1 INTRODUCTION

Phytochemicals found in medicinal plants are used in pharmaceutical, cosmetic, agricultural and
food industry. The use of the medicinal herbs for curing diseases has been documented in history
of all civilizations. Research, has proofed that plants contain active principles which are
responsible for the curative action of the herbs. Herbal remedies are used in crude forms such as
expressed juice, powder, decoction or infusion among others. Ancient healers, who developed
formulations based on medicinal herbs, were probably not aware of the chemical composition of
the herbs. But the advance they made despite non-availability of scientific procedures is
astonishing. Scientific research has proved the utility of these time tested remedies (Amrit,
2005). The medicinal value of these plants lies in some chemical substances that produce a
definite physiological action on the human body. The most important of these bioactive
constituents of plants are alkaloids, tannins, flavonoids and phenolic components (Hill, 1952).
The genus Clerodendrum has been cited in many indigenous systems of health care for the
treatment of a variety of disorders. A few species extensively used as folk medicines for years
have been investigated for their chemical constituents and biological activity to confirm these
traditional claims. The genus is reported to have activities against a wide spectrum of disorders
which includes many life-threatening diseases like HIV. Still there are many species of the genus
having a potential towards treating many disorders in their unexplored field (Shrivastava and
Patel, 2007). Clerodendrum is a very large and diverse genus and till now five hundred and

eighty species of the genus have been identified and are widely distributed in Asia, Australia,
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Africa and America. Clerodendrum myricoides is found in Africa (Shrivastava and Patel 2007).
Several phytochemicals have been isolated from the genus including steroids, flavonoids, and
triterpenes among others while myricoidine has been isolated from Clerodendrum myricoides
(Shrivastava and Patel, 2007, Bashwira, et al., 2001). There is no documented study of
phytochemical screening of Clerodendrum myricoides that grows wildly in Samburu County,
Kenya. Preliminary phytochemistry was done to get phytochemicals present in the aqueous and

methanol crude extracts of Clerodendrum myricoides from the Samburu county of Kenya.

4.2  Materials and Methods

4.2.1 Preparation of Clerodendrum myricoides

The plant root materials were dried under the shade at room temperature for three weeks. The
dried plants were then chopped into small pieces using a sharp knife and were ground into
powder using an electric mill. The powder was packed into clean airtight polythene paper bags in
portions of 500grammes in a fume cupboard. Further protection was through wearing of face

masks.

4.2.2 Preparation of aqueous extract of Clerodendrum myricoides

This was carried out according to Erazo, et al., (1997) and Gakuya, (2001). Fourty grams of
plant powder was weighed into a conical flask and dissolved in 400mls of distilled water. The
mixture was boiled in a hot water bath (100°C) for 30 minutes at. The resultant extract was
filtered through muslin gauze into clean vials then centrifuged at 4000 revolutions per minute for
ten minutes. The supernatant was obtained and put in clean vials. This was then put in a freeze

drier for 24 hours then lyophilized in a lyophilizer (Edwards High Vacuum, Model M6B).
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4.2.3 Preparation of Methanol /water extract of Clerodendrum myricoides.

Fourty grams of powder was weighed into a conical flask and soaked in methanol 70%v/v
methanol /water. The mixture was macerated for three days during which time shaking was
continually done. The extract was then filtered using whatman no. 1 filter paper. This was then a
reduced in a rotary evaporator to dryness under pressure. The resultant residue was put in an
oven at 40°c for methanol to be reduced completely. The final residue (3.62gms of yield) was

obtained and then freeze dried for 24hrs then lyophilized.

4.2.4 Phytochemical screening
Phytochemical Screening of the extracts of Clerodendrum Myricoides (Hoechst) Vatke.was

carried out according to standard methods of Harborne, (1973, 1984)

Test for alkaloids: Half a gram (0.5g) of plant extract was weighed and stirred in 2 ml of 1%
aqueous hydrochloric acid and heated in a boiling water bath for 10 minutes. The mixture was
filtered while hot and treated with Dragendorff’s reagent. Turbidity or precipitation indicated the

presence of alkaloids.

Test for sterols and triterpenes: Half a gram (0.5g) of the extract was defatted with hexane.
The residue was then extracted in dichloromethane and the solution dehydrated with magnesium
sulphate anhydride. The mixture was treated with 0.5ml acetic anhydride followed by addition of
2 drops of concentrated sulphuric acid. A gradual appearance of green blue colour indicated

presence of sterols while colour change from pink to purple indicated the presence of triterpenes.
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Test for saponins: Half a gram (0.5g) of the plant extract was dissolved in 5ml of distilled water
and shaken for at least five minutes. Frothing that persisted for at least half an hour was used to

indicate the presence of saponins.

Test for flavonoids and flavones: Two hundred milligrams (200mg) of the extract was
dissolved in 4 ml of 50% methanol. The solution was warmed and metal magnesium added. Five
drops of concentrated suphuric acid were then added. Development of a red colour indicated the

presence of flavonoids while orange colour showed presence of flavones.

Test for tannins: Screening for tannins was done using both ferric chloride and lead acetate
tests. For the ferric chloride test, half a gram (0.59) of the extract was dissolved in 2ml of
distilled water and filtered. Two drops of ferric chloride were then added to the filtrate.
Development of a blue-black precipitate indicated that tannins are present. For the lead acetate
test, in a test tube containing about 5mg of extract, a few drops of 1% solution of lead acetate

were added and the formation of a yellow or red precipitate indicated the presence of tannins.

Test for cardiac glycosides: The Keller Killian test was applied. A hundred milligrams (100mg)
of extract was dissolved in 1ml of glacial acetic acid containing one drop of ferric chloride
solution. This was then under-layered with 1 ml of concentrated sulphuric acid. The appearance
of a brown ring at the interface of the two layers with the lower acidic layer turning blue green

upon standing indicated the presence of cardiac glycosides.
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Test for Resins: To 2mg of plant extract, 5 to 10ml of acetic anhydrite was added and dissolved
bygentle heating. After cooling, 0.5ml of sulphuric acid was added. Bright purple colour

produced indicated the presence of resins.

Test for anthraquinones: One gram (1gm) of the extract was dissolved in 70% acetone to a
final concentration of 50mg/ml. The Bontréger Test was used to test for anthraquinones. Two
milliliters (2 ml) of the test sample was shaken with 4 ml of hexane to defat. The upper lipophilic
layer was separated and treated with 4ml of dilute ammonia. The change of the lower layer to

violet and then pink indicated the presence of anthraquinones.

Test for Phenols (Ferric Chloride Test): 2ml of distilled water was added to 1mg of plant
sample followed by a few drops of 10% aqueous ferric chloride solution. Formation of blue or

green colour indicated the presence of phenols

Test for Glycosides: 2mg of plant extract sample was dissolved in 1ml distilled water and then
aqueous sodium hydroxide was added. Formation of a yellow colour indicated the presence of

glycosides.

4.3 Results
Both aqueous and methanol /water extract showed similar phytochemicals with the exception of
methanol/ water that showed the presence of alkaloids. The chemicals included triterpenes

saponins, tannins, glycosides, phenols, cardiac glycosides and resins (table 4.1)
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Table 4.1The phytochemicals present in the aqueous and methanol/water extracts of Clerodendrum myricoides growing in
Samburu County Kenya.

TYPE OF AQUEOUS METHANOL/WATER
PHYTOCHEMICAL EXTRACT EXTRACT
Alkaloids - +
Steroids - -
Triterpene + +
Saponins + +
Tannins + +
Flavonoids - -
Flavones - -
Phenols + +
Glycosides + +
Cardiac glycosides + +

Anthraquinones - -
Proteins - -

Resins + +

+Presence of phytochemical - absence of phytochemical
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4.4  Discussion

The phytochemical analysis on the medicinal plant extract showed that similar chemicals except
for the alkaloids were present in both aqueous and methanolic extracts. Alkaloids were
additinally present in the methanolic extract. The phytochemicals present included; Tannins
which are polymeric phenolic substances capable of tanning leather or precipitating gelatin from
solution, a property known as astringency (Cowan, 1999). They are used in pharmaceutical
preparations because of their astringent action.Tannins are also known to possess general
antimicrobial and antioxidant activities (Riviere et al., 2009). At low concentration, tannins can
inhibit the growth of microorganisms, and act as an antifungal agent at higher concentration by
coagulating the protoplasm of the microorganisms (Adekunle and Ikumapayi, 2006). Tannins
may have potential value as cytotoxic and antineoplastic agents (Aguinaldo et al., 2005); but
are now being used in the manufacture of plastics, paints, ceramics and water softening agents
(Bandarayanake, 2002). Their presence in the extracts under study hence validates the use of the
plant as a medicinal remedy by the Samburu community.

Triterpenoids are known for their anti-inflammatory, hepatoprotective, analgesic, antimicrobial,
antimycotic, virostatic, immunomodulatory and tonic effects. They are used in the prevention
and treatment of hepatitis, parasitic and protozoal infections and for their cytostatic effects.
These properties qualify the herbal remedy s use for treatment of Sexually Transmitted Infections
and Infertility as reported by the traditional healers. The disadvantage of triterpenoids is the
toxicity associated with their hemolytic and cytostatic properties and therefore with ongoing
extraction and isolation of natural products there is need to develop their synthetic derivatives
with lower toxic and higher therapeutic potential (Dzubak et al., 2006). In the present study the

plant has been reported to have toxic effects especially with high dose consumption, and hence is
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recommended to be administered only by an experienced traditional healer. Further work is
necessary to isolate and identify the active constituents of the plant and elucidate the mechanism
of their toxic effects as well as determine the correct dosage that would be safe for future
prescriptions.

Cardiac glycosides are known to work by inhibiting the sodium and potassium pump (NA+, K+,
ATPase). This causes an increase in the level of sodium ions and the calcium ion. This inhibition
increases the amount of Calcium ions available for contraction of the heart muscle which
improves cardiac output and reduces distention of heart; thus are used in the treatment of
congestive heart failure and cardiac arrhythmia (Schneider and Wolfling, 2004).

Phenolic phytochemicals were present and have been reported to have antioxidative, antidiabetic,
anticarcinogenic, antimicrobial, antimutagenic and anti-inflammtory activity (Arts and Hollman
2005; Scalbert et al., 2005). Such activities would qualify the plant for use as a medicinal
remedy.

Saponins which were present have been reported to have mild detergent activity and are used in
intracellular histochemistry staining to allow antibody access to intracellular proteins. they are
also used in hypercholesterolemia, hyperglycemia, antioxidant, anticancer, anti inflammatory
and weight loss, among other factors. They are also known to have anti-fungal properties (De-
Lucca et al., 2005) and have been implicated as bioactive antibacterial agents of plants (Mandal

et al., 2005, Manjunatha, 2006)

Alkaloids were present in the methanolic extract and are plant metabolites with alkali-like
chemical reactivity, and pharmacologic activity. They represent a very diverse group of
medically significant compounds such as the opiates. Ergot alkaloids have been used in the

treatment of migraine, as uterine contractants and vasoconstrictor agents (Hardman and Limbird,

83



1996). In addition they exhibit antibiotic activity, antimalarial activity as well as anticancer
activity (Robert and Wink, 1998). Their presence in this plant remedy validates its use as the

traditional healers claim.

It has been reported that resins are secreted by plants as secondary plant metabolites. The thick
and sticky substance apart from being used in paints, are also used in medicine. A variety of trees
produce them and each variety has a slight difference in the resins they secrete. Resin in
frankincense has been used by the Egyptians in the olden times as eyeliner for its healing
properties and recently as a pill for various diseases. Because of its anti-inflammatory properties
resins have been used in treatment of arthritis as well as in aroma therapy to release stress and

anxiety in Africa (www.arthritistoday.org)

The presence of the various phytochemicals in the crude extracts which have various
pharmacological activities could explain why the Samburu community use the plants
extensively. The phytochemical composition of the same plant from a geographically different
area, the Nandi South District of Kenya was different (Jeruto et. al., 2011). This might be
explained by the difference in the soils of the two areas, the time of harvest, the mode of
extraction, the mode of storage among other factors (Kokwaro, 1993). This implies that the use
of herbal remedies would be affected by geographical variation, a fact that requires further

investigation to validate.
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CHAPTER FIVE

IN VITRO ANTIMICROBIAL ACTIVITY OF SELECTED MEDICINAL PLANTS
FROM SAMBURU COUNTY, KENYA

5.1 INTRODUCTION

Microbial infections are as a result of the invasion of the host body tissue by microbes which
include bacteria, viruses, fungi and parasites. Their invasion causes the body to react to them, to
their multiplication and to their toxins (Baron, 1996, Signore, 2013). These infections are
classified according to the invading micro organisms, the symptoms of disease they present and
the duration of infection. They may cause an acute to chronic syndrome of disease (Verlag,
2005). Diagnosis of a disease can be achieved through the symptoms of disease, laboratory tests
or the history of the disease (Bruel et al., 2010). Microbial infections can be treated using

antibiotics, antiviral, antifungal and antitubercular drugs (WHO, 2010)

As reviewed by Kapil, (2005), antibiotics are important in the treatment of bacterial infections.
The discovery of penicillin was followed by great improvement in research related to antibiotics
and their use. This led to reduction in morbidity and mortality caused by microbial diseases and
especially in the 1940s. Due to the success of antibiotics stringent measures were not followed
closely which led to misuse of drugs and antibiotic resistance (Kapil, 2005). This together with
non availability, lack of access and high cost of new generation antibiotics have affected
negatively earlier achievements of morbidity and mortality; hence the renewed search for new

drugs of plant origin as observed by Williams, (2000),

Some selected medicinal plants from Samburu County Kenya were the subject of investigation in

this study. Clerodendrum myricoides has been reported as having medicinal activity including
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treatment of various ailments including venereal diseases, malaria arthritis among others
(Kiringe et al., 2006; Nanyingi et al., 2008; Kalyani 1983; Muregi et al., 2006; Jeruto et al.,
2008). Carissa edulis has been reported as useful in the treatment of diseases such as headaches,
chest complaints, rheumatism among others (Ichikawa 1998; Teshome et al., 2004; Kiringe et
al., 2006), Rhamnus staddo is useful in management of venereal diseases and malaria (Ichikawa,
1998; Kiringe et al., 2006; Muthaura et al., 2007). Rhamnus prinoides can treat psychosis,
intestinal parasites, malaria and chest pains among others (Muthaura et al., 2007; Muregi et al.,
2006). Myrsine africana can manage malaria, wounds, thelminthosis among others while
sansevierria ehrenbergii is a useful antiseptic and bandage for wounds (Gathuma et al., 2004;
Sileshi et al., 2007; Mohammed et al 2007; Otieno et al., 2008). Acasia tortilis is medicinal
remedy for venereal diseases; wound healing, helminthosis while Psiadia arabica can treat
fevers, colds, abdominal pain and helminthosis (Hagos et al., 1987; Ichikawa, 1998; Bernard et
al., 2001; Otieno et al., 2008).

The bacterial sensitivity tests were carried out using broth dilution method on the extracts of

these selected plants used by herbalists in Samburu County.

5.2 MATERIALS AND METHODS
5.2.1 Preparation of plants for extraction
The aqueous and methanol/ water extracts of selected medicinal plants were prepared as

described in section 4.2.1, 4.2.2 and 4.2.3

5.2.2 Preparation of Chloroformic extract of selected medicinal plants
Fourty (40) grams of powder was weighed into a conical flask and soaked in 400mls chloroform

and cold maceration was done for six days during which time there was continuous shaking. The
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mixture was then filtered using whatmans No. 1 filter paper. The filtrate was reduced to dryness
using soxhlet apparatus. The final residue was further reduced in an oven at 40%. The final

extract was stored in a refrigerator at 4°c.

5.2.3 Evaluation of antimicrobial activity of selected medicinal plants

Test micro organisms: Stock cultures of Neisseria gonorrhea, Staphylococcus aureus,
Escherichia coli, Bacillus cereus Pseudomonas aeroginosa and Streptococcus fecalis were
obtained from the Department of Public Health, Pharmacology and Toxicology, Faculty of
Veterinary Medicine, University of Nairobi. The micro organism stock cultures were maintained
on glycerol at 4° C. The micro organisms maintained in Blood Agar were used to assess the
antimicrobial activity of the aqueous and organic medicinal plant extract.

Reference antibiotics: The antibiotics benzyl penicillin, oxytetracycline and streptomycin were
used as reference standards for gram positive, broad spectrum and gram negative bacteria
respectively as recommended by the National Council for Clinical Laboratory Standard
(NCCLS, 2000).

Sensitivity tests: Standard antimicrobial activity testing was used (Black, 1996). A loopful of
stock cultures of standard organisms stored in glycerol solution was sub cultured on blood agar
(BA) oxoid and incubated for 18-24 hours at 37°C. The sub cultured bacteria was used as stock
culture and was kept at 4°C. After 24 hours a single colony was picked and using a sterile loop
emulsified in 10mls of physiological Buffered saline (PBS) (Normal Saline). 1ml of the
emulsification was taken from the tube and mixed in 9ml of normal saline in tube 1. This was
diluted out in 10 folds until tube 10 to make density equivalent Macfarland opacity No. 5
containing 0.5ml of 10% barium chloride in 1% sulphuric acid and adjusted to the standard plate

count method (Black, 1996). 1ml of the dilutions was taken from each tube and put into sterile
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Petri dishes. This was mixed with Muller Hinton Agar (MHA) and let to solidify after which it
was incubated at 37% for 18-24 hours. Growth was checked for, colonies calculated and
quantified in terms of colony forming units. The number of colony forming units was 2.2x
10’cfu/ml

Broth dilution technique (Suffredini et al., 2006) was used to check for inhibitory activity of
plant extract. Pre-sterilized Mueller Hinton Broth (MHB) was dispensed into sterilized 10ml test
tubes using 10ml sterile pipettes. The tubes were labeled and put in a test tube rack. For test with
gram positive 200mg of plant extract was dissolved in 2ml MHB while for gram negative
bacteria 400mg of plant extract was dissolved in 2mls of MHB. Serial three fold dilutions of the
plant extract were made. Using sterile 1ml pipette 0.1ml of bacterial suspension was dispensed
into each of the test tubes. These were incubated at 37% for 18-24 hours. All experiments were
performed in triplicate. Another tube containing the microorganism inoculum was used as a
negative control. After overnight incubation visual turbidity was noted and 0.1ml from non
turbid tubes was sub cultured into MHA plates. The inocula were spread on the agar using sterile
glass rods. The plates were incubated for 18- 24 hours at 37%. For the positive controls three
fold dilutions of streptomycin 40mg/ml, oxytetracycline 50mg/ml and benzylpenicillin at
10mg/ml were made as above for gram negative, broadspectrum and gram positive bacteria
respectively. The minimum inhibition concentration (MIC) was defined as the lowest
concentration that inhibited any visible growth of bacteria on the culture plates (Prescott et al
1999; Shahidi, 2004; Aibinu et al., 2007). This was determined after the readings on the culture

plates on incubation.
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5.2.4.3 Data analysis
The data was entered and handled in Microsoft Excel 2007 software where descriptive statistics

were generated.

5.3 Results

5.3.1 Extraction efficiency (yield) of selected medicinal plants.

The details of the amount of powder and the percent yield of the extracts of the plants studied are
detailed in table 5.1. The extraction yield of the aqueous plant extract ranged from 1.38 to 10.92
grams (3.45 to 27.3%). The highest percent yield of aqueous plant extract was by Acacia tortilis
(27.3%) followed by Rhamnus prinoides (17.79 %) while the lowest yield was observed with
Carissa edulis (3.45 %) followed by Myrsine africanas (8.99 %). The highest percent yield of
methanol/water extract was observed with Rhamnus prinoides 11.13gms (27.83 % ) followed by
Rhamnus staddo 8.11gms (20.28% ) while the lowest percent yield of methanolic/water extract
was of Acacia tortilis 1.34gms (3.35 %) followed by Myrsine africana 1.51gms (18.88%). The
percent yield of the chloroformic extract was extremely low where the highest yield was
observed with Myrsine africana 3.88gms (7.76 %) and Ramnus staddo 1.63gms (3.26%) while
the lowest yield was provided by Carissa edulis 0.12gms (0.4%) and Acacia tortilis 0.28gms

(0.56 %).
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Table 5.1 Field of the selected medicinal plant species in water, methanol/water and chloroform

Plant name Weight of Yield (mg) Yield (%) Yield (mg) Yield (%) Yield (mg) Yield (%)

Powder (mg) (aqueous) (aqueous) (methanol/water)  (methanol/water) (chloroform) (chloroform)

Clerodendrum myricoides 40 4.30 10.75 3.62 9.06 0.64 1.28
Myrsine Africana 40 3.60 8.99 1.51 18.88 3.88 7.76
Carissa edulis 40 1.38 3.45 5.33 13.33 0.12 0.4
Rhamnus staddo 40 4.50 11.46 8.11 20.28 1.63 3.26
Rhamnus prinoides 40 7.12 17.79 11.33 27.83 0.61 1.22
Acacia tortilis 40 10.92 27.3 1.34 3.35 0.28 0.56
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5.3.2 The Minimum Inhibition Concentration of selected Medicinal plants.

The aqueous extract of the selected plants had antibacterial activity against the various bacterial
strains used in the study except the plants Rhamnus prinoides and Acacia tortilis while the
methanolic /water extracts were active against the bacterial strains used except that of
Clerodendrum myricoides, and Carissa edulis. Clerodendrum myricoides aqueous exract was
active against all strains of bacteria used except Streptococcus fecalis its metahanol / water
extract was inactive against all bacterial strains used. Acacia tortilis aqueous extract was not
active against all bacteria strains used but the methanol/water extract was active against
Pseudomona aeruginosa and Escherichia coli. Both extracts of Myrsine africana were active
against Bacillus cereus and Staphylococcus aureus while Carissa edulis aqueous extract was
active against Pseudomona aeruginosa but its methanol / water extract was not active against the
bacteria strains used. Rhamnus prinoides aqueous extract was not active against any bacterial
strain used but its methanol water extract was active against all bacteria strains except Neisseria
gonorrheae. Rhamnus staddo aqueous extract had activity against gram positive and gram
negative bacteria while its methanol/water extract showed activity against gram positive bacteria
only. The concentration of the extract of all the medicinal plants used that showed antimicrobial
activity was observed to be high. The details of the selected medicinal plants, the bacterial strains

used, the concentration of the extracts used and the P values are in Table 5.2

91



Table 5.2: The minimum inhibition concentration (MIC)(mg/ml) of selected medicinal plants aqueous, methanol/water and
chloroform from Samburu County

Plant species  Part used Solvent B.cereus S.aureus P.aeruginosa E.coli N.gonorrheae S.feacalis P-value
C. myricoides Roots Water 50 50 100 200 500 - 0.0844
Methanol/water - - - - - - -
C. edulis Root, Water - - 400 - - - 0.3550
Fruit Methanol/water - - - - - - -
M. africana seeds Agueous 400 400 - - - - 0.1723
Methanol/water 200 - - - - - 0.3559
R. staddo Roots Water 200 - 400 - - - 0.1996
Methanol/water - 200 - - - - 0.1723
R. prinoides Roots Water - - - - - - 0.000
Methanol/water 200 200 400 400 - 200 0.0177
A. tortilis Stem Water - - - - - - 0.000
bark Methanol/water - - 400 500 - - 0.2534
CONTROL
Streptomycin Water - - - 50 12.5 3.125 0.500
Benzylenicillin Water 12.5 6.125 - - - - 0.500
Oxtetracycline Water 0.396 0.396 12,5 125 - 0.396 0.5
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5.4  Discussion

In the present study the yield of the extract varied widely depending on the solvent used. The
percent yield of the various extracts was most likely influenced by the polarity of the solvent
together with the phytochemical present in the medicinal plant. It was also observed observed
that the percent yield of phenols and flavonoids in selected medicinal plants in Vietnam varied
with the solvent used (Nguyen and Eun, 2011)

In the current study Clerodendrum myricoides aqueous extract showed antibacterial activity. The
antibacterial and antifungal activity has also been reported by Abebe, (1998). The plant has
further been reported to be effective in treatment of protozoal diseases like East Coast Fever
(Jeruto, 2008; Jeruto et al., 2008). Acassia tortilis has been reported to be effective in the
treatment of asthma and venereal diseases. It has further been reported to be effective as an
anthelmintic and that it contains tannins and phenols as bioactive compounds (Hagos et al.,
1987; Kiringe, 2006). In the current study this plant was active against Psuedomonas aeruginosa
and Escherichia coli as methanol/ water extract but no activity was recorded with the aqueous
extract. In the current study Myrsine africana has antibacterial activity. This kind of activity has
also been reported by Sileshi in Ethiopia (Sileshi et al., 2007). Carissa edulis in this study
showed antibacterial activity which was also reported by Kiringe, (2006) where the plant is used
in treatment of venereal diseases. Rhamnus prinoides which has antibacterial activity has also
been reported to treat venereal diseases (Kiringe, 2006). Rhamnus staddo has similarly been
reported to have both antifungal and antimalarial activity when used in combination with other
plants (Muregi et al., 2006; Odhiambo et al., 2009). It is important to note that synergism has
been reported between medicinal plants and antimicrobials (Aiyegoro and Okoh, 2009), between

medicinal plants and medicinal plants (Stermitz et al., 2000) and also between medicinal plants
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and antimalarials (Muregi et al., 2006). This fact can be investigated further in the case of the
plants used in this study and especially those reported to perform best when in combination. This
may improve the concentration of the plant extract that show antimicrobial activity. It is also
noted that a higher concentration of the plant extract is used for activity against bacteria strains
used. This may suggest that the concentration of the noble molecule within the extract was low.
The antimicrobial activity of the medicinal plant extract against the bacterial strains used was not
statistically significant (P>0.05). The method of extraction together with the method of storage
may also have affected the quantity of active molecule available in the extract. All the selected
plants showed some antimicrobial activity which differed between the aqueous or
methanol/water extract. Gram negative bacteria usually require a higher concentration of extract
for activity (Suffredin et al., 2006) than do the gram positive bacteria. This observation could be
attributed to the cell wall of gram positive bacteria (Rang and Dale 1987) which is easier to
penetrate than that of gram negative bacteria. This fact may explain why the gram negative
bacteria in the present study showed a higher MIC than the gram positive bacteria. Most extracts
did not show antibacterial activity even though their medicinal use has been reported in
literature. This fact could be explained by the fact that many herbal medicines act as prodrugs
and their activity will be seen invivo and not necessarily invitro. Further the herbal preparations
may be subject to contamination and deterioration (WHO, 2000). This study clearly shows that
the herbal remedies under study have antimicrobial activity which validates their use by

Samburu traditional healers.

94



CHAPTER SIX

CYTOTOXICITY OF SELECTED MEDICINAL PLANT EXTRACTS FROM
SAMBURU COUNTY, KENYA

6.1 INTRODUCTION

The Brine Shrimp Lethality Test (BSLT) is a general bioassay which is capable of detecting a
broad spectrum of bioactivity in crude extract. The tests can predict the cytotoxicity and
pesticidal activity of the extract (Pisutthanan et al., 2004) A substance is considered to be
cytotoxic if it inhibits vital metabolic processes or it causes disorders in living organisms
resulting in perversion of behavior or death (Fatope, 1995). The brine shrimp assay basically
detects substances that are cytotoxic enough to kill shrimp’s larvae on exposure to solution of the
sample (Ameen et al., 2011). The Brine shrimp Lethality test give LCso concentrations in pg /ml
which when above 1000ug/ml is considered safe but is considered toxic when below 1000ug/ml
(Meyer et al., 1982, McLaughlin et al., 1991).

Brine shrimp lethality assay is a rapid inexpensive and simple bioassay for testing plant extracts
bioactivity, the result of which in most cases correlate with cytotoxic and antitumor properties of
the plant. Toxicity to brine shrimps has a good correlation with anti-tumor activity in man
(McLaughlin et al., 1991) since the brine shrimp responds similarly to the corresponding
mammalian system (Solis et al., 1993). Since the test was introduced (Meyer et al., 1982), it has
been used successfully for bioassay guide fractionation for active cytotoxic and antitumor agents
including, trilobacin from Asimina triloba (Zhao et al., 1992), cis- annonacin from annona
muricata (Rieser et al., 1996), Ent- kaur- 16- en- 19- oic acid from Elaeoselinum foetidum
(Mongelli et al., 2002) and Taxal from the bark of Taxus brevifolia. Crude plant extract can be
first assayed for particular activities and the active fraction then analysed phytochemically

(Hostettmann, 1991).
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Brine shrimps have been used for various bioassay systems including analysis of pesticide
residues, mycotoxins, stream pollutants, anaesthetics, dinoflagellates, morphine like substances,
toxicity of oil dispersants, co-carcinogenicity of phorbol esters and toxicants in marine
environments (Meyer et al., 1982).

The plants under study have had some medicinal properties and phytochemicals reported;
Clerodendrum myricoides is used in treatment of venereal diseases (Kiringe et al.,2006;
Nanyingi et al ., 2008), treatment of infertility (Njoroge and Bussman, 2006), has antibacterial
and antifungal activitiy (Yinegar et al., 2008), treatment of Malaria (Muregi et al., 2006 ; Jeruto
et al., 2008), treats epilepsy, arthritis, diabetes, typhoid,cough/cold, eye problems, proper
positioning of the foetus,tonsillitis, rheumatism, East Coast Fever (Jeruto, 2008; Kalyani, 1983)
among others. Carissa edulis has been reported to treat venereal disease (Kiringe et al., 2006;
Ichikawa, 1998) and in the treatment of headache, chest complaints, rheumatism, syphilis, rabies
and as a diuretic (Teshome et al., 2004). it contains as active phytochemicals lupeol, carissol, -
amyrin and oleuropein (Ibrahim et al., 2005). This test was carried out to assess the cytotoxicity

bioassay of selected medicinal plants from Samburu County, Kenya.

6.2 MATERIALS AND METHODS
6.2.1 Study area
The plant materials used for Brine shrimp Lethality tests were collected from the Samburu

County (Figure 8).

6.2.2 Collection and identification of plants
The medicinal plants were identified by the herbalist at the study area, specimens were collected

and taken for identification at the University of Nairobi herbalium as reported in section 3.2.3.
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6.2.3 Preparation of plants and plant extract.
The Samples were prepared for extraction according to Gakuya, (2001) and these samples were

extracted according to Erazo, et al., (1997) and Gakuya, (2001).

6.2.4 Evaluation of bioactivity for selected plants using brine shrimp lethality test

6.2.4.1 Hatching of Brine shrimp nauplii.

Hatching of the brine shrimp was carried out according to (Gakuya, 2001). Thirty three (33)
grams marine salt was weighed on an electric machine and transferred into a 1 liter conical flask.
Distilled water was added concurrently and stirring done to dissolve the marine salt. When all the
salt dissolved, distilled water was added to make the 1 liter mark to constitute the marine salt
solution. Brine shrimp eggs acquired from the department of Public Health, Pharmacology and
Toxicology, Faculty of Veterinary Medicine, University of Nairobi were hatched in shallow
rectangular plastic double chambered box with a dividing wall with 1-2 mm holes. The box was
filled with the constituted marine salt solution. Using a spatula 50mg of brine shrimp eggs were
sprinkled and about 5mg of yeast (to act as food for the nauplii) was sprinkled in the dark
compartment. The other compartment was illuminated through a hole in the lid of the box and
kept under a light source using a 40 watts electric bulb. After 48 hours the phototrophic nauplii
were collected using a Pasteur pipette from the lighted compartment and subjected to a Brine

shrimp lethality test.

6.2.4.2 Plant extracts solution preparation.
All the aqueous and organic extracts under this study were treated in a similar manner where 0.1
grams of plant extract was weighed (Mettler PM 4600, Delta Range®) and transferred into a

universal bottle. Ten milliliter of marine salt solution was added to dissolve and stirred using an
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electric mixer Voltex Reamix 2789® at 2800 rpm to make a final stock concentration of

10,000ug/ml. Serial dilutions were prepared from this stock solution

6.2.4 .3 Cytotoxicity bioassay

Three dilutions were prepared by transferring 500ul, 50ul and 5ul of plant extract into the set of
five graduated tubes. Ten shrimps were transferred into each of the tubes using Pasteur pipettes
and marine salt was added to 5ml mark to make dilutions of 1000pug/ml, 100ug/ml and 10ug/mil.
Five graduated vials were set for each dilution and a further five for the control. The tubes were
left at room temperature and the number of live larvae counted after 24 hours. The percent
mortality was determined for each dilution and controls. Where the deaths of controls occur

within 24 hours, data was corrected using death = (test- control/control *100) (Gakuya, 2001)

6.2.5 Data Analysis

The results were interpreted using the probit method of Finney computer programme which uses
the number of dose level, the number of brine shrimp for every concentration, percent mortality
for every concentration and dose level. The lethal concentration (LCsg) and the 95 % confidence
interval (UCL and LCL) were obtained using the computer programme (Mclaughlins et al.,

1991)

6.3. Results

The results for brine shrimp lethality tests are as shown in tables 6.1. The dilutions were in

pg/ml.
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6.3.1 Cytotoxicity of aqueous extract: The percent mortality of the brine shrimp larvae
increased with increase in concentration of solution. For example at 10ug/ml
Clerodendrum myricoides had a mortality of 4% while at 1000ug/ml it had a mortality
of 34%. The LCs of the aqueous extract of the selected medicinal plants from
Samburu County was greater than 1000ug/ml except for Psiadia arabica which had
an LCs lower than 1000ug/ml. The LCso ranged from as low as 499.9 for Psiadia
arabica to as high as 6921.05 for Rhamnus prinoides. The results are detailed in Table

6.1.
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Table 6.1: Results of Brinehrimp Lethality Assay on the crude agueous extracts of selected medicinal plants from Samburu
County Kenya
% mortality of naupli

Plant/conc.p/ml 10 pg/ml 100 pg/ml 1000 pg/ml LCso UCL LCL
Clerodendrum myricoides 0.4 1.2 3.4 4242.15 - -
Myrisine africana 0.2 2.0 4.2 1507.15 - -
Rhamnus staddo 0.6 2.4 4.6 1261.27 - -
Carissa edulis 0.2 1.0 3.0 4885.50 - -
Acacia tortilis 0.2 1.4 3.4 3158.48 - -
Sansevierra enrhenbergii 0.4 2.0 4.4 1462.95 - -
Rhamnus prinoides 0.0 14 2.6 6921.05 - -
2960.89
Psiadia Arabica 1.0 2.4 6.2 499.90 113.73

LCso=Lethal concentration, UCL =Upper confidence level, LCL =Lower confidence level
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6.3.2 Cytotoxicity of methanol water extract: The percent mortality of the brine shrimp
larvae increased with increase in concentration of the solution. For example at
10pg/ml Clerodendrum had a 16% mortality while at 1000ug/ml had a mortality of
76%.The methanol/water extract of the selected medicinal plants from Samburu
County had an LCsg ranging from as low as 191.10ug/ml for Sansevierria erhenbergii
roots to as high as 3883.55u/ml for Rhamnus staddo. Three medicinal plants namely
Rhamnus staddo, Carissa edulis and Psiadia arabica had an LCsq greater than
1000ug/ml while the rest had an LCso lower than 1000ug/ml. The results are detailed

in table 6.2
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Table 6.2 Results of Brine shrimp Lethality Assay of the crude methanol/water extract of selected medicinal plants from
Samburu County Kenya

% mortality of naupli

Plant 10 pg/ml 100 pg/ml 1000 pg/ml LCso UCL LCL
Clerodendrum myricoides 1.6 3.2 7.6 204.66 3052.25 43.39
Myrisine africana 1.0 14 7.0 441.94 12865.23 122.84
Rhamnus staddo 1.0 2.4 3.8 3883.55 - -
Carissa edulis 0.6 1.6 3.8 3195.14 - -
Sansevierra enrhenbergii (roots) 1.2 4.6 7.0 191.10 3215.14 37.80
Sansevierra enrhenbergii (Shoots) 0.4 2.8 6.4 421.29 8068.53 120.74
Rhamnus prinoides 0.4 2.8 8.8 214.33 624.14 78.49
Psiadia Arabica 0.0 1.0 3.2 3272.64 -
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6.3.3 Cytotoxicity of chloroformic extract: The percent mortality of the brine shrimp
increased with an increase in concentration of the solution. For example at 10ug/ml
Clerodendrum myricoides had no mortality while at 1000ug/ml it had a mortality of
26%. The LCsq of the selected medicinal plants from samburu showed an LCsq as low
as 110.40ug/ml for Rhamnus staddo and as high as 8553.47ug/ml for Carissa edulis.
Three medicinal plants namely Clerodendrum myricoides, Carissa edulis and Acasia
tortilis had an LCsg higher than 1000ug/ml while the others had an LCsg lower than

1000ug/ml. The results are detailed in table 6.3.
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Table 6.3 Results of the Brine shrimp Lethality Assay of crude chloroform extract of selected medicinal plants from Samburu

County Kenya
% mortality of naupli

Plant 10 pg/ml 100 pg/ml - 1000 pg/ml LCso UCL LCL
Clerodndrum myricoides 0.0 0.6 2.6 5584.44 - -
Myrisine africana 0.6 0.2 7.6 320.55 2063.35 102.22
Rhamnus staddo 0.6 3.8 10.0 110.40 284.92 40.14
Carissa edulis 0.0 1.0 2.4 8553.47 - -
Acacia tortilis 0.2 2.2 4.2 1463.01 - -
Rhamnus prinoides 1.6 4.6 10.0 133.33 426.48 41.77
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6.4. Discussion

Clerodendrum myricoides aqueous and chloroform extracts had an LCsy higher than 1000ug/ml,
which is quite safe and hence infers that it is non toxic. The plants methanol/water extracts
however had a much lower LCsy which is moderately toxic and may find use as a cytotoxic drug.
These can be further investigated to verify their use as such. This plant; which is used by the
traditional healers in the aqueous form is safe to use as a decoction. These results agree with
Oryemo et al., (2011) findings in Uganda where the methanol extract of Clerodendrum
myricoides was more toxic than the aqueous extract. Various phytochemicals were found in both
the aqueous and methanol water extract of Clerodendrum myricoides in the present study
including terpenes, saponins, tannins, phenols glycosides among others; some of which were also
identified by Oryemo et al., (2011) and Jeruto et al., (2008). These phytochemicals have been
reported to exhibit medicinal properties including antibacterial, anti-inflammatory, antifungal,
and antiviral among others (Cowan, 1999; Aguinaldo et al., 2005; Arts and Hollman, 2005;
Adekulne and Ikumapaye, 2006). These phytochemicals may have been responsible for the
bioactivity of the extracts which further validates the plants use by the Samburu traditional
healers.

Carissa edulis is safe in all the three types of extracts (aqueous, methanol/water and chloroform)
and can be used as a decoction. This plant has been reported to contain phytochemicals including
alkaloids, sterols and resins (Abdu et al., 2008). These phytochemicals are reported to have
medicinal value (Robert and Wink, 1998; Jeruto et al., 2008; Abdu et al., 2008) and could be
attributed to the bioactivity shown by this plant. Acacia tortilis is safe as chloroform and
aqueous extract but toxic as the methanol/water extract. This plant has been reported to contain

tannins as secondary metabolites (Orwa et al., 2009). These may have contributed to the
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bioactivity shown by it. Myrsine africana, Rhamnus staddo and Rhamnus prinoides are only
safe as an aqueous extract and toxic as a chloroform and methanol/water extract. Myrsine
africana has been reported to contain various Phytochemical including tannins, saponins and
flavonoids (Abbi et al., 2011) which may have caused the biological activity shown by the plant.
Psiadia arabica is safe in methanol/water extract but toxic in aqueous extract. This plant
contains flavones and kaulene as bioactive compounds which can be attributed to the bioactivity
shown in the study Sansevierria enhribergii is safe in aqueous and methanol/water extract. This
plant has been reported to have antifungal activity which could be attributed to the bioactivity
seen (Mohammed et al., 2007). The extracts showing a low LCs (< 1000) are likely candidates
for cytotoxic or anticancer drugs and can be investigated further. The extracts showing a high
LCso (> 1000) can be used as non cytotoxic drugs and hence further investigations would also be
called for. The reported phytochemicals in the selected medicinal plants together with the
bioactivity results in this study validates the use of the plants as herbal remedies by Samburu

Traditional healers.
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CHAPTER SEVEN
ACUTE TOXICITY STUDIES OF THE AQUEOUS EXTRACT OF
CLERODENDRUM MYRICOIDES

7.1 INTRODUCTION

Bent and Neuhaus (2004) reported that herbal medicines are usually taken mistakenly as safe
because they are “natural”, but the products may contain bioactive principals that have potential
to cause adverse effects. For this very reason Talaley and Talaley (2001) reported that it is of
utmost importance to subject all herbal remedies to the efficacy and safety tests by the same
methods used for new synthetic drugs. The oral acute toxic class method (ATC method)
(Appendix 4) was developed as an alternative to replace the oral LDsg test. The ATC method is a
sequential testing procedure using only three animals of one sex per step at any of the defined
dose levels. Depending on the mortality rate three but never more than six animals are used per
dose level. This approach results in the reduction of numbers of animals used in comparison to
the LDs test by 40-70%. The oral ATC method was adopted as an official test guideline by
OECD in 1996 and was slightly amended in 2001. The oral LDs test has been deleted by OECD,
by the European Union and by the USA, making the use of alternatives to the oral LDs, test
mandatory (OECD, 2001d).

Clerodendrum myricoides has many medicinal uses in many parts of the African continent
including treatment of venereal diseases (Bussman, et al., 2006, Nanyingi, et al., 2008),
infertility (Otieno, et al., 2008), Malaria (Njoroge and Bussman 2006, Muregi, et al., 2006,
Muthaura, et al., 2007), epilepsy, arthritis, diabetes, typhoid, cough/cold, eye problems, proper
positioning of fetus, tonsillitis, rheumatism, and East Coast Fever (Jeruto, et al., 2008, Jeruto,

2008), abdominal colics, and febrile convulsions (mainen, et al., 2009), it has antibacterial and
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antifungal activity (Abebe, 1998),among othersin view of the important utilisation of this plant
as a medicinal remedy, this study was carried out to evaluate the acute oral toxicity and the

histopathological effects of the aqueous extract of Clerodendrum myricoides (Hoechst) Vatke.

7.2 MATERIALS AND METHODS
The Acute Toxicity Testing was carried out according to the Organisation of Economic Co-

operation and Development (OECD) guidelines (Schleide et al., 1995, OECD 2001d).

7.2.1 Laboratory animals.

Female albino rats of winstar strain were aged 6 weeks were acquired from the Department of
Publc Health Kenyatta National Hospital. They were all acclimatized in the laboratory prior to
the start of the experiments. The rats were randomlydistributed into three groups (group 1 grp 2)
grp 3) and a control group. The rats were all marked for ease of identification. All rats were
maintained on a 12 hour light and darkness cycle at constant temperature (22-25)°C and humidity
(48-50) %. They were fed with laboratory feeds and fresh clean water given ad libitum.

7.2.2 Dosing of animals

The oral ATC method is a sequential testing procedure with the use of three animals of one sex
per step. During the development of the new study protocol the starting doses (25, 200 or
2000mg/kg b.w.) were chosen mainly from the class limits for classification of the European
Union (EU) at that time (Schleide et al., 1992, 1995) and modified at a later stage to 5, 50, 300
or 2000mg/kg bwt based on the class limits of the Global Harmonised classification System
(GHS) (OECD, 2001d). The result of each step determines if no further testing is needed or
dosing of three additional animals, with the same dose or dosing of three additional animals at

the next higher or the next lower dose level. Test substance used was the aqueous extract of
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Clerodendrum myricoides (Hoechst) Vatke which was a fine cocoa like powder which is
hygroscopic. On absorbing moisture it is granular but the colour remains brown. When it
dissolves in water it forms a brown solution. Both the extract and the solution had a bitter taste.
The test substance was dissolved in drinking water and administered orally. The volume of less
than 2 mls/100mg was used in various concentrations depending on the dosage. The starting dose
was 2000mg/kgbwt. This was followed by 300mg/kgbwt. The clinical signs observed including

the deaths determined the dosage that followed (OECD, 2001d).

7.2.3 Pathology and histopathology

After the experimental oral administration of the extract the dead rats were examined system by
system and the lesions recorded. The visceral organs including intestines, liver, heart, spleen,
brain, kidney, adrenal glands and ovary that showed pathology were removed from the body and

routinely preserved in 10% formalin for histopathology.

7.2.3.1 Tissue processing for histopathology.

The tissue processing was conducted in an automatic tissue processor model Leica TP 1020 in
the department of Pathology, Microbiology and Parasitology. The procedures described by Drury
and Wallington, (1980) and Prophet et al.,1994 were followed with slight modification. The
tissues were placed in 10% formalin (10 parts of formalin and 90 parts of distilled water) for 1
hour to rectify shrinkage by formalin. The tissues were dehydrated by ascending grades of
isopropyl alcohol by immersing in a series of isopropyl alcohol including 70%, 80% for 1 hour
each then through 90% and 96% for 1.5 hours to avoid shrinkage of cells, then in three 100%

each for 1.5 hours each to ensure no traces of water in the cells. The dehydrated tissues were
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cleared in two changes of xylene for 1.5 hours each. The tissues were impregnated in two

changes of molten paraffin wax for two hours each to provide an internal support.

The wax impregnated tissues were embedded in paraffin wax using the same grade wax. The
paraffin wax was mounted and cut with rotary microtome machine model Leica RM 2235 at 5u
thickness. The sections were floated on a tissue flotation water bath Leica HI 1210 at 44°C and
taken on plain glass slides. The cut sections were then transferred to an incubator at 53°C

overnight and cooled ready for staining.

7.2.3.2 Tissue staining

The staining procedures described by Prophet et al., (1994) were followed. The sections were
deparaffinised by emersing into two changes of xylene for 2 minutes each in a horizontal
staining jar. The deparaffinised sections were washed in two changes of 100% isopropyl alcohol,
then 95% alcohol. They were then dipped in cold water and stained in Meyer’s hematoxylin for
8-12 minutes in a horizontal staining jar. The sections were then blued in tap water for 10-15
minutes to wash out the excess hematoxylin in other structures and make the nuclei distinct. The
sections were counter stained with eosin for 5 minutes (the cytoplasm and other organelles stain
varying shades of pink to red but the nucleus stains blue). The sections were counter stained in
1% aqueous eosin (1gm in 100mls water) for 5 minutes and the excess was washed in tap water.
Complete dehydration of stained sections was ensured by placing the sections in graded alcohol
including 95%, 100%, 100% for 5 minutes each. The sections were then mounted in DPX having
the optical index of glass (the sections were wetted in xylene and inverted onto the mount and
placed onto the cover slip. The slides were observed at low power under the microscope. The cell

injury and over aspects were observed under high power dry objective (Dunn, 1974). After
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mounting the slides were left on the table to air dry for microscopic observation and evaluation.
The slide imaging was carried out using Carl Zeiss photographic microscope. Model: German-
176045 and cannon camera PC1200. The haematoxylin and eosin stained images were read and

the pathological lesions described at Mg X400.

7.2.4 Data analysis
Data Analysis of the ATC method is as detailed in Appendix 4. The principle of the ATC method

is based on the Probit model (Finney, 1971).

7.3 RESULTS

7.3.1 Effects of aqueous extract of C. myricoides on rats.

The signs observed included respiratory system signs, musculoskeletal system signs, nervous
system signs and circulatory system signs. Table 7.1(Appendix 7) displays the clinical signs of

acute toxicity observed after oral administration of the extract.
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7.3.2 Pathology and Histology of the animals that died and those that survived for the two
weeks test period.

The organs that had lesions included the liver, the spleen, the lungs and the kidney. These lesions
included congestion, pale areas especially on the liver and organ enlargement. The
histopathology of the liver showed mainly congestion at the dosage of 2000mg/kgbwt (Figure
15). The lungs showed mild congestion and lymphocytic infiltration, (Figure 12) the kidney
showed mild congestion (Figure 13) and the spleen showed a depopulation of lymphocytes
leaving pockets of white pulp and only the red pulp was seen (Figure 14). These lesions were

mainly observed in the 2000mg/kgbwt dosage of the extract.
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c

Figure 12: Photomicrograph of the Lung showing congestion and vasculitis a; at
dosage of 2000mg/kgbwt black arrow showing congestion, double arrow
showing thickening of vascular wall and collapse of alveoli, b; mild congestion
and vascular wall thickening with collapsed alveoli at 300mg/kgbwt and c;
control. H and E stain. Mg x400

a

Figure 13: Photomicrograph of the Kidney showing mild congestion.
a;2000mg/kgbwt and b;control. H and E stain. Mgx400
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a-b-

Figure 14: Photomicrograph of the spleen showing depopulation of lymphocytes.
a;2000mg/kgbwt, and b; control (white pulp white arrow and red pulp black
arrow). H and E stain; Mgx400

a-b.

Figure 14: Photomicrogh of the liver showing congestion. a; 2000mg/kgbwt and c;
control. H and E stain. Mgx400
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7.4 Discussion

In the present study two animals died within the 24 hour period at 2000mg/kg bwt but none of
the animals died at 300mg / kg bwt dosage. More over various clinical signs were observed as
adverse effects on the rats which included nervous signs like; convulsions, forelimb paresis,
hypersensitivity, photophobia, dyspnoea, salivation, laccrimation among others (table 7.1). The
acute toxic class method revealed that the medicinal plant was slightly toxic with an LDsp of
1000mg/kg bwt (Appendix 4). This is in accordance with Matsumura (1975) who classifies
toxicity as extremely toxic when the LDs is less than 1mg/kg bwt, highly toxic when the LDsg is
between 1 and 50 mg/kg bwt, moderately toxic when the LDsg is between 50 and 500mg/kg bwt,
slightly toxic when LDsg is between 500 and 5000 mg/kgbwt, practically non toxic when LDsy is
between 5000 and 15000 mg/kgbwt and relatively harmless when LDs is greater than 15000m
g/kg bwt. This observation agrees with Hayelom et al., (2011) that Clerodendrum myricoides

root aqueous extract is slightly toxic where the LDs, was reported as1134mg/kgbwit.

At the dosage of 2000mg/kgbwt the aqueous extract affected the liver, the kidney, the spleen and
the lungs. The lesions included congestion as the main lesion in the lungs, liver and kidney.
There was further lymphocytic infiltration in the lung blood vessels. The lymphoid tissue in the
spleen was further depopulated. Similar toxic effects of the plant on the liver and kidney of mice

have been reported by Hayelom, et al., (2011).
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CHAPTER EIGHT

STUDY OF SUB-ACUTE TOXICITY OF AQUEOUS EXTRACT OF CLERODENDRUM
MYRICOIDES (HOECHST) VATKE
8.1 INTRODUCTION
Literature indicates that medicinal plants have been essential in many communities for primary
health care. They are often the only therapeutical resource (Nereyz et al., 2012). Garcia-Cortés et
al., (2008) has reported that the uses of medicinal plant-derived medicines have been on the
increase in the past few decades in many countries, due to the wrong perception that their
being"natural” makes them beneficial with no health risks. In developing countries, medicinal
plants are widely used for food, economic, and medicinal purposes. However there is scanty
information available on the toxicology of these plants. Further evidence on the toxicity risks
associated with a wide variety of such remedies has emerged in the last few years, including
hepatotoxicty among others (Norris et al., 2008). This is caused by the ability of the plants
phytochemicals to cause organ damage. This occurs after interaction of a series of complex

cellular processes involved in their pharmacological activities (Udem and Ezeasor, 2010).

The genus Clerodendrum has found a wide use as an important medicinal plant world over. In
Kenya, it has been reported to have medicinal value against Malaria (Muregi et al., 2006). In
Ethiopia Hayelom et al., (2011) has reported a wide range of medicinal uses including
antimalarial activity, antibacterial activity, anti snake bite among others. In Indian, Chinese,
Japanese and Thailand traditional medicine this important plant has been useful in the treatment
of life threatening diseases such as cancer, hypertension among others (Shrivastava and Patel
2007). Further the plant has been reported to contain major phytochemicals important in
treatment of various ailments (Shrivastava and Patel 2007). In view of the importance the genus
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presents, this study was carried out to elucidate the subacute toxicity of the aqueous extract of

the species Clerodendrum myricoides (Hoechst) Vatke

8.2 MATERIALS AND METHODS

8.2.1 Laboratory animal

Healthy young albino rats, winstar strain were used in the present study. The female rats were
nulliparous and non-pregnant. The animals were allowed to acclimatize for 7 days. The
temperature in the experimental animal room was 22-25°C.The relative humidity was 48-50%.
Lighting was artificial, the sequence being 12 hours light, 12 hours dark. Laboratory feeds were
sourced from Unga Feeds Kenya Ltd and distilled clean water was supplied ad libitum. Animals
were housed in cages in small groups of five of the same sex. The animals were identified
uniquely and kept in their cages for at least seven days prior to the start of the study to allow for

acclimatisation to the laboratory conditions.

8.2.2 Clerodendrum myricoides aqueous extract
The test compound was administered via the drinking water according to the test groups. The
control group received food and drinking water like the rest of the rats but without the test

substance.

8.2.3 Treatment of animals.

The animals were divided into three test groups and a control group with each group consisting
of five female and five malle rats at 300mg/kg bwt, 150mg/kg bwt and 75mg/kg bwt. Except for
treatment with the test substance, animals in the control group were handled in an identical
manner to the test group animals. The body weights of all the rats were recorded at the start of
the experiments and at weekly intervals thereafter. Dose levels were selected taking into account
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the acute toxicity data. A descending sequence of dose levels were selected with a view to
demonstrating any dosage related response and no-observed-adverse effects at the lowest dose
level (NOAEL). Two fold intervals were used for setting the descending dose levels. The
animals were dosed with the test substance daily for a period of 28 days. The maximum volume
of liquid that was administered at once depended on the size of the test animal. The volume did
not exceed 2ml/100g body weight. Test volume at all dose levels was ensured by adjusting the
concentration of the test substance to ensure a constant volume at all dose levels.

The health condition of the animals was recorded at least twice daily; all animals were observed
for morbidity and mortality.

Behavioral changes were noted in all animals before the administration of the extract and once a
week thereafter and recorded. Observations were made outside the cage in a standard area at the
standard time. Signs noted included; changes in skin, fur, eyes, and mucous membranes,
occurrence of secretions and excretions and autonomic activity (e.g. lacrimation, piloerection,
pupil size, and unusual respiratory pattern). Changes in gait, posture and response to handling
and the presence of clonic or tonic movements, stereotypes (e.g. excessive grooming, repetitive
circling) or bizarre behaviour (e.g. selfmutilation or walking backwards) were also recorded.
Sensory reactivity to stimuli of different types (e.g. auditory, visual and proprioceptive stimuli),
assessment of grip strength and motor activity assessment was conducted at the end of the four

weeks of the experiment.

8.2.4 Body weight and food/water consumption
All animals were weighed at least once a week. Measurements of food consumption were made
at least weekly. Since the test substance was administered via the drinking water, water

consumption was measured weekly.
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8.2.5 Haematology
Blood samples were taken from the orbital sinus of rats using needles and syringes. Haematocrit,
haemoglobin concentration, erythrocyte count, total and differential leucocyte count and platelet

count were determined pretreatment and weekly thereafter.

8.2.6 Clinical Biochemistry

Clinical biochemistry determinations to investigate the functions of the test organs (kidney, heart
muscle and liver), were also performed on blood samples obtained from animals fortnightly.
Determinations of plasma or serum included; urea, creatinine, total protein and albumin levels.
Activities of alanine aminotransferase and aspartate aminotransferase were also carried out. The

animals were fasted overnight prior to blood sampling.

8.2.7.7 Pathological examination

8.2.7.7.1 Gross necropsy

All animals in the study were subjected to complete gross necropsy which included careful
examination of the external surface of the body and all orifices. The cranial, thoracic and
abdominal cavities and their contents were also observed. The liver, kidneys, adrenals, testes,
epididymis, thymus, spleen, brain and heart of all animals; (apart from those found moribund
and/or intercurrently killed) were trimmed of any adherent tissue, as appropriate, and their wet
weight taken immediately after dissection to avoid drying.

The following tissues were preserved in neutral buffered 10% formalin (PH 7.2) for subsequent
histopathological examination: all gross lesions, brain (representative regions including
cerebrum, cerebellum and pons), spinal cord, stomach, small and large intestines (including

Peyer's patches), liver, kidneys, adrenals, spleen, heart, thymus, thyroid, trachea and lungs,
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gonads, accessory sex organs (e.g. uterus, prostate), urinary bladder, lymph nodes, peripheral

nerve ( sciatic) and a section of bone marrow

8.2.7.7.2 Histopathology
Full histopathology was carried out on the preserved organs and tissues of all animals in the
control and high dose groups. These examinations were extended to animals of all other dosage

groups, in the treatment-related changes observed in the high dose group.

8.2.8 Data Analysis
Results of parametric tests were expressed in terms of meantSEM. In the assays involving

comparison of more than two means, one-way ANOVA was used. Signifiance was set at P<0.05.

8.3 Results

8.3.1 Behavioral changes

At 300mg / kg bwt piloerection, itching and huddling together were observed among both males
and female rats (Figure 16). At 150mg/kgbwt the rats were observed with piloerection, were
unwilling to move and appeared weak. Shivering, dyspnoea and pale ears were additionally
noted in the females. At 75mg/kgbwt the main symptom was piloerection. The control group
showed no clinical signs. These signs were exhibited within the first 24 hours. Nevertheless they
remained throughout the study period with the rats showing increased intensity of itching. At the
rostrum and the ear lobes the rats had wart like lesions (Figure 16). These were exaggerated in
the 300mg/kgbwt dosage. At 75mg/kgbwt the changes were few but absent altogether in the

control group.
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Figure 16: Photographs of rats exhibiting Clinical signs after sub acute toxicity
study: a; rats huddling together, b; rats with wart like lesions, c; rat showing
piloerection.
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8.3.2 The body weight of rats.
The body weights of the animals increased significantly in all the test groups as compared to the
control group (Table 8.1). The organ weights similarly showed a significant increase in weight in

the test groups although this was not dose dependent (Table 8.2).

8.3.3 Biochemical parameters
The significant changes observed in the clinical biochemistry parameters of the test groups were

either not dose dependent or they were within the normal range (Table 8.3)

8.3.4 Haematological parameters

The white blood cellsparameters increased significantly in the test groups with the administration
of the plant extract as compared to the control group. The increase was dose dependent but
within the normal range. Similarly the neutrophils increased significantly in the test groups as
compared to the control group but the lymphocytes decreased significantly in the test group as
compared to the control group. The significant observations in the test groups on the red blood
cells, haematocrit volume, Haemoglobin concentration and mean corpuscular volume were not

dose dependent (Table 8.4)
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Table 8.1: Comparison of mean weight £SEM among aqueous extract of C. myricoides treated groups at dosages of
75mg/kgbwt, 150mg/kgbwt and 300mg/kgbwt for both males and female

Body weight (g)

Initial Week 1 Week 2 Week 3 Week 4
Male
Control 95.04+5.73 104.2411.19 121.6+8.67 143.3+12.34 114+16.33
75 mg/kg 60.06+13.15 72.69+28.99 85.02+27.23 96.54+32.6 88.62+31.58
150 mg/kg 65.60+3.34 53.52+5.62 65.45+6.90 72.93+5.50 76.39+5.82
300 mg/kg 80.21+14.88 84.23+7.65 94.03+6.18 98.13+8.27 93.91+10.09
Female
Control 138.6+15.15 154.4+17.18 173.8419.29 161.8+16.82 174.7+16.15
75 mg/kg 75.52+11.19 79.37+12.40 88.97+11.29 94.71+11.91 111.3+6.15
150 mg/kg 65.52+6.55 47.41+6.29 58.12+5.26 68.01+6.77 68.96+4.0
300 mg/kg 65.11+15.49 78.3£20.54 88.59+18.15 92.43+11.54 79.93+5.64
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Table 8.2: Mean organ-weight values = SEM of the rats over the 28- day period in the control group,
75mg/kgbwt/150mg/kgbwt and 300mg/kgbwt for both male and female

Organ weight (g)

Heart Intestines Kidney Liver Lungs Spleen Stomach
Male
Control 0.74+0.18 22.91+3.93 2.01+0.37 9.28+1.24 1.79+0.94 1.26+0.85 3.51+0.7
75 mg/kg 0.46+0.13* 11.86+2.87*  1.06+0.16* 4.7+1.29* 1.2+0.52 0.61+0.05 1.75+0.26
150 mg/kg 0.38+0.18* 9.73+4.19* 0.93+0.34* 3.6+£2.05* 1.02+0.58 0.33+0.22 1.31+0.54
300 mg/kg 0.52+0.20 13.242.40* 1.05+0.23* 4.48+0.998*  1.18+0.13 0.76+0.22 2.34+0.75

*

Female
Control 0.76+0.03 19.243.40 1.88+0.09 9.14+0.93 1.90+0.25 0.85+0.21 2.98+0.76
75 mg/kg 0.4+0.20* 8.68+3.7* 0.75+0.28* 2.35+1.57* 0.68+0.41*  0.24+0.25* 1.57+0.65
150 mg/kg 0.22+0.05* 7.0£1.7* 0.52+0.19* 1.66+0.39* 0.68+0.14*  0.15+0.03* 1.14+0.4*
300 mg/kg 0.66+0.32 15.345.13 1.10£0.18* 4.96+1.90* 1.49+0.53 0.56+0.28 2.14+0.6

*significantly different from control, P<0.05. Values expressed as means + SEM



Table 8.3: Clinical blood chemistry values of female and male rats at the fourth week of treatment

In the sub acute toxicity test of aqueous extract of Clerodendrum myricoides (Hoechst Vahl).

CONTROL 75 mg/kg bwt 150 mg/kg bwt 300 mg/kg bwt
Female
Total protein (g/dl) 7.68+ 0.850 6.68+0.526 5.68+3.027 6.86+0.713
Albumin (g/dI) 3.4+ 0.453 2.9+ 0.270 3.52+0.572 2.72+0.444
Alanine aminotransferase(U/I) 5+3.317 33.446.914 59.4+ 8.503* 20.4+9.864
Aspartate aminotransferase(U/1) 28.2+5.805 7+2.556 34.2+6.140* 10.8+3.633*
Blood urea nitrogen(mg/dl) 25.2845.070 31.8+7.463 36.4+4.827 27.1246.571
Creatinine(mg/dl) 0.46+0.152 6 +0.2 0.58+0.217 0.7+ 0.158*
Male
Total protein (g/dl) 9.54+1.563 6.32+0.661 6.78+0.5260* 8.18+4.76
Albumin (g/dl) 3.06+0.503 2.64+0.550 2.64+0.503 3.24+1.006
Alanine aminotransferase(U/I) 9.243.493 32.3+£9.257* 10.8+3.564 22.249.121*
Aspartate aminotransferase(U/I) 14.6+16.40 6.243.194 10+6.442 7.443.975
Blood urea nitrogen(mg/dl) 29.48+6.785 25.64+5.095 29.54+45.149* 26.82+8.760*
Creatinine(mg/dl) 0.6+0.2 0.52+0.130 0.32+0.130* 0.6+0.158

*significantly different from control,

P<0.05. Values expressed as means + SEM
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Table 8.4. Haematological values of Male and Female rats in the Sub acute toxicity test of the aqueous extract of
Clerodendrum myricoides (Hoechst) Vahl

CONTROL 75mg/kgbwt 150mg/kgbwt 300mg/kgbwt
Females
White blood cells x 10° pl 1135841534 15458+477.7* 15926+772* 17701+3375*
Red blood cells x 10°/ul 6.962+3.745 7.074+0.178 47.88+0.890* 6.926+0.356
Haematocrit volume (%) 42.36+3.745 47.8+1.367* 47.88+0.890* 42.74+2.203
Haemoglobin concentration(g/dl) | 14.86+0.727 13.9+0.245 13.58+0.606* 15.14+0.730
Mean corpuscular volume(fl) 62.04+4.315 67.76+2.131* 13.58+0.606* 61.22+0.983
MCHC(g/dI) 35.2+1.754 34.38+4.235 36.06+0.961 36.96+0.730
Thrombocytes x 10% pl 511+265.7 522.2+117.9 499.6+27.72 628.8+145.5
Total Neutrophils (%) 25.8+6.340 40+3.808* 37.2+2.168* 42+1.581*
Mature Neutrophils (%) 25.8+6.340 40+3.808* 37.2+2.168* 42+1.581*
Immature Neutrophils (%) 0+0 0+0 0+0 00
Lymphocytes (%) 72+5.339 54.4+3.050* 64+2.646* 53.4+1.673*
Eosinophils (%) 0+0 0+0 0+0 1+1.414
Monocytes (%) 0+0 0+0 0+0 0.2+0.477
Basophils (%) 0+0 00 00 00
Nucleated Red blood Cells (%) 0+0 0.2+0.447 0+0 00

*significantly different from control, P<0.05. Values expressed as means = SEM
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8.3.5 Gross Pathology

Gross examination of the liver at 300mg/kgbwt showed pale areas and was icteric in some rats.
The lesion severity decreased with the decrease in dosage. At the 75mg/kgbwt the lesion was not
identified. The control group showed a normal liver. The lung was slightly inflamed at the
300mg/kgbwt. This lesion was not seen in 150mg/kgbwt and 75mg/kgbwt dosages. The kidney

had a normal gross appearance.

8.3.6 Histopathology
Microscopic examination of the liver at 300mg/kgbwt showed congestion and vasculitis. Tthe
lungs showed oedema and vasculitis, while the kidney showed mild congestion. The spleen

showed a depopulation of lymphocytes with only the red pulp remaining. (Figures 17, 18, 19, 20)
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a-b-

Figure 17: A microphotograph of the histological section of the spleen showing
depopulation of lymphocytes. a; at a dosage of 300mg/kgbwt repeated dose for 28
day(black line). b; control. H and E stain. Mg x 400

Figure 18.A microphotograph of the histological section of the kidney showing mild
congestion. a; at the dosage of 300mg/kgbwt repeat dose for 28 days (arrow). b;
control.
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a-b -

Figure 19: A microphotograph of the histological sectionof the Liver showing mild
congestion (arrow) and vasculitis (line). a; when treated with 300mg/kgbwt repeat
dose for 28 days b; control. H and E stain. Mg x 400.

a.b -

Figure 20: A microphotograph of the histological section of the lung showing
vasculitis (single arrow). a; when treated with 300mg/kgbwt repeated dose for 28
days. b; control, H and E stain. Mg x 400
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8.4 Discussions

In the present study the clinical symptoms seen during the 24 hours period and during the study
period showed that the ageuous extract of Clerodendrum myricoides indeed elicited signs of
toxicity in the Laboratory animals indicated by behavioural changes including dyspnoea,
piloerection, huddling together, scratching among others as has been recoded by other authors
(Chan et al., 1982, OECD, 1995, Auletta, 2002).

According to Teo et al., (2008) and Obici et al., (2008), body weight changes are usually an
indication of the adverse side effects as the animals that survive cannot lose more than 10% of
the initial body weight. Body weight changes have also been used as an indicator of the side
effect of drugs and chemical substances (Santos et al., 2009). The body weight measurements in
this study in all the dosages increased significantly as compared to the control group indicating
that perhaps the extract did not affect the animals’ body weight negatively but rather positively.
The extract may be of some nutritional value, an assumption that may need further investigation.
According to Wonder et al., (2011) changes in organ weights are equally important indices of
toxicity in animals which can be determined in short term toxicity tests. Further there is a high
possibility that herbal products when ingested into the body may be toxic to important organs
including the kidney, liver, spleen, stomach and lungs due to their diverse roles in the human
body. In the present study the organ weights differed significantly from the control although this
was not dose dependent; an observation which may be attributed to differences in physiological
processes and metabolism in different animals.

The continued administration of the extract similarly affected the biochemistry and the
haematological profile of the animals respectively. The gross pathology and histopathology also

indicated that the extract mainly affected four major internal organs including, the spleen which
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was mostly affected, the liver, lung and the kidney which were mildly affected. In the
biochemical analysis some significant changes were observed although they were not exactly
dose dependent and others were within the normal range. The biochemical analysis is quite
important because there are reported cases of both renal and liver toxicity as a result of use of
phytotherapeutics (Corns, 2003). In preclinical toxicity studies renal changes are most likely to
occur due to the high doses usually given and the fact that the kidneys eliminate many drugs
together with their metabolites (Greaves, 2007).

In the present study the kidney markers used included blood urea nitrogen and creatinine. The
significant change in serum blood urea observed was within the normal limit while the change in
serum creatinine was not dose dependent. Further the histopathological observation of the kidney
only revealed some mild changes in terms of congestion at the 300mg/kgbwt dosage. The lack of
marked changes in the serum levels of blood urea and creatinine suggests that the
histopathological changes in the kidney may not have been significant enough to affect kidney
function and therefore may be considered as toxicologically unimportant.

Alanine aminotransferease (ALT), Aspartate aminotransferase (AST) are impotant markers of
liver function (Arneson and Brickell, 2007). Alanine aminotransferase is localized in the cytosol
of the hepatocytes and hence can provide a better quantitative assessment of liver damage than
Aspartate aminotransferase. (Aniagu et al., 2004).

In the present study the significant serum level change of ALT was not dose dependent and that
of AST was within normal range. Further the histopathological changes observed within the liver
were mild which further suggests that these changes may not affect the liver function and
therefore may be considered of no important toxicological value. The liver produces most of the

plasma proteins including albumin and globulins. In the present study the total proteins and
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albumin were not significantly different from the controls except in the females at the
300mg/kgbwt an observation that could be purely artefactual as was also observed by Aniagu et
al., (2004).

Blood parameters analysis is relevant to risk evaluation as the heamatological system has a
higher predictive value for toxicity in humans (91%) when data are translated from animal
(rodents and non rodents) studies (Olson et al., 2000). Blood forms the main transport media for
many drugs and xenobiotics in the body hence components of the blood are at least initially
exposed to a significant concentration of toxic compounds. Damage to and destruction of blood
parameters will inevitably affect normal body functions.

In the present study the observation on the haematological factors showed that the significance
was not dose dependent which may have been completely artefactual. Further the White blood
cells (WBC), the Neutrophils (Total and mature) and the Lymphocytes were all significantly
different from the control group. The white blood cells increased significantly and the increase
was dose dependent although it was within the normal range. The Neutrophils increased
signicantly and the increase was above the normal range although not dose dependent. The
Lymphocytes reduced significantly from the control but within normal range. It is also noted that
the histopathological picture of the spleen showed depopulation of lymphocytes and lymphocytic
infiltration in the lung and the liver. These results suggest that the aqueous extract of
Clerodendrum myricoides (Hoechst) Vatke may have an immune stimulating agent. Similar
observations were made by Mu et al., (2011) and Neyrez et al., (2012). This suggestion may

however require further investigation to quantify.
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In conclusion oral toxicity of the aqueous extract of Clerodendrum myricoides Hoechst (Vatke)
is slight but since these results can not be extrapolated to humans the results should be used with

caution.
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CHAPTER NINE

GENERAL CONCLUSION AND RECOMMENDATIONS

9.1 Conclusions

The following conclusions were made based on the results of the current study;

)

i)

Use of herbal medicine is important for the management of sexually transmitted
infections by Samburu traditional healers and several plants are used mainly in
combination.

Extracts of Clerodendrun myricodes obtained from Samburu County Kenya, contain
several phytochemicals that include alkaloids, triterpene, saponins, tannins, phenols
cardiac glycosides and resins. These phytochemicals may be responsible for the
pharmacological and toxicology actions of the plant. The plant does not contain steroids,
flavonoids, anthraquinones or proteins.

Based on the results of the brine shrimp lethality test, majority of medicinal plants used in
Samburu for management of STI can be considered to be safe to the patients since they
had an LCs, value of at least 1000ug/ml.

Plants used by Samburu traditional healers for management of STIs have invitro efficacy
against most bacteria used. The aqueous extract of Clerodendrum myricoides, the most
used plant has some gram negative and gram positive antibacerial activity.

The 24 hour oral median lethal dose (LDso) of aqueous extract of Clerodendrum
myricoides in rats was found to be 1000mg/kgbwt. It was therefore concluded that the
extract was slightly toxic and therefore safe for oral use as a single dose. Doses above
2000 mg/kg are toxic. The clinical signs in acute toxicity occur mainly in the central

nervous system, respiratory system and the musculoskeletal system.
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vi) It was concluded that repeated administration of the aqueous extract of
Clerodendrum myricoides may be associated with subacute toxicity.

vii)  In subacute toxicity at dosages ranging from 75 to 300 mg/kg body weight, the lesions of
poisoning with Clerodendrum myricoides extracts are dose dependent and the organs
affected included the liver, lungs, kidney and spleen.

viii) Repeated administration of Clerodendrum myricoides extract causes changes in
biochemical values. The parameters affected included levels of alanine aminotransferase,
aspartate aminotranferase, blood urea nitrogen and creatinine. The extract does not affect

total protein or abumin levels.

iX)  Administration of Clerodendrum myricoides is associated with some haematological
changes and the parameters affected include WBC and RBC counts, haematocrit, netrophil

and lymphocyte counts and MCV.

X)  Clerodendrum myricoides is slightly toxic and it should be used with caution after
appropriate data on acceptable dosages have been formulated. However, more work will
require to be carried out to ascertain the acceptable dosage for the formulation available

for use.

9.2 Recommendations
The following recommendations were made;
i) Traditional healers in Samburu may continue using remedies for treating STIs.
Howeverstudies to evaluate these medicinal plants for quality safety and efficacy are

needed despite the remarkable claims made for their effectiveness..
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i)

Further studies are needed for minimization of the toxic effects of C. myricoides
while maintaining the claimed medicinal values of the plant extract. Appropriate
dosage should be determined.

More prolonged toxictity studies after administration of Clerodendrum myricoides by
different routes should be undertaken to generate more data on the toxic effects of the
plants. This should include both subacute and chronic toxicity studies.

Further studies are required to isolate the active constituents of C. myricoides and to
elucidate their mechanism of their toxic effect.

Detailed phytochemical studies should be done to characterize the pytochemicals
found in medicinal plants in Samburu County and determine the ones responsible for
pharmacological and toxicological properties.

The traditional healers in Samburu County Kenya should be encouraged and
facilitated to develop commercial medicinal products based on traditional knowledge.
This should be done in collaboration with research institutes that would provide the
required pharmacological and toxicological profiles of these medicinal plants. Such
products should be subjected to value addition chains and considered for registration

and regulation by the medical industry.
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APPENDICES

Appendix 1: THE HERBALISTS WHO WERE INVOLVED IN THE STUDY AT SAMBURU COUNTY

Name of Respondent

Daudi
Barnabus
Amayiok
Daniel
Sebastian
Jennifer
Ekuwan
Miriam
Apilia
Mary
Kebo
Ntilapan
Annah
Korete
David
Saimon
Lorengana
Salome
Francis
Atobe
Isaac Juma
Lptapayion
Loison
Saitoti
Philip

Age group

>57yrs
28-37yrs
38-47yrs
>57yrs
48-57yrs
48-57yrs
28-37yrs
28-37yrs
28-37yrs
48-57yrs
>57yrs
>57yrs
>57yrs
> 57yrs
48-57yrs
48-57yrs
48-57yrs
>57yrs
48-57yrs
48-57yrs
48-57yrs
>57yrs
38-47yrs
18-27yrs
48-57yrs

Gender

Male
Male
Male
Male
Male
Female
Male
Female
Female
Female
Female
Female
Female
Female
Male
Male
Female
Female
Male
Female
Male
Male
Male
Male
Male

Education background

Adult education
Secondary School
No formal education
Primary School
Adult education
Adult education
Adult education
Adult education

No formal education
No formal education
No formal education
No formal education
No formal education
No formal education
Primary School

No formal education
Adult education

No formal education
Primary School

No formal education
Primary School
Primary School

No formal education
Secondary School
Secondary School
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Leaduma
Lomukuny
Chaina

48-57 yrs
>57yrs
>57yrs

Male
Male
Male

No formal education
No formal education
No formal education
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Appendix 2: RESPONDENTS CONSENT AGREEMENT
ETHNOBOTANICAL SURVEY OF PLANTS USED IN THE
MANAGEMENT/TREATMENT OF REPRODUCTIVE DISEASES
AMONG THE SAMBURU COMMUNITY.
This is a study being carried out by Dr. Kamanja a student from the University of

Nairobi Department of Public Health Pharmacology and Toxicology, on the plants
of medicinal value used in the treatment of venereal diseases among the Samburu
community:

RESPONDENTS CONSENT AGREEMENT
s hereby agree to participate in this study
with my full consent and conscious and declare that to the best of my knowledge the information
that | have provided is true, accurate and complete.

Signature/Thumb print...........cccccoiveveiieiieieeee Date.............
RESEARCHER'S DECLARATION
1. The following research will be undertaken with respect to the indigenous knowledge and

intellectual proprietary of the herbal practioners.

2. We will at no given time initiate or conduct practices that are deemed to obtain
information from the respondents by intimidation, coercion or false pretence.

3. The respondents will be informed of the intended project prior to questionnaire
administration and in confidence to eliminate any degree of conspiracy.

4. We will be under no obligation to edit or tamper with the information provided by the
respondents.

5. The information collected will be used for the described research purpose and not any
undisclosed intentions
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Appendix 3:SEMI STRUCTURED QUESTIONNAIRE

ETHNOBOTANICAL SURVEY OF PLANTS USED IN THE
MANAGEMENT/TREATMENT OF REPRODUCTIVE DISEASES
AMONG THE SAMBURU COMMUNITY.

This is a study being carried out by Dr. Kamanja a student from the University of
Nairobi Department of Public Health Pharmacology and Toxicology, on the plants
of medicinal value used in the treatment of Sexually Transmitted Diseases among

the Samburu community:

NAME OF INTERVIEWER. ..., QUESTIONNAIRE
NO. . icvtvieerireeereneeneenes
DATE........... [oviinin. /2009

SECTION A: DEMOGRAPHIC DATA

1. Name of reSpondent: .........ooouiiuiitiiii e
2. Place/Location of practice
Division.................... Location...............c......e. Sublocation.................. Village.
3. Age:
Below 18 yrs
(1) 18 — 27 yrs

(2) 28 — 37 yrs
(3) 38 — 47 yrs
(4) 48 — 57 yrs
(6) Above 57 yrs  (Tick as appropriate)
3. Gender
(1) Male
(2) Female (Tick as appropriate)

4. Marital Status (1) Married
(2) Single (never married)
(3) Separated/Divorced
(4) Widowed
5. Level of education (1) Never attended school
(2) Primary: Class...............
(3) Secondary: Form..........
(4) College/Polytechnic /University ............cccevuvenenn.e
(5)Others......covvviviiiiiiiiin,
6. Do you belong to any organization? Yes
No
Name of the Organization..............................
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7. How long have you been practicing as an herbalist?
(1) 2 or less years

(2) 2 -5 years
(3) 510 years
(4) Over 10 years

8. How did you acquire YOUr SKIlIS?..........coiiiiiiiec s
SECTION B: DISEASE MANAGEMENT
1. Please give the five most common diseases that you treat

a. b. C. d e.
3. Which venereal diSeases d0 YOU TrEAL?.........cccuiiriiieieieieesie e
4. What signs do you use to determine venereal diseases?
5. How many cases of gonorrhea have you treated in the last?
a. One month
b. Six months
C. year

6. When was the last time you treated gonorrhea? ...
7. Name the plants you use to treat gonorrhea.

9. How common is the plant?
a. Abundant
b.Scarce
c.Endangered

10. How do you prepare a single dose for a patient for each of the plants mentioned in 8 above?
Please follow the table below.

Name Source: wild, Parts used: Vehicle mixed with: One dose

of plant | Lowland, root, leaves, water,soup,fat,oil honey preparation/administration
Highland bark
cultivated
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SECTON C: MEDICINAL PLANTS
1. Other than gonorrhea list other diseases that are treated using these

2. Is there a problem if the patient takes too much medicine?
a. Yes
b. No
3. a. If yes what happens to the PAtIENT?............ooiiiiiiii e
b. In case this happens what do YOU d0?..........cccccveveiiieiicic e
c.How do you treat the patient in case Of OVErdoSse?.........ccccovevveneerveiieseesiesnnnn

5. Do you use single plants 0r @ MIXTUIE?.........cooviiiieeie et
6. 1T Mixed WhIiCh PIANTS?......ccue i
7. Which plant/plants cause problems? Please name them in order of priority..................

If yes how many Cases Per MONTN?..........ooiiiiiiiiie e
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5mgikg [ S0mg/kg |4 300mg/kg [ | 2000mgrkg
3 animals Leg 3 animals  lg— 3 animals  |g— 3 animals
® ||l ® |lo
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0
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>0-5 >5-50 > 50 - 300 > 300 - 2000 2000 - 5000
v v v v + L2 L 4 \ 2 Jv
3(at 50)™ other 3(at 300)* other (et 2000) (et 2000) other 1 0
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- per step three animals of a single sex (nomally females)

are used

-0,1,2,3: Number of moribund or dead animals at each step

- : undassified
-* ot first step

- GHS: Globally Harmonized Classification System (magkg b))

Appendix 4: Classification according to currently existing schemes to cover the transition
period until full implementation of the GHS. (ATC METHOD)( OECD guidline 423 2001d)
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Appendix 5: Table 3.1: Plants used in the management of sexually transmitted diseases by the Samburu traditional healers

FAMILY BOTANICAL SAMBURU HABIT FORMULATION MEDICINAL %  VEHICLES
NAME& NAME (PART USE (n) USED
VOUCHER USED)
No.
Verbenaceae Clerodendrum  Lmakutikuti  Trees A 3 finger thick root that is palm STls, 93 water,
myricoides (roots) length is boiled in 1 litre of water infertility, (27) fat
(Hoechst) for 15 minutes, sieved and cooled, urethritis, blood,
Vatke Sp6 200mls is taken orally b.i.d for arthritis, milk’
3days; Roots are dried and the malaria soup,
back removed and powdered 3 flu, soap
spoonfuls are then boiled in 1L  pneumonia,
water for 10-15 minutes, 200mls is  lack of libido
taken orally twice a day for 3 days,
For chronic cases 200mls is
administered per rectum instilled
with the patient held upside down
for 3 minutes.
Apocynaceae Carissa edulis  Lamuriai Shrub A 3-5 finger thick root which is Flu, STIs 52  water, soup
Forsk (\Vahl) (roots, palm length is boiled for 15 infertility (15) milk, fat
Spl fruits) minutes in 2 liters of water.  pneumonia blood
400mls is taken daily for 5-7 days
Myrisinaceae Myrsine Seketet Shrub A handful of seeds are ground into Flu, STIs 31  Water, fat,
africana (seeds) powder and boiled in 200mls of helminthosis, (9)  soup milk
L.Sp2 water. This is taken twice a day for  cysticercosis
5-7 days. lack of libido
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Cassia

Compositae

Agavaceae

Rhamnaceae

Rhamnaceae

Ebenaceae

Acassia tortilis
(Forssk)
Hayne Sp 8

Psiada arabica
Jabb and Spach

Sansevierra
enhribergii
Bach Sp 7

Rhamnus
prinoides
Lherit Sp 3

Rhamnus
staddo
A. Rich Sp 4

Euclea

Ltepes

Labai

Ldupai

Lkinyil

Lkukulai

Lchingei

Tree
(bark)

Tree
(roots,
leaves)

Shrub
(root)

Shrub
(roots,
bark)

Shrub
(leaves,
seeds)

Shrub

A 3 finger size bark which is palm
length is boiled in 1 liter of water
for 20 minutes. 500mls is taken
per day for 3 days. This is repeated
after one week.

A 2 finger thick root which is half
hand long is cut into pieces mixed
with 2 spoons of Clerodendrum
myricoides powder and boiled in
1.5 liters of water for 6 minutes.
200mls is taken once daily for 5
days.

A 2 finger thick root or shoot
which is palm length is boiled in
half liter of water for 15 minutes.
200mls is taken daily for 7 days

A 2 finger thick root or shoot
which is palm length is boiled in
half liter of water for 15 minutes.
200mls is taken daily for 7 days

A 2 finger thick root which is half
hand long is cut into pieces and
boiled in 1.5 liters of water for 6
minutes. 200mls is taken once
daily for 5 days.

A 3 finger thick dried root is
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arthritis,
injuries
infertility,
arthritis,
migraine

Acaricide,
STls

STls,
Infertility,
chest pains

Infertility,
malaria, STls
arthritis

STls, asthma,
infertility,
malaria,
diabetes

STIs

21
(6)

10

(3)

10
3)

(2)

24
()

3

water,
soup

Water

Water,
Fat

Water,
Soup,
Milk

Water,
Milk

Water,



divinorum (roots) boiled in 400mls of water for 15 infertility (1) Soup,
minutes. 200mls is taken once typhoid milk
wounds
Capparidaceae Capparis Larkirdingai  Shrub A 3 finger size root which is palm STls, 7 Water,
spinosa (roots, length is boiled in 400mls of water infertility, (2) Soup,
L Spl1 leaves) for 15 minutes and 200mls is taken malaria fevers Milk
twice a day for 7 days colds and flu
Anarcadiaceae Rhus Lmisigiyoi ~ Herb 4 roots which are palm length or a STIs 3 Water,
natalensis (roots, handful of leaves are boiled in 400 infertility 1) Milk
Bernh.exKraus leaves) mls of water. After cooling 200mls
is taken twice daily for 5 days.
Vitaceae Hilderbrantia Lnyirman Shrub The back of the root is ground and STIs 7 Water,
sepalosa (roots) 4 spoonfuls of powder are taken infertility (2) Soup
and boiled in 1liter of water or malaria
soaked overnight. 400mls is taken arthritis
once. body aches
Mimocaceae Acacia Rangau Tree 3 pieces of bark 2feet long are STIs 10 Water,
drepanolobium (bark) soaked in 1 liter of water for half infertility (3) Milk
an hour. 200mls is taken daily for Arthritis
5 days.
Tiliaceae Grewia simi  Lngalaiyoi A palm length root is boiled with 4 STIs 3 Water,
L Sp 14 liters of water. This is mixed with infertility (1) Soup
ruminal contents, soup and blood. stomach
4 liters are taken. problems
Euphorbiaceae Euphorbia Mpopongi Tree A 6cm branch is roasted until its STls 3 Soup
candelabrum (branches liquid it is then dried and put in infertility, 1)
Roots) soup. This is boiled for 5 minutes asthma
and taken. backache
Simarubarceae Harrisonia Lasaramai 1 palm length root is taken and put STls, 3 Water,
abyssinica in water and boiled then cooled infertility (1) Honey
and honey is added. A quarter of a arthritis,
glass is taken for 3 days chest pains
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Appendix 6:

Table 3.2 Plants used in Samburu County and their published data on their ethnomedical uses

scientific

name

Published data on ethnomedical uses Uses according to
Samburu

traditional healers.

Clerodendrum

myricoides

Carissa edulis

Venereal diseases (Kiringe et al.,2006 Nanyingi et al., 2008), infertility (Njoroge and STIs, infertility,
Bussman, 2006), antibacterial, antifungal activitiy (Yinegar et al., 2008), Malaria urethritis, arthritis,
(Muregi et al., 2006 , Jeruto et al.,, 2008), epilepsy, arthritis, malaria, diabetes, Malaria, flu,
typhoid,cough/cold, eye problems, proper position of fetus,tonsillitis, rheumatism, pneumonia, lack of
gonorrhea, East Coast Fever (Jeruto, 2008 Kalyani, 1983) treats abdominal colics,febrile libido

convulsions (Mainen et al., 2010)

Used in venereal disease treatment (Kiringe et al., 2006, STls infertility
Ichikawa, 1998), is used for the treatment of headache, chest flu pneumonia
complaints, rheumatism, gonorrhoea, syphilis, rabies and as a

diuretic (Teshome et al., 2004),
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Rhamnus

staddo

Rhamnus

prinoides

Sansevierria

enhribergii

)

Treats venereal diseases (Kiringe et al., 2006, Ichikawa, 1998), has antifungal activity in  STIs, infertility,

combination with other medicinal plants (Odhiambo et al., 2009), has antimalarial malaria diabetes

activity (Muthaura et al., 2007) asthma

Used in treatment of psychosis,enema, intestinal parasitism STls, infertility
(Baerts and Lehman, 1989), treats rheumatism,(Kokwaro, 1993), ,malaria,

is an antimalarial (Muthaura et al.,2007,Jeruto et arthritis

al., 2008), used for colds tonsils, chest pains (Muregi et al.,
2006),Used for treatment of measles (Parker et al., 2007) used as
ointment for eczema and snakebites (Tilam. 2007,

Tihalum et al., 2007),treats venereal diseases,pneumonias
arthritis,brucellosis, stomach

ache (Ichikawa, 1998)

used as antiseptic and as a bandange Treats gonorrhea (Mohammed et al.,2007), has STIs, infertility

antifungal activity (Keriko et al., 1995) chest pains
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Myrsine Its used as an anthelmintic (Sileshi et al., 2007, Gathuma et al., 2004, Otieno et al., Flu, helminthosis

africana L. 2008). ,Cysticercosis
Used to treat malaria wounds, gastrointestinal complications (Otieno et al., 2008), It has  improve libido
antifertility, antinflammatory, analgesic antibacterial antitumor activities arthritis, injuries

(Nanyingi et al., 2008)

Acacia tortilis Used in treatment of asthma (Hagos et al., 1987). It is used for treatment of diarrhea, STIs, infertility

(Forssk) wound healing and as anthelmintic Treats venereal diseases (Ichikawa, 1998) ,arthritis,

Migraine
Psiadia Used to treat fevers colds abdominal pain, used as an acaricide in livestock (Bernard et Acaricide, sexually
ArabicaJaub  al., 2001, Otieno et al., 2008) transmitted diseases
and Spach
Rhus roots used for treatment of venereal diseases, heartburn, cold cough, antidirrhea (Jeruto  STIs infertility
natalensis et al 2008) Roots/Leaves are used for treatment of HIV/AIDS opportunistic infections

Kisangau et al., 2007). Treats malaria, fevers and tuberculosis (Otieno et al., 2008)
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Capparis

spinosa

Euclea

divinorum

Euphorbia

candelabrum

Acacia

treats rheumatism, Zhou et al., 2010), , (Nizar et al 2010). treatsupper

respiratory infections

used in treatment of malaria, fever, venereal diseases, anaplasmosis (Otieno et al., 2008).
It’s used in treatment of venereal diseases, scabies leorosy rabies as anthelmintic (Aberra
et. al, 2005)

Used in treatment of upper respiratory tract infections, gastrointestinal complications,
wounds and coenuriasis (Otieno et al., 2008), used for clearing afterbirth in women
Kokwaro, 2009), used for venereal diseases treatment (Pankhurst, 1990)

‘Used as antidiabetic, as a dental chewing stick, to treat gingivitis, stomatitis,

drepanolobium laryngitis, Laryngitis, treats indigestion Used in treatment of retained afterbirth

Harrisonia

abyssinica

after birth besiosis,gastrointestinal complications (Ichikawa, 1998, Nanyingi et al., 2008)
used in the treatment of venereal diseases, fevers malaria, diarrhea, urinary problems,
and intestinal worms, coughs, dysmenorrheal, tuberculosis,infertility cancer snake bites,

hernias migraine insanity. Terpene have been isolated from the plants (Balde et. al., 2004

STls, infertility,
malaria fevers
colds and flu
STls infertility

typhoid wounds

STls infertility,

asthma backache

STls infertility

Arthritis

STls, infertility
arthritis,

chest pains
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Hilderbranta

sepalosa

Grewia simi L

Used as an anthelmintic (Gathuma et. al, 2004) Used in treatment of gastrointestinal

complications and upper respiratory tract infections (Nanyingi et. al., 2008)

Used in treatment of Diarrhea (Marita et, al., 2011)

STls infertility
malaria arthritis
body aches

STls infertility

stomach problems
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Appendix 7:

Table 7.1 Clinical observations during 24 hours period after oral administration of aqueous extract of Clerodendrum

myricoides from Samburu County.

GROUP No. RAT DOSE CLINICAL SIGNS OF TOXICITY OTHER OBSERVATIONS
DEAD No. mg/kg
GROUP1 2 1 2000 Central nervous signs such as ataxia, circling, convulsions The rat died within 30 minutes
(n=3) of dosing.
forelimb paresis, nausea were observed
2 2000 Salivation, lacrimation, nostril irritation, sneezing, The rat died within 24hrs after
dosing.
photophobia, hypersensitivity
3 2000 Salivation, nostril irritation, piloerection, shivering The animal survived for more
than 24 hours after it was dosed
with at 2000 mg/kg body
weight
GROUP?2 0 1 300 Piroerection, restless, nostril irritation, salivation, seeking for The signs were seen in the three
(n=3) shade, gasping for air, photophobia Piloerection, restless, ats
nostril irritation, salivation, seeking for shade, gasping for air,
2 photophobia, lacrimation, drowsiness, cyanosis of the tail
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nostril irritation, lacrimation, drowsiness, cyanosis of the tail.

3 Photophobia, lacrimation, drowsiness, cyanosis of the tail,
nostril irritation
Group3 O 1 300 Gasping for air, piloerection, restlessness, seeking the
(n=3) shade, photophobia, nostril irritation, darkening of eyes,
sneezing, muscle twitshing, cyanosis of the tail.

2 Gasping for air, piloerction, seeking for shade, . Rat 3 recovered within 24 hrs
photophobia, nostril irritation, darkening of eyes,
sneezing, muscle twitching, cyanosis of the tail,
unwilling to move

3 Gasping for air, piloerection, seeking for shade,
photophobia, nostril irritation, darkening of eyes,
sneezing, muscle twitching, cyanosis of the tail,

unwilling to move.

The observations indicated that the LDso was 1000mg/kgbwt (Appendix 4).
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