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ABSTRACT

The emergence of drug resistant strains of microbes has necessitated a hunt for more efficacious
antimicrobials from the environment. As such, Greeneries (plants) have confirmed to be highly
accumulated in potent medicinal values. In the current research the cytotoxicity, phytochemical
constituents and antimicrobial activity of the crude root extracts of Croton dichogamus were
evaluated. Croton dichogamus is a twig growing in Eastern Africa, where it is used as an anti-
infective and tonic agent. The roots were obtained from collected from Kisumu East subcounty,
then dried, milled and extracted using distilled water, acetone and 50% ethanol. The percentage
yield of acetonic, aqueous and hydroethanolic extracts were 1.29%, 6.05% and 4.9% respectively.
Microbroth dilution and agar well diffusion methods were used to estimate the antimicrobial
activity of the extracts against five microorganisms. The cytotoxicity of the extracts was determine
using brine shrimp bioassay. The fungal organism (C. albicans) together with the gram-positive
bacteria (S. aureus, B. cereus) were considerably inhibited by the three root extracts while the
gram-negative bacteria (E. coli, P. aeruginosa) were not inhibited by any of the three extracts at a
concentration of 250mg/ml. Acetonic extract on B. cereus demonstrated the greatest antimicrobial
activity giving a MIC of 10.42mg/ml and a zone of inhibition of 17.33+£0.58 at a concentration of
250mg/ml. The LCso values of acetonic, aqueous and hydroethanolic extracts (4.148ug/ml,
42.61pg/ml, 76.09ug/ml) were found to be below 100ug/ml which meant that all the extracts were
highly cytotoxic. Saponins, anthracenes, flavonoids, tannins, phenols, terpenoids and polyuronides
were the phytochemical components present. The current study reports that C. dichogamus had

antimicrobial activity thus confirming the folklore claim. These results make a strong case for

isolation, and characterization of bioactive components responsible for the observed cytotoxicity,

which could serve as leads to novel anticancer agents.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Complementary and alternative medicine (CAM) also known as folk medicine, Traditional
medicine (TRM), ethno-medicine or native healing is a form of treatment that has been used to
alleviate various illnesses since time immemorial (Petrovska 2012; Abdullahi, 2011). Folk
medicine has been proven over years and has stood the test of time in diverse communities
(Romero-Daza, 2002). From time immemorial, man has always been in an arduous pursue for
sustainable ways of managing ailments. This practice has led to great inventions on the use of
nature in alleviating complex maladies (Petrovska, 2012). The use of folk medicine has immensely
risen with about 80% of the global populace depending on this approach as the main form of
managing illnesses (Ekor, 2014). Many reasons have led to this system of treatment (medicinal
plants) being accepted widely including its accessibility, availability, effectiveness and
affordability (Patwardhan et al., 2005). Even the World Health Organization (WHO) recognizes
that folk medicine is a supreme medical management technique that assures good results to its

users (WHO, 2009).

Despite the global demand and use of traditional medicine, there are safety concerns in that most
of these products have not been scientifically confirmed to be effective and their safety has not
been studied and documented (Ekor, 2014). There is no record of their effective dosages, potential
adverse effects and food or drug interactions. As observed, mostly the safety of these herbal
preparations is gambled with by use of incorrect labeling, inappropriate quality controls and

inaccurate patient information (Raynor et al., 2011).



Among all the traditional medications, herbal medicines have found the most use in the treatment
of respiratory illnesses, ranging from infections, airway complications, allergic reactions among
others. The traditional healers have a myriad of plants that are used to manage respiratory
complications among them being Croton dichogamus. Mailu et al., 2020, reported that C.
dichogamus locally known as ‘Rachar’ a shrub growing along the lake basin was among the many
herbs that were used to treat Asthma, pneumonia and coughs. The Eastern African communities
namely Somalia, Tanzania, Madagascar, Kenya, Rwanda and Ethiopia have found it useful as a
tonic to improve digestion (Hedberg et al., 1983), to treat malaria, relive fever, it is also added to
milk products as a dietary supplement (Aldhaher et al., 2017; Hedberg et al., 1983), in the
treatment of polio-like symptoms, and chest pain (Kigen et al., 2019) and also to manage stomach
pains, cough, edema (Mutie et al., 2020), to manage asthma (Mailu et al., 2020) , arthritis,
gonorrhea and in the treatment of respiratory ailments like tuberculosis, chest congestion and dry

cough (Hedberg et al., 1983).

Available studies have also indicated that C. dichogamus possess anti- mycobacterial and
insecticidal and antiproliferative activities (Magadula, 2012 ; Tlankka et al., 2020). However,
there is scanty information on its antimicrobial effects and its toxicity as well. The phytochemical
composition of this plant is also not known. The treatment dosage and quality of the decoctions

given by the herbalists are of great concern too.



1.2 Statement of Problem

Antimicrobial resistance has imperiled successful prophylaxis and eradication of the always rising
range of diseases caused by fungi, parasites and bacteria (Tanwar et al., 2014). An exponential
advent and proliferation of drug resistant strains of microbes in the healthcare system has
immensely rendered the antimicrobial missiles powerless, consequentially accelerating the
frequency of therapeutic failure and death (Fankam et al.,2017). As such, scientists have been in
an ceaseless search for new antimicrobial agents (Anand et al., 2019). Fortunately, since historical
times, plants have demonstrated that they are a reliable wellspring of potent bio actives (Dadson
et al.,2012). Research has shown that antimicrobials of plant sources have a great capability of
resisting fungi, bacteria and viruses with negligible complications (Chandra et al., 2017). Tests
done on a number of extracts from plants and their secondary metabolites have also demonstrated
that plants by themselves or their natural products might possess significant activity against a broad
spectrum of human pathogens or they could exhibit synergist or potentiator effect on antimicrobial
agents. (Abreu et al., 2012). Moreover, plant secondary derivatives have been found to possess

resistance modifying effects (Rahma et al.,2007; Burnett-Boothroyd & McCarthy, 2011).



1.3 Justification of the study

For many years, the root of Croton dichogamus has being used in Kisumu East Subcounty to
manage respiratory infections that are of bacterial origin (Mailu et al., 2020). Despite of the
traditional claim of the curative effect of the plant, there is a paucity of information in a manner

that, there is no scientific validity on the efficacy and safety of the plant.

The current study was designed to fill this gap by the determination of the cytotoxicity and

antimicrobial effect of the root extract of C. dichogamus.

Findings from the study were to ascertain the phytochemical constituents of Croton dichogamus
and document how best it could be utilized in the management of diseases with minimal toxic

effects to body cells.
1.4 Objectives

1.4.1 Overall objective

To evaluate the antimicrobial activity, brine shrimp cytotoxicity and phytochemical constituents

of aqueous and organic extract of Croton dichogamus.

1.4.2 Specific objectives

1. To evaluate the antimicrobial activity of the organic and aqueous crude root extracts of Croton

dichogamus.

2. To assay the cytotoxicity of the organic and aqueous root extracts of C. dichogamus in brine

shrimp larvae.

3. To analyze the phytochemical composition of the aqueous and organic root extracts of C.

dichogamus.



1.5 Hypothesis

The organic and aqueous root extracts of C. dichogamus have antimicrobial activity and are toxic

to brine shrimp larvae.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Traditional medicine

It involves the use of nature ( animals, plants, fungi and shells) in the prevention and management
of diseases (Abdullahi, 2011). The World Health Organization(WHO) describes folk medicine as
“the sum total of the knowledge, skills and practices based on the theories, beliefs and experiences
indigenous to different cultures, whether explicable or not, used in the maintenance of health, as
well as in the prevention, diagnosis, improvement or treatment of physical and mental illnesses,”
(WHO, 2000b). WHO further explains that traditional medicine (TRM) is a cultural heritage of
medicinal practice that was in extensive use before the modern medicine (WHO, 2000a). There is
overwhelming evidence that traditional medicine is widely accepted and used in treatment of
diseases even with the existence of modern medicine (Abdullahi, 2011). Notwithstanding the
considerable use of folk medicine, it is still an alternative method of treatment because it lacks the
scientific proof of its safety and efficacy. This system also lacks a standard form of treatment since

each society practices it according to the socio-cultural rules (Ekor, 2014 ; Abdullahi, 2011).

The use of TRM in Africa dates back to 4000 years when it was the only form of healing
(Vedavathy, 2003). A recent report has indicated that since then the use of traditional medicine
has been on the rise with approximately 80% of the population in Africa being dependent on TRM
for survival against infections (Shewamene et al., 2017). In numerous African, communities, there
are specified herbs in the management of diverse illnesses; microbial infections, correction of

metabolic disorders, improving female and male sexuality, relieving pain and promoting the



general wellbeing of the body. The traditional medicine practitioners attempt to treat their patients
wholistically by reconnecting their social-emotional equilibrium according to the community
rules (Abdullahi, 2011). Thus, in the rural Africa, a great number of people have a complete trust
in this system of treatment because it long existed and its results have been evidently optimum

(Patwardhan et al., 2005).

There is also an overwhelming evidence that the demand of traditional medicine is growing in
Europe, Australia, Asia, and North America specifically in the management of chronic and
terminal illness (cancers, rheumatic and neurological disorders, hypertension) that modern
medicine cannot cure (Warren et al., 2013 ;Yuan et al., 2016).The United Kingdom is one of the
countries that has set up public -sector hospitals for CAM medicine at London, Liverpool, Bristol
and Glasgow (WHO, 2001). Moreover, the herbal preparations and complementary and alternative
medications are now very popular and widely available in health food stores and pharmacies

(WHO, 2001).

Modern pharmaceutical knowledge has borrowed so much from traditional forms of treatment, the
first pharmacologically active constituent of morphine was separated from opium poppy plant
(Hamilton & Baskett, 2000). Since then, many active compounds have been isolated from natural
products, especially plants, with most of them substantiating their traditional uses (Hamilton and
BAskett, 2000). Approximately 50% of the pharmaceutical products are derivatives of compounds
isolated from plants and animals as active ingredients, with 80% of antimicrobial , cardiovascular,
immunosuppressive and anticancer medications being of plant origin (Pan et al., 2013).This has
significantly increased the use vegetative greeneries in clinical practice especially as leads in the

development of new drugs (Yuan et al., 2016).



2.2 Herbal medicine

Herbal medications are prepared by subjecting medicinal plants through a process of extraction,
fractionation, purification and concentration, then consuming them as per the condition to be
treated (Firenzuoli and Gori, 2007). These herbal preparations may be in form of decoctions,
concoctions, macerates, infusions, tinctures, ointments and dried powders (Gakuya, 2001).Lately,
the use of herbal preparations has expanded widely with many people resorting to use these
preparations in the management of a variety of maladies in many national health facilities. The

herbal preparations have also been used globally in the treatment of acute and chronic illness.

2.3 Microbiology

Microbiology is the scientific investigation of disease-causing microbes such as viruses, fungi,
protozoa, parasites and bacteria. Over the recent years, there has been a propagation and emergence
of new strains of microbes that are highly resistant to available antimicrobial drugs (Fankam et al.,
2017). The microbes often become intrinsically resistant to drugs by acquiring resistant genes from
other organisms or by de novo mutation (Tenover, 2006). The acquired resistant genes will then
enable the microorganism to release macromolecules that demolish the antibiotic by secreting an
outflow of fluids that inhibit the entry of the drug into the intracellular target, by modifying the
drug’s target location or by providing a substitute pathway of metabolism that diverts the drug
action (Tenover, 2006). To avoid this situation, wise use of antimicrobial agents is required by
using the appropriate dose for the required duration. New antimicrobial agents which have
different mechanisms of action need to be developed. The fast-resisting microorganisms are

indicated in table 2.1 below with the current anti-infective regimen to manage their illnesses.



Table 2.1: Common Infectious agents and their regimen of treatment (Tamma et al., 2021)

Disease

Causative agent

Drugs

Atypical Pneumonae

Chlamydia pneumoniae

Azithromycin

Legionella pneumophilia

Erythromycin

Mycoplasma pneumoniae

Cefixime

Community
pneumonia

acquired

Streptococcus pneumonia

Ciprofloxacin

Haemophiles influenza

Ceftriaxone

Staphylococcus aureus

Levofloxacin

Upper Respiratory

Streptococcus pneumoniae

Ceftriaxone

Tract infections

Hemophilus influenza

Levofloxacin

Azithromycin

Erythromycin

Cefixime

Sinusitis

Hemophilus influenza

Antihistamines

Staphylococcus aureus

Azithromycin

Amoxicillin

Urinary tract infection

Staphylococcus saprophyticus

Nitrofurantoin

Pseudomonas aeruginosa

Azithromycin

Escherichia coli

Erythromycin

Amoxicillin/clavulanic

Sexually transmitted Chlamydia trachomatous Ceftriaxone
Infections Neisseria gonorrhea Doxycycline
Treponema pallidum Amikacin

Hemophilus ducreyi

Benzy! penicillin




Ceftazidime

Azithromycin

Eye infections

Neisseria gonorrhea

Ciprofloxacin

Staphylococcus aureus

Ofloxacin

Chlamydia trachomatis

Levofloxacin

Doxycycline

Azithromycin

Ceftriaxone
Skin infections Streptococcus pyogenes Clindamycin
Staphylococcus aureus Flucloxacillin
Pseudomonas aeruginosa Cephalexin

Gastritis

Helicobacter pylori

Clarithromycin

Amoxicillin

metronidazole

Food poisoning

Salmonella typhi

Hydration

Escherichia coli

Metronidazole

Bacillus cereus Doxycycline
Staphylococcus aureus secnidazole
Bacterial meningitis Neisseria meningitidis Ceftazidime
Hemophilus influenza Cefixime

Streptococcus pneumoniae

Ceftriaxone

10




2.4 In vitro bioassay methods

2.4.1 Brine shrimp lethality assay

Traditional forms of healing have utilized numerous plants whose safety and efficacy has never
been tested and recorded. Traditional healers worldwide have assumed that the plant remedies and
medicines are safe because of the period they have used them for treatment. Contrary to their claim,
extensive studies have revealed that a number of these drugs are potentially mutagenic, toxic and
carcinogenic (Elgorashi et al., 2003). There is a need of using cytotoxic models to supply basic
information regarding the plant to help select plant extracts which are devoid of carcinogenic

properties for further research work.

Brine shrimp bioassay is a significant procedure for primary evaluation of the bioactivity of
medicinal plants which correlates considerably with its cytotoxic and antitumor properties
(McLaughlin et al., 1991; Okumu et al., 2020). Brine shrimp larvae are overly delicate and
sensitive to toxins(Pelka et al., 2000). Brine shrimp lethality test was first suggested by Meyer et
al., 1982 but was after sometime improved by McLaughlin et al, 1991. The technique involves the
exposure of 48h old brine shrimp larvae (nauplii) to various concentrations of the plant extracts,
then counting the number of dead and live nauplii. The ratio of the dead nauplii (immobile) and
live nauplii (mobile) in comparison with controls (positive and negative) is used to approximate
the cytotoxicity of the plant extract (Pelka et al., 2000). The mortality rate is then calculated and

the LCsp values are obtained.

This assay is simple, rapid, cost effective, accurate and convenient. It also requires a small amount
of the plant extract (McLaughlin et al., 1991). Since its discovery brine shrimp bioassay has
proved useful in the detection of heavy metal, fungal toxins, cyanobacterial toxins , detection of
pesticide, plant toxins and testing of the cytotoxicity of plant material and dental products

11



(McLaughlin et al., 1991). The brine shrimp eggs are cheaply available in pet stores because they
are used as food for fish. These eggs can remain viable for many years when kept in a dry place.
The eggs hatch easily within 24-48 hours giving a big number of larvae than can be used to test
may plant extracts (Pelka et al., 2000). This method has been used for a number of year to assess

the cytotoxicity of medicinal plants in Kenya, Tanzania, India, and Jordan (Rukenya, 2014).

2.4.2 Antimicrobial susceptibility testing

The antimicrobial activity of the plant extract is measured by the extent to which it inhibited the
growth of microbial population. In testing the activity of the extracts various conditions need to be
fulfilled, the plant extract has to come into contact with the microbial cell wall, the required
conditions for microbial cell growth should be provided and the best criteria for determining the
extent of growth should be selected (Hamburger and Hostettmann, 1991). The mostly used in vitro
antimicrobial testing techniques include, dilution, diffusion, optical density and impedance
methods (Rukenya, 2014). Dilution techniques have been found to give accurate and quantitative

results which are not comparable with other methods (Manou et al., 1998).

2.5 Phytochemistry of medicinal plants

Phytochemical components are naturally occurring chemicals compounds and bio actives that are
produced by plants to help them fight against bacteria, fungi, and viruses. The phytochemicals
could be synthesized in the living cells of the plant through a series of complex and sometimes
simple chemical reactions (Egamberdieva, 2017). All the plants as most of the autotropic
organisms have two ways of producing and accumulating macronutrients of great nutritional and
medicinal value; that is primary and secondary metabolism ( Mendoza and Escamilla, 2018).
Primary metabolites are the common compounds produced by all plants and are required for the

functioning of the organism in which they are made. The primary metabolites may include amino
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acids, sugars, lipids and nucleotides (Saxena et al., 2013) On the other hand, secondary metabolites
are the organic molecules that do not seem to have a straight forward benefit on the respiratory
processes, photosynthetic process, nutrient absorption, active transport and the synthesis of
carbohydrates, lipids and proteins (Mendoza and Escamilla, 2018). The secondary metabolites are

the phytochemicals constituents of the plant and their biosynthesis is shown in figure 2.1 below.

Photosynthesis Minositol

Carbohydrates
Complex

polvsaccharide
e.p. cell wall

Pentose phosphate

pathway

Shikimic acid
pathway
Malanic acid

Pyruvic acid Acetyl CoA pathay

Aromatic amina
acids

Phenylpropanoid o Malanyl CoA
pathway Mevalenic acid
pathogen
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Nitrogen
containing
secondary
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ag,
alkaloids

__ i Terpenoid pathwa
lignins fanmins R Lipids phospholipids e.z.

flavonoids wax, fats

quinanes Terpenes

Figure 2.1 A demonstration of the biosynthesis of plant secondary metabolites (Saxena et
al., 2013).
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The phytonutrients function to shield the plant from infections and destruction from ecological
dangers like Stress, UV rays, pathogenic hostilities, pollution and drought. They also give them
the beautiful colors and aromatic scent and flavors they possess (Mendoza and Escamilla, 2018).
In many recent studies it’s been noted that phytochemicals have a very significant role in the
maintaining the general well-being of animals and humans by protecting them from ailments
(Saxena et al., 2013). More than 4000 phytochemicals have been recorded most of which possess
medicinal properties such as enzyme detoxification, antioxidant activity, hormone metabolism,
stimulation of hormones, anticancer activity, modulation of hormones, decrease of platelet
aggregation, disease preventing activities and immune boosting components (Saxena et al., 2013;

Egamberdieva, 2017).

Various natural foods are an ample reservoir of potent phytonutrients like the nuts, whole grains,
herbs, legumes, fruits, vegetables, spices and fungi. The phytochemicals are found accumulated in
different ratios in various plant parts, like in the leaves, stems, roots, flowers and seeds (Saxena et
al., 2013). These phytochemicals are the key determinants of the medicinal value of plants which
are gauged by the positive physiological effects the cause in the human body systems
(Egamberdieva, 2017). Each plant species synthesize an exceedingly diverse variety of
phytochemical components which present an immense potential of the unearthing and developing
new drugs. (Egamberdieva, 2017). Some of the phytochemicals produced by plants that have great
medicinal benefits include alkaloids, terpenoids, tannins, saponins, flavonoids, steroids, and

glycosides (Saxena et al., 2013) as shown in table 2.2 below.
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Table 2.2: Phytochemicals in plant with their biological functions(Muia et al., 2020)

Medicinal value

Phytochemical group

Biological function

Antimicrobial

Phenols, alkaloids, Terpenoids

Inhibitors of microorganism
and prevention of fungal
infections

Antioxidants

Polyphenols, carotenoids, ascorbic acid,
tocopherols, flavonoids

Inhibition of lip
peroxidation, free radical
quenching

Detoxifying agents

Flavones, carotenoids, coumarins,
phenols, tocopherols, reductive acids,
indoles, aromatic isothiocyanates,

phytosterols, cyanates, retinoids

Inhibition of carcinogen
actuation, inhibitors  of
tumorigenesis, inducers of
drug inhibiting carcinogens

Anticancer

Flavonoids, carotenoids,

curcumins

polyphenols

Inhibitors of tumor,
antimetastatic activity

Nonstarch polysaccharides (NSP)

Lignin, pectin, mucilage, gums, cellulose,
hemicellulose

Delay in nutrient absorption
water holding capacity,
binding toxins

Neuropharmaceuticals

Alkaloids, terpenoids, biogenic amines

Cancer chemoprevention,
antioxidants, treatment of
nervous system disorders

2.6 Phytochemical classes

2.6.1 Phenolics

This is a class of phytochemicals that have at least one phenol group in their chemical structure.

They include flavonoids, polyphenols and phenolic acids. Phenolics have a hydroxy (OH) group
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directly bonded to the aromatic hydrocarbon group. In all the plant kingdom phenolic
phytochemicals have the greatest percentage of occurrence and they are popular because they
exhibit a significant antioxidative property that guard the human body against free radical mediated
disease processes like cancer (Saxena et al., 2013). Recent research has demonstrated that phenolic
phytochemicals have numerous biological activities such as anti-inflammatory, anticancer,
prevention against osteoporosis, neurodegenerative disorders and diabetes mellitus

(Egamberdieva, 2017).

2.6.2 Flavonoids

Flavonoids are the plant’s secondary metabolites responsible for their flavor , color and antioxidant
activity that protects them from unfavorable environmental conditions (Chaves et al., 2020). They
represent the largest group of phenolics that has been given much research precedence because of
their rich source of biological and pharmacological activities like anti-inflammatory, cytotoxicity,
estrogenic, anti-allergenic, enzyme inhibition, immunomodulatory, antimicrobial and anti-tumor
properties. They also possess wide range of bioactive components that protect biological systems
against deleterious effects like oxidative process and formation of free radicles (Mendoza and

Escamilla, 2018).

Flavonoids could be polar or non-polar in nature. The polar flavonoids are extracted by a mixture
of water and ethanol, while the less polar flavonoids like flavanols, flavones, aglycones |,
isoflavones and methylated flavones are well extracted by the use of organic solvents like acetone,

hexane, dichloromethane, diethyl ether, ethyl acetate and chloroform (Chaves et al., 2020).
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2.6.3 Tannins

They are high molecular weight phenolic compounds that are capable of forming complexes with
proteins, alkaloids, carbohydrates and minerals (Chung et al., 1998). Tannins can be divided into
four categories according to their structural characteristics as ellagitannins, complex tannins,

condensed tannins and gallotannins

Gallo tannins are distinguished by the presence of galloyl units bound to different polyol-, catechin
or triterpenoid components. Ellagitannins are those tannins in whose structure not less than 2
galloyl sections containing C-C are joined together. They also have the glycosidic bond linked to
a catechin component. Complex tannins have at least a catechin component with a glycosidic bond
linked to a gallo tannin or an ellagitannin unit. Condensed tannins compose of polymeric and
oligomeric proanthocyanins that are formed by a bond of C-4 of one catechin with C-6 or C-8 of
the next monomeric catechin. Tannins are useful sin the medical world as astringents, antidiarrheal
anti-inflammatory, hemostatic, antiseptic, antioxidant and diuretic agents. They are also used in

the treatment tumors that occur along the upper gastrointestinal tract (Saxena et al., 2013).

17



OR
! OH
I
/ HO
le.jllu R | -
o s
[ -—l:-"' RO HO) :_':':*?ﬂﬂ
| HOD S
T o
Ii I |
o~
HO™ I TOH (G) HO
CrH UH
Gallo tannin Ellagitannins
HO
) [}H H (OM)

{Catechin moiety) #.ﬁ_.% OH

R
OH ::lH UH HO
Ho I
M"‘I"’uJ TOMIG) o

m wa}“ﬂH E'H
il

oR O om

b’“v" T O {G)

- OH
HO R = Galloyl moiety (G)
O or ather substiluenis (Catechin moiety) ,
Complex tannin Condensed tannin
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2.6.4 Alkaloids

They are basic, naturally occurring phytochemicals that have heterocyclic nitrogen atoms in their
organic structure. Alkaloids are the most bitter substance in nature. They are sparingly soluble in
water and well soluble in alcohol. Alkaloids could be classified according to the heterocyclic ring
they contain as quinoline alkaloids like isoquinoline and quinine alkaloids such as heroine and
codeine; pyridine alkaloids like piperine and coniine; Pyrrolidine alkaloids like hygrine;
pyrrolidine -pyridine alkaloids like myosmine and nicotine and lastly pyridine -piperidine

alkaloids like anabasine. (Saxena et al., 2013).

Alkaloids are potent antimicrobial agents and for this reason they are used in the pharmaceutical
field for prophylaxis and treatment against microorganisms of bacterial and fungal origin. The
chemicals produced by the alkaloids also perform an allelopathic function to ensure the plants’
growth and survival against insects and herbivores. Most of these naturally occurring alkaloids
have pharmacological properties such as antimalarial activity in quinine, anti-cancer activity in
vincristine and vinblastine antihypertensive activity in indole alkaloids and antiarrhythmic activity
in quinidine. Some alkaloids from opium poppy plant like codeine and morphine have been shown
to have a stimulant effect and therefore they are used as analgesics. The anti- plasmodial activity
in quinine has made it useful in the treatment of malaria a common tropical disease (Saxena et al.,

2013).
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2.6.5 Terpenes

Terpenoids or terpenes are a group of naturally occurring natural products that have been derived
from five carbon isoprene units. Terpenoids and terpenes are the fundamental components of
essential oils in plants. They are normally characterized with strong scent which serve to guard the
plants against parasites and herbivores. They are either synthesized through the mevalonic acid
pathway or glyceraldehyde phosphate pyruvic pathway (Mendoza and Escamilla, 2018).

Terpenoids are categorized in regard to the number of isoprene components in them as shown in

table 2.3 below.

Table 2.3: The classification of terpenes (Mendoza and Escamilla, 2018)

Isoprene units Carbon atom Group Example
N N

1 5 Hemi-terpenes Isoprene

2 10 Mono- terpenes thymol

3 15 Sesqui-terpenes a-cadinene
4 20 di-terpenes Taxol

6 30 Tri-terpenes B-amyrin

8 40 Tetra-terpenes B- carotene
9-30000 >40 Poly-terpenes Rubber
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Terpenoids are used widely because of their medicinal properties like antimalarial (artemisinin),
antimicrobial, anti-ulcer, hepaticidal, antidiuretic (glycyrrhizin) and anticarcinogenic activity (

Escamilla et al., 2018).

2.6.6 Saponins

Saponins are a class of secondary metabolites that have great differences in their chemical
structures and form stable forms in aqueous solutions. Saponins are found in many higher plant
parts like in the roots, tubers, leaves and seeds and blooms. Saponins are known as plant glycosides
that contain a steroid, steroidal alkaloid or triterpene core structure that is also known as aglycone.
A steroidal aglycone has 27 carbon atoms while a triterpenoid aglycone has 30 carbon atoms. Thus,
the difference in saponins is a result of variations in the aglycone structure and the number of the
sugar side chains they contain. Recent studies have indicated that saponins possess
immunostimulant, hypocholesterolemia and anticarcinogenic properties. Saponins are also
reported to significantly alter the feed intake, reproduction and growth of animals (Bachran et al.,

2008).

A

28

Figure 2.3: (A) Structure of a terpenoidal saponin (Bachran et al., 2008).
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(B) Structure of a steroidal saponin(Bachran et al., 2008).

2.7 Literature on C. dichogamus

2.7.1 Morphology and geographical occurrences

C. dichogamus, a species of Croton genus is pyramidal twig or tree with symmetrical, frequent
branching or sometimes straggling crown (African plant database, 2012). C. dichogamus grows
in the wild and sometimes cultivated in tropical and subtropical regions (Fern, 2020). The twig, C.
dichogamus displays a trailing wreath which has repeated branching. Its foliage is glossy, flat with
fur underneath and the top side is normally brownish yellow in color ( Fern, 2020, ) Flowers of
C. dichogamus are monoicous with each flower having 20 stamens that contain 6 sepals. There are
no petals in this flower but the pistils contain five sepals, the portions are linear and are covered
with fur, patterns are bipartite and the ovary is protected by a circular tabular scale (Aldhaher et
al., 2016) . Fruits of Croton dichogamus are circular, divided into three parts and are a little bigger

than a pea (Fern, 2020). The height of Croton dichogamus is approximately 7.5 meters but the
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shrub is sometimes 2-5meters as seen in East tropical African countries like Kenya, Ethiopia,
Uganda, Rwanda, Tanzania, and Mozambique ( Fern, 2020). The habitat of Croton dichogamus
includes bushlands, thickets, rocky grounds, dry forests, acacia woodlands, limestones, porous
soils and lava where it many times form thick stands at an altitude from 550-1800 meters (Dadson,

2012; African plant database, 2012).

2.7.2 Traditional uses of C. dichogamus

The dried roots of C. dichogamus in Tanzania, are ground into fine powder then added to porridge
for patients that have respiratory illnesses like tuberculosis because the twig is believed to relieve
chest conditions (Hedberg et al., 1983 ; Matara et al., 2021). Fresh leaves of C. dichogamus are
useful in the treatment of malaria, as a tonic and as a dietary adjuvant (Hedberg et al., 1983) .
Inhaling the smoke of the burning leaves of C.dichogamus is believed to act as an antipyretic to
most patients (Hedberg et al., 1983 ; Mohagheghzadeh et al., 2006). Eastern African communities
in Tanzania like the Maasai and Batemi get rid of cardiovascular diseases induced by a high level
of cholesterol by including C. dichogamus in all their soups and dairy products (Johns et al., 1999).
The agricultural and pastoral groups in Tanzania like the Mbulu have discovered that C.
dichogamus is a reliable pesticide in preventing Bambara groundnuts from destruction by storage
pests (Tlankka et al., 2020). The same community also uses stem barks of C. dichogamus as an
antibiotic in the management of urinary tract infection (UTI) and tooth complications (Tlankka et

al., 2020 ; Qwarse,2018)

In Kenya, the Samburu community use C. dichogamus as analgesic to manage stomach and chest

pains (Aldhaher et al., 2017). The Loitoktok community use C. dichogamus in the treatment of
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gonorrhea and arthritis (Muthee et al., 2011). Along the lake region, the Luo community who call
it ‘Rachar’ use the roots of C. dichogamus to relieve respiratory illnesses like asthma, pneumonia
and persistent cough (Mailu et al., 2020) . In Mutomo village, Kitui County, an infusion of the
fresh leaves and stem barks of C. dichogamus are drunk to cure backache, malaria, stomach pains,
chest pains, edema, fever and persistent coughs (Mutie et al., 2020) . A concentrate of the fresh
roots of C. dichogamus is used to treat reproductive disorders like infertility and impotence (Mutie
et al., 2020). Polio, chest pains and gonorrhea are managed in Narok county by drinking the juice
from the fresh roots of C. dichogamus (Kigen et al., 2019). Among the Marakwet group of people
in Kenya, the boiled aerial parts together with the roots cure oral thrash, wheezing and abdominal
cramps. In Ethiopia roots of C.dichogamus are used to make a paste for vaginal application to

improve female reproductivity (Mutie et al., 2020).

2.7.3 Bioactivity and bioactive principles

A number of secondary metabolites have been isolated from Croton dichogamus and identified
using spectroscopic results (Aldhaher et al., 2017).The roots, stems and leaves have been shown
to contain flavonoids, tannins, saponins and terpenoids. (Johns et al., 1999 ; Magadula, 2012) ,
while steroids, and flavonoids are also present in other plant parts ( Aldhaher et al., 2017; Johns et
al., 1999). The leaves have demonstrated a fair distribution of tannins, flavonoids and saponins

while the stems contain a moderate composition of all the photochemical components.

Terpenes are the chief and most beneficial active ingredients found in C. dichogamus. The
phytochemical screening of all the plant parts of Croton dichogamus indicated that terpenes had
the highest percentage yield as compared to the other phytochemicals evaluated like tannins,
alkaloids, flavonoids, phenols, steroids and saponins (Magadula, 2012). Studies have shown that

C.dichogamus has approximately 20 groups of terpenes that display implausible biological
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properties (Aldhaher et al., 2017 ; Aldhaher et al., 2016). Most of these terpene are from the
class of halimanes, crotofolanes and neoclerodane moieties (Xu et al., 2018 ; Salatino et al.,
2007) . Nearly fifteen more terpenes which include 1 enantiomer, of a known sesquiterpenoids, 4
sesquiterpenoids, 2 Ent- halimane diterpenoids, 3 crotofolane diterpenoids, and 1 triterpenoid

have also been isolated from C. dichogamus (Aldhaher et al., 2016).
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CHAPTER THREE
MATERIAL AND METHODS

3.1 Study area

Fresh roots of Croton dichogamus were collected in October-November from the wild places in
Kajulu, Kolwa and Manyatta wards of Kisumu East Sub County, Kisumu county, where the shrub
is used in the treatment of Respiratory illnesses like Asthma and Pneumonia (Mailu et al., 2020).
Kisumu East subcounty covers an area of 135.90km? and is located at Longitudes 33°20 East and
35°20 East and latitudes 0° 50 south and 0° 20 South (Kisumu County Integrated Development
plan, 2018). The administrative wards of Kisumu East Subcounty include Kolwa Central,
Nyalenda A, Manyatta B, Kajulu East, Kajulu west and Kolwa East as shown in figure 3.1 below

(Mailu et al.,2020).

The annual maximum temperature in Kisumu East Subcounty ranges between 25°C to 33°C while
the annual minimum temperature ranges between 16°C to 18°C. The area receives an annual
rainfall of 12300mm approximately which is evenly and adequately distributed with two peak fall
in march-May and September-November (Kisumu County Integrated Development plan, 2018).
The county is also endowed with a fresh water lake (Victoria) and seven permanent rivers which
provide a potential for development of blue economy. The population of Kisumu East Subcounty
is about 189 730 with fish farming, livestock farming and extensive sugar production being their
major economic activity (Kisumu County Integrated Development plan, 2018). The root parts of
Croton dichogamus were acquired from Kisumu County (Kisumu East subcounty). The laboratory

work was done at the PHPT Department.
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Kisumu East Subcounty.

Legend:
KOE - KolwaEast
CK - Central Kolwa
MB - ManyattaB

N - Nyalenda

KAJ E-KajuluEast
KAJ W-KajuluWest

Figure 3.1: Showing Map of Kisumu East Subcounty and its wards (Mailu et al., 2020).

28



3.3 Collection and identification of plant material

Croton dichogamus (figure 3.2) fresh roots were sourced from Kisumu County (34°54'59.99"E, 0°
14' 60.00"N), the area indicates in the map (figure3.1) in the month of October-November 2020,
at the beginning of the study. The voucher specimen of C. dichogamus was deposited at the East
African Herbarium located at the Kenyan National Museum grounds. The sample was identified
as Croton dichogamus with NMK/BOT/CTX.1/2.as the reference number. The collected roots

were then put in bags and taken to PHPT department, The University of Nairobi for further

processing.

Figure 3.2: A picture of Croton dichogamus Pax taken by Dorine Matara
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3.4 Preparation of plant extract

The roots of C. dichogamus were washed with running tap water and chopped with a knife into
small pieces. The tiny root pieces were then air dried at normal temperature in a dust free well
aerated room at the PHPT department for about 3 weeks. The dry roots were then milled into
powder by an electric milling machine. The ground plant material was stored in sterilized, clean
zip-lock, air-tight envelopes in portions of 500 grams, then kept in coldish, dry, ventilated place

away from direct sunlight.
3.5 Aqueous Extract

Cold maceration method was used for extraction as described by Gakuya, 2001. 500gm of root
powder of C. dichogamus was placed in an extraction jar and 2 liters of distilled water were added
into the jar. This was followed by a thorough shaking of the combine for 72 hours in the morning
and evening hours. After 3 days (72 hours) the macerate was filtered using a Whatman filter paper.
The resulting filtrate was freeze dried for 24 hours. A light brown fine powder was formed that
weighed 30.25gm. The aqueous extract which had a percentage yield of 6.05%w/w was kept safe

in a bottle and refrigerated at 4°C awaiting use.
3.6 Hydroethanolic (50% Ethanol) extract

A Mettler digital weighing balance was used to weigh about 500gm of powder of Croton
dichogamus, which was placed into and extraction glass container. Exactly, 1 liter of distilled water
was added to the jar followed by 1 liter of ethanol and allowed to soak for 72 hours with thorough
quivering each morning and evening to increase the efficiency of extraction. The combine was
then passed through a Whatman filter paper no.1. The resulting solution was then transferred into

a conical flask and evaporated using a Rota evaporator whose operating temperature was 40°C to
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remove excess ethanol solvent. The resulting content was lyophilized to remove excess water and
this produced a brownish extract weighing 24.50gm (Nguta et al.,2016). The extract was

transferred into an amber colored bottle which was kept in the fridge at 4°C.

3.7 Acetonic extract

Eight hundred grams of C. dichogamus was taken in an extraction jar and 2 liters of acetone were
added gradually with thorough quivering to soak the powder uniformly. The solution was stirred
continuously using a magnetic stirrer for three days. A number one Whatman filter paper was used
to filter the combine. The filtrate was taken into a round bottomed flask and evaporated using a
rotary evaporator set at 40°C for about 5 hours. The resulting content was then placed into an
amber glass container with a punctured foil. It was afterward kept on a warm sand bath for

complete drying so result to a substance of constant consistency weighing 10.34 gm.

The acetone extract produced the lowest yield of extract that necessitated a second extraction. The

two extracts gave 20.68gm of dry powder(Nguta et al., 2016).

3.8 Ethical consideration

This research work was approved by the “Biosafety, Animal Care and Use Committee (BACUC)
of the Faculty of Veterinary Medicine, University of Nairobi. A reference number FVM
BACC/2021/282 was assigned. A research permit was also issued from National Commissioner

for Science and Technology Innovation (NACOSTI) with reference number of 913964.
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3.9 Antimicrobial determination

3.9.1 Organisms

Five microorganisms (4bacterial strains and a fungal organism) were acquired from the
bacteriology Laboratory, in the PHPT department at the University of Nairobi for antimicrobial

susceptibility testing. There details are mentioned in the table 3.1 below.

Table 3.3 Microorganisms used in the antimicrobial susceptibility test

Name of microbe Organism group Gram stain Organism ref number
Candida albicans fungus - ATCC 10223
Escherichia coli bacteria negative ATCC 25922
Staphylococcus aureus bacteria positive ATCC 25923
Pseudomonas aeruginosa bacteria negative ATCC27853
Bacillus cereus bacteria positive ATCC11778

3.9.2 Microbroth dilution technique

The microbroth dilution method as described by Muia et al., 2020 was used. The bacterial
organisms, S. aureus, E. coli, B. cereus and P. aeruginosa were cultured overnight in an incubator
set at 37°C on blood agar. The fungal organism C. albicans was also cultured overnight on nutrient
agar at room temperature. Cultures were then suspended in 10ml sterile sodium chloride solution
(physiological saline) which was kept at a concentration same as that of 0.5 MacFarland standards.
This concentration was confirmed using MacFarland tubes as MacFarland1(NCCLS,1997). Stock
solutions of each extract (hydroethanolic, acetonic and aqueous) including the positive controls
(cephalexin and fluconazole) were prepped by dissolving 1000mg of the extract in 1ml DMSO

(dimethyl sulfoxide) then adding 3ml of sterilized molten Mueller Hinton Broth (MHB). The stock
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solutions had a strength of 250mg/ml. Five culture tubes of 2ml sterile MHB were then organized
in duplicates. Serial dilutions which were two-fold were conducted from the stock solutions to
make concentrations of 125mg/ml, 62.5mg/ml, 31.25mg/ml, 15.63mg/ml and 7.8mg/ml (Debalke
et al., 2018). About 0.1ml of each the five microorganisms were taken using a Iml micropipette
and inoculated into each tube of dilute plant extract and positive control. The tubes containing the
fungal organism were placed at room temperature for 24 hours while the tubes containing the
bacterial organisms were incubated at 37°C for 24 hours. Observations were made from the tubes,
where the lowest concentration of the plant extract that showed an inhibitory activity resulting to
absence of growth (no turbidity) of microbes in the tube was indicated as the Minimum inhibitory
concentration (MIC) value of the extract. A negative control tube was set by having plant extracts
without microorganism. Positive control tubes had the microorganisms with the broad spectrum,
commercially available drugs namely Cephalexin 500mg for the bacterial microorganisms and
Fluconazole 200mg for the fungal microorganism. The Minimum bactericidal concentration
(MBC) was determined by taking all the tubes that showed no visible bacterial growth (absence of
turbidity) and culturing them aseptically in sterile molten Mueller Hinton Agar (MHA) using pour
plate technique. Plates having bacterial organisms were incubated at 37°C for 24 hours while plates
with the fungal organism were placed at room temperature for 24 hours. MBC was recorded as the
value with the least concentration that showed no bacterial growth. Normally MBC is defined as
the least concentration where 99.9% or more of the previous inoculums are dead. This experiment

was done in triplicates.
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3.9.3 Agar well diffusion technique

Agar well diffusion technique as described in the Clinical Laboratory Standards Institute (CLSI)
was used where sterile MHA was aseptically poured into petri dished and allowed to cool. The
microorganisms (Bacillus cereus, Escherichia coli, Staphylococcus aureus, Candida albicans and
Pseudomonas aeruginosa) were spread on MHA using a swab. A sterile cork borer was used to
make hole of 7mm depth and 7mm diameter on the MHA.. Using a Microtiter pipette, 0.1ml of the
plant extracts of various concentrations of 250mg/ml, 125mg/ml, 62.5mg/ml, 31.25mg/ml,
15.63mg/ml and 7.8mg/ml were added to the wells and left untouched on the bench for about an
hour to ensure uniform disperse into agar. The bacterial strains were incubated for 24 hours at a
temperature of 37°C. The fungal organism was left at room temperature for 24 hours. The diameter
of the zone of inhibition was measured in millimeters using a ruler. In this experiment, 1% DMSO
was used as a negative control while cephalexin 500mg and Fluconazole 200mg were used as the
positive controls for the bacterial and fungal organisms respectively. The experiment was

conducted in triplicates and the negative and positive controls were also present.

3.10 Bioactivity of C. dichogamus using brine shrimp lethality assay
Standard viable eggs of brine shrimps were procured from a pet shop at Yaya center in Nairobi
and preserved in a cool dry place in the PHPT department where the experiment was done. The

batch number was X001M8M5IZ.
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3.10.1 Hatching of the brine shrimp eggs

A marine salt solution was first prepared by taking 33gm of the marine salt in 2000ml conical
flask. Water was then added to the marine salt gradually with constant stirring to hasten the
dissolving of the marine salt. When all the marine salt was dissolve, more distilled water was added

up to the mark of 1000ml.

A shallow rectangular plastic box with two chambers separated by a wall that had 1-2mm holes
was used for hatching the brine shrimp eggs. This plastic box was filled with the marine salt
solution. A rectangular hole of approximately 24cm was made on the lid of the smaller chamber
to allow light to get in. Fifty milligrams(50mg) of brine shrimp eggs were taken and sprinkled in
the dark chamber which had a lid covering it entirely (without a hole to illumine it). Dry yeast of
about 6gm was sprinkled on the brine shrimp eggs in the dark chamber which served as food for
the brine shrimps. This set up was placed under a light source of 40 watts electric bulb which was
to illumine the smaller compartment that had a hole on the lid and attract the larvae (once hatched)
to swim towards the lit compartment leaving the eggshells in the dingy compartment. About 48

hours were given for the hatching period (Gakuya, 2001).

3.10.2 Cytotoxicity bioassay

Exactly, 0.1gm of each extract (acetone, aqueous and hydroethanolic) and the positive control
(vincristine sulphate) were taken into a volumetric flask, 1ml of DMSO was added to dissolve
the extract then topped up to the 10ml mark using marine salt solution to make a stock solution
(Okumu et al., 2020). Thus, the strength of each stock solution was 10,000ug/ml. Vincristine
sulphate was the positive control while dimethyl sulfoxide (DMSO) was the negative control in
this experiment. Ten nauplii were taken from the hatching tray and placed into graduated tubes
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using a Pasteur pipette. Three serial dilutions were prepared by transferring 500ul, 50ul and 5 pl
of each plant extract stock solution to a set of five graduated tubes to make dilutions of 1000ug/ml,
100pg/ml and 10ug/ml respectively then the tubes were topped up to the 5ml mark using marine
salt solution. For each dilution and the positive and negative controls, five graduated tubes were
set. The tubes were kept at room temperature for 24 hours. Using a magnifying glass, the number
of dead nauplii were counted and recorded against each concentration. For each dilution and
control groups, percentage mortality was calculated. The results were analyzed using probit
regression analysis and interpreted according to Meyer’s criteria of cytotoxicity(Meyer et al.,

1982).

3.11 Phytochemical Screening.
The phytochemical composition of the root of C. dichogamus was identified qualitatively as

demonstrated by (Trease and Evans, 2009 ; Usman et al, 2009 ; Visweswari et al, 2013).

3.11.1 Detection of Triterpenoids

About 0.5gm of the C. dichogamus root powder was soaked in 3ml of chloroform (CHCL3). The
combine was then filtered and few drops of concentrated (CONC) sulphuric acid (H2SO4) were
put in the filtrate. Presence of a reddish-brown color is a positive confirmation of triterpenoids

(Trease and Evans, 2009).

3.11.2 Detection of Flavonoid

About 0.5gm of the organic and aqueous crude extracts were placed in a test tube containing 5ml
distilled water. The mixture was then boiled and filtered. Approximately, 3 drops of 10% ferric
chloride solution were added to about 2ml of the filtrate. Appearance of a violet coloration was a

positive indication of the presence of flavonoids (Trease and Evans, 2009).
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3.11.3 Detection of saponins
Three milliliters of purified water were mixed with 0.5gm of the sample extracts and mixed well
in a test tube. The mixture was then shaken vigorously for 2minutes. Appearance of foam which

persists for 15 minutes was indicative of the presence of saponins (Trease and Evans, 2009).

3.11.4 Detection of phenols

About 2ml of distilled water was mixed with 0.3gm of the sample powder extract a test tube and
warmed in water of a temperature of 40-50 °C for 3 minutes. To the solution, 3 drops of 5% ferric
chloride were added. Occurrence of a bluish or green coloration was an indication of the presence

of phenols (Usman et al., 2009).

3.11.5 Detection of tannins

Approximately, 0.5gm of the organic and aqueous extracts were taken and boiled in 20ml in
purified water in a test tube. The solution was then filtered and 2ml of the filtrate was obtained in
a test tube. To the filtrate, 3 drops of 10% ferric chloride were added. Appearance of a blackish

blue color will indicate the presence of tannins (Visweswari et al., 2013).

3.11.6 Detection of alkaloids

About 0.5gm of the plant extract was dissolved in 5ml of 1% hydrochloric acid then it was warmed
for 5 minutes in a steam bath and filtered. About 3 drops of Dragendroff’s reagent was added to
1ml of the filtrate. A reddish orange precipitation confirmed the presence of alkaloids (Trease and

Evans, 2009).

3.11.7 Detection of polyuronides (Mucilage; Gums, Pectin)
Briefly, 2mls of the plant extract was mixed with 10ml of acetone. Development of a precipitate

indicated the presence of polyuronides (Trease and Evans, 2009).
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3.11.8 Detection of cyanogenetic glycosides

About 0.3gm of the sample was added to 2ml of chloroform. A picrate paper was then suspended
inside the test tube. A fitting cork was used to close the test tube which was constantly boiled in
a hot water bath for about 10 minutes. Conversion of the yellow picrate paper into red by the

cyanide gas confirmed the presence of cyanogenetic glycosides (Trease and Evans, 2009).
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3.11.9 Detection of Anthracenes
A portion of 0.3gm of the sample was obtained, followed by addition of 2ml of diethyl ether. Into
this mixture 2ml of ammonia solution was added and allowed to react for 10 min. Appearance of

a cherry red color confirmed the presence of anthracenes (Trease and Evans, 2009).

3.12 Statistical analysis

In this study, the experiments were conducted in triplicates. The data was analyzed using SPSS
Version 23 for antimicrobial activity and SPSS version 20 for cytotoxicity assay. Using this
software, mean, minimum, maximum and standard deviation values were obtained. Data was also
subjected to inferential statistics where microbial growth inhibitions due to the various
concentrations of crude extracts were compared among themselves to check for significant
differences in the growth inhibitions. Since significant differences were detected from the
preliminary ANOVA, Turkey HSD test using posthoc ANOVA was used to compare the means
of two growth inhibitions so as to determine significance differences. A value of P<0.05 was

considered statistically significant.
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CHAPTER FOUR

4.0 RESULTS

4.1 Extract yield

The given quantities of Croton dichogamus was found to yield the amounts shown in table 4.1

Table 4.1: Yields of the Croton dichogamus root extracts.

Plant extract weight of the powder (gm) Weight of the % Yield
in a solvent (liters) extract (gm) %w/w

Aqueous extract 500gm in 2litres distilled water 30.25 6.05

Hydroethanolic extract 500gm in 1litres Ethanol & 24.50 4.9

1000litre distilled water

Acetonic Extract 800gm in 2litres acetone 10.34 1.29

The aqueous extract was a brown powder which was stable when kept at room temperature. The
acetone extract was a sticky brown oily solid which melted when kept room temperature.
Hydroethanolic extract gave a brown powder that was quite stable at room temperature. The

aqueous extract gave the highest percentage yield while acetone gave the lowest yield.
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4.2 Antimicrobial susceptibility testing of Croton dichogamus
4.2.1 Agar well diffusion method

4.2.1.1 Acetonic extract

The zone of inhibition of acetone extract of C. dichogamus against the five microbes is shown in
table 4.2 and figure 4.1 below, where B. cereus recorded the highest zone of inhibition. The acetone
extract was not active against the two gram negative bacteria (Escherichia coli and Pseudomonas
aeruginosa) at a strength of 250mg/ml but the acetone extracts inhibited gram positive bacteria

(Staphylococcus aureus and Bacillus cereus) and Candida albicans the fungal organism.

Table 4.2: Zone of inhibition (ZI) of acetone root extract of Croton dichogamus

CONC (mg/ml) Zones of inhibition (mm)
Test organisms
B. cereus S.aureus P.aeruginosa E.coli C. albicans

250 17.33+0.33 12.33+0.88  0.00 0.00 15.00+0.58
125 16.33+0.88 11.33+0.33  0.00 0.00 13.67+0.33
62.5 13.67+0.88 9.67+0.33 0.00 0.00 10.67+0.33
31.25 5.67+2.8 2.67+2.67 0.00 0.00 5.33+2.67
15.6 0.00 0.00 0.00 0.00 0.00
7.81 0.00 0.00 0.00 0.00 0.00

CEPH /FLU (250mg/ml 29.67+0.33  28.88+0.33 27.67+0.67 29.67+1.67 29.67+0.33

DMSO 0.00 0.00 0.00 0.00 0.00

Key: Zones of inhibition were indicated as mean + SEM of the triplicate experiments
0.00=meant that there was no observed inhibition
CEPH= cephalexin, the positive control for bacterial organisms
FLU =Fluconazole, the positive control for the fungal organism
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Figure 4.1: Growth inhibition of test microbes by varying concentrations of acetonic
extract
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From the data, there were notable statistically significant differences in the growth inhibition of
the varying strengths of acetone extract against the human pathogens used. Measurable
significance differences (P < 0.05) were observed between the growth inhibitions caused by the
acetone extract and the reference drugs, conversely, there was no significance difference(p>0.05)
in the growth inhibitions caused by the three crude extracts. All concentrations did not inhibit
Escherichia coli and P. aeruginosa, the diameter of zone of inhibition was zero for all
concentrations thus all obtained p values were 1.00. Hence there were no significant differences

between any two concentrations.
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4.2.1.2 Aqueous extract

The zone of inhibition of aqueous extract of C. dichogamus against the five microbes is shown in
table 4.3 and figure 4.2 below. The aqueous extract showed inhibition against Candida albicans,
the fungal organism plus the gram-positive bacterial strains (B. cereus, S. aureus). However, the
aqueous extract was not active against Pseudomonas aeruginosa and Escherichia coli, the gram-

negative bacteria even at a strength of 250mg/ml.

Table 4.3: Diameter of the zones of inhibitions of the agueous extract of C. dichogamus

CONC (mg/ml) Diameter of zones of inhibition (mm)
Test organisms

B. cereus S.aureus P.aeruginosa E. coli C. albicans
250 12.83+0.93 10.67+0.44  0.00 0.00 9.33+£0.33
125 10.33£0.33  9.33+60 0.00 0.00 8.3340.33
62.5 8.50+0.50  8.00+0.00 0.00 0.00 5.33+2.67
31.25 2.50+2.50 2.50+0.00 0.00 0.00 2.50+£2.50
15.6 0.00 0.00 0.00 0.00 0.00
7.81 0.00 0.00 0.00 0.00 0.00
CEPH/FLU (250mg/ml) ~ 29.67+0.33 28.33+2.19 27.33+0.33 28.67+2.19 29.00+0.00
DMSO 0.00 0.00 0.00 0.00 0.00

Key: Zones of inhibition were indicated as mean + SEM of the three experiments
0.00= meant that there was no observed inhibition
CEPH= Cephalexin, the positive control for bacterial organisms
FLU =Fluconazole, the positive control for the fungal organism
CONC-= Concentration
DMSO=Dimethyl sulfoxide
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Figure 4. 2: Growth inhibition of test microbes by varying concentrations of aqueous
extract
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The various concentrations of aqueous extract had statistically significant differences in terms of
growth inhibitions under each microbe investigated. There was statistically significant difference
(p>0.05) between inhibitions caused by aqueous extract and the reference drugs however there
was no significance difference in the growth inhibitions caused by the three crude extracts. All
concentrations did not inhibit E. coli and P. aeruginosa, the diameter of zone of inhibition was
zero for all concentrations thus all obtained p values were 1.00. Hence there was no significant

differences between any two concentrations.
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4.2.1.3 Hydroethanolic extract

The zone of inhibition of hydroethanolic extract of C. dichogamus against the five microbes is
shown in table 4.4 and figure 4.3 below. B. cereus recorded the highest diameter of inhibition
while the hydroethanolic extract was not active against Pseudomonas aeruginosa and Escherichia

coli, the gram-negative bacteria, at a strength of 250mg/ml.

Table 4.4: Zone of inhibition (ZI) of hydroethanolic root extract of Croton dichogamus

Concentration mg/ml Zone of inhibition (mm)
Test organisms
B.cereus S.aureus P.aeruginosa E.coli C.albicans

250 14.33+0.33 11.50+0.29  0.00 0.00 12.00+0.57
125 12.33+0.33 10.33+0.33  0.00 0.00 10.33+0.33
62.5 9.50+1.04  8.17+0.44 0.00 0.00 8.33+0.33
31.25 5.33+2.68  0.00 0.00 0.00 5.17+2.59
15.6 0.00 0.00 0.00 0.00 0.00

7.81 0.00 0.00 0.00 0.00 0.00

CEPH/FLU (250mg/ml) 30.67+0.33 30.33+x1.45 28.33+0.88 26.67+0.88 29.33+0.67

DMSO 0.00 0.00 0.00 0.00 0.00

Key: Zones of inhibition were indicated as mean + SEM of the three experiments
0.00 =meant that there was no observed inhibition
CEPH= cephalexin, the positive control for bacterial organisms
FLU =Fluconazole, the positive control for the fungal organism
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extract
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The results showed statistically significant differences in terms of growth inhibitions among the
various concentrations of hydroethanolic extract under each microbe investigated. Notable
significance differences (P<0.05) were seen among the growth inhibitions caused by
hydroethanolic extract and control drugs while no significant differences were seen in growth
inhibitions caused by the three-crude extract. All concentrations did not inhibit Escherichia coli
and Pseudomonas aeruginosa therefore their diameter of the zone of inhibition was zero for all
concentrations thus all obtained p values were 1.00. Hence there was no significant differences

between any two-concentration having P. aeruginosa and E. coli.
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Table 4.5: summary of the zones of inhibition of Croton dichogamus crude root extracts against five microbes at
various concentrations

Microorganisms conc Diameter of zones of inhibition (mm)
Mg/ml Acetonic 50% Ethanol Agueous Positive Control Negative control
extract extract extract Cephalexin DMSO
Bacillus cereus 250 17.33+0.33 14.33+0.33 12.83+0.93 29.67+2.48 0.00+0.00
125 16.33+0.88 12.3340.33 10.33+0.33
62.5 13.67+0.88 9.5+1.04 8.50+0.5
31.25 5.67+2.85 5.33+2.68 2.50+2.50
15.63 0.00+0.00 0.00+0.00 0.00+0.00
7.81 0.00+0.00 0.00+0.00 0.00+0.00
Staphylococcus 250 12.33+0.88 11.5+0.29 10.67+0.44 28.67+0.58 0.00+0.00
Aureus 125 11.33+0.33 10.33+0.33 9.33+0.60
62.5 9.67+0.33 8.17+0.44 8.00+0.00
31.25 2.67£2.67 0.00+0.00 2.50+2.50
15.63 0.00+0.00 0.00+0.00 0.00+0.00
7.81 0.00+0.00 0.00+0.00 0.00+0.00
P. aeruginosa 250 0.00+0.00 0.00+0.00 0.00+0.00 27.33+0.58 0.00+0.00
E. coli 250 0.00+0.00 0.00+0.00 0.00+0.00 28.66+4.163 0.00+0.00
Candida albicans Fluconazole
250 15.00+0.58 12.00+0.58 9.33+0.33 29.00+2.52 0.00+0.00
125 13.67+0.33 10.33+0.33 8.83+0.33
62.5 10.67+0.33 8.33+0.33 5.33+2.67
31.25 5.33+2.67 5.174£2.59 2.50£2.50
15.63 0.00+0.00 0.00+0.00 0.00+0.00
7.81 0.00+0.00 0.00+0.00 0.00£0.00

Diameter of the zones of inhibition (ZI) were indicated as mean £ SEM of the three experiments 0.00 = no inhibition
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4.2.2 Microbroth dilution technique

Table 4.2: The Minimum inhibitory concentration of the crude root extracts of Croton dichogamus

Minimum inhibitory concentration (mg/ml)

Extracts Test organisms

Bacillus cereus Staph aureus  P. aeruginosa E. coli C. albicans
Acetone 10.42 13.02 >250 >250 31.25
Aqueous 28.65 31.25 >250 >250 67.71
Hydroethanolic 31.03 10.42 >250 >250 83.34

Quality control - - - - -

(DMSO)

Table 4.7 Minimum bactericidal concentration (MBC) of the root extracts of C. dichogamus

Minimum Bactericidal concentration (Mg/ml)

Extracts Test organisms

Bacillus cereus Staph aureus P. aeruginosa  E. coli C. albicans
Acetone 166.67 83.33 >250 >250 104.17
Agueous 104.17 62.5 >250 >250 125
Hydroethanolic 83.33 125 >250 >250 166.67

Quality control - - - - -

(DMSO)
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Table 4. 3: Average MICs & MBCs/MFCs(mg/ml) of Hydroethanolic, Acetonic and aqueous root

extracts of Croton dichogamus against the five test organisms

Test microbe Acetonic extract Aqueous extract 50% ethanol extract
MIC  MFC/MBC MIC MFC/MBC MIC MFC/MBC

B. cereus 10.42 166.67 13.03 104.67 10.42 62.5

S. aureus 13.02 83.33 31.25 83.33 10.42 125

P. aeruginosa >250 >250 >250 >250 >250 >250

E. coli >250 >250 >250 >250 >250 >250

C. albicans 31.25 104.167 67.7133  83.33 83.33 166.67

Key: MFC= Minimum Fungicidal Concentration
MBC= Minimum Bactericidal Concentration

MIC= Minimum Inhibitory Concentration

The least minimum inhibitory concentration value was shown by the acetonic extract against B.

cereus and the hydroethanolic extract against B. cereus and S. aureus.

52



4.3 Cytotoxicity studies

The results of brine shrimp bioassay are shown in figure 4.4, table 4.9 and table 4.10 below.

Table 4.9: Results on the cytotoxicity of C. dichogamus on brine shrimp larvae (Artemia salina)

Extract Serial dilution(pug/ml) Average no. of brine shrimp dead | Percentage mortality
Aqueous extract 10 2 16
100 3 70
1000 10 100
Hydroethanolic extract 10 0 0
100 7 70
1000 10 100
Acetonic extract 10 6 66
100 8 86
1000 10 100
Vincristine 10 0 6
100 6 62
1000 10 100
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Figure 4.4: Comparison of brine shrimp mortality induced by vincristine (reference drug)
together with hydroethanolic, aqueous and acetonic crude root extracts of Croton

dichogamus
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Table 4.10: The cytotoxicity profile of the hydroethanolic, acetone and aqueous crude root
extracts of Croton dichogamus in comparison with Vincristine sulphate

Extract Mean Mortality per Median lethal concentration | cytotoxicity
concentration
10 pg/ml 100 1000 pg/ml LC,, Criteria for
cytotoxicity
pg/ml (95% CI) (Meyer)
Acetonic extract of 33 43 50 4.148(0.58-9.87) High
Croton dichogamus cytotoxicity
Vincristine Sulphate 3 31 50 65.04(46.07-92.17) High
Acetone cytotoxicity
Hydro-ethanol extract of 0 35 50 76.09(58.69-133.33) High
Croton dichogamus cytotoxicity
Aqueous extract of 8 35 50 42.61(28.86-62.62) High
Croton dichogamus cytotoxicity

According to the categorization criteria of cytotoxic compounds in the procedure given by Meyer

etal., 1982 and Nguta et al., 2012 , LCso values below 1000ug/ml were considered non-cytotoxic,

values of LCso between 500 to 1000pg/ml were considered weakly cytotoxic, values of LCso

between 100 to 500g/ml were considered to be of moderate cytotoxicity and values of the range

of 0-100ug/ml were termed as highly cytotoxic

Acetone extract demonstrated the most cytotoxicity (LC50 4.148ug/ml) then the water extract

(42.61pg/ml) and lastly the hydroethanolic extract gave the lowest cytotoxic value of LCso

76.09ug/ml. The three extracts recorded LCso values below 100ug/ml. It was confirmed that the

acetone extract of C. dichogamus was more lethal that Vincristine sulphate (reference drug) that

had LCso value of 65.04pg/ml.
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4.4 Phytochemical Analysis

Table 4.4: Phytochemical results for the hydroethanolic, aqueous and acetone extracts of C.
dichogamus

Detection of: Water extract 50% Ethanol Acetone
Saponins + + +
Alkaloids - + +
Flavonoids + + +
Tannins + + -
Terpenes + + +
Phenols + + +
Anthraguinones + + +
Polyuronides + + +

Cyanogenetic glycosides - -

Mucilage + +

Key: (-) Absent

(+) Present
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CHAPTER FIVE

5.0 Discussion

Resistance of disease-causing microbes has gradually increased, posing a great worldwide threat
on public health (WHO 2020). As such, development of more potent antimicrobials is crucial for
the subsequent treatment of infectious ailments. Vegetative greeneries together with their natural
products have demonstrated that they are an immeasurable reservoir of prospect antimicrobials
because they contain a potential to combat a wide variety of human pathogens. The current study
was designed to determine the antimicrobial effect of the root extracts of C. dichogamus; and also

to evaluate the phytoconstituents and determine its safety in brine shrimp.

The aqueous extract recorded the highest percentage yield of 6.05%w/w while the organic extract
(acetone) recorded the lowest percentage yield of 1.29%w/w. The percentage yield of the
hydroethanolic extract was 4.9%w/w. Even though the acetonic extract was low in yield organic
solvents have shown to contain the maximum load of phytochemicals (Usman et al, 2009). The
mixing of the solvents of different polarities in extraction tend to solve the issue of low percentage

yield observed in organic solvents(Usman et al, 2009).

Screening of various plant extracts against a wide range of infectious agents has proved that plant
extracts possess an immense potential to fight against fungi, protozoa, bacteria, and viruses
(Chandra et al., 2017). In the current study, the three root extracts (acetone, aqueous and 50%
ethanol) of Croton dichogamus demonstrated inhibition on the gram-positive strains of bacteria
(S. aureus, B. cereus) as well as Candida albicans, the fungal microbe. However, these three
extracts demonstrated no inhibitory effect on the gram-negative bacteria (E. coli, P. aeruginosa).

The selectivity of action shown towards the gram positive and gram negative strains of bacteria
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could be attributed to the impenetrable barricade of lipopolysaccharide present on the outermost
membrane of the gram negative bacteria that prevent the entry of active compounds (Papo and
Shai, 2005). This is a very different case with the gram-positive bacteria that liberally permit a
close contact of the active compounds with the phospholipid bilayer of the cell membrane, thus
enhancing ion absorptivity (Khanam et al., 2015). The presence of antibacterial property had also
been confirmed by Magadula, 2012 who noted that the organic (ethanol) root extract of Croton
dichogamus demonstrated inhibitory effect against two mycobacterium strains of Mycobacterium

madagascariense and Indicus pranii with a Minimum inhibitory concentration of 1.25mg/ml.

The hydroethanolic extract against S. aureus and B. cereus plus the acetonic extract against B.
cereus gave the highest MIC value. In comparison with the standard MIC range for antibiotic
(0.015-0.107mg/ml) in clinical use, the results of the present research records a weak MIC range
of 10.4-166.7mg/ml. (Dissanayake et al., 2020). The results of this research recorded a significant
difference between the inhibition caused by all the three extracts and the standard drugs, which
therefore suggested that the reference drugs (Fluconazole and Cephalexin) had a strong
antimicrobial activity than the extracts (hydroethanolic, acetone and aqueous) at the same
concentration of 250mg/ml. There was a notable significant difference (P<0.05) in the mean zones
of inhibition of the three extract and reference drugs (Fluconazole and Cephalexin). However,
there was no significant difference (P>0.05) in the means zones of inhibition of the three extracts
(aqueous, acetone and hydroethanolic), meaning that they had the same antimicrobial effect on the
microbes tested. The presence of antimicrobial activity in C. dichogamus substantiated the folklore
claim of its use to manage infectious ailments and could be considered as a prospective

antimicrobial agent in the treatment of gram-positive bacterial strains.
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Brine shrimp lethality assay is a convenient, rapid, inexpensive and reliable bench top procedure
that is mostly used to determine the Median Lethal Concentration (LCso) figure of extracts from
plants using brine shrimp assay. The method of categorization of cytotoxins in brine shrimp assay
employed by Meyer et al., 1982 and Nguta et al., 2012 was used in the present study. In this
categorization, values of LCs0>1000pg/ml were considered nontoxic, values of LCso between 500
to 1000pg/ml were considered weakly cytotoxic, values of LCso between 100 to 500ug/ml were
termed as moderate in cytotoxicity and lastly an LCso values ranging between 0-100pg/ml were
termed as highly cytotoxic. The data obtained from the present study showed that the three extracts
were highly cytotoxic with acetonic extract (LCso 4.148ug/ml) demonstrating a higher cytotoxicity
than aqueous and hydroethanolic extracts which recorded values of LC50 42.61pg/ml and LCso
76.09ug/ml respectively. The disparity in the cytotoxic activity in the three extracts could be
ascribed to the difference in phytochemical components like terpenoids, tannins, saponins,
phenols, flavonoids and alkaloids. (Nguta et al., 2012). Since brine shrimp bioassay is employed
to forecast the availability of any cytotoxic effect against cancer cell below 100ug/ml. the three
extracts of Croton dichogamus are therefore imaginably cytotoxic having recorded LCso values

below 100pg/ml (McLaughlin et al, 1991).

Cytotoxic compounds exhibit their action by preventing the growth of cells at specific stages more
especially the cells that display speedy growth. The chief mechanism of action of cytotoxic agents
be by inducing apoptosis, detaining cell cycle or inhibiting angiogenesis. The overlapping of the
confidence intervals (CI) noted between the reference drug, Vincristine sulphate (65.04(46.07-
92.17)) and the plant extracts of hydro ethanol (76.09(58.69-133.33)) and aqueous (42.61(28.86-
62.26)) indicated that there was no significant difference (P>0.05) in the lethality caused by

vincristine sulphate and the two root extracts (hydroethanolic and aqueous) of Croton dichogamus.
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There was however a significant difference (P<0.05) between the lethality observed in vincristine
sulphate and the acetonic extract, in that the LCso value of the acetone extract was quite low and
was not overlapping with vincristine sulphate. The results suggested that acetone extract of Croton

dichogamus was more lethal than vincristine sulphate (positive control).

Aldhaher et al., 2017 reported that from the root extract of Croton dichogamus a cytotoxic
compound called 10-epi-Maninsgin D was isolated, a substance which was found to be viable
against CACO (human colorectal adenocarcinoma) cell line with notable prevention of cellular
proliferation. Early on, another study done by Magadula, 2012 had indicated that the ethanolic root
extract of Croton dichogamus was seen to be cytotoxic recording LCso value of 40.70ug/ml. The
above reports concurred with the current study that disclosed the presence of cytotoxic activity in
the root extracts of C. dichogamus. In addition, a research has also discovered another compound
(sesquiterpenoid) from the methanolic root extract of C. dichogamus called furocrotinsulolide
which has recorded modest cytotoxic action against cancer cells at 30um when investigated using
CACO-2 cell line (Aldhaher et al., 2016). Some of the compounds named above could be the
reason why C. dichogamus exhibited significant cytotoxic activity in brine shrimp bioassay in the

present research.

Plants being rich reservoirs of phytonutrients (Robards, 2003), their pharmacological and
medicinal significance can be determined by the analysis of their photochemical constituents
produced in their tissues as primary or secondary metabolites (Egamberdieva, 2017). In the same
way medicinal usefulness of C. dichogamus could also be based on the presence of the active
phytochemical components revealed in the study, its safety on body organs and its microbial
responsiveness. A good ratio of the phytochemical compounds common to most plants like

alkaloids, polyphenols, tannins, flavonoids, terpenoids and saponins (Egamberdieva, 2017) were
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also found in C. dichogamus. This is quite a good indication that C. dichogamus can be of great

medicinal value.

The present study confirmed the availability of polyuronides, phenols, saponins, tannins,
flavonoids, anthracenes and terpenoids in the hydroethanolic, acetonic and aqueous crude root
extracts of Croton dichogamus. The hydroethanolic and acetone extracts contained alkaloids while
the aqueous extract recorded absence of alkaloids. The undesirable cyanogenetic glycosides were
unavailable in all the three extracts (hydroethanolic, aqueous and acetone) of C. dichogamus. The
hydroethanolic and aqueous extracts of C. dichogamus indicated the presence of tannins while
they were absent in the acetone extract. These results were consistent with most recent studies that
have reported the presence of terpenoids, alkaloids and flavonoids in most Croton species
(Salatino et al., 2007; Xu et al., 2018). In another study, Johns et al., 1990 reported the availability
of the phytochemicals present in this study like saponins and phenols while Aldhaher et al., 2016
indicated the presence of 20 more diterpenoids in the root extracts of C. dichogamus. Alkaloids,
saponins, phenols and tannins were also present in the ethanolic root extract of C. dichogamus
(Magadula, 2012). The disparity observed in the phytochemical composition in the above-
mentioned studies with the current one could be attributed to geographical differences of the plant

material.

Various reports have indicated that potent medicinal activities like antiproliferative (Aldhaher et
al., 2017), anti-inflammatory (Somteds et al., 2019) and insecticidal (Tlankka et al., 2020)
properties that are found in Croton dichogamus could be ascribed to the elevated level of
terpenoids (Matara et al., 2021) which have also been reported in the present research. The use of
Croton dichogamus as antibacterial agent in the treatment of respiratory infections antifungal and

as tonic has been justified by the phytochemical components in it. The availability of terpenes in

61



the root extracts of Croton dichogamus explicate the usefulness of the plant in the treatment of
respiratory disorders like chest pains, cough and asthma because terpenes are reported to soothe
the respiratory mucous membrane that is irritated. Triterpenoids have antimicrobial effect, a reason
why the plant is used to alleviate respiratory illnesses that are of bacterial genesis too (Magadula,
2012). In the pharmaceutical industry terpenoids like triterpenoids, diterpenoids, sesquiterpenoids

have been used as insecticides, antibiotics and anthelmintics (Khanam et al., 2015) .

The availability of saponins in the three root extracts of C. dichogamus is a reason why the plant
is used in the treatment of coronary heart disease (CHD) and atherosclerosis. Saponins have been
reported to have a hypocholesteremic activity on human beings and animals, their amphiphilic
structure binds cholesterol thus forming insoluble complexes that are easily excreted in the bile.
Saponins also obstruct the absorption of endogenous and exogenous cholesterol by interfering
with its enterohepatic circulation , this leads to an increase in fecal matter and consequently

lowering of serum cholesterol (Johns et al., 1999).

Phenolic compounds in C. dichogamus pose as evidence on the usefulness of the plant in
managing the inflammatory and bacterial illnesses that affect the respiratory tract like pneumonia,
asthma pharyngitis, common cold and tuberculosis. Phenols have been shown to protect the body

cells against oxidative conditions that inflame the tissues of the body (Rice-Evans et al., 1997).

The presence of alkaloids in C.dichogamus is an evidence that the plant can manage mild to
moderate pain (Aldhaher et al., 2017). Alkaloid block the cyclooxygenase alleyway that
subsequently block the inflammatory interleukins and cytokines that are the origin of pain. Other
reports have also indicated that alkaloids can exhibit antispasmodic, antibacterial and antimalarial

activities (Khanam et al., 2015).
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Two extracts (hydroethanolic and aqueous) of C. dichogamus indicated the presence of tannins.
Tannins have been reported to act as antioxidants owing the free radicle scavenging effect they
exhibit. They have found use in the medical field as anti-tumor, antimicrobial and antiseptic

properties (Khanam et al, 2015)

Flavonoids were present in the three extracts of Croton dichogamus. Studies have indicate that
Flavonoids will bring down cases of upper respiratory tract infections ( URTI) for the reason that
flavonoids possess significant pharmacological activities on man such anti-cancer , antioxidant,
anti-inflammatory, antiviral, antibacterial and anti-tumor (Khanam et al., 2015; Kaul et al., 1985).
Further studies have reported that flavonoids have an ability to prevent inflammatory effects by
decreasing the size of NF-Kb at the same time inhibiting the replication and metastasizing of two
dangerous viral origins of URTIs (Kaul et al, 1985). Patients who have a high intake of flavonoids
have a lower chance of getting cardiovascular, cancer and respiratory diseases (Khanam et al.,
2015; Kaul et al., 1985). This fact substantiates the folklore use of C. dichogamus in managing
respiratory infections. The presence of all the reported phytoconstituents play a role in the observed
antimicrobial and cytotoxic properties. This is due to the fact that the occurrence and quantities of

the phytochemical components in a plant determine its biological activity (Musila et al., 2013).
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION

6.1 CONCLUSIONS

Acetonic, hydroethanolic and aqueous extracts of Croton dichogamus demonstrated a weak
antibacterial action on the gram-positive strains of Bacillus cereus and Staphylococcus aureus.
However, acetonic, hydroethanolic and aqueous extracts lacked antibacterial activity against the
gram-negative bacteria; Pseudomonas aeruginosa and Escherichia coli even at the highest
strength of 250mg/ml. Acetonic plant extract of Croton dichogamus showed the highest

antibacterial effect among the three extracts tested.

The aqueous, hydroethanolic and acetonic extracts of Croton dichogamus exhibited a weak
antifungal activity against candida albicans with the acetonic extract demonstrating the highest

antifungal activity among the three extracts tested.

The hydroethanolic, acetonic and aqueous extracts of C. dichogamus demonstrated a very strong

cytotoxicity by showing 100% mortality rate at 1000ug/ml.

The acetonic extract had the highest cytotoxicity against the brine shrimp larvae with LCsg of
4.148 and 100% mortality at 100ug/ml. The acetonic extract demonstrated a higher lethality

when compared to the reference drug (vincristine sulphate).
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The phytochemical screening of the hydroethanolic, acetone and aqueous extracts of Croton
dichogamus indicated a presence of flavonoids, phenols, tannins, anthraquinones, alkaloids,
saponins, terpenoids and polyuronides. This substantiated the traditional use of C. dichogamus as
an antimicrobial, analgesic, hypocholesteremic and anti-inflammatory agent. The isolation,
identification and characterization of these secondary metabolites may lead to new drug

discovery and development opportunities.
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6.2 RECOMMENDATIONS

A detailed quantitative analysis of the phytochemical composition of C. dichogamus plant parts

(leaves, stem and roots) need to be done.

There is a need to determine acute, subacute and chronic toxicity in vivo to further clarify whether
Croton dichogamus extracts are safe to be consumed and developed into the pharmaceutical

pipeline.

Since the extracts demonstrated a value LCso <100mg/ml, there is a need for isolation,
identification and characterization of bioactive compounds responsible for the observed
cytotoxicity. Further, in-depth studies must be done so as to fully understand the mechanism action

underlying the potent activity

Since the plant is used for curative and insecticidal purposes, studies need to be done to determine
the actual therapeutic dosage that is effective in both cases. Pharmacokinetic studies determining

the dose range and frequency need to be done.

Other solvents or solvents mixtures need to be used in extraction in order to determine the solvent

that gives the highest extraction yield. A solvent extraction toxicity profile is also needed.

66



References

Abdullahi A. (2011). Trends and Challenges of Traditional Medicine in Africa. African Journal

of Traditional, Complementary and Alternative Medicines, 8(5S).

Abreu A. C., McBain A. J. and Simdes M. (2012). Plants as sources of new antimicrobials and

resistance-modifying agents. Natural Product Reports, 29(9), 1007.

African plant database. 2012. https://www.ville-ge.ch/musinfo/bd/cjb/africa/recherche.php

Aldhaher A.H.S, Langat M., Schwikkard S., Carew M. and Mulholland D. (2016). New

terpenoids from Croton dichogamus Pax. Planta Medica, 81(S 01), S1-S381.

Aldhaher.A., Langat M., Ndunda B., Chirchir D., Midiwo J. O., Njue A., Schwikkard S.,
Carew M. and Mulholland D. (2017). Diterpenoids from the roots of Croton dichogamus

Pax. Phytochemistry, 144:1-8.

Anand U., Jacobo-Herrera N., Altemimi A., and Lakhssassi N. (2019). A Comprehensive
Review on Medicinal Plants as Antimicrobial Therapeutics: Potential Avenues of

Biocompatible Drug Discovery. Metabolites, 9(11): 258.

Bachran C., Bachran S., Sutherland M., Bachran D. and Fuchs H. (2008). Saponins in

Tumor Therapy. Mini-Reviews in Medicinal Chemistry, 8(6): 575-584.

Burnett-Boothroyd S. C., and McCarthy B. J. (2011). Antimicrobial treatments of textiles for
hygiene and infection control applications: an industrial perspective. In Textiles for Hygiene

and Infection Control 196—-209.

67



Chandra H., Bishnoi P., Yadav A., Patni B., Mishra A. and Nautiyal A. (2017).
Antimicrobial Resistance and the Alternative Resources with Special Emphasis on Plant-

Based Antimicrobials—A Review. Plants, 6(4), 16.

Chaves J. O., de Souza M. C., da Silva L. C., Lachos-Perez D., Torres-Mayanga P. C.,
Machado, A. P. da F., Forster-Carneiro T., Vazquez-Espinosa M., Gonzalez-de-Peredo
A. V., Barbero G. F. and Rostagno M. A. (2020). Extraction of Flavonoids From Natural

Sources Using Modern Techniques. Frontiers in Chemistry, 8.

Chung K.-T., Wong T. Y., Wei C.-1., Huang Y.-W. and Lin Y. (1998). Tannins and Human

Health: A Review. Critical Reviews in Food Science and Nutrition, 38(6): 421-464.

Dadson P.Y.(2012). Antibacterial properties of Croton species.Masters' thesis, Institute of

public health and clinical Nutrition, University of Eastern Finland.

Debalke D., Birhan M., Kinubeh A and Yayeh M. (2018). Assassement of Antibacterial
Effects of Ageous-Ethanolic Extracts of Sida rhombifoli'sAerial Part. Scientific World

Journal, 2018: 8

Dissanayake D.M.1.H., Perera D.D.B.D., Keerthirathna L.R., Heendaeniyab S., Anderson
R.J., Williams D.E and Peiris L.D.C. (2020). Antimicrobial Activity of Plumbago Indica
and Ligand Screening of Plumbagin against Methicillin-resistant Staphylococcus aureus.

Journal of Biomolecular Structure and Dynamics, 38(11):1-12.

Egamberdieva D., Nazim M., Elisa O., Antonio T. and Lyle C. (2017). Phytochemical and
Pharmacological Properties of Medicinal Plants from Uzbekistan: A Review. Journal of

Medicinally Active Plants, 5(2): 1-4.

68



Ekor, M. (2014). The growing use of herbal medicines: issues relating to adverse reactions and

challenges in monitoring safety. Frontiers in Pharmacology, 4.

Elgorashi, E. (2003). Screening of medicinal plants used in South African traditional medicine

for genotoxic effects. Toxicology Letters, 143(2).

Fankam A. G., Kuiate J.-R. and Kuete V. (2017). Antibacterial and antibiotic resistance
modulatory activities of leaves and bark extracts of Recinodindron heudelotii
(Euphorbiaceae) against multidrug-resistant Gram-negative bacteria. BMC Complementary

and Alternative Medicine, 17(1):168.

Firenzuoli F. and Gori L. (2007). Herbal Medicine Today: Clinical and Research Issues.

Evidence-Based Complementary and Alternative Medicine, 4(s1).

Gakunya. (2001). Pharmacological and clinical evaluation of anthelmintic activity of Albizia
anthelmintica Brogn, Maerua edulis De Wolf and Maerua subcordata DeWolf plant extracts
in sheep and mice. PhD. University of Nairobi, Department of Veterinary Clinical Studies.

157.

Hamburger M. and Hostettmann K. (1991). Bioactivity in plants: the link between

phytochemistry and medicine. Phytochemistry, 30(12):3864-3874.

Hamilton G. R. and BAskett T. F. (2000). In the arms of morpheus: the development of
morphine for postoperative pain relief. Canadian Journal of Anesthesia/Journal Canadien

d’anesthésie, 47(4):367-374.

69



Hedberg 1., Hedberg O., Madat P. J., Mshigeni K. E., Mshiu E. N. and Samuelsson G.
(1983). Inventory of plants used in traditional medicine in Tanzania. Il. Plants of the

families dilleniaceae—Opiliaceae. Journal of Ethnopharmacology, 9(1):105-127.

Johns T., Mahunnah R. L., Sanaya P., Chapman L. and Ticktin T. (1999). Saponins and
phenolic content in plant dietary additives of a traditional subsistence community, the

Batemi of Ngorongoro District, Tanzania. Journal of Ethnopharmacology, 66(1):1-10.

Kaul T. N., Middleton E., and Ogra P. L. (1985). Antiviral effect of flavonoids on human

viruses. Journal of Medical Virology, 15(1):71-79.

ken Fern 2020. Useful tropical plants database. http://tropical theferns.info

Khanam Z., Wen C. S., and Bhat I. U. H. (2015). Phytochemical screening and antimicrobial
activity of root and stem extracts of wild Eurycoma longifolia Jack (Tongkat Ali). Journal

of King Saud University - Science, 27(1):23-30

Kigen G., Kamuren Z., Njiru E., Wanjohi B., and Kipkore W. (2019). Ethnomedical Survey
of the Plants Used by Traditional Healers in Narok County, Kenya. Evidence-Based

Complementary and Alternative Medicine, 1-8.

Kisumu County Integrated Development plan. (2018). Kisumu County Integrated

Development plan. https://doi.org/10.1155/2019/8976937

Magadula, J. (2012). Anti-Mycobacterial and Toxicity Activities of Some Priority Medicinal
Plants from Lake Victoria Basin, Tanzania. European Journal of Medicinal Plants,

2(2):125-131.

70



Mailu J. K., Nguta J. M., Mbaria J. M. and Okumu M. O. (2020). Medicinal plants used in
managing diseases of the respiratory system among the Luo community: an appraisal of

Kisumu East Sub-County, Kenya. Chinese Medicine, 15(1): 95.

Manou 1., Bouillard L., Devleeschouwer M. J. and Barel A. O. (1998). Evaluation of the
preservative properties of Thymus vulgaris essential oil in topically applied formulations

under a challenge test. Journal of Applied Microbiology, 84(3): 368-376.

Matara D.M., Nguta J.M., Musila F.M., Mapenay I., Ali H.M and Omambia V.M. (2021)
Botanical Description, Ethnomedicinal uses, Phytochemical and Pharmacological effects of

Croton dichogamus Pax (Euphorbeaceae). Journal of Phytopharmacology 10(1).

McLaughlin J.L. and Chang C.J (1991). Simple (bench-top) bioassays and the isolation of new
chemically diverse antitumor and pesticidal agents from higher plants . In Phytochemicals

in human, protection, nutrition and plant defense, 33:89-132.

Mendoza and Escamilla. (2018). Introduction to phytochemicals: secondary metabolites from

plants with active principles for pharmacological importance. 3:26-87

Meyer B., Ferrigni N., Putnam J., Jacobsen L., Nichols D., and McLaughlin J. (1982). Plant

Constituents. Planta Medica, 45(05) 31-34.

Qwarse M.., Metobola J., Sepombe J., Mugoyela V., Henry L and Sunghwa F.(2018).

Ethnobotanical Survey of Medicinal and Pesticidal Plants used by Agropastoral Communities in

Mbulu District, Tanzania. Tanzanian journal of science and technology, 1:22-35

Mohagheghzadeh A., Faridi P., Shams-Ardakani M., and Ghasemi Y. (2006). Medicinal

smokes. Journal of Ethnopharmacology, 108(2).

71



Muia B.M., Mbaria J.M., Kanja L.W., Gitahi n., Okumu P.O., and Okumu M.0.(2020).
Acute and Subacute toxicity of the root extracts of Fagaropsis hildebrandtii in mice and

evaluation of their antimicrobial effects, F1000Research 8.

Musila F.M., Dossaji S.F., Nguta J.M., Lukhoba C.W., and Munyao J.M.(2013). In vivo
Antimalarial Activity and Phytochemical Screening of Selected Antimalarial plants, Journal

of Ethnopharmacology 146(2): 557-561.

Muthee J. K., Gakuya D.W., Mbaria J. M., Kareru P. G., Mulei C. M. and Njonge F. K.
(2011). Ethnobotanical study of anthelmintic and other medicinal plants traditionally used

in Loitoktok district of Kenya. Journal of Ethnopharmacology, 135(1).

Mutie F. M., Gao L.-L., Kathambi V., Rono P. C., Musili P. M., Ngugi G., Hu G.-W., and
Wang Q.-F. (2020). An Ethnobotanical Survey of a Dryland Botanical Garden and Its
Environs in Kenya: The Mutomo Hill Plant Sanctuary. Evidence-Based Complementary and

Alternative Medicine, 2020.

Nguta J. M., Mbaria J. M., Gakuya D. W., Gathumbi P. K., Kabasa J. D., and Kiama S.
G. (2012). Cytotoxicity of antimalarial plant extracts from Kenyan biodiversity to the brine

shrimp, Artemia salina L. (Artemiidae). Drugs and Therapy Studies, 2(1).

Okumu M. O., Mbaria J. M., Gikunju J. K., Mbuthia P. G., Madadi V. O. and Ochola F.
0. (2020). Enzymatic activity and brine shrimp lethality of venom from the large brown

spitting cobra (Naja ashei) and its neutralization by antivenom. BMC Research Notes,

72



13(1):325.

Pan S.-Y., Zhou S.-F., Gao S.-H., Yu Z.-L., Zhang S.-F., Tang M.-K,, Sun J.-N., Ma D.-L.,
Han Y.-F., Fong W.-F., and Ko K.-M. (2013). New Perspectives on How to Discover
Drugs from Herbal Medicines: CAM’s Outstanding Contribution to Modern Therapeutics.

Evidence-Based Complementary and Alternative Medicine, 2013.

Papo N. and Shai Y. (2005). A Molecular Mechanism for Lipopolysaccharide Protection of
Gram-negative Bacteria from Antimicrobial Peptides. Journal of Biological Chemistry,

280(11).

Patwardhan B., Warude D., Pushpangadan P. and Bhatt N. (2005). Ayurveda and
Traditional Chinese Medicine: A Comparative Overview. Evidence-Based Complementary

and Alternative Medicine, 2(4): 465-473.

Pelka M., Danzl C., Distler W. and Petschelt A. (2000). A new screening test for toxicity

testing of dental materials. Journal of Dentistry, 28(5).

Petrovska B. (2012). Historical review of medicinal plants’ usage. Pharmacognosy Reviews,

6(11): 1

Raynor D. K., Dickinson R., Knapp P., Long A. F. and Nicolson D. J. (2011). Buyer beware?
Does the information provided with herbal products available over the counter enable safe

use? BMC Medicine, 9(1).

Rice-Evans C., Miller N. and Paganga G. (1997). Antioxidant properties of phenolic

compounds. Trends in Plant Science, 2(4).

73



Robards K. (2003). Strategies for the determination of bioactive phenols in plants, fruit and

vegetables. Journal of Chromatography A, 1000:1-2

Romero-Daza N. (2002). Traditional Medicine in Africa. The ANNALS of the American

Academy of Political and Social Science, 583(1).

Rukenya. (2014). Phytochemical screening, antimicrobial activity and acute toxicity of aloe
turkanensis. University of Nairobi College of Agriculture and Veterinary Sciences Faculty

of Veterinary Medicine .

Salatino A., Salatino M. L. F. and Negri G. (2007). Traditional uses, chemistry and
pharmacology of Croton species (Euphorbiaceae). Journal of the Brazilian Chemical

Society, 18(1): 11-33.

Saxena M., Saxena J., Nema R., Singh D. and Gupta A. (2013). Phytochemistry of Medicinal

Plants. Journal of Pharmacognosy and Phytochemistry, 1(6):168-182.

Shewamene Z., Dune T., and Smith C. A. (2017). The use of traditional medicine in maternity
care among African women in Africa and the diaspora: a systematic review. BMC

Complementary and Alternative Medicine, 17(1).

Somteds A., Tantapakul C., Kanokmedhakul K., Laphookhieo S., Phukhatmuen P and
Kanokmedhakul S. (2019). Inhibition of Nitric Oxide Production by Clerodane Diterpenoids From

Leaves and Stems of Croton poomae Esser, Natural products Research: 35(14): 1-8.

Tamma P.D., Aitken S.L., Bonomo R.A., Mather A.J., Duin D.V. and Clancy C.J.(2021). Infectious
Diseases Society of America Guidance on the Treatment of Extended-Spectrum B-lactamase

Producing Enteronacterales (ESBL-E), Carbapenem-Resistant Enterobacterales (CRE), and

74



Pseudomonas aerugenosa with Difficult -to-Treat Resistance (DTR-P.aerugenosa), Clinical

Infectious Diseases, 72(7): €169-e183.

Tanwar J., Das S., Fatima Z., and Hameed S. (2014). Multidrug Resistance: An Emerging

Crisis. Interdisciplinary Perspectives on Infectious Diseases, 2014, 1-7.

Tenover F. C. (2006). Mechanisms of Antimicrobial Resistance in Bacteria. The American

Journal of Medicine, 119(6).

Tlankka N. S., Mbega E. R. and Ndakidemi P. A. (2020). Potential of Indigenous Pesticidal
Plants in the Control of Field and Post-Harvest Arthropod Pests in Bambara Groundnuts
(&amp;lt;i&amp;gt; Vigna subterranea&amp;lt;/i&amp;gt; (L.) Verdc.) in Africa: A

Review. American Journal of Plant Sciences, 11(05).

Trease and Evans. (2009). Trease and Evans pharmacognosy 16th Edition (16th ed.).

Usman H., Abdulrahman I. and Usman A. (2009). Qualitative Phytochemical screening and in
vitro antimicrobial effects of methanol stem bark extrcats of Ficus thonningii.. African

Journal of Traditional, Complementary and Alternative Medicines, 6(3).

Vedavathy, S. (2003). Scope and importance of traditional medicine. Nscair online periodical

repository 236-239.

Visweswari G., Christopher R and Rajendra W. (2013). Phytochemical screening of active
secondary metabolites present in withania somnifera root: role in traditional medicine.

International Journal of Pharmaceutical Sciences and Research , 4: 2770-2776.

Warren N., Canaway R., Unantenne N., and Manderson L. (2013). Taking control:
Complementary and alternative medicine in diabetes and cardiovascular disease

75



management. Health: An Interdisciplinary Journal for the Social Study of Health, Iliness

and Medicine, 17(4).

WHO. (2000a). . Traditional and Modern Medicine: Harmonising the two Approaches. Western

Pacific Region. Geneva: World Health Organisation.

WHO. (2000b). General Guidelines for Methodologies on Research and Evaluation of

Traditional Medicine. Geneva: World Health Organisation.

WHO. (2001). Legal Status of Traditional Medicine and Complementary/Alternative Medicine:

A Worldwide Review. Geneva: World Health Organisation.

Xu W.-H., Liu W.-Y., and Liang Q. (2018). Chemical Constituents from Croton Species and

Their Biological Activities. Molecules, 23(9), 2333.

Yuan H., Ma Q., Ye L., and Piao G. (2016). The Traditional Medicine and Modern Medicine

from Natural Products. Molecules, 21(5).

Appendices

Appendix 1: Plant identification

76






Appendix 2:Ethical Approval

UNIVERSITY OF NAIROBI
FACULTY OF VETERINARY MEDICINE BIOSAFETY, ANIMAL CARE AND USE
COMMITTEE (FVM BACUC)

DEPARTMENT OF VETERINARY ANATOMY AND PHYSIOLOGY
P.O. Box 30197,

Tel: 4449004/4442014/ 6
Ext. 2300
Direct Line. 4448648

00100 Nairobi,

REF: FVM BACUC/2021/282
Dr. Dorine Matara Nyak,
University of Nairobi

Dept. of PHP& Toxicology,
20/01/2021

Dear Dorine,

RE: Approval of proposal by Faculty Biosafety, Animal use and Ethics committee

Antimicrobial activity, Brine shrimp cytotoxicity and Phytochemical composition of Croton
dichogamus Pax crude root extracts.

Dorine Matara J56/34184/2019

We refer to your MSc proposal submitted to our committee for review and your application letter
dated November 30" 2020. We have reviewed your application for ethical clearance for the
study.

The brine shrimp cytotoxicity protocol meets minimum standards of the Faculty of Veterinary
medicine ethical regulation guidelines.

We have also noted that KVB registered veterinary surgeons will supervise the study.

We hereby give approval for you to proceed with the project as outlined in the submitted
proposal.

Yours sincerely,

oo

Dr. Catherine Kaluwa, Ph.D.

Chairperson, Biosafety, Animal Use and Ethics Committee,
Faculty of Veterinary Medicine,

University of Nairobi

78



Appendix 3: Research permit from NACOSTI
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Appendix 4: Plant collection and preparation

The shrub, C. dichogamus Fresh roots of C. dichogamus

C. dichogamus root powder Chopped pieces of C. dichogamus roots
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Appendix 5: Extraction process

Cold maceration followed by filtration

Rota evaporation Freeze drying

Appendix 6: Antimicrobial susceptibility testing
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Appendix 7: Brine shrimp lethality Assay
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Hatching of the brine shrimp eggs

Extract together with the nauplii

Appendix 8: Phytochemical analysis
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Appendix 9: Raw data on Brine shrimp lethality assay

84



Sample Tube number Dose (ug/ml) Number that died Dose {ng/ml) Number that died Dose {ng/ml) Number that died

100| 5|
L]

Agueous extract 1 10 2 100
2 10 ] 100
3 10 1 100
4 10 X 100
5 10 3

Acetone extract 1 10 8 100
2 10 6 100
3 10 6 100
4 10 5 100
5 10 8 100

Hydroethanolic extract 1 10 0 100
2 10 o 100
3 10 o 100
4 10 o 100
5 10 o 100

Vincristine 1 10
2 10
3 10
a 10
3 10

|SUMMARY QUTPUT l

Regression Statistics

Multiple R 0.88582136

R Sguare 0.784679431

Adjusted R Square  0.768116365

Standard Errar 0.700602922

(Observations 15

ANOVA

df 55 MS F Significance F

Regression 1 23.25381006 23.25381006 4737511004  1.11348E-05

Residual 13 6380977913 0.490844455

Total 14 2963478793
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10
10
10
10
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10
10
10
10
10

Coefficients Standard Error

t Stat P-value

Lower35%  Upper35% Lower95.0% Upper55.0%

Intercept 2501546667
X Variable 1 1.52492

047860291 5.226768608 0.000163313
0.221550097 6.882957943 1.11343E-05

1467587941 3.535505333 1.467587941 3.535505393
1.046290115 2.003549335

1.046290115 2.003549885
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Appendix 10: Data on antimicrobial activity

Zone of inhibifion of acetonic extract of C. dichogamus

3% Confidence Interval
for Mean
Std. Lower Upper Minimuy [ Maximm
Mean | Error Bound Bound m m

Tnhibition of B. | 250mg/ml 3[17.3333] 23333] 158091  18.7676] 17.00] 18.00
cereus by acetone | 125me/ml 316.3333] .88192]  12.5388] _ 20.1279 15.00] _18.00
crude extracts 62.5me/ml 313.6667) .88192] _ 0.8721]  174612] 12.00] 15.00
3L5mg/ml 3| 5.6667) 2.84800]  6.5873]  17.0206] _ 00| _ 9.00
15 6mg/ml 3|__.0000] 00000 0000 0000] 00| 00
7.81mg/m 3|__.0000] 00000 0000 0000] 00| 00
Eﬁﬁj"’;ﬂe"m@mm 3296667 .33333| 282324  311000| 2000 3000
Thibition of S. 250mg/ml 312.3333] 88192]  §.5388] 161279 11.00] 14.00
aureus by acetone | 125mg/ml 3[11.3333) 23333[ 08001 12.7676] 11.00] 12.00
crude extracts 62 5me/ml 3| 9.6667) 33333 82324 _ 11.1009] _ 9.00] _10.00
31 5mg/ml 3| 2.6667) 2.66667 _ 8.8071] _ 14.1404] __ 00| _ 8.00
15.6mg/ml 3|.0000] .00000 0000 o000 00] 00
7.8lmg/ml 3|_.0000] 00000 0000 0000] 00| .00
Eﬁﬁ;ﬂe"m@}“m 3283333 33333| 26.8091| 207676 28.00| 29.00
Tahibition of P. 250mg/ml 3|__.0000] 00000 0000 0000] 00| 00
aeruginosa by 125me/ml 3|_.0000] 00000 0000 o000]  00] 00
acetone crode 62.5me/ml 3|__.0000] 00000 0000 0000] 00| .00
extracts 31 5mg/ml 3[__.0000] 00000 0000 0000] 00| 00
15.6mg/ml 3|__.0000] 00000 0000 0000 00| .00
7.81mg/m 3| _.0000] 00000 0000 0000 00| 00
gﬂﬂm‘m@}“m 3|27.6667| .66667| 247932| 303351] 2700 2900
Tahibition of E. coli | 250mg/ml 3|_.0000] 00000 0000 0000] 00| 00
by acetone crode | 125mpfml 3|__.0000] 00000 0000 0000] 00| 00
extrarts 62.5mg/ml 3| _.0000] 00000 0000 0000 00| 00
3L5mg/ml 3|_.0000] 00000 0000 0000] 00| .00
15 6mg/ml 3[__.0000] 00000 0000 0000] 00| 00
7.8lmg/mi 3|_.0000] 00000 0000 o000]  00] 00
Eﬂﬂe"m@mm 3|29.6667| 1.66667|  22.4956|  36.8378| 2800 33.00
Tnhibition of C. | 250mg/ml 3[15.0000] 57735 12.5150] 174841 14.00] _16.00
albicans by acetone | 125mg/ml 3[13.6667) 33333 120324 _ 15.1009] _13.00] _14.00
crude extracts 62.5mg/ml 310.6667) 33333 9324 _ 12.1009] _10.00] _11.00
31.5mg/ml 3| 5.3333) 2.66667]  6.1404]  16.8071] _ 00| _ 8.00
15 6mg/ml 3|_.0000] 00000 0000 0000] 00| 00
7.81mg/mi 3|__.0000] 00000 0000 0000] 00| 00
Fluconazole(230 3| 20.6667| .33333| 282324  31.1009| 2900 30.00

meml)
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Zone of inhibition of hydroethanolic extract of C. dichogamus

95% Confidence Interval
for Mean
Lower Upper
Mean Std. Error [Bound Bound Minimum  [Maximum
Inhibition of B. 250mg/ml 14.3333 33333 12.8991 15.7676 14.00 15.00
cereus by
hydroethanolic crude {125mg/ml 12.3333 33333 10.8991 13.7676 12.00 13.00
extracts
62.5mg/ml 9.5000 1.04083 [5.0217 13.9783 7.50 11.00
31.5mg/ml 5.3333 2.68225 |-6.2074 16.8741 .00 8.50
15.6mg/ml .0000 .00000 .0000 .0000 .00 .00
7.81mg/ml .0000 .00000 .0000 .0000 .00 .00
Cephalexin(250mg/ml) 30.6667 |.33333 29.2324 32.1009 30.00 31.00
Inhibition of S. aureus250mg/ml 11.5000 |28868 10.2579 12.7421 11.00 12.00
by hydroethanolic
crude extracts 125mg/ml 10.3333 33333 8.8991 11.7676 10.00 11.00
62.5mg/ml 8.1667 .44096 6.2694 10.0640 7.50 9.00
31.5mg/ml .0000 .00000 .0000 .0000 .00 .00
15.6mg/ml .0000 .00000 .0000 .0000 .00 .00
7.81mg/ml .0000 .00000 .0000 .0000 .00 .00
Cephalexin(250mg/ml) 30.3333 [1.45297 [24.0817 36.5849 28.00 33.00
Inhibition of P. 250mg/ml .0000 .00000 .0000 .0000 .00 .00
aeruginosa by
hydroethanolic crude {125mg/ml .0000 .00000 .0000 .0000 .00 .00
extracts
62.5mg/ml .0000 .00000 .0000 .0000 .00 .00
31.5mg/ml .0000 .00000 .0000 .0000 .00 .00
15.6mg/ml .0000 .00000 .0000 .0000 .00 .00
7.81mg/ml .0000 .00000 .0000 .0000 .00 .00
Cephalexin(250mg/ml) 28.3333 |.66667 25.4649 31.2018 27.00 29.00
Inhibition of E. coli  [250mg/ml .0000 .00000 .0000 .0000 .00 .00
by hydroethanolic
crude extracts 125mg/ml .0000 .00000 .0000 .0000 .00 .00
62.5mg/ml .0000 .00000 .0000 .0000 .00 .00
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31.5mg/ml .0000 .00000  |.0000 .0000 .00 .00
15.6mg/ml .0000 .00000  |.0000 .0000 .00 .00
7.81mg/mi .0000 .00000  |.0000 .0000 .00 .00
Cephalexin(250mg/ml) 26.6667 |.88192  [22.8721 30.4612 25.00 28.00
Inhibition of C. 250mg/ml 12.0000 |57735  [9.5159 14.4841 11.00 13.00
albicans by
hydroethanolic crude {125mg/ml 10.3333 33333  8.8991 11.7676 10.00 11.00
extracts
62.5mg/ml 8.3333 33333  6.8991 9.7676 8.00 9.00
31.5mg/ml 5.1667  [2.58736 |-5.9659 16.2992 .00 8.00
15.6mg/ml .0000 .00000  |.0000 .0000 .00 .00
7.81mg/ml .0000 .00000  |.0000 .0000 .00 .00
Fluconazole(250mg/ml) 20.3333 |66667  [26.4649 32.2018 28.00 30.00
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Background. Increasi robial e has led to an arduous search for new potent drugs from nature. In this search,
plants have proved to be rich reservoirs of efficacious medicinal components that manage ailments. The current study is designed
to investigate the phytochemical composition, antimicrobial activity, and the cytotoxicity of the crude root extracts of Croton
dichogamus, a shrub that is commonly used in the eastern Africa for the management of infectious diseases. Methods. The roots of
Croton dichogantus were obtained, dried, ground, and extracted using three solvents (acetone, distilled water, and 50% elhanol)
The antimicrobial activity was tested using agar well diffusion and microbroth dilution techniques ag; five b

The brine shrimp Ielhalnly aasty was used to assess the toxic effect. Results. The phytochemical screening indicated the pnsence of
terpenoids, {1 ls, polyuronides, saponins, and anthracenes. The brine shrimp lethality assay indicated that
all the extracts were highly cytumxlr. with LC,; values below 100 ug/ml. Acetonic extract had an LC,, value of 4.148 ug/ml,
hydroethanolic extract had 76.09 ug/ml, and aqueous extract had 42.61 yeg/ml. All extracts showed the antibacterial activity against
Gram-positive bacteria (B. cerens and $. aureus) and a fungal organism, C. albicans. The extracts showed no antibacterial effect on
the Gram-negative bacterial strains (P. aeruginosa and E coli) at a concentration of 250 mg/ml. The highest antimicrobial activity
was demonstrated by the acetonic extract on B, cereus which had an MIC of 10.42 mg/ml and a zone of inhibition of 1733 1 0.58 at

a concentration of 250 mg/ml. Conclusion. In this research work, we report that C. dichogamus had the antimicrobial activity

confirming the folklore chaim. The results made a

1. Introduction

The emergence and propagation of antimicrobial resisting
strains of microbes in clinical practice have extremely re-
duced the efficacy of antimicrobial weaponry, resulting to
recurrence of therapeutic failure and mortality cases {1, 2].
Therefore, there is an urgent need for new effective anti-
microbial agents [3]. Since classical times, human beings
have been in a ceaseless search for ways of relieving such
diseases, leading to great discoveries on the use of natural
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ways (like plants) of treating complex ailments [4]. Over the
last three decades, the use of traditional medicine has im-
mensely grown with approximately 80% of worldwide
population relying on this system as the chief form of
treatment [5]. The use of medicinal plants for reliving
common ailments has been accepted widely because of their
accessibility, availability, effectiveness, and affordability [6].
Various studies have demonstrated that antimicrobials of
plant origin possess a huge potential to fight against bac-
terial, protozoal, viral, and fungal diseases with minimum



complications [7]. The screening performed on numerous
plant extracts and their natural products has also shown that
vegetative greeneries and their secondary metabolites have a
notable activity against a wide range of microbes when wsed
alone or they could also act as synergists or potentiators of
other antimicrobial agents [8). The World Health Organi-
zation (WHO) also acknowledges that traditional medicine
is a prime healthcare system that gives good results to its
users [9).

The plants that have been used extensively in traditional
medicine are those of Croton genus {Enphorbiaceae family)
that has 1300 species. Most of these species have displayed
remarkable ability to manage a broad spectrum of diseases
|6, 7]. Croten dichogames, one of its species, is a medicinal
shrub growing in Kenya, Tanzania, Somalia, Rwanda,
Ethiopia, Mozambique, and Madagascar, where it often
plays a significant role in traditional medicine [10].In
Tanzania, the powdered roots of “Mhande,” C. dichogamus
are used by Sukuma to treat tuberculosis, while the smoked
roots are used to relive chest pains and fevers [5). In the
Kenyan Lake Basin, among the Loo community,
C. dichogamus (Rachar) is used to manage respiratory
diseases such as asthma, pneumonia, and cough [9-11]. It is
used in Somalia to treat gonorrhea [12], arthritis [5],
stomach, and back pains [11, 12]. The Mbeere and Afan
Oromo communities in Tanzania use dried leaves, roots, and
stern barks of C. dichogamus as an antimalarial, antipyretic
[5]. and as a pesticide [13). In Kitui County, the Kamba
community prepares an infusion of the stem bark and leaves
of C. dichogamus, locally known as “Mwalula,” for drinking
to alleviate back pains, malaria, stomachache, chest prob-
lems, fever, oedema, and cough [14]. In the same com-
munity, a root decoction is also drunk for the treatment of
impotence and infertility [14].

Previous reports have indicated that ethanolic extract of
C. dichogamus had an antibacterial activity against two
Mycobacterium  species, namely, Mycobacterium  indicus
pranii and Mycobacterium madagascariense indicus, giving a
minimum inhibitory concentration (MIC) value of 1.25 mg/
ml [15]. Studies have also shown that the essential oils from
leaves of C. dichogamus had an antimalarial activity against
Anopheles gambiae [16]. The antiproliferative activity [17],
insecticidal activity [13], and hypocholesteremic activity [18]
have also been reported.

Diespite the extensive use of C. dichogamus for curative
purposes and the traditional claim of its efficacy in the
management of common ailments, the available literature
is scanty. The pharmacological activity, antimicrobial
property, and safety of C. dichogamus have never been
investigated and documented. The motive of the current
study was to evaluate the antimicrobial activity of acetonic,
hydroethanolic, and agueous root  extracts  of
C. dichogamus against five human pathogens (Staphylo-
coccus aureus, Bacillus cereus, Preudomonas aeruginosa,
Escherichin coli, and Candida albicans) using agar well
diffusion and microbroth dilution technigues. The phy-
tochemical composition was evaluated, and the safety of the
extracts was determined in a bench top assay using brine
shrimp larvae (Artemia salina) [19].
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2. Materials and Methods

2.1. Chemicals, Reagents, and Drugs. Absolute ethanol (Loba
Chemic Pvt., India), acetone (Nice Chemicals Pvt, Lid,
India), dimethyl sulfoxide (Loba Chemic. Pvt., India), brine
shrimp eggs (A_A Biotech Pvt, India), vincristine sulphate
(Celon Laboratories Pvt., India), Mueller Hinton agar (HI-
Media Laboratories Pvi., India), Mueller Hinton broth (HI-
Media Laboratories Pvi., India), cephalexin {Medisel Ltd.,
Kenya), and fluconazole (Dawa Ltd., Kenya) were used in
this study, and the chemical and reagents were of analytical
grade.

22 Plant Collection and Authenfication. Fresh roots of the
shrub C. dichogamus were collected from Kisumu East
Subcounty (0 14' 60.00" N, 34 54' 59.99" E), Nyanza
province, in the month of November 2020 and transported
to the Department of Public Health, Pharmacology and
Toxicology, University of Mairobi. The taxonomic identifi-
cation was performed by Mr. Ken Matheka at the East
African Herbarium located at the National Museum of
Kenya. & voucher specimen of reference number of NME/
BOT/CTX.1/2 was deposited at the East African Herbarium.

23 Extraction of Plant Material The fresh roots of
. dichogamus were washed, chopped into small pieces, air-
dried, and ground inte fine powder. The resulting plant
powder was packed in sterile airtight ziplock bags and stored
in a cool, dry shelf awaiting extraction.

Aqueous extract was prepared by cold maceration by
adding 2000ml of distilled water to 500 gm of the root
powder. The mixture was then macerated for 72 hours with
vigorous shaking in the moming and evening and then
filtered. The filtrate was kept in a deep freezer for 24h and
then lyophilized to form a light brown powder which was
stored in an amber bottle at —4°C in a refrigerator.

Hydroethanolic {50% ethanol) extraction was performed
by taking 500 gm of the . dichogamus root powder into an
extraction jar and then adding 1000ml of distilled water
followed by 1000 ml of absolute ethanol. The mixture was
macerated for 72 hours with vigorous shaking to increase the
efficiency of extraction. The mixture was then filtered, and
the filtrate was evaporated using a rotary evaporator set at
40°C to remove excess ethanol solvent. The resulting content
was then freeze-dried to produce a light brown powder that
was stored in the refrigerator.

The acetonic extract was prepared by taking 500 mg of
. dichogamus root powder into an extraction jar, adding
2000 ml of acetone gradually, and then shaken vigorously
until a uniform consistency was obtained. The mixture was
stirred continuously using a magnetic stirrer for 72 hours
and then filtered. The filtrate was evaporated using a rotary
evaporator whose operating temperature was set at 40°C for
4 hours. The resulting content was then placed into an amber
colored bottle, covered with an aluminum foil, and then
placed on a hot sand bath to get a consistent powder. The
acetonic extraction was to be repeated to give enough yield
that was required for the study.
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2.4, Antimicrobial Studies

241 Test Microorganisms. A fungal microorganism and
four bacterial strains given in Table 1 were obtained from the
stock cultures from the bacteriology laboratory at the PHFT

department.

242, Preparation of Cultures. The stock cultures were
prepared according to the Clinical Laboratory Standards
Institute (CLSI). A loopful of the pure cultures of each
microbe was suspended in 10 ml sterile physiological saline
to give a concentration equal to that of 0.5 MacFarland
standards. According to Suffredini et al. [20], Gram-negative
bacteria are never susceptible to plant extracts at a con-
centration lower than 200 mg/ml; thus, 250 mg/ml was a
convenient dose for both Gram- positive and Gram-negative
bacteria without the risk of nonspecific interaction. Stock
solutions of 250 mg/ml were prepared by dissolving 1g of
the plant extracts (acetonic, aqueous, and hydroethanolic) in
1 ml of 1% dimethyl sulfoxide (DMS0); then, 3 ml of sterile
molten Mueller Hilton was added to make 4 ml Suscepti-
bility studies were conducted according to the protocol
described by Debalke et al. [21] with minor modifications.
Az described in the protocol [21], two-fold serial dilutions of
125mg/ml, 625mg/ml, 3125mg/ml, 1563 mg/ml, and
7.8 mg/ml were made from the stock solution. The various
dilutions made it easier to point out the exact concentration
at which there was a complete bacterial inhibition. 1%
DMS0 was used as negative control while cephalexin, a
broad-spectrum antibiotic, was used as a positive contral for
both Gram-positive and Gram-negative bacteria. Flucona-
pole was used as a positive control for the fungal
microorganism.

243 Microbroth Dilution Technigue. The microbroth
method as described by Muia et al. [22] was used, where five
culture tubes containing 2 ml sterile Mueller Hilton Broth
were arranged. Two-fold serial dilutions were made from the
stock solution. Using a micropipette, 0.1 ml of each mi-
croorganism was inoculated into every tube of diluted plant
extract. The bacterial organisms were then incobated at 37°C
for 24 hours, while the fungal organism was placed at room
temperature for 24 hours. The observed lowest concentra-
tion of the plant extracts that retained its inhibitory effect
resulting in no visible growth (absence of turbidity) of
microorganism was recorded as the minimum inhibitory
concentration {MIC) value of the extract. For the deter-
mination of MBC, all tubes that showed no visible bacterial
growth were aseptically cultured in sterile molten agar using
the pour plate method and incubated. The lowest concen-
tration of the plant extract that shows no visible bacterial
growth was noted as the MBC value.

24.4. Agar Well Diffusion Method. The agar well diffusion
method was carried out as described by Clinical Laboratory
Standards Institute (CLSI). Each test microorganism was
spread on aseptically prepared nutrient agar by the use of a
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3
TasLE 1: Microbes uded in the antimicrobial studies.
Mame of Micrabe Gram _
" 1 . Strain Lype
MCTODRgANIsm Iype slain
Bacillus cereus Bacteria Positive ATCC 11778
Staphylococcus duréss Bacteria Pasitive  ATCC 25913
Eschierichia coli Bacteria Hegative ATCC 25922
Poedumones Bacteria  Negative ATCC27853
deruginoig
. . ATCC
Candida allricarns Fungus — i

swab. Holes of 7 mm in diameter and 8 mm in depth were
made using a sterile cork borer. 0.1 ml of the test extracts of
varying concentrations were placed into the wells and
allowed to stand on the bench for an hour for proper dis-
perse into agar and incubated for 24 hours. The diameter of
the zone of inhibition was measured in millimeters.

25, Brine Shrimp Lethality Studies

25.1. Hatching of the Brine Shrimp Eggs. Brine shrimp eggs
were hatched according to the method described by Nguta
et al. [23], where the brine shrimp eggs were incubated and
hatched in a shallow rectangular plastic container containing
marine salt solution which was made by dissolving 33 g of
marine salt in a liter of distilled water. The plastic container
had unequal chambers separated by a wall with 2 mm holes.
Approcimately 50mg of viable brine shrimp eggs was
sprinkled on the bigger chamber which was dark, while the
smaller chamber was illumined by a 40 watts electric bulb.
About & mg of dry yeast was sprinkled on the eggs to serve as
food for the nauplii. Once hatched, the phototropic larvae
swam from the dark chamber to the illuminated chamber
leaving their egg shells behind. The hatching period was 48
hours [17, 19].

252, Cytotoxicity Bioassay. The stock solutions of aqueous,
acetone 50% ethanol extracts, and vincristine sulphate
(positive control) were prepared by taking 0.1g of each
sample and dissolving it in 1 ml DMS0 and then topped up
to the 10ml mark with marine salt solution [19]. The
concentration of the stock solution was 10,000 gg/ml. Di-
methyl sulfoxide was used as a negative control, while
vincristine sulphate was used as a positive control in the
cytotoxicity bisassay. Ten nauplii (Artemia saling) were then
transferred into graduvated test tubes using a disposable
pipette. Aliquots of 500 ul, 50pl, and 5 representing the
three concentrations of 1000 ggiml, 100 ug/ml, and 10 ug/
ml, respectively, of each sample were transferred into test
vials. Five graduated tubes were set for each dose level per
sample. Marine salt solution was added to all the test vials to
make 5 ml volume. The tubes were kept at room temperature
for 24 hours; then, the number of dead larvae was counted
using a magnifying glass. The percentage mortality was
determined for each dose level and controls. The median
lethal concentrations {LC5,) were determined from the dead
counts within 24 hours using probit regression analysis.



2.6. Phytochemical Studies. The crude root extracts of
C. dichogamus were qualitatively screened for the presence
of flavonoids, alkaloids, saponins, phenols, tannins, terpe-
noids, cyanogenetic glycosides, anthraguinones, poly-
uronides, and mucilage according to the procedures
described by Visweswari et al. [24], Usman et al. [25], and
Trease and Evans [26].

2.7. Statistical Analysis. All experiments were performed in
triplicates; data were entered into Statistical Package for
Social Sciences (5PS55), version 23, and the results are
provided as mean + SEM. One-way analysis of variance
[ANOWVA) and posthoc ANOVA using the Tukey HSD test
was used to compare the differences in means among and
between groups, respectively. Differences {among and be-
tween groups) were considered to be statistically significant
at p<0.05.

3. Results

1.1. Percentage Yield of Plant Material The aqueous extract
gave a percentage yield of 6.05% ww, hydroethanolic extract
gave 24.50% wiw, and acetone extract gave 1.29% wiw. The
highest percentage yield was obtained from the aqueous
extract, while the lowest yield was from the acetone extract.

3.2, Antimicrobial Activity. A varying antimicrobial activity
was shown by the three extracts when investigated against
the five microorganisms (Tables 2 and 3).

All the extracts were active against Gram-positive bac-
teria, B. cereus and 5. aureus, while they were totally inactive
against Gram-negative bacterial strains of P. aeruginosa and
E. coli at a concentration of 250 mgfml. The extracts were
also active against the fungal organism, Candida albicans.
Among the Gram-positive bacteria, the acetone extract of
C. dichogantus exhibited the highest zone of inhibition on
B. cereus (1733 £ 0.58) at 250 mg/ml (Table 2} with an MIC
value of 1042 mgiml (Table 3).

13. Brine Shrimp Cytotoxicity Assay. The results of the
toxicity of the various extracts against brine shrimp larvae
are shown in Figure 1 and Table 4. Acetonic extract had the
highest toxicity (LCsy 4148 ug/ml) followed by agueous
extract (LCs, 42,61 gg/ml). The hydroethanolic extract dis-
played the least toxicity (LCs;, 76.09 pgfml). All the extracts
demaonstrated LCs, values which were less than 100 ggfml
The results obtained have shown that the acetonic extract
was more toxic than the contral drug (vincristine sulphate),
which had a LCsq value of 65.04 pg/ml.

4. Phytochemical Composition. The phytoconstituents
detected in the acetonic, hydroethanolic, and aqueous crude
root extracts of C. dichogamus were flavonoids, saponins,
phenols, terpenoids, anthracenes, and polyuronides, as given
in Table 5.

According to the results, alkaloids were present in ac-
etonic and hydroethanaolic extracts but not in the aqueous
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extract. Tannins were present in agueous and hydro-
ethanolic extracts of C. dichoganmus but were absent in the
acetonic extract. Cyanogenetic glycosides were absent in all
the three extracts.

4, Discussion

The propagation of drug resistance strains of microbes has
posed a great challenge to global public health [1]. Far this
reason, the development of new therapeutic agents is critical
in the future management of infectious diseases. Plants and
their secondary metabolites have shown that they are a
reliable resource of future antimicrobial agents as they have
the ability to combat a wide range of human pathogens. The
purpose of the current study was to investigate the anti-
microbial activity and to qualitatively evaluate the phyto-
constituents of the crude root extracts of C. dichogamus. The
safety of the extracts was also determined in the brine shrimp
cytotoxicity bioassay.

In this study, the highest yield was seen in the aqueous
extract (6.05%) followed by hydroethanolic extract (4.9%).
Acetonic extract gave a very low yield of 1.29% that ne-
cessitated a second extraction.

All the extracts of C. dichogamus showed activity
against Gram-positive bacteria (B. cerens and 5. aureus)
and the fungal organism C. albicans, while all of the ex-
tracts showed no activity against Gram-negative bacteria
(P. @eruginosa and E.coli). The selective activity of the
extracts towards the bacteria strains could be due to the
presence of an impermeable barrier of lipopolysaccharide
on the outer membrane of Gram-negative bacteria that
inhibit diffusion of active compounds [27]. On the other
hand, Gram-positive bacteria freely allow the direct
contact of active constituents with the phospholipid bi-
layer of the cell membrane leading to enhanced ion per-
meability [28]. The presence of the antibacterial property
in C. dichogamus had also been confirmed in another study
[15] that reported that the ethanolic root extract of
. dichogamus showed a weak antibacterial activity against
two  Mycobacterium  species, namely, Mycobacterium
indicus pranii and Mycobacterium madagascariense indi-
cus, giving a minimum inhibitory concentration (MIC)
value of 1.25 mg/ml.

The results of this study indicated that the MIC of the
three extracts was quite weak (10.4-166.7 mg/ml) as com-
pared to the MIC range of the commonly available anti-
bintics which is in a range of 0.015-0.107 mg.fm] [29]. This
study therefore indicated that all the extracts had a weaker
antimicrobial activity even when compared to the standard
drugs (cephalexin and fluconazole) at the same concen-
tration of 250 mg/ml. It was established that there was no
significant difference (p:0.05) in the mean zones of in-
hibition of the acetone, aqueous, and hydroethanolic ex-
tracts. On the other hand, there was a significant difference
(p=0.05) between the mean zones of inhibition recorded
for the three extracts and the positive controls (cephalexin
and fluconazole) under various concentrations. The anti-
microbial results of this study substantiate the traditional
claim of the plant to treat ailments that are of bacterial origin
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TagLe I: Antimicrobial activity of C. dichegameus root extracts on varkous concentrations using the agar well diffusion technique.

) ) Concentration Zone of inhibition (MM)
Microorganisms _ . L
g/ ml Acetone extract Hydroethanolic extract  Aqueous extract Positive control Negative control
Cephalexin
250 17332033 1433+0.33 1283+ 093
115 16.33 + 088 1233033 1033 +£033
615 13.67 + 084 95+ 1.04 850+05 -
Bacillies ceres 3128 56T+ 2EE 533+ 768 2 80+250 2967+ 248 0D £ 0.00
15.63 0.0 + 000 0.00 + 0.00 000+ 0.00
7.81 0.0 + 0,00 0.00 + 0.00 000 +0.00
250 1233+ 084 11.5+£029 10,67 = 0.44
115 11.33 £ 033 10331033 9.33+0.60
615 967 £0.33 B17+0.44 .00 +0.00 - e
Staphplococcus aurews 3195 26T+ 2ET 0,00 + 0.0 2804280 2B67 £0.58 0.0 £ 0.00
15.63 0.0 + 000 0.00 + 0.00 L0 + 000
7.81 0.0 + 0,00 0.00 + 0.00 0.0 + 0,00
Pseudomonas aeruginos 250 0.0 £ 0.00 0.00 = 0.00 0.0 £ 0.00 27.33£0.58 0.0 £ 0.00
Escherichia coli 250 0.0Wd £ 000 000 + 0.00 uled £ 0,00 2866 1 4.16 0.0Wd £ 000
Fluconazole
250 15.00 = 0.58 12.00 + 0.58 933+033
125 1367 £0.33 1033 +£0.33 BAI+033
615 1067 £ 0.33 B33:033 533+267
Comiichn alblones 138 5331267 5174250 1503250 2 00x252 0.000.00
15.63 0,00 + 000 000 + 0.00 0.0 + 000
7.81 0.00 + 0,00 000 +0.00 0.0 + 000

Faomes of inhibition were expressed as mean + SEM of the triplicate experiments. 0,00 = no activity.

Tagle 3: Average MICs and MBCs for acetone, aqueous, and hydroethanolic crude extracts of C. dichogames against the test
microorganisms.

Extracts
Test organism Acetone Aqueous Hydroethanolic
MIC MBC/MFC MIC MBC/MFC MIC MBC/MFC

B. cereus 1042 166,67 13.03 104.67 10.41 615

5. awreus 13.02 8333 3.5 £3.33 10.41 125

P. aeruginesa >250 >250 »>250 »250 >250 >250

E. coli »250 >250 »250 »250 »250 >250

. allicans 31.25 LiM.167 67.7133 £3.33 §3.33 166,67

MIC, minimum inhibitory concentration; MBC, minimum bactericidal concentration; MFC, minimum l"ung:il:ida.l concenkration.

% i ality

Vincristise Acetone Adquesus Hydrosthamsdic
extract extract extract
Test substapce

Concentrathon

0]

[ 100 g el

1000w
Froune 1: The comparison of the mortality induced by the crude root extracts (acetone, aqueous, and hydroethanolic) of C dichogamus and
vincristine sulphate.
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TasLE 4: The boacily 'PI'I'.I"IIE of the acetondie, adjinedns, amd hfdrue[l:mu]i.c rool extracts of d'irhr.mumus a% cu.ln'Puru] 15 vincristme su]PhalE.

5 le Average martality per Lest dose Lethal concentration Toxicity
am

P lﬂf.rgn'rul_ 100 p.lsn'ml. lm:l'.r!p'rnj_ LC s (95% confidence interval) M.E:rzr's crileria
Vincristine sulphate 3 k1| s 6504 [46.07-92.17) Highly eytetoxic
Acetone extract of O, dl'cﬁngumm 31 43 50 4148 (D.5E-9ET) H.iEHA_.- cyloloxic
Aqueous extract of C dichogamac ! is 50 4261 (28.B6-62.26) Highly cytstoxic
Hydroethanolic extract of C. dichogames 1] 15 50 76.09 (58.69-133.33) Highly eytetoxic

TasLE 5: J-’]'rylul.'l:mil.'al :n:ﬂ:nsis of the Aueous, h;rd.ruulha.ru.n]it and acetonic extracts of Crofon dic LEE.

Test Aqueous extract Hydroethanolic extract Acetonic extracl
Flavonoids + + +
Alkaloids - + +
Sapunins + + +
Phenols + + +
Tannins + + -
Terpenuiﬂs + + +
Mucilage + + +
prznmic ﬂyuuﬁﬂus - - -
Anthraguinones + + +
Palyuronides + + +

Key (+) means presence of phytochemical and (—) means absence of phytochemical means.

like tuberculosis, pneumonia, and urinary tract infections
[5. 30].

The brine shrimp bioassay is a rapid, reliable convenient,
and inexpensive bench top procedure that determines the
median lethal concentration values of plant extracts in a
brine shrimp medium. The classification of tocdcity in the
brine shrimp bioassay described by Nguta et al. [23] and
Meyer et al. [31] were used in the current study. In this
classification, LCs, » 1000 ug/ml were considered nontoxic,
values of LCsy between 500 and 1000 ggfml were considered
wealkly toxic, values of LC:, between 100 and 500 gg/ml were
considered moderately tooic and values of LCs, between 0
and 100 pgfml were considered to be strongly toxic. The
results in the current study indicated that all the extracts
were highly cytotoxic with acetonic extract {LCzq of 4148 pgf
ml) being more toxic than aqueous (LCso of 4261 pg/ml)
and hydroethanolic (LCs, of 76.09ug/ml) extracts. The
difference in the cytotoxicity in the three extracts could be
attributed to the phytochemical ratios of tannins, alkaloids,
flavonoids, saponins, phenols, and terpencids in them [23].
The brine shrimp lethality assay is normally used to predict
the presence of the cytotoxic activity against cancer cells
below 100ug/ml; theretore, all the three extracts of
C. dicheganius were potentially cytotoxic with LC 50 values
below 100 pgiml.

The cytotoxic agents work by interrupting the growth of
cells at particular levels, especially those cells that exhibit a
rapid growth. Their main mechanism of action may be doe
to arrest of cell cycle, induction of apeptosis, or inhibition of
angiogenesis. In the current study, the overlap in confidence
intervals of vincristine sulphate (65.04 (46.07-92.17)) and
those of aqueous (42.61 (28.86-62.26)) and hydroethanolic
extracts (76.09 (58.69-13333)) suggests that there is no
significant difference (p>0.05) in the lethality induced by
vincristine sulphate and that of aqueous and hydroethanaolic

extracts of C. dichagamus. However, there is a significance
ditference (p-=0.05) in the lethality of the acetonic extract
and the control drug, since the LCs, value of the acetonic
extract was too low with no overlap with the control drug.
The acetonic extract was therefore more lethal than vin-
cristine sulphate. The difference in the cytotoxicity in the
three extracts could be attributed to the phytochemical ratios
of tannins, alkaloids, flavonoids, phenols, and terpenoids in
them [23].

The cytotoxicity report of this study resonates with that
perfirmed by Magadula [15] who reported that ethanolic
root extract of O dichogamus gave the LCs, value of
4070 pug/ml. The cytotoxic property of the root of
C. dichogamus was confirmed by a study performed by
Aldhaher et al. [17] who reported the presence of a cytotoxic
compound  (10-epi-Maninsgin D) in the root of
. dichogames that was viable against CACO (human co-
lorectal adenocarcinoma) cell line with significant inhibition
of cellular proliferation. Another study performed later
reported that a sesquiterpenoid known as furocrotinsulolide
isplated from the methanalic root extract of C. dichogamus
recorded a modest cytotoxic activity against cancer cells at
30 pm when tested on CACO-2 cell line [32]. These com-
pounds could be responsible for the recorded cytotoxicity in
the brine shrimp assay seen in the current study.

The phytochemical analysis in the current study con-
firmed the presence of saponins, phenols, polyuronides,
tannins, triterpenoids, anthracenes, and flavonoids in
aqueous, acetonic, and hydroethanolic root extracts of
. dichoganus. The alkaloids were present in acetonic and
hydroethanolic extracts but not in the aqueous extract. The
cyanogenetic  glycosides were absent in the agueous,
hydroethanolic, and acetonic extracts. Tannins were present
in aqueous and hydroethanolic extracts of C. dichogamus but
were absent in the acetonic extract.
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The presence of phytochemical constituents seen in this
study like phenols and saponins was confirmed by a study
performed by Johns et al. [18], while the presence of more
than 20 diterpenoids was reported by Aldhaher et al. [17].
The presence of tannins, phenols, saponins, and alkaloids in
reported in this study is inconsistent with the report given by
Mazgadula [15] who indicated that those components were
absent in the ethanolic root extract of C. dichaganius. This
difference could be becanse of the geographical difference of
the plant material.

In the current study, tannins were not detected in the
acetonic crude root extract. However, for the aqueous and
hydroethanolic root extracts, the amounts present were
undetectable using GC-MS. The presence of tannins was also
reported in another study performed by Johns et al. [18] who
indicated that the methanolic root extract of C. dichogamus
had a tannin content of 5.1 mg'g dry weight. Tannins are
strong antioxidants because of the free radicle scavenging
property in then. The fair content of tannins has been found
useful in the medical field because tannins have antitumor,
antimicrobial, and antiseptic properties [28]. This could be
the source of the antimicrobial property in the extracts of
. dichogamus.

Studies have revealed that important pharmacological
properties such as antiproliferative [17], anti-inflamneatory
[33], and insecticidal [13] activities which were present in
C. dichogamus could be attributed to the high concentration
of terpenoids [34] whose presence was also confirmed in the
current study. Another study [32] also indicated that ap-
proximately 25 terpennids were isolated from the root ex-
tracts of C. dichoeganus. The presence of terpenoids in the
extracts of C. dichogamus explains its use in the management
of respiratory ailments such as cough, asthma, and chest
pains and as terpenoids act to soothe the irritated mocous
membrane lining the respiratory tract. Triterpencids also
exhibit antibacterial activities making the plant useful in
treating respiratory infections that are of bacterial origin
[15]. Reports have also established that in the pharmaceu-
tical industry, terpencids such as triterpenoids, sesqui-
terpenoids, and diterpenoids are used as anthelmintics,
insecticides, and antibiotics [28].

The presence of phenolic compounds reported in this
study was also confirmed in another study [1&]. These
compounds conld be the reason why the plant is used to
alleviate inflammatory conditions along the respiratory
tract like asthma, pneumonia, pharyngitis, tuberculosis,
and common cold. This is because phenolic compounds
have been shown to protect the body cells against oxidative
damage that cause inflammation in body tisses [35]. Kaul
et al. [36] and Khanam et al. [28] reported that flavonoids
give a reduced incidence of upper respiratory tract infec-
tions (URTI) because of their physiological effects on
humans including antibacterial, antiviral, antiallergy, anti-
inflammatory, antioxidant, and anticancer [23, 29]. In
addition, reports have indicated that flavonoids reduce
inflammation by reducing the size of NF-kB and stopping
the replication and proliferation of two notorious viral
sources of URTIs [36]. There is a positive correlation be-
tween increased consumption of flavonoids and reduced

risk of respiratory infections, cardiovascular illness, and
cancer illness [23, 29). This supported the traditional use of
C. dichogamus in the management of respiratory infections.
Alkaloids inhibit the cyclooxygenase pathways which in
turn inhibit inflammatory cytokines and interleukins that
cause pain. Studies have also shown that alkaloids possess
bacterial, antimalarial, and antispasmodic properties [28].
The presence of all the reported phytoconstituents plays a
role in the observed antimicrobial and cytotoxic properties.
This is due to the fact that the occurrence and quantities of
the secondary metabolites determine the bisactivity of the
plant [37].

This study is important because it served as a starting
point in the discovery of mew cytotoxic agents and the
unveiling of the potent phytoconstituents in C. dichoganus.
It also confirms the traditional claim of the presence of the
antimicrobial activity in C. dichogams and forms a basis for
dose regulation of traditional preparations of C. dichogamus
to avoid undesirable tooic effects.

5. Conclusions

The resnlts of the current study confirmed that
C. dichogamus possess a moderate antimicrobial activity and
is highly toxic. The study also demonstrated that the roots of
C. dichagameus are a good source of beneficial phytocon-
stituents. Despite the low yield, the acetonic extract dem-
onstrated the highest antibacterial and antifungal activities
against the tested microorganisms. The high cytotoxicity of
C. dichoganus will limit its use as an antimicrobial agent.
The previous statistical analyses performed on the antimi-
crobial and cytotoxic activities on different extracts at
various concentrations were corroborated with the present
findings and supported the traditional wse of the plant as an
antimicrobial agent. Thus, further study is required for dose
adjustment among the communities that use the plant for
curative purpose. Studies to determine the mechanism of
action of this plant & an antimicrobial agent and cytotoxic
agent are needed. Moreover, research is needed to isolate
and identify the active phytoconstituents responsible for the
cytotowic activity in C. dichogamus for development of fu-
ture anticancer drugs.
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ABSTRALCT

Crevow dickopamus Pax (Eogphorbiocene) has been used widely in iraditional ethnopharmacological
practices agninst & wide number of ailments. The pharmacalogical sotivities, phyiochemicnl comgposition
and dis safety aspecis have been covered in &8 somber of anticles. The present review oims o provide a
ocomprehensive litersture overview reganding bomnical desorgption, phyviochemical composition. local
uses. phanmocology ond toxiccdogical effects of crude extmots, fractions and isolated compounds obtsmed
usimg differemt solvent sysiems. The review wns compiled through o thoroogh liersmore seacch from
smthentic resources msing Google, Google Scholsr, Bedline, PubbMded. Chemical shstrocis. Web of
Scwnce, Scopus. Science Direct, peer revi d articles, books and thesizs. Crofer déchopamus is s
ingponznt cthmomedicinall plant used traditbonally for the of tuberoulosis and other resparmiony
irect infecthons, stomach ache, fever, sexually tansmitied diseoses such os syphilis aned gonormbea.
impotence, arnthritis, tooth ache, inforility and malira Phemecolegical ond soxicological studies
performed on the fresh plant pans and crude eximcis prepared vsing different extraction soheents validaies
the ethnomedicmal wmilizavon of Crovon dichogemns. Soedies validaie the wse of Crores
Aichogamus EXIracts oy ll:llm.u:l'al:l.l.l.l oniboxidaiive and sstiproliferstive  therspy.  Information  on
therapeutic validaton in 1 wioaand healing, gastraintestinal meqility and diabetes
melliius = scanty. To further ld\lnn:r: the local use of Cromw dichopamus in the above-montsomed
illnesse<, there = an urgent need for further siudies to validate the traditiomlby reported anecdotal efficscy
and zafety. Data on safety of varoas crude extoots of Cronsoe dichopamiis is sleo soanty. Howewer, the

svailshle information on toxicobogy of Crovos dichogamns soggesis it is safe. The ¢ review supporis

in pan, the ethnomedicinal mse of the medicinal plant [-I-uwr:m in-depth studies simed &t efficacy and

safety cvalustion, in addition o identification of oomg ible for the reposted activitbes. is
ired. This infio ion will support sicps 1= discovery -nl' movel Egends with activity agairst

|Ilnun=: repornisd abowve.

Keywords: Crosen aick Pax_ B | descwip Plyioch iy Ph dogry, T dogy., Trad 1

INTRODUCTION

The madicinal valoe of plonis hos been exploied for dismse sllevistion since time mmemornsal U The
scoessibility, availability, effectivensss, and affordsbiliy of oedbicin] dies make traditi ¥ e e
a populsr form of mestment Lot (Euphorbiaceas) has 134 species, most of them extensively used
in roditional medicime, owing o their ability bo treat & broad spectrum of discases I* %, Some species from
this gorms heve imponant validoted medicinal propenties that can provide beods in drug designe ond
development Pl For imstance. the leaves and stem bark evtracis of Crotan cajucana are used in form of
pills for the treatmend of diabeies, weight loss, high blood cholesterol and gastrointesting] distorbances;
the methanolic root extracts of Cronee labames have been reposted 1o have activity sgainst Placmodies
Sinciparnm stmins, sensitive to Chloroguine 4. The dichloromethane kaf extroo of Croton caombesicus
showed or wiro cyiodoxicity agamst humman carvix carcinoma oclls; anti<twmor activity was olso shown by
the red latex of Croson fechlerr #l The methanodic kaf extracts of . feckien have akeo shown wound
heaking sctivity and on sl w0 heal gasine ulcers by redwcing wlcer size and bactermal content of the nleer
¥l Boreower, one of the octive ingredients of o o cially svailable snti- ulcer agent Kelnae ™ is from:
the leanves of Crowon seelapiioser, a Thai Crasom species 71

Crevom s pereeived to adapt to diverse climatic conditions and different sodl types which coubd be the
reason why ils nomercus species are found in most parts of the globe ™1 Dmoe bo s adoptive feamares.
Crevor genos hos evolved at & very high mie, asch dhe within dhe there are Cronon subgeners
like Geiseleria 7L Its ghobal evailshility and resilience to harsh climatic conditions has incressed its
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utiloestson as am anli-lumor, antsdiabetsc, anbviral, antispasmodic,
antmcrobial,  acetylkbolinesierase  mhubitor, ani-
inflammatory and neuritic owlgrowth-promoting agent 14,

anls-ulcer.,

(" dichogamue, one of the species of Crofor has been reporied 1o grow
in Ethiopm, Kenya, Mommbique, Somalia, Rwanda, Madagascar and
Tanzamia, where 1t plays a key mole i tradibonal medicine 9.
Phytochemical screenmg done on numerows crude extracts of the
leaves, siem bark and leaves of . dichogrmus bas reported the
presence of secondary metsbolibes such as alkalosds, flavonoids,
lannires, saponins, sleroids and numercus terpenosds ™ % The
exislence of a far guantity of all these phytochemicals in
dichogames has gualsfied it for curative use i tradssonal medicine as
a lonse 1o improve digestion '), 2 an antimalarial, an antipyretsc and
as o puirmsonal supplement for milk "% % Y o trest polio-like
symploms, and chest pam ", and also to alleviale back pams. It has
also been used to alleviate stomachache, chest problems, oedema and
cough "™, 1o manage asthma '), arthrites and gooorrhea ') A study
conducted i the mod-1900s m south Barmgo distnct indicated that
dichogams 15 o highly nutritive shrub to both anmals and bumans
contxining 25.14% protem, 42.30% carbohydrate, 20.08% crude fiber,
10E% calesum and {h.4%% phosphorus 7. Wild herbivores in Afnc
consume this plant 2= their main fod especially the elephants, gimffes
and buffalves "™ The current review therefore focuses on radisonal
uses, phylochemisiry, biological activaties and oxicologic effiects of ¢

dichogamies.

Tuxanomic tree
Domam - Eukaryola

Kingdom - Plantae

FPhylum - Tracheophyia
Class - Magnohopsida

Order - Malpighsales

Family - Euphorblaceas

Genus - Croton L.

Specific epithet - dichogamus

Scientific Mame - Crotor dichoganmus Pax

Maorphelagy

. dickogamrs 15 a shrub with regular, repeated branching and a tapered
or trailmg wreath. The keaves are normally sleeky, tabular covered with
silvery scales and the upper sde is yellowish brown *1, The flowers are
monecsous; each flower bas twenly stamens thal contain six sepals.
This flower doesn’t have amy petals, s pstils have five sepals,
divisions are sleeky and hnear, designs are bipartite, the ovary 1s
covered with round tabular scales . £ dickogames grows up 1 7.5
meters L2l or more bul is wsually only 2-5 meters. The fnan of ©

dichagmmus i spherical, three-parted, and slighily bigger than a pea 9.
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The habitats of . dickegaomrs may include acacia woodland, bushlbnd,
thacket, dry forest. on rocky ground. lava, imestone and porous. soils
and sometimes formmg dense stands at elevations from 550- 1500
meters 29,

Figure 1: Photo of Crovan dichogamus Pax (Euphoshiacene) plant. The picture
wis mken in Kisunva East, by Donne Maiam and sathentication done at East
Afirican Hesbarmam,

Traditisnal uses

In Tanzamia, the rosts of © dichogamus are milled then mixed with
purridge for the treatment of Wbercubosis because the shrub is belseved
ts be elficsent in the mamagement of respirmtory ailments ' The leaves
are also used as bonic, antimalarsl and as a nuintional supplement M1,
The smoke from the bumt leaves of O dichogamies is inhaled by
patients to provide reliel’ from fever 1728, The Batermt and Massai of
East Afica add C. dichogmwrs o milk and meat based soups Lo
eliminate cardsovascular diseases caused by high levels of cholesterals
"M, The agroe pastoral communities in Mbuly, Tanzamia uwse
dichegamur as a pesticide o control slormge pests in groundmes =
They also use it for the reatment of urmary tract miections and tooth-
aches [#%39],

Among the Sambury commumity m Kenya, C. dichogamuy 15 used 1o
allevizte chest pains, and stomach aches *. In Lotkiok distirict in
Kenya, the plant 1= used 1o manage arhbritis and gonorrhea ™, In
Nyanza provinoe, the Luo communmity use Cdichogamrs 1o nurse
patients with asthma and ciher respirstory illesses Y. In a plam
sanctuary called Mutomao, i Kot Counly, € dicfogammas stem bark
and leaves are made into an mfusion that is drank to alleviate back-
pains, malaria, stomachache, chest problems, fever, oedema and cough
14, A root decoction is also drunk for the reatment of impotence and
infertility . In Narok county, the roots of € dickogarmurs are used o
treat polxo hke symptoms, genorrhea, and chest pain ™, The Marakwet
commumsly in Kenya ingest the bosled roots, flowers and leaves of
dichogamuy o releve abdomnal pain, cral thrush and wheezmg. The
Ethiopians make a pasle oul of the rools of {7 dichogames for vaginal
applicatson o enhance female reproductivigy 1",

Batanical description

Traditionally, ¢ dichogamms 15 referenced using vanous local names
by dafferent communites { Table 1)
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Tahle 1: Local names esocised with . sichogomus

Cummunity Lacal name
Lamn (acientilfic same]  Cronas o ol ogha s
Sualily Bihainds
DHsoan Rachar
Samburu L-alcardig ai
Mlasaai Enksans' Olsibosbenck
Batemi Msiniva Mailabagi
Mz Wuith fra
Kinyarsands Uriubughe
Wl wen K eerwe
Wl Ookadigai
Afan Cromes SdafTuka
Dhusrisbss Luoscablanmgss
Chirigirusy Mlbubs
Ko ssssbsa: Slwalula
Phytochemistry

Secendary metabolites in O dichogamus extraces

Phytochemical repors have shown the presemce of a mumerous
meisholites which have been isclsted from b e, n-hexane.
dichloromethane and ethanolic onede extmots of C. dicfopamus and
idenitfied by their speciroscopic desis m companson with available
literzture 1. The methanolic root extract of Cdichagames was reposted
0 oominin lerpenoids, saponins, oonins, sterobds, alialoids and
flavomaids 2 1M1, An ecthanolic crode root exirsct from O dichogamus
indicaied the presence of terpenoids and steroids 1749, The ethanolic leaf
extmort has been reported 1o contain flavenoids, saponins and tarmins
while the sthanolic siem extroot has been reported 1o have o moderate
distrifbeation of texpencads, saponins, b stercids and alkaloids 29,
There is no phytochemical analbyzis performued om the fruits snd flowers
from & aichegamus. The disribution of the compounds in vorous
paris of C. diohopamus is represenied below (Table 2).

Tahble 2: Secomdary phytochemical meinbolites. sdentified from Cromos
aichagamuer

Flhis o hemical Lewel of phyiochemicsls in different plant parts

¥ P r
Ruoots Sexms Leaves

Terpenonds ++ ++ +

Segunas + - -

Flarvorssids + - —

sleromls + + +

Tarsins ++ - 4

sk aloids + + +

Koy Loy prese 7. Miodoraschy prosant ++. Haghly prescai =

Duantigative phytochemical Iysis anal Esolated P s

Phyiochemical malysis on the ethanolic root extract of C dichogamuy
indicoied thai the terpenoids were higher m yeeld thei the odher
compounds mvestignied, such as phenols. tsmnins, alkalosds, saponins
and stercids P4l The methanolic root extract of ) was
reporied to be rich in erpenoids r 1M while
sieroids. alkaloéds and favonoids wene also pi in mininal L
% 19, The ethanolic leaf extract wes reported o contnin & higher
conceniration of Aevonoids, sapomins snd tenmins while the ethanolic
siom exirat has been reponied 1o have & moderate distribation of
terpeenicids, saponing, tanmins, steroids and alkaloids P4 Aldhaher er af,
™ peported that o root extract of €. dichogamus contnin 6.8 and 5.1
mg'g dry weight of total phenolic sand tsmnin content respectively.
Chapman er al, *, reporied comsidershle amounis of saponins in froth
assays amd hemolytic sssays of ndbulnnoic crude exomot from O
dichogamns which were experimentally observed 1o be devoid of
hemiolytic crisis that is ssocised with saponins. Due i the existenoe
of o higher concentration of terpenoéds in C. oo in comparisom
1o the ather compounds, sodies heve grestly foosced on their quantities
and cumiive effects 1371

and

Phyiochemical screenimg on ndhexane oot extract of Cdichogoesus has
indicaied thet there are miore than 20 types of sespenoéds that possess
incredible pharmacological aotivities ™ 91 These dierpencéds belong 1o
the clerodiane, cromfolane, neoclenodsne and halimane skeletal ppes 12
H. Crude midhexane and methanalic extraots of © dichogamns yiebded
15 werpenoids; four sesquiterpencids, one enantiomer of a known
semquiterpenaid, four Em-clerodone diterpencid. two  Ent-halimene
diterpenoids, three crotofolane diterpencids and one miterpenoid as
indicoted below (Table 5).

Table 3: The main diterpenoids in the n-hexame crude root extract of C. dichogomuy B3
Chemical aame Cstegory of terpomsid W b b Pyl Percentage Mlans
Fusrmular diseripting SECUFTEROE sz Drain

dpaichoilens seaglilerpemoil CIEHI40 Whate ol LLE ik 20 LETR

Panchonsleme- 3o sesagiiilerpesoid CISHIDO W ke ol [REC L) ZIE 1671

Calinl{bhI 4. 7.5 penta-cnes sesagiiilerpesoid CIEH13O W ke ol LRl k2 VR 1409

&), T S cadmansicnsda 58 dial sehagiiiterpesod CI3HINID Whine aal onls 134 a2

B3 Scadinannese- TR Ds-diol Enantwsses of a CISHIIO2-H Wiellkew ol [LECT ] 133 1550
seagliilerpemoid

U5, DG-cpoay- 130 161 14-emrcl daddien-3 Em-ck ! TR0 HI 2 Welbew ol [eEiks] 30T 22446
dilesperasid

U5, Dh-cpoxy-4 15 ), 15 6k | $-cmclesodaticn-3- Em-Clisodime CR0H32 Whate ol [LECT ] 30246

ol 5 1
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U5, Dh-gpony-3-keto-3 La), 1d4-ent clerodads Eat -l I

07,0 25-slude.

U5, D-cpony-34 dipdbrony-30 1611 $-cmi- Enl <lezolane
clermlidisn-1 T, I25-alids e s

U5, 1 B-cpoay-5 13 LA}, 1 4-cn-hali 3-al Hals i d
U5, D-eposy-3-hyd nsy- S0 D301 | 4-eni- Halimuane derpenosl
Badssansiene- 17,125 -olule

Crotshaummsnatide Crotofislane dilespensid
Croteadic hogassain A Crotefislame ditespened
ool ichngamsain B Ol ame dilerpernid
Aceryl alewrise acid rilerprnsid

CROHIEOS Vilbew il sl 330131
C2OHISTS Vielbow il oo 37L1E3
CROH3MT Vilbew il o 3252138
CIOHIEOS Whate solsll olE 330 1E30
CITHIEOT Vilbew il Nzl ML TED
30 HII Velbew gim al 3271550
CIOHIINT Velbew il ools 195 1655
CATH MY Whate erysia ouo? 497 3K29

ot

Croodichogamoin B wos shown o be an imporizsnt bicsy

iniermedioie  of  the crotofoclanss  cdess  (Croichoumsonoxide,
Crondichogemaoin A and Crotodichogamain B) B & recent study has
reported that a dic root extract of Calichog yiclded five
other diterpenoids that are not imcloded in the ishle obose nameby
depressm, & Cacpian diterpenoad, crothalimens A& B and croiocsscarin
A& BT owes believed that the roots of Cdichogomus were the
richest source of terpenoids, however an investigation on the ethamolic
crude extract from the leaves of . dichogoeus hos reponied two other
croiofdane dicrpenceéds which heve not been cbserved in the
methanolic ond ethanolic oot oomcts, nemely crotoxide A and
crotoxide B Pl

b

Fharmacological activiny
Amtimicrebisl activity
Amtibacterial sctivity

Phammocological studies have confirmed that O déchopamus exhibit
notoble antibactenal properiies 'L The phytochemical componenis
isolated from the plant have demossirsied mild o moderate activity
agninst microbes of bacterial origin ML The ethanolic root extract of ©
dichogamns were reported o0 have modersie anti-bacterial activity
agninst two Aycobacierium  species namely [nobews  pram? and
Mycobacrenmm  mocdagascanense  fadicus, giving a  Ainiooum
Inkibitcry Comcentration (MIC) values of 1.25 rng:.rnl B Mul.hunul-:
rooit extrocts of five other Crolon sp Crouan iy
Croton megaiobarmys, ﬁmmmﬁm fhrmnu‘m.rrcu' Crosan
wruraramy e Crodor fiifiom hove been reporied jo mbibit both gram
positive ond gmmm megative bacderin especially  Escherichia cail,
Supdnfecocous  mwrems,  Boctliuy  cerens.  Socifies swbodls  and
Proavdomaonas asruginoaa 2l

Phammocodogical screening on a number of the arganic extroots from
dichagamns for anti-bacierial actrvity was consistent with siudies dome

ciivity against . and as o result, the exiracis are
extensively used aguins Iuk: basin malaria FH,

& '

Antifungal sctiviey.

Even though the smifungal sctvity of & dichopamus has never boen
invesikgeied, some other Croton species in Souih America and Africa
inhibited the growsh of fungal coganisms . The methanolic root
extract obiamed from Crodoe swrucurama hindered the growth of
Trickapiuon menfagrophtes and Frachophyren orrwans B The
valatile oil of Crovon orjucara also showed ootivity aganst Comdide
alivicamns P,

The presence of catechins like galbocatechin and epegallocatechin in
Crovon specics &5 demonstrated by phytocdhemical analysis has been
moied i anfh their ifungal activity ™. However.

phammacological studies need by be siaged to confirm the presence of
the antifungal activity im . dickhogomus.

Antioxidant activity

There i an excitng free mdical scovenging activity i Croton species
P8l Ferric dhiccyanste (FTC) and DPPH (2.2- diphenyl-]-picryl-
bydrazylincdrate) assays have confinmed the cloim that Crason species
hawe stromg anticxidant activity 1724 20 Iohns & o, 1™, indicated that
the essentinl oik obmined from the baves of C. dichogamus contmin
polyphennds like mnnins and favonoids which exerted significent
l.nbm-:ﬂl.nd ootivity. Stodies have also mdicsied that flavonosds m e

stem extract of Calichog ed production of
antioxidative enxymes which promoted inracelbolar defense sgaimst
free radicals P ¥ Ethanolic leaf extracis of Croron cudanem have
shown strong hydrogen peroxide, superoxide and hydrochlorous acid
free redical scavenging octivity &= well &= antioxidstive potentisl for
chain breaking inhibition of lipid perccidation. The antioxidation
activity his been msocimied with the e of flovonodds
[5 einc gh ide alkaloids and phenolic compounds 1,

previcunsly [*71. The ant-bacterial activity of the ethamolic root extract of
C.dichogamms sgainst M. moohrga scarfense dndicus and fedicus prann
was imied with o fmir ion of interpenoids ond alkalodds
241, The antimicrobial propenty of . dichogoess s linked to the very
high concentration of terpenoids B4 The methamolic oot extracts
which possessed the highest comcentration of diterpenaids reporied o
considerably higher bacterial inhibition than the ethamolic extracts from
stems and leaves BL

Antimalurial activity

The esseniial oils obinined by stenm duh]luh-m of the acrial paris -nEC

Anti-profiferative activigy

Conng de from O dich hewe shown a modest amidumeor
activity ™ 7. For example |0epi- Maminsgin D). a ditery idl isolated
from the n=hexane snd methanolic crode root extmoos of O dichogomus
when screened dn v for cell vishiliy sgemst CACT (human
codomecial sdnocacinoma) cell lines using red assay meduced CACCH
at 1iMhmM showing significant inhibition of cellular profiferation ™
The resulis from & swmdy done lster confirmed that  another
sesquiterpenoid b m i tinsalofide  isolated from the
methemolic root extmot of . dichogesmes recorded o modest anticancer

dichagames 41, have d

ial or amii
I

ctivity at 3pm when tested on CACO2 cell line 91

101



The { of Plhytoph alogy

A fair composstion of both diterpenceds and intespenoids im

dex I

[ 1% Bipassay -gusded fmcizonation of the aerial paris

dichogamis is believed to be the source of the antiproliferative activity
ML Croiow caymomrg and  Crofon mebage  which bave a fair
COMC of sesquiterp ids im their ethanolic leaf extrocts wene
reported to be active against melmnomaiBdA LME-30) and renal (L=
31} cell line 1711

T — . -
¥ i )

Ethanolic stem extracts of O dickopamms were seen o comiai

of Croton cilitogdandulifer bed to the isolation of tighiane diterpencids
wiich inhibited the enyme coyclooxygenase=1(C0OX:1) and
eyclooxygenase.CON-2) 1 A tigane diterpenoid isolated from the
branches and leaves of Cronese ogiives displayed moderate inhibition of
enzymes O0OX-1 and COXM-2 " and crotonkimin A, a diberpenaid

phytosterols like besitosterod that lower the serem cholesterod levels i
b and animals by pre ing the endogemons and exogenous
chaolesterod  absorption 121 The methanolic stem extroct of
dichogams was reporied to contin sponins with an amphiphilic
struchure that bind with dietery cholesierol and with bile ocids 1o
prevend cholesteral absorpiion '™ Hypolipidemic owicome  was
ohserved m assay with trans debydrocrotonin from ome Crotan species,
. rafwcerm . Phammacological studies have also linked the
hypocholesteremia activity to Crodow species o te presence of
cherodane  diterpenoids, acetyl alewritolic acid ™. saponins and
palyphencls 1771, This hes svhstamtiated the folkloric use of
Cdichagy m the g i of at | is amid o v heart
disease "™ Polyphenols such as favomoids amd tanmins from the
methamalic keaf and stem extract of Cdichogamns have also beemn
reported 1o lower chollesterol Jevels through antioxidation 171

Inzecticidal activity

The crude powdened leaf extroot of C dichogamur was kighly efectinve
in prolecting the Bambara groundnit seeds against damage by field
pesis and siorage msecis ke Cafosebnnchns moowlotus over & period
of 180 days ™. Moreover, the beaf powdered extract indicated great
effectivencs against oviposition of bruchids such as Caflasebrnchnes
maculmnes on the Bambam groundnut seeds with eggs on the surface
with mo boxic effects the herbivares P9,

The diterpenss fraction from the mothanclic leaf eximct of O
dichogamus is the source of the insecticidal activity M, The diterpene
mokety from Crofew  bmeans, Crofow aromanoes angd  Crodom
coliformicns demonstrated significant insecticidal activity M.

Anti-inflammatory activity

Amti-inflammatory activity hax been observed in most of the Cronmm
species |* 4l Furoootinsulide A, a compound isclsed from the n-
hexane leaf and stem extract of © dickopams and Craron Focesae
' strated significant anis-infk ry activity by inhibsting nitric
oxide production betier than siandard drogs. indomethaco and

solated from Cronew somk also sh d ant oy activity
H

Recent shedies have reporied that the ¥ lic, n-hexane, etk l&
rood and leaf extracis of Cdickopomms conined clerodane and
sEmuRery id  diterpenoids  which hibited significant amti-

mflammatory activity 11,

Tomic activity

The word tomic refers 1o medicinal substances that are ssed to restore
the geeral body health and fimction of varoos boedy organs. Stedies
have comfirmed the follkclore claim of . dichogamur being effoctive os
a tonkc. Oliver '™, reporied that agueous leaf extracts from C.
dichogamus contained uterotonic, aphrodisinc, muscle tonic., stomach
bonic and muscle tonkc activities. The crode extracts from the stem of
. dichogomus were also reported bo have tonic effiects 19,

Toxicology of . dichepammus

. dichogams was tested for cylotoxicity using brine shrimp lethality
aszay. The ethanolic root extract, though toxic, was safer to Brime
shrimgp  larvas with Ll wvalue of 40070 pg'ml compared do
cyclophosphamide, a standard anticancer dineg that had LCsq value of
16 3pg/ml "4, Manimsgin D a o d izolated from the methanols
rood extract of . dickog W ved for its cyloloxicity agaimst
HL-60, SMMOC-TT2], A-540 MICF-T and S'W 480 human temaor cell
hines by the MTT which gave an LT value of less thoan $lpm 1771,
midicating that the molecule & potentially toxic. This points towands
highs lethality of . dichepamus exiracts, calling for dose sdjustments
in herbal formubations, and further in vivo shedies 1o ascentain the safety
of the meedicinal plant.

CONCLUSHON

A comprel e In overview has disclosed that © dichogamers
i an cssential plant in etl licine: for the 2 t of malaria,
mberculosis. asthma. cough, fever, impotence, stomach and tooth
oches, chest and back pams, gonoerhea and syphilis. Organic and
morgonic omude extracts from various plant parts of O dichogamr
bave substantisied the folklonc wse of the plank. Pharmacological
studies hawe mainly focused on the assessment of the antimicrobial,
antiprofiferative, hypochobesteremic and pesticidal activity of the plant.
A mumber of stodies have evaluated the phyviochemical composition of
the plant parts using polar and monspolor solvents and vamous
phytoconstitwents have been isolated and sentified. Despite the
extensive wse of C dickogamus in aditsonal medicine, there is
minimal scientific [Hermure on s phammacolegy and safety. There is
nevessity of experimental evidence on  antifungal, anipyTetic,
analgesic, antitussive ond antispasmodic propertics o validate the
traditsonal use of . dichogamus. There is scanty mformabion appearing
on the toxicolegical profile of C. dichegamus. This calls for further
studies considering its wide utilization in folkloric medicine. Hence,
there i an urgent need for further validaotion of anecdotal safety and
efficacy of (. dichagamns, going foreand.
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