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Abstract

There is increased antimicrobial drug resistance as common antibiotics are no longer effective. In
Africa and Comoros in particular the use of medicinal plants as a remedy for the common
bacterial infections is on the rise. Euclea mayottensis and Tambourissa comorensis are two
endemic medicinal plants from the Archipelago of Comoros. They are used to treat different
ailments including bacterial infections. However, the scientific basis of their use as medicinal
remedies is still lacking. This study, therefore, aimed at identifying the phytochemicals present in
E. mayottensis and T. comorensis as well as determining their antimicrobial and antioxidant

activities.

Maceration method was used for the extraction process using distilled water, ethanol and ethyl
acetate as solvents. The qualitative phytochemical screening was done using standard
procedures. Total phenolic content (TPC) was determined using the Folin-Ciocalteu method. The
antibacterial activity was determined using the agar well diffusion method, the minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) was established
using the broth microdilution assay. The antioxidant activity was determined using the DPPH

radical scavenging activity and the ferric reducing antioxidant power (FRAP) methods.

The screening of the root extracts of E. mayottensis and fruit extracts of T. comorensis revealed
that both plants are rich in phytochemicals. The highest TPC value was seen in the ethanolic
extracts of both E. mayottensis (1.22 mg GAE/g dry extracts) and T. comorensis (0.89 mg
GAE/g dry extracts). The antibacterial activity showed that both plants have a promising
inhibitory effect on all the strains used with diameter of inhibitions varying from 6.6 to 20 mm.
The highest MIC value was observed in the ethanolic extracts of both plants (0.16 mg/ml). The
DPPH assay showed that the water extracts had the highest scavenging effect (51.42% for T.
comorensis and 44.6% for E. mayottensis). The FRAP assay showed a promising reducing power
of all the extracts. E. mayottensis ethanolic extract showed the highest reducing power (0.543-
0.908) while for T. comorensis the highest value was observed in the ethyl acetate extract (0.329-
0.773).

xi



In conclusion, the study showed that the presence of the different phytochemicals as well as their
great antibacterial and antioxidant activities may explain the therapeutic effects exhibited by E.
mayottensis and T. comorensis and gives a scientific basis for their use in the community.
Further studies to isolate and identify the bioactive compounds and assess the bioactivities of the

extracts in vivo is recommended.
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Chapter One: Introduction

1.1 Background

Bacteria are universal and play an important role in maintaining the environment in which we
live. From food industry to biotechnology and medical industry, they are important and help us
improve our lives in a daily basis. However, there is a small percentage of the world’s bacteria
that can cause infections and diseases (Rene, 2016). These infections have a large impact on
public health (Doron & Gorbach, 2008). Emerging and reemerging infectious diseases have been
posing a challenge to medical communities since the 1950s. More than 700,000 people
worldwide die annually from drug resistant strains of common bacterial infection (O'Neill,
2016). In Africa, the probability of a child’s acquiring invasive bacterial infection during the first
five years of life is estimated to be 2.5% (Mulholland & Adegbola, 2005). Emerging pathogens
are now considered to be a major microbiological public health threat (Vouga et al., 2016).
Increasing global antimicrobial resistance (AMR) is a major threat to human and animal
endangering decades of improvements in health-care outcomes (Gay et al., 2017). It is well
known that bacteria have found a way of evolving and are, for some or even most of them, able
to ‘fight’ antibiotics and have become resistant to conventional drugs. Misuse and overuse of
antimicrobials are the main drivers in the development of drug-resistant pathogens (WHO,
2021).

Antibiotics remain the main remedy for preventing and treating microbial infections.
Nevertheless, by their synthetic nature, most antibiotics are known to have numerous side effects
including diarrhea, nausea, vomiting, etc. (Leigh Ann, 2021). Furthermore, due to the increase of
AMR around the world, common antibiotics are not effective against common bacteria, and
more expensive antibiotics have to be used. For the average person, use of antibiotics in the
management of microbial infections is simply burdensome. Due to the high cost of treatment
and the adverse effects associated with several synthetic antibiotics, populations in Comoros and
other nations have resorted to use of medicinal plants, as they offer a cheaper and easily

accessible alternative option.



Medicinal plants can be defined as plants possessing therapeutic properties or exert beneficial
pharmacological effect on the human or animal body (‘’Pharmacognosy’’, 2019). Plants have
been used for medicinal purposes long before prehistoric period. Worldwide it is expected that
80% of the population uses medicinal herbs, and in the developing countries rates could be as
high as 95% (Khan & Ahmad, 2019). In the Comoros, population relies mostly on medicinal
plants in their primary health care (Saive et al., 2020). Due to poverty and poor access to modern
health care system, the Comorians have developed their own health system based on natural
products and this knowledge is passed down from generation to generation (Kaou et al., 2008;
Soidrou et al., 2013). With their extensive worldwide utilization, WHO regulates the use of
medicinal plants by facilitating the integration of traditional medicines into national health cares,
producing guidelines, stimulating strategic research as well as advocating the rational and
managing information of medicinal plants (WHO, 2002).

The Comoros archipelago is located in the South East coast of Africa between Madagascar and
the Mozambique Chanel. The archipelago is composed of 4 islands: Ngazidja, Ndzuani, Mwali
that form the Comoros and Maore (under French authority). The country is known for its
panoply of medicinal and aromatic plants; the Comorian population has formed their health
system based on natural products from plant origin. Its blend of African-Bantu and Arab-Muslim
gave it a traditional medicine specifically rich and well diversified. This knowledge is usually
passed down orally from one generation to the other (Kaou et al., 2008). In their study,
Adjnohoun and his colleagues (1982) estimated that vegetal biodiversity of Comoros was more
than 2000 species with approximately 500 that are endemic to the country. Among the endemic
plants are Euclea mayottensis and Tambourissa comorensis which are known locally as ‘Mlala’

and ‘Mbossa or Mledjeza’ respectively.

Euclea mayottensis belongs to the Ebenaceae family. The species under this family are widely
used in Africa for their medicinal properties: Diospyros mespiliformis is commonly used for the
treatment of malaria and pneumonia (Ebbo et al., 2019); Euclea undulata is known to be used to
treat body pains, diabetes and toothache in South Africa (Maroyi, 2017), E. divinorum and D.
lycioides are used to treat toothache in Zimbabwe (Joshua et al., 2013). E. mayottensis is
notably an endemic plant of the Comoros archipelago. In the Islands, the dried roots of the plant

are mainly used as tooth stick in the prevention and/or treatment of dental diseases.
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On the other hand, T. comorensis belongs to the Monimiaceae family in the major group of
Angiosperms- the flowering plants. It is a well-known medicinal plant family used to treat
several diseases: skin diseases, gastrointestinal disorders, in the therapy of cold, fevers and
rheumatism (Leitdo et al., 1999). Currently in the Comoros, the genus is represented by several
species with 50% endemicity (Soule et al., 2017): T. leptophylla, T. paradoxa, T. moheliensis
and T. comorensis. An ethnobotanical interview with local people in the country showed that T.
comorensis is widely used to treat stomachache, headache, dysmenorrhea, malaria, and other
sicknesses (Asma-Ilhousna, 2012). This plant is also used as a cosmetic product locally called
‘Msindzanu’ which is a beauty mask known to protect the skin from the sun, remove pimples
and dark spots as well as to prevent them. In this case, the grounded fruit powder is mixed with

water and applied directly to the face.

Like all plants, T. comorensis and E. mayottensis have compounds responsible for their
bioactivities. A preliminary phytochemical screening of T. comorensis showed the presence of
flavonoids and tannins as well as phenolic compounds (Soule et al., 2017). In the case of E.
mayottensis, no phytochemical screening has been reported at least in the current literature yet.
Although these plants are used in the treatment of microbial infections by Comorians, their
efficacy has not been experimentally validated. The World Health Organization recommends that
all local traditional medicines used for treatment and management of diseases by communities be
scientifically validated. This study therefore sought to scientifically validate the antibacterial

efficacy of T. comorensis and E. mayottensis.

1.2 Problem statement

The Comoros Islands, known for their vegetation diversity, have plenty of medicinal plants;
some of them are actually indigenous. However, for most of them, no studies have been
conducted to authenticate their medicinal properties and ensure the safety of the populations who
use these plants. The Comorians use T. comorensis as a sun screen as well as in the treatment of
skin infections (acnes, pimples, and dark spot). E. mayottensis is used to treat toothache.
However, in spite of these benefits, there is no scientific study evidence to support the use of
these plants as herbal remedies. This study, therefore, was designed to determine antibacterial



and antioxidant activities as well as identifying the phytochemicals in these plants as readily

available remedies.

1.3  Objectives
1.3.1 General objective
To determine the bioactivities exhibited by the phytochemicals presents in the roots of Euclea
mayottensis and fruits of Tambourissa comorensis.
1.3.2 Specific objectives
(i) To identify the phytochemicals present in E. mayottensis and T. comorensis

(i) To determine the antibacterial activity of E. mayottensis and T. comorensis

(iii) To determine the antioxidant activity of E. mayottensis and T. comorensis

1.4  Research questions

1. What are the phytochemical compounds present in Euclea mayottensis and Tambourissa
comorensis?
2. Do E. mayottensis and T. comorensis exhibit antibacterial activity?

3. Do E. mayottensis and T. comorensis have an antioxidant potential?

1.5 Justification

Common bacterial infections are becoming increasingly resistant to treatments. In 2020, WHO
report an increase of over 20% of E. coli isolates that are resistant to both first line drugs and
second line treatment. According to that report 4.95 million deaths were associated with bacterial
antibiotic resistance worldwide. Medicinal plants are one way population worldwide use to stem
the recurrence of antibacterial drug resistance. Tambourissa comorensis and Euclea mayottensis
are medicinal plants which are commonly used in the Comoros folk medicine, albeit lack a

strong scientific basis.

This study screened for the presence of active chemicals in the roots of E. mayottensis and fruits

of T. comorensis and any therapeutic activity exhibited. Screening for the presence of
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phytochemicals was to provide more information about the plants and the compounds
responsible for their bioactivities. Assaying their antimicrobial activity was to help establish if
they are effective against the common pathogens known to be responsible for the widespread
bacterial infections. Proof of antimicrobial effect of T. comorensis and E. mayottensis was to
promote their use as traditional medicine in the Comoros. It was also important to know if they
have a potential antioxidant activity and thus if they could be used to treat diseases caused by
oxidative stress. In general, this study helped to know more about the medicinal utility of E.
mayottensis and T. comorensis which provided the scientific basis for their medicinal use.

1.6  Significance

In the Comoros, traditional medicine has always been used for treating different kind of diseases
from a simple headache, stomachache, toothache to diseases like malaria, inflammatory disease,
ulcers, cancers, etc. The archipelago has panoply of plants known as medicinal plants however,
many of them have not yet been studied, particularly the endogenous and endemic species of the
archipelago. It is the case of T. comorensis and E. mayottensis. Given the increase of bacterial
infections and their resistance to common antibiotics, medicinal plants could offer the cheapest
and easiest way to overcome this problem. Furthermore, plant secondary metabolites are known
to be unique resources for pharmaceuticals, food additives, and fine chemicals. They offer a
good alternative as they have minimum negative effects and are cost friendly and effective. E.
mayottensis and T. comorensis have been reported to have antimicrobial properties which needed
to be clarified, thus studying the phytochemical compounds present in these plants and their
bioactivities was of interest. By studying the plants and bioactivities they exhibited was
important to improve the knowledge on the plants and give an insight on their medicinal
properties. Plants being used as food or raw material in traditional medicine are more likely to
yield pharmacologically active compounds. Studying the plants could then pave the way for the
isolation of pure bioactive compounds from the plants and the design of pharmaceutical drugs
from them in future studies. After evaluation and dissemination of the study on these two
medicinal plants, local people will be better aware and satisfied regarding efficacious drug

treatment and improved health status.



1.7  Conceptual framework

E. mayottensis and T.
comorensis

Presence of
Phytochemicals

A

Antibacterial | Antioxidant
activity potential

\

Medicinal properties: skin
infections, toothache,

Fig 1.1: Conceptual framework

Due to an increase of microbial resistance, populations are now using plants as an alternative
way of treating infections. Medicinal plants examined in this study are E. mayottensis and T.
comorensis. Plant secondary metabolites or phytochemicals are mainly synthesized when the
plants is facing stressful conditions such as viral and microbial infections, depletion of water and

nutrients etc.



Chapter Two: Literature Review

2.1 Bacterial infections

Due to the evolution and the emergence of new resistant strains of bacteria that have now
acquired new resistant mechanisms against the common antibiotics, bacterial infections have
become a burden worldwide. In contrast to some other health challenges, antimicrobial resistance
(AMR) is a problem that concerns every country irrespective of its level of economy and
development as resistant pathogens do not respect borders (O’Neill, 2016). According to a report
published in 2016 by the independent Review on Antimicrobial Resistance, more than 700,000
people die every year globally from drug resistant strains of common bacterial infections. This

number is likely to be an underestimate due to poor reporting and surveillance (O’Neill, 2016).

In Africa, infectious diseases are a challenge for both its economic development and human
health (Rweyemamu, 2006). Bacterial infections are one of the major causes of diseases in the
continent with the annual overall risk of bacterial diseases for children being 505 per 100,000
under the age of five years (risk equivalent to a 2.5% probability of a child’s acquiring invasive
bacterial infection during the first five years of life (Mulholland & Adegbola, 2005). Common
bacterial infections have become the second main cause of deaths and were related to one out of
every 8 deaths in the world in 2019 while in Sub-Saharan Africa, in the same year deaths due to
bacterial infections were per 100,000 people (Ikuta et al., 2022). The Comoros, like many other
Sub-Saharan African countries, suffers from high burden of infectious diseases (Deng et al.,
2018; WHO, 2018).

2.1.1 Antimicrobial drugs

The aim of antimicrobial therapy is to kill or inhibit the infecting organism without damaging the
host (Pursell, 2019). This process is known as selective toxicity and is commonly accomplished
by the use of antimicrobial drugs. Antimicrobial drugs including antibiotics, antiviral, antifungal
and antimalarial drugs, are medicines that are active against a range of infections providing the
first weapon used against microbial infections. Antibiotics are generally classified according to
their molecular structure and their antimicrobial mechanisms (Becker, 2013): targeting bacterial



cell (beta-lactam anbiotics and glycopetides), targeting protein biosynthesis (aminoglycosides,

macrolides, etc.), inhibiting DNA replication (quinolones), etc.

Resistance to antimicrobials is a natural process that has been observed since the first antibiotics
were discovered, however due to their misuses and overuses, it has increased the rate at which
resistance is developing and spreading (O’Neill, 2016). Due to the increase of antimicrobial
resistant diseases, populations in the Comoros and in other nations, have resorted to medicinal

plants as their main way of treating diseases.

2.2  Medicinal plants

The use of medicinal plants for the treatment of diseases dates back to the history of human life.
Since human beings have sought a tool in their environment to recover from a disease, the use of
plants was their only choice of treatment (Halberstein, 2005). More than a tenth of the plant
species (over 50 000 species) are used in pharmaceutical and cosmetic products (Jamshidi-Kia et
al., 2018). Several plants contain biodynamic ingredients that have been verified as medicinally
beneficial through repeated field/clinical testing and laboratory analyses (Halberstein, 2005).
Medicinal plants (MP) are known to exhibit wide range of bioactivities such as antidiabetic,
antifungal, antimalarial, anti-inflammatory, antipyretic, gastroprotective and hepatoprotective
effects (Gupta et al.,, 2016). They have also been shown to display antioxidant activity:
Phyllanthus fischeri (Odongo et al., 2017), Eugenia caryophyllus (Khalaf et al., 2008),
Asparagus acutifolius (Adawia et al., 2016). These antioxidants help prevent oxidative stress
which has been linked to chronic and degenerative disorders. MPs also exhibit antimicrobial
activity against numerous microorganisms: Newbouldia laevis extracts showed to be effective
against Escherichia coli, and Staphylococcus aureus (Oloyede et al., 2010) while Anabasis
aphylla exhibit an antimicrobial effect against Proteus miribilis, Candida albicans and
Aspergillus niger (Shakeri et al., 2012). Euclea mayottensis is used in the Comoros in the
treatment of dental caries. The local people use the dried roots as tooth stick to brush their tooth.
Tambourissa comorensis is used to treat several diseases including bacterial infections. The
fruits are the main part used for treatment of skin diseases. A powdered dried fruits is mixed with

water and applied directly in the face. The mask is also used to protect the face against sun light.



2.2.1 Antibacterial activity of medicinal plants

For ages nature has gifted humans with plenty of herbs and plants which form the main source of
traditional medicines used to help in relief from illness and are still widely used all over the
world (Al-Daihan et al., 2012). The rise of antibiotic-resistant microorganisms has given extra
impetus in the search for novel antibacterial compounds (Tan & Lim, 2015). Medicinal plants are
known to possess antibacterial effect against a large number of pathogens (Table 2.1): Oils from

Cinnamomum osmophloeum have been shown to possess antibacterial activity against

Escherichia

Table 2.1: Antibacterial range of some phytochemicals present in other medicinal plants

Compound Classification | Plants species Antibacterial Reference
range

1,8-cineol Terpenoids Eucalyptus B. cereus, E. coli, Sebei et al, 2015

(Eucalyptol) astrengens S. aureus

Chrysoeriol-7-O- | Flavonoid Graptophyllum S. aureus, V. Tagousop et al.,

B-D-xyloside glycosides grandulosum cholerae 2018

Artemisin Terpenoids Artemisia annua S. aureus, B. Appalasemy et al.,
subtilis, Salmonella | 2014
Sp

Tomato glycosides | Glycosides Solanum E. coli Li & Zhang, 2014

lycopersicum

Luteolin-7-O- Flavonoids Mentha longifolia | S. aureus, B. Akroum et al., 2009

glucoside cereus, B. subtilis

Quercetin-3-0O- Flavonoids Mentha longifolia | S. aureus, P. Akroum et al., 2009

glycosid aeruginosa, E.coli

Vitaflavan Polyphenols Vitis vinifera E. faecalis, S. Cueva et al., 2012

(dietary aureus, S.

complement) pneumoniae

3-0O-a-L- Saponins Chenopodium S. aureus, S. Dong et al., 2020

arabinopyranosyl- quinoa epidermis

phytolaccagenic

acid

Sanguinarine Alkaloids Chelidonium majus | S. aureus Zielinska et al.,

2019
Ellagitannin Tannins Nuphar variegata P. vulgare Nishizawa et al.,
1990



coli, Enterococcus faecalis, Staphylococcus aureus (Ncube et al., 2008); Terminalia arjuna
chloroform extract exhibit activity against E.coli and Candidas albican (Gupta et al., 2016).
Methanolic extract of Zingiber officinale in the study of Al-Daihan et al., (2013) showed activity
against Staphylococcus pyogenes. The methanol extract of the stem bark of W. ugandensis
showed antibacterial effect against a multi-drug resistant strain of E. coli (Njiire et al., 2014). C.
albicans showed a susceptibility against Bidens pilosa, Senna didymobotrya (Maobe et al.,
2013), and W. ugandensis (Olila et al., 2001). E. natalensis root bark extract showed a potent
antibacterial effect against gram-positive bacterial strains (Weigenand et al., 2004) while
compounds isolated from E. crispa leaves showed antimicrobial activity with inhibition zone

against S. aureus and E.coli (Palanisamy et al., 2019).

2.2.2 Antioxidant activity of medicinal plants

Antioxidant phytochemicals are present widely in fruits, vegetables and medicinal plants (Zangh
et al., 2015). Research has proved that foods with antioxidant phytochemicals help to provide
protection against diseases such as cancer, diabetes, heart disease, and other type of chronic
diseases (Patil et al., 2016). Natural antioxidants mainly come from plants in the form of
phenolic compounds (flavonoids, phenolic acids and alcohols, stilbenes, tocopherols,
tocotrienols) ascorbic acid and carotenoids (Adawia et al., 2016). The antioxidant activity of
medicinal plants has been shown in numerous studies: Butanol extracts of Andosonia digitata
and Alchornea laxiflora showed 70-78% antioxidant activity using the ferric thiocyanate method
(Oloyede et al., 2010); Methanolic extracts of Punica granatum peel exhibited 70.8%
antioxidant activity using the DPPH method (Hamadnala, 2020). Ethyl acetate extract of
Anabasis anaphyla exhibited 81.8% antioxidant activity using the 3 carotene/ linoleic acid assay
while the methanolic extract showed 79.3% (Shakeri et al., 2012). The essential oils of Vetivera
zizanoids showed a 60.43% antioxidant activity using the DPPH method (Soidrou et al., 2020).
Using the free radical scavenging method, a preliminary study of T. comorensis showed a
potential antioxidant activity of 78% (Soule et al., 2017). E. schimperi leaf extracts showed a
significant amount of antioxidant activity using the DPPH radical scavenging effect assay and
FRAP (Mekonnen et al., 2018). E. natalensis and E.crispa are also known to exhibit potent
antioxidant effect (Maroyi et al., 2017; Palinasamy et al., 2019).
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2.3  Tambourissa comorensis

2.3.1 Monimiaceae family

T. comorensis belongs to the family Monimiaceae which comprises about 34 genera. The
representatives of the family are mostly occurring in humid evergreen tropical and subtropical
regions up to 3000 m above sea level. The trees grow as the forest subcanopy and lower woody
level (Bobrov et al., 2017). According to the post molecular botanical classification,
Monimiaceae are dicotyledons belonging to the Laurales order (Table 2.2), including
Amborellaceae, Trimeniaceae, Gomortegaceae, Calycanthaceae and Hernandiaceae (Lhuilier,
2007).

Table 2.2: Taxonomy of Monimiaceae according to Cronquist (Lhuilier, 2007)

Divison Spermatophyta
Subdivision Angiospermeae
Class Magnoliopsida
Subclass Magnoliidae
Order Laurales
Family Monimiaceae

Monimiaceae family is used in numerous ways. The genus Hedycarya, Doryphora, Peumus are
used as fire wood; some species producing essential oils, are used locally in perfume industry
(Lhuilier, 2007). Some species are also used as medicinal plants. In the Comoros archipelago,

they are used to treat malaria, headache, stomachache and sterility (Mohamed, 2012).

2.3.2 Tambourissa genus

The Tambourissa genus is represented by around 43 species exclusively distributed in the islands
of the Indian Ocean which comprises 26 species(spp) in Madagascar, 5 spp in Comoros, 10 spp
in Mauritius and 2 spp in La Reunion (Lhuilier, 2007; Mohamed, 2012). Those species show a
high degree of endemicity, each being restricted to a given island. In the Comoros, Tambourissa
genus is known to be used to treat dermal disease and malaria. It is also used as a painkiller. T.

comorensis is an endemic species of the Comoros locally known as ‘Mbosa or Mledjeza’.
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Fig 2.1: Tree (Left), Fruit (Right) and Leaves (Below) of T. comorensis

It is a tree with a rigorous bark (Fig 2.1). Its leaves are ovals with an indented apex and around
13 to 14 cm long and 5.5 cm wide. The fruits are brown with a large orifice and are normally
found in the tree trunk (Mohamed, 2012). T. comorensis is an endemic species of the Comoros
archipelago. Different part of the plants are used to treat different type of ailment. In the islands
of Ngazidja, the fruits are the main part used. Fresh fruits are used to treat stomachache and
ulcers while its dried fruit is mainly used in the treatment of skin problems (acnes, dark spot,
etc.). The dried fruit is ground to a fine powder and mixed with water to make a mask. This mask
is applied directly in the whole face or where the acnes or dark spot is for a few hours. The mask
is also to protect from the direct sun light. A preliminary screening has shown the presence of

flavonoids and tannins (Soule et al., 2017).
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2.4 Euclea mayottensis

2.4.1 Ebenaceae family

The Ebenaceae (ebony family) (Table 2.3.) are pantropical in distribution and encompass the
genera Diospyros and Euclea with approximately 500 to 600 species. They are trees, shrubs or
subshrubs with simple leaves. The bark of the roots are black for many species and the leaves are
simple, usually alternate (Wallntfer, 2001). Ebenaceae family has species used as a tooth stick
and in the treatment of toothache for instance E. undulata, E. divinorum, and D.lycioides (Joshua
et al., 2013). D. mespilifprmis is used to treat certain diseases including wounds (Ebbo et al.,
2019). E. shimperi is used in the treatment of headache, pain and spasm (Mekonnen et al., 2018).

Table 2.3: Taxonomy of Ebenaceae family

Kingdom Plantae
Subkingdom Virdiplantae
Infrakingdom Streptophyta
Superdivision Embryophyta

Division Tracheophyta

Subdivision Spermatophytina
Class Magnoliopsida

Superorder Asteranae
Order Ericales
Family Ebenaceae

2.4.2 Euclea genus

Euclea genus is represented by 18 species including Euclea mayottensis. The main centers of
diversity of the plants are in South East Asia, Madagascar and tropical Africa (Wallngfer, 2001).
Numerous phytochemical compounds have been observed from Euclea genus: flavonoids,
glycosides and phenols have been observed in E. racemosa root (Teklay et al., 2015).
Compounds belonging to naphthoquinone and pentacyclic terpenoids classes have been isolated
from E. natalensis leaves (Maroyi, 2017a). Phytochemical analysis of the methanol leaf and stem
extracts E. undulata showed the presence of alkaloids, diterpenes, glycosides, saponins and
tannins (Maroyi, 2017b).
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Fig 2.2: Leaves, stem and roots of E. mayottensis

Euclea mayottensis (Fig 2.2) is located in the Comoros archipelago. Although most people uses
the leaves in the preparation of herbal medicine, Comorians use mainly the roots of E.
mayottensis. They are first dried then wash with water. After that they are used firectly as
toothbrush for the treatment and prevention of dental caries. However, no scientific study has

been done to validate its medicinal properties.

2.5 Plant secondary metabolites

In addition to the primary metabolites (proteins, carbohydrates, fats), that play a major role in
maintenance of plant viability, a series of compounds which belong to the secondary
metabolism, are also synthesized (Ferdes, 2018). They include terpenes, polyphenols, quinones,
alkaloids, and peptides. Secondary metabolites are presents in some species and often exhibit an
organ or tissue specificity. Many of the plant secondary metabolites are constitutive, existing in
healthy plants in their biologically active forms, but others occur as inactive precursors. They are
activated in response to tissue damage or pathogen attack. The bioactivity exhibited by the plants
is because of the plant secondary metabolites, and has increased the interest in the
pharmaceutical design of new drugs of plant origin.

Plant secondary metabolites, or ‘‘phytochemicals’’, are produced by plants for a myriad of

functions, from UV protection, protection against pathogens and herbivores, to other means of
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improving the plant’s survivability and health. They are not being directly involved in crucial
functions of the plant like the growth and reproduction and are produced through various
pathways (Fig 2.3). In the past few decades, a great increase in scientific interest around these
compounds and their benefit to human health has been noticed, as many of them exhibit
considerable antioxidant and antibacterial activity (Tan & Lim, 2015). Numerous alkaloids,
flavonoids, glycosides, terpenes, tannins and polyphenols from plant origins have been shown to

have antibacterial, antifungal and antioxidant properties.
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Fig 2.3: Biosynthetic pathways and precursors for major classes of secondary metabolites (Ferdes, 2018).

2.5.1 Alkaloids

The alkaloids are a large family of more than 15,000 nitrogen-containing secondary metabolites.

They are found in approximately 20% of vascular plant species (Norton & Karczub, 2015).
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Many of the earliest isolated pure compounds with biological activity were alkaloids (Ncube et
al., 2008). Alkaloids are divided into 3 sub-major classes depending on the precursors and the
final structure. They are usually synthesized from one of a few common amino acids—in
particular, lysine, tyrosine, or tryptophan (Norton & Karczub, 2015). Generally, a plant contains
several alkaloids. The alkaloid content depends on the age of the plant, region, climate and
season. Alkaloids exert considerable physiological effects on humans and animals and are used
in therapeutics as narcotics and have a calming effect (Ferdes, 2018). Nearly all alkaloids are
toxic to humans when taken in large quantities. For example, strychnine, atropine, and coniine
are classic alkaloid poisons At lower doses, however, many are useful pharmacologically, for
instance morphine, codeine, and scopolamine are just a few of the plant alkaloids currently used
in medicine (Norton & Karczub, 2015). Other alkaloids, including cocaine, nicotine, and caffeine
have widespread nonmedical uses as stimulants or sedatives (Norton & Karczub, 2015).
Alkaloids also serves as scaffolds for important antibacterial drugs such as metronidazole and the
quinolones (Cushnie et al., 2014). As a group of promising natural antibiotics, the alkaloids can
be recovered from many natural sources, and they have a wide antibacterial spectrum with a
good antibacterial effect on common clinical strains, including drug-resistant bacteria (Yan et al.,
2021). In an antibacterial activity test using the broth dilution method, thalicfoetine (isoquinoline
alkaloid) significantly inhibited Bacillus subtilis with an MIC of 3.12 pg/mL while isoquinoline
alkaloids isolated from Chelidonium majus showed that chelerythrine was the most effective
against Pseudomonas. aeruginosa (MIC, 1.9 ug/mL) (Zielinska et al., 2019; Ding et al., 2019).

2.5.2 Polyphenols

Polyphenols are one of the most important and at the same time the most numerous of the
secondary metabolite groups, omnipresent in the plant kingdom (Ferdes, 2018). Plant phenolics
are synthesized by several different routes (Fig 2.4) and thus constitute a heterogeneous group
from a metabolic point of view (Norton & Karczub, 2015). Depending on the number of
phenolic rings they contain and the structural elements linking those rings, polyphenols are
classified as phenolic acids, flavonoids, lignans, stilbens and other polyphenols with non-
flavonoids structure (Ferdes, 2018). They are generally involved in the defense against

ultraviolet radiation, oxidizing agents or the aggression of some phytopathogenic agents (Ferdes,
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2018). Polyphenols have many health beneficial properties: studies have shown that they
decrease the risk of cardiovascular diseases, improve dental health by protecting against bacterial
induced dental caries and were also found to have anti-ageing properties (Badyal et al., 2020).
The phenolic content of T. comorensis was estimated to be 0.63 g/l GAE (Gallic Acid
Equivalent) in its methanolic extract (Soule et al., 2017). The antimicrobial activity of
polyphenols occurring in medicinal plants has been investigated against a wide range of
microorganisms: phenolic acids (non-flavonoids polyphenols) have been shown to have an
antibacterial effect against S. aureus, E. coli and P. aeruginosa (Daglia, 2012). The ability to
inhibit the growth of respiratory pathogenic bacteria was reported for several wine phenolic

compounds, in particular gallic acid and ethyl gallate (Cueva et al., 2015).
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Fig 2.4: Biosynthesis pathway of plant phenols (Norton & Karczub, 2015)
Formulas in brackets indicate the basic arrangement of carbon skeletons: Cg indicates a benzene ring,
and C; is a three-carbon chain.

2.5.3 Terpenes/Terpenoids

Terpenes are the organic, chemical components of essential oils and one of the most diverse
plant natural products as far as their structure is concerned (Badyal et al., 2020). They are among
the largest and most diverse groups of plant secondary metabolites and they include sterols and
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triterpenes (Fig 2.5) (Ncube et al., 2008). Another sub-class of compounds under the terpenes is
essential oils. They are aromatic compounds insoluble in water but soluble in organic solvents
(Ferdes, 2018). Terpenes are synthesized from acetyl-CoA or its glycolytic intermediates.
‘Terpenoids’ are similar to the terpene with a slight difference; terpenoids are the derivatives of
terpenes which have been denatured by oxidation, that is, they possess an extra oxygen atom in
their chemical structure (Badyal et al., 2020). They represent the most important group of active
compounds in plants with more than 23,000 known structures (Kabera et al., 2014). Studies have
demonstrated a broad spectrum of pharmacological and physiological properties of terpenes.
They possess antihypertensive, antimicrobial and insecticidal properties (Kabera et al., 2014).
Essential oils possess biological activity including antibacterial, antiviral, antifungal and anti-
inflammatory effects (Ncube et al., 2008). 3-acetyl aleuritolic acid, a triterpenoid isolated from
Spirostachys africana exhibited a minimum inhibitory concentration of 50 pg/ml against E. coli
and S. aureus (Mathabe et al., 2008). Eugenol and terpineol, two terpenoids found in essential
oils, exhibited rapid bactericidal effect against Salmonella enterica and S. aureus respectively
(Guimaraes et al., 2019).
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Fig 2.5: Basic reactions during terpenoids synthesis (Grassman, 2005)
[GA- 3- P: D-glyceraldehyde- 3- phosphate; DOXP: 1- deoxy- D- xylulose- 5- phosphate; MEP:
methylerythritol-
4- phosphate; IPP: isopentenyl diphosphate; GPP: geranyl diphosphate; GGPP: geranylgeranyl
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diphosphate; HMG: hydroxymethylglutaryl; DMAPP: dimethylallyl diphosphate; FPP: farnesyl diphosphate]

2.5.4 Tannins

Tannins are polymeric phenolic compounds with different biological activities; they are
synthesized in all organs of the plant, especially in leaves, roots and stems (Ferdes, 2018).
Tannins have been found in a variety of plants utilized as food and feed which include food
grains such as sorghum, millets, barley, dry beans, etc. and fruits such as apples, bananas,
blackberries, dates, grapes, peaches, pears, raspberries, and strawberries (Chung et al., 1998).
There are two categories of tannins: condensed and hydrolyzable. Condensed tannins are
compounds formed by the polymerization of flavonoid units while hydrolyzable tannins are
heterogeneous polymers containing phenolic acids, especially gallic acid, and simple sugars
(Norton & Karczub, 2015). Tannins play an important biochemical role for the plants: they
increase the resistance of plants to viruses and microorganisms; they stimulate phagocytic cell
activity; and they have antibacterial and antifungal activities (Ferdes, 2018). A preliminary
phytochemical screening of T. comorensis showed the presence of tannins in its methanolic
extracts (Soule et al., 2017). Tannins also constitute the active ingredients of plant-based
medicines (Chung et al., 1998; Kabera et al., 2014). They have been reported to be bacteriostatic
and/or bactericidal for Staphylococcus aureus, Streptococcus pneumonia, Bacillus anthracis,
Shigella dysenteriae, and Salmonella senftenberg (Chung et al., 1998). Tannins extracted from
Solanum trilobatum showed a great antibacterial activity against S. aureus and Streptococcus
pyrogens with MIC value of 1 and 2 mg/ml respectively (Doss et al., 2008). Hydrolyzable
tannins extracted from different medicinal plants showed a promising antibacterial activity

against H. pylori and E. coli (Funatogawa et al., 2004).

2.5.5 Flavonoids

Flavonoids are phenolic compounds synthesized in the cytoplasm of the plant cell and then
accumulated in vacuoles. The flavonoids are one of the largest classes of plant phenolics (Fig
2.6), classified primarily on the basis of the degree of oxidation of the three-carbon bridge
(Norton & Karczub, 2015). Whereas both hydroxyl groups and sugars increase the water
solubility of flavonoids, other substituents, such as methyl ethers or modified isopentyl units,
make flavonoids lipophilic (hydrophobic) (Norton & Karczub, 2015). They have a defensive
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function against insects, fungi and viruses, as well as against invading invertebrates (Ferdes,
2018). Flavonoids protect plants from different biotic and abiotic stresses and act as unique UV
filters, function as signal molecules, allopathic compounds, phytoalexins, detoxifying agents and
antimicrobial defensive compounds (Panche et al., 2016). The phytochemical screening of T
comorensis showed the presence of flavonoids and has been estimated to be 0.47 pg/ml QE
(Quercentin equivalent) in the methanolic extract and 0.14 pg/ml QE for its ethyl acetate extracts
(Soule et al., 2017).
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Fig 2.6: Flavonoids classes, subclasses and natural sources (Panche et al., 2016)

2.5.6 Saponins

Saponins are compounds derived from steroids or triterpenoid glycosides, which occur in many
plants and act on microbial cells by permeabilization of the membrane. The presence of both
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lipid-soluble (the steroid or triterpene) and water-soluble (the sugar) elements in one molecule
gives saponins detergent properties, and they form a soapy lather when shaken with water
(Norton & Karczub, 2015). The main function of saponins in plant is antimicrobial activity and
to protect plants from the attack of insects (Badyal et al., 2020). In their study, Avato et al (2016)
reported the antibacterial effect of the sapogenins from Medicago arborea against Bacillus
subtilis (MIC= 125 pg/ml) and Bacillus cereus (MIC= 42.5 pg/ml). Moreover, medicagenic acid
also acted against S. aureus (MIC= 52.5 ug/Ml). Oleanolic acid and glucopyranosyl ester, two
saponins extracted from Melanthera elliptica showed a definite antimicrobial effect against S.
aureus, E. coli and C. neoformans (Tagousop et al., 2018). Saponins are widely distributed in the
plant kingdom and have many physiochemical (foaming, emulsification, sweetness, bitterness,
solubilization, etc.) and biological properties (haemolytic, antimicrobial, antioxidant,
insecticidal, etc.) exploited in many applications in food, cosmetics, pharmaceutical industries
and soil bioremediation (Kabera et al., 2014). Some saponins may enhance nutrient absorption

and aid in animal digestion.

2.5.7 Glycosides

Glycosides may be phenol, alcohol or sulfur compounds and they are characterized by a sugar
portion or moiety attached by a special bond to one or more non-sugar portions (Kabera et al.,
2020). Many plants store chemicals in the form of inactive glycosides. These can be activated by
enzyme hydrolysis, which causes the sugar part to break, making the chemical available for use.
Glycosides are reported to have antifungal, antimicrobial, anticancer, antioxidant and anti-
inflammatory activities (Ferdes, 2018). 11-hydroxystearic acid 11-O-(6-O-acetyl-p-D-
glucopyranoside, a glycoside isolated from Ibicella lutea showed a great antibacterial activity
against S. aureus and MRSA clinical isolates (Rosa et al., 2010). In their study, Pattananandecha
et al (2021), revealed that cyanidin 3-O-glucoside, the major anthocyanin glycoside present in
purple rice had a high antibacterial activity against foodborne pathogens including S. aureus, E.

coli, S. enteritidis, and Vibrio parahaemolyticus.

2.6 Phytochemical screening of plant secondary metabolites

Plant secondary metabolites usually accumulate in specific parts. A typical extraction method

require consideration of the following 3 steps (Sticher, 2008):
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- Preparation of plant materials
- Choice of solvents

- Choice of extraction methods

2.6.1 Preparation of plant materials

The easiest and efficient way to prepare the plants is to dry and grind the plant material (Sticher,
2008). Drying is an important process which reduces the moisture content of fresh materials for
long storage and minimizes the costs of transportation and preservation. There are different
methods of drying such as air-drying, microwave-drying, oven-drying and freeze-drying. Air-
drying doesn’t force dried plant materials using high temperature thus allowing preservation of

heat-labile compounds such as polyphenols (Sticher et al, 2008).

2.6.2 Choice of solvents

The choice of the solvents is an important step of the extraction. Depending on the
phytochemical, one solvent would give a high yield compared to others. Factors that should be
considered when choosing a solvent or solvent system for extracting plant material include
solubility of the target constituents, safety, ease of working with the solvent, potential for artifact
formation, and the grade and purity of the solvent (Sticher, 2008). The solvents are classified
depending on their polarity:

- Polar: water, ethanol, methanol, etc.

- Medium polar: ethyl acetate, dichloromethane, etc.

- Non polar: n-hexane, etc.

Depending on the phytochemical, one solvent would give a high yield compared to others: The
ethyl acetate extracts of T. comorensis tested negative for the presence of tannins while they
were presents in its methanolic extracts (Soule et al., 2017). Punica granatum showed a higher
amount of tannins extracted in its chloroformic extracts than in its ethyl acetate extracts
(Hamadnalla et al., 2020).
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2.6.3 Choice of extraction methods

The aim of every extraction is to separate the soluble plant metabolites from the insoluble ones.
A crude extract contain a mixture of plant secondary metabolites such as alkaloids, flavonoids,
phenolics, terpenoids and glycosides (Non, 2015). To separate these metabolites, different
extraction methods can be used such us maceration, percolation, Soxhlet extraction, microwave-
assisted extraction and ultra sound-assisted extraction each varying in cost and level of

complexity.

Percolation is useful and efficient for medium and large sample size. Maceration is mainly used
for small sample. Maceration is useful in preserving thermolabile phytochemical such as
polyphenols as no heat is needed during extraction (Nn, 2015). Moreover maceration is cost
friendly and a simple and quick process that can be repeated fairly easily (‘‘Extraction
Magazine’’, 2022).

Soxhlet extraction, is a convenient method for extraction of small to moderate volumes of plant
material and also use small amounts of solvent compared to percolation and maceration, however
the heat needed may cause thermolabile constituents to form artifacts or decomposition products
(Sticher, 2008).

Microwave and ultra sound assisted extractions both don’t need a large amount of solvent.

However these techniques are expensive to set up (‘‘Extraction Magazine’’, 2018).
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Chapter Three:
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Fig 3.1: Flow chart of the methods.

3.2  Collection of plant materials, drying and storage

The plant materials were collected from the Comoros, specifically in the Islands of Ngazidja.

Tambourissa comorensis fruits were harvested in Maoueni in the region of Mboude (11° 27" 48"
South, 43° 18' 58" East). Euclea mayottensis roots were collected from Diboini Plateau (11° 33'
25" South, 43° 18' 52" East). Each parts of the collected plants weighed 250g. The two plants

were identified at the National Herbarium of Comoros where voucher specimens have been

deposited. After collection, the plants were dried using air drying method (Fig 3.1). They were
kept in a room where air could circulate freely without the presence of the sun until they were
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completely dried. After drying, the plant materials weighed approximately 200 g each. The dried
plant materials were then airlifted to Uganda where the grinding to fine particles took place.
Analysis of the fine plant powders took place at the Departments of Biochemistry and Sports
Science and Medical Microbiology, Makerere University.

3.3 Plant extractions

The plants were extracted using the maceration method as described by Gberikon et al., (2015)
with slight modifications. Briefly, 20 g of powdered plant materials were weighed and put in
sterile bottles. Three different solvents were used: water, ethyl acetate and ethanol (70%). Each
weighed-out plant powders was macerated in 100 ml of each solvent separately in tightly
covered bottles. They were left to macerate for 72 hours and were shaken every 24 hours. The
resultant suspensions were filtered into sterile beakers, and filtrates collected were re-filtered
using Whatman No. 1 filter paper into sterile sample bottles. The solvents were evaporated and
the extracts were dried using an oven at 40° C. They were then labelled appropriately and stored

in a fridge at 3° C for further analyses.

3.4  Qualitative phytochemical screening

Plant extracts were screened for the presence of alkaloids, flavonoids, glycosides, tannins,
saponins, terpenoids, and polyphenols. The liquid form of the extracts for the phytochemical

screening was obtained by preparing solution of 0.01 mg/ml of the extracts.

3.4.1 Alkaloids

The presence of alkaloids was determined using Wagner reagent as described by Shah & Hossain
(2014): To a 2 ml of the extract, 2 ml of Wagner reagent was added by the side of the test tube. A

prominent brown or yellow precipitate indicated the test was positive.

3.4.2 Flavonoids

As described by Shah & Hossain (2014), few drops of dilute sodium hydroxide were added to
one milliliter of the extract. An intense yellow color which became colorless on the addition of a
few drops of dilute acid indicated the presence of flavonoids.

25



3.4.3 Polyphenols

Using the ferric chloride acid method (Sticher, 2008), 5% (w/v) of ferric chloride (FeCI3) were
dissolved in water. 10 drops of the solution were then added to 3 ml the extract which produced a

blue, blue-black, or blue-green color reaction in the presence of polyphenols.

3.4.4 Tannins

Three milliliters of the extract and 5 drops of 1% lead acetate were mixed in a test tube. A yellow

precipitate indicated the presence of tannins (Shah & Hossain, 2014).

3.45 Terpenoids

Few milliliters of the extracts were suspended in 2 ml of chloroform in a test tube. Then 5 ml of
concentrated sulphuric acid was added carefully to form a layer. A reddish-brown color interface
indicated a positive result for the presence of terpenoids.

3.4.6 Saponins

Following the method of Shah & Hossain (2014), the crude extract solutions were diluted with
20 ml of distilled water and were agitated in a graduated cylinder for 15 min. The formation of

1cm foam layer showed the presence of saponins.

3.4.7 Glycosides

To 2 ml of extract, 1 ml of glacial acetic acid, 3 drops of 5% Ferric chloride and concentrated
drop-wise suphuric acid were added. A reddish brown color at the junction of two layers and

bluish green in upper layer indicated the presence of glycosides (Hamadnalla, 2020).

3.5 Quantitative screening
3.5.1 Determination of total phenolic content

Total phenolic content was determined spectrophotometrically using the Folin Ciocalteu method

(Sahu & Saxena, 2013) with slight modifications: A 100ml stock solution of concentration
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Img/ml of gallic acid was prepared in methanol (100%). Standard solutions of concentration
varying from 0.01 to 0.05 mg/ml were prepared from the stock solution and used to construct a
calibration curve. The extract solutions of concentration 0.6 mg/ml were also prepared in
methanol (100%). Then 0.5 ml of each sample was introduced into test tubes and mixed with 2
ml of a 10-fold dilute Folin-Ciocalteu reagent. After 6 min, 2 ml of 7.5% sodium carbonate was
added in the test tubes. They were then covered with parafilm and allowed to stand at room
temperature for 30 min. The absorbance was read at 750 nm using a UV spectrophotometer.
Gallic acid was used a standard and the total phenolic content was expressed as mg GAE/g dry

extracts. This was done in triplicates.

3.6  Antibacterial assay

The different plant extracts were tested against 4 different microorganisms: Esherichia coli
(ATCC 25922), Staphilococcus aureus (ATCC 25923), Pseudomonas aeruginosa (ATCC
27853) and Viridae streptococci. Resistant isolates of E. coli (Extended Beta Lactamase positive
8403), S. aureus (Methicillin Resistant 8372) and P. aeruginosa (Carbapenem resistant 7106)

were also used.

3.6.1 Zones of inhibition

The microbial growth inhibitory potential of the plant extracts were determined using the agar
well diffusion method according to National Committee for Clinical Laboratory Standards
(NCCLS, 1993) with slight modifications: The microorganisms were first spread and incubated
overnight in MacConckey agar for the gram negative and blood agar for gram positive. Then
pure colonies were emulsified in sterile normal physiological saline to 0.5 Mc Farland (107
CFU/ml) of turbidity. After that, inoculum of each bacterial culture to be tested was spread on
Mueller Hinton agar plates with a sterile swab moistened with the bacterial suspension.
Subsequently, wells of 7 mm diameter were punched into the agar medium and filled with
approximately 100 ul of different concentrations of plant extracts; stock solutions, 40 mg/ml, 20
mg/ml and 1mg/ml. The concentration of the stock solutions was: E. mayottensis water 256
mg/ml; E. mayottensis ethanol 54.5 mg/ml; E. mayottensis ethyl acetate 173 mg/ml; T.

comorensis water 193 mg/ml; T. comorensis ethanol 88 mg/ml and T. comorensis ethyl acetate
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87.5 mg/ml. The extracts were allowed to diffuse at room temperature for 2 hours. This was done

in triplicates. The plates were then incubated in the upright position at 37° C for 24 hours.

Wells containing approximately the same volume of ethanol, ethyl-acetate, and distilled water
served as negative controls while standard antibiotic discs of ampicillin, erythromycin,
piperacillin and penicillin were used as the positive controls respectively against E. coli, S.
aureus, P. aeruginosa and V. streptococci. After incubation, the diameters of the growth

inhibition zones were measured in mm using a ruler.

3.6.2 MIC/MBC determination

The minimum inhibitory concentration (MIC) and the minimum bacteriocidal concentration

(MBC) were determined using the broth micro-dilution assay as described by (Mbanga et al.,
2013) with slight modifications. The inocula of the different microorganism was adjusted to the
0.5 McFarland standard. A dilution of 1/100 of the standardized bacteria was performed. Using
sterile broth as diluent, a dilution series for each assayed extract was made in a total volume of
100 ml giving final concentrations ranging from 0.16 mg to 256 mg/ml. A 96 well plate was used
and each well was inoculated with 50 pl of extracts and 20 pl of the test bacterial suspension.
The wells were then incubated aerobically at 37° C overnight. After the overnight incubation, 20
pl of 0.0015% resuzirin dye was added in each well and they were incubated for 2 hours. A
purple to blue color indicated inhibition of the tested strains while a pink color indicated growth
in the plate. The MIC was recorded as the lowest concentration inhibiting growth. Positive
control consisted of a well having 50 pl of the diluent and 20 pl of the tested strains. Negative
control well contained only the broth. A culture suspension of 50 ul was taken from each plate
that showed no growth, and sub-cultured onto Mueller Hinton agar. The plates were then
incubated aerobically at 37°C for 48 h. The lowest concentration of the extract which completely

inhibited growth was expressed as the MBC. These were done in triplicates.

28



3.7 Antioxidant assay

3.7.1 Free radical scavenging activity by DPPH method

The effect of the extracts on the scavenging of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
was determined according to the method described by Adawia et al. (2016) with slight
modifications. DPPH is a free stable radical with purple color. When DPPH is mixed with a
substrate that can donate a hydrogen atom (antioxidants), the odd electron of nitrogen atom in
DPPH is reduced by receiving a hydrogen atom from the antioxidant which results in the loss of
the violet color. A solution of 0.135 mM DPPH in methanol was prepared and 3.0 ml of this
solution was mixed with 1.0 ml of extract in methanol of different concentration varying from
0.2 mg/ml to 1 mg/ml. The reaction mixture was left in the dark at room temperature for 30 min.
The absorbance of the mixture was measured spectrophotometrically at 517 nm. Lower
absorbance of the reaction mixture indicated higher free radical scavenging activity. Ascorbic
acid and Gallic acid were used as standards and the same concentrations were prepared as the
plant extracts. 3 ml of DPPH reagent put in 1 ml of methanol was used as a control. Inhibition of

DPPH free radical in percentage was calculated by the formula:

Percentage (%) of DPPH radical scavenging = [(AO - A1) /A0 x 100)

Where: A0 is the absorbance of the control,
Al is the absorbance of the plant species or standards.

This was done in duplicates.

3.7.2 Ferric reducing antioxidant power (FRAP)

The ferric ions reducing power was measured according to the method of Oyaizu (1986) with
slight modifications. FRAP method is based on electron transfer and it involves the ability of the
antioxidant to reduce Fe>* to Fe®*. Different concentrations of the extracts ranging from 0.2 to 1
mg/ml were prepared. 1 ml of the extracts was mixed with 2.5 ml of 20 mM phosphate buffer
and 2.5 m of 1% w/v potassium ferricyanide and then the mixture was incubated at 50 °C for 30
min. Afterwards, 2.5 ml of 10% wi/v trichloroacetic acid and 0.5 ml of 0.1% wi/v ferric chloride

was added to the mixture which were kept aside for 10 min. Finally, the absorbance was
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measured at 700 nm. Ascorbic acid was used a positive reference standard. This was done in

duplicates.

3.8 Regulatory approval

Approval to obtain and transport the plant materials to Uganda for the purpose of this research
was obtained from INRAPE (National Research Institute on Agriculture, Fisheries and

Environment). Letter that shows the process to obtain approval is attached in the Apendix.

3.9  Statistical analysis

Data from each objective were directly entered into Microsoft excel. MINITAB 16 and
Graphpad Prism were used for statistical analysis. P level less than 0.05 was considered
significant.

Objective 1

Results were presented in a table, and Chi square analysis for categorical data was used to
statistically compare the different extracts. For the TPC determination, One Way ANOVA and
Tukey Honest Significant Difference were used to compare the results of the different extracts.

The appropriate graphs were drawn using Microsoft Excel.

Objective 2

Statistical comparisons between the different extracts were performed using one-way analysis of
variance (One way ANOVA). Results was expressed as Means + SD. The appropriate graphs

were drawn using Microsoft Excel.

Objective 3

One way ANOVA was used to test if there is a statistical difference between the extracts. All

results were expressed as Mean + SD. All graphs were drawn using Microsoft Excel.
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Chapter Four: Results

Objective 1: To identify the phytochemicals present in E. mayottensis and T.
comorensis.

4.1  Qualitative phytochemical screening

4.1.1 Tambourissa comorensis

The fruit extracts of T. comorensis showed the presence of numerous phytochemicals. The

ethanolic extracts revealed the presence of 6 phytochemicals while the ethyl-acetate and aqueous

extracts each showed the presence of 4 phytochemicals (Table 4.1). Flavonoids, glycosides and

terpenoids were present in all the extracts. The presence of tannins was observed in the ethanolic

extracts. Saponins were present in high quantity in the ethanolic extracts. Polyphenols were

present in the alcoholic and ethyl acetate extracts. Moreover, Chi-square statistical test showed

there might not be any significant difference in chemical composition of T. comorensis fruit

extracts prepared by different solvents (p=0.159). From the qualitative results, ethanol is more

effective in extracting the different phytochemicals of the fruits of T. comorensis.

Table 4.1: Phytochemical contents of T. comorensis fruits and E. mayottensis roots

Plants Extracts | Flavon | Tannins | Saponins | Terpenoi | Glycosid | Polyphen | Alkaloids
oids ds es ols
T.
comoren Water + - + + + - -
sis fruits ' Ethyl-
acetate + - - + + . +
Ethanol
(70%) + + ++ + + - +
E. Water
mayotten - - +++ + + - -
SIS roots Ethyl-
acetate - + + + + - +
Ethanol
(70%) - - ++ + + - +
Key: (+): Present, (++): Present in high quantity, (-): Absent.
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4.1.2 Euclea mayottensis

The phytochemical screening of the E. mayottensis roots extracts revealed the presence of
tannins, saponins, terpenoids, glycosides and alkaloids (Table 4.1). Among the three solvents,
ethyl acetate was able to extract 5 phytochemicals while ethanol extracted 4 and water 3
phytochemicals among the 7 phytochemicals that were screened. Saponins were present in
greater amount in the ethanolic and aqueous extracts. The ethyl acetate extracts indicated the
presence of tannins, saponins, terpenoids, glycosides and alkaloids. Saponins, terpenoids and
glycosides were present in all extracts while flavonoids were unexpectedly absent in all.
Polyphenols were only absent in the aqueous extract. And, there was no significant difference
between E. mayottensis root extracts prepared by different solvents (p=0.497). Moreover, from
the qualitative results, ethyl acetate was more effective in extracting the different phytochemicals

of the roots of E. mayottensis (Fig 4.1).

4.2  Quantitative phytochemical screening

4.2.1 Total phenolic contents

The total phenolic content (TPC) of E. mayottensis and T. comorensis are displayed in Table 4.2.
The quantitative screening of both plants showed that they are rich in phenolic compounds. The
ethanolic extracts had the highest amount of phenols with 1.228 mg GAE/g and 0.896 mg GAE/g
for E. mayottensis and T. comorensis respectively. And for both plants, the aqueous extracts
showed a TPC value less than 0.6 mg GAE/g dry extracts (0.58 for E. mayottensis and 0.538 for
T. comorensis). However, there was no significant difference in total phenolic content between
the different extracts of T. comorensis. For E. mayottensis, there was a significant difference

between the extract.

Table 4.2: Total phenolic contents of the extracts of E. mayottensis and T. comorensis

TPC (mg GAE/g Ethanol Ethyl acetate Water P value
dry extracts

E. mayottensis 1.228 + 0.02° 0.831 £ 0.06" 0.580 + 0.08° 0.000
T. comorensis 0.896 + 0.06° 0.683 + 0.40° 0.538 +0.17° 0.304

Note: Values indicate Mean + SD.
Values with different superscripts in the same row are significantly different (p<.05).
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The results in Table 4.2 clearly indicate that ethanol is more effective in extracting polyphenols

in the root of E. mayottensis and the fruits of T. comorensis.

Objective 2: To determine the antibacterial activity of E. mayottensis and T.

comorensis

4.4  Antibacterial activity of the roots of E. mayottensis

The diameters of inhibition of E. mayottensis root extracts against the microorganisms are shown

in Table 4.3. In general, the ethanol and ethyl acetate extracts exerted a great inhibition effect

against test isolates.

Table 4.3: Diameters of inhibition of E. mayottensis root extracts

Extracts Conce Diameters of inhibition (mm)
ntratio (P value < 0.05)
n ATCC259 8403 ATCC278 7106 ATCC259 8372 8860
(mg/ml 22 53 23
)
Water Stock - - - - - 12.6+0.57 -
40 - - - - - 11.6+0.57 -
20 - - - - - 8+0 -
1 - - - - - - -
Ethanol Stock  13.3#1.15 12.3+0.57 13.3+1.15 12.3+0.57 13+1 13.3+0.57 9+0
40 11+1 10.6+0.57 10.6+0.57 11+1 13+1 11.3+0.57 8+0
20 11.6£0.57 10.3+0.57 11+1 11.3+1.15 11+0.57 1140 7+0
1 10.6+0.57 9.6+1.52 10.3+0.57 10.6+0.57 10.6%+0.57 11+0 6.6+0.57
Ethyl Stock 18+1 15.5¢0.70  20+5.29  14.3+2.08 10.5+0.70 10.5+0.70 11+0
acetate 40  14.6+152 125+0.70 18+4.35 12+1 9.3+0.57  9.3+0.57 10.30.57
20 11.3+1.52 11.3+#1.15 10.3+0.57 11.5+70 8.6+0.57 8.6+057  8.3+0.57
1 10+1 10.6+0.57 8.6+0.57 7.6x1.15 7.3+0.57 6.6+0.57 7.6x0.57

(-): No inhibition observed.

[ATCC25922: Susceptible E. coli, 8403: EBL+ E. coli, ATCC27853: Susceptible P. aeruginosa, 7106:
Carbapenem resistant P. aeruginosa, ATCC25923: Susceptible S. aureus, 8372: MR S. aureus;

8860: Susceptible V. streptococci]

For the alcoholic stock extract, the strongest inhibition was observed against the susceptible E.
coli isolate (ATCC 25922), the susceptible P. aeruginosa isolate (ATCC 27853) and the resistant
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S. aureus isolate (8372) with a diameter of inhibition of 13.3 mm. The ethyl acetate extract
showed the highest inhibitory effect with a diameter of inhibition of 20 mm observed against the
susceptible strain of P. aeruginosa followed by 18 mm against the susceptible isolate of E. coli.
Surprisingly, the aqueous extracts were not effective against almost all isolates. The inhibition
was only observed against the resistant isolates of S. aureus with diameters of inhibition of 12.6
mm, 11.6 mm and 8 mm for a concentration of 256 mg/ml (stock solution), 40 mg/ml and 20
mg/ml respectively. At a concentration of 1 mg/ml, the aqueous extracts didn’t inhibit the growth
of the microorganisms. Nonetheless, there was a significant difference in the growth inhibition

between the extract.

Diameters of inhibiton of E. mayottensis root extracts at 40 mg/mi
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Fig 4.1: Diameters of inhibition of E. mayottensis root extracts at 40 mg/ml.

[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: MR S. aureus; 8860:
Susceptible V. streptococci]

4.5  Antibacterial activity of T. comorensis fruits

The antibacterial activity of the fruit extracts of T. comorensis are summarized in Table 4.4. The
alcoholic and ethyl acetate extracts were efficient against all tested organisms at all

concentration. However, the aqueous fruit extract had no inhibitory effect against all isolates
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tested. The highest inhibition was seen in the ethyl acetate extracts. The stock solution showed

an inhibition of 19 mm against the susceptible strain of E. coli and 14 mm against the resistant

strain. At 1 mg/ml of concentration of the ethyl acetate extracts, the highest inhibition was seen

against the resistant strain of P. aeruginosa (11 mm) and the lowest was recorded against the

susceptible strain of S. aureus (7.6 mm). For the ethanolic extract, the stock solution exhibited a

diameter of inhibition of 18.6 mm against the resistant strain of S. aureus followed by 15.6 mm

against the resistant strains of P. aeruginosa. At a concentration of 1 mg/ml, the highest zone of

inhibition was seen against the resistant strain of P. aeruginosa (12 mm) while the lowest was

against the susceptible strain of S. aureus. Moreover, there was a significant difference in the

growth’s inhibition of the bacterial strains between the extracts.

Table 4.4: Diameters of inhibition (mm) of T. comorensis fruit extracts

Extracts _ Concent Diameters of inhibition (mm)
ration (P value < 0.05)
(mg/ml) “ATCC2 8403  ATCC278 7106  ATCC259 8372 8860
5922 53 23
Water Stock - - - - - - -
40 - - - - - - -
20 - - - - - - -
1 - - - - - - -
Ethanol Stock 12.3+057 12.6+1.15 13.3+0.57 15.6+2.08 14+1 18.6+0.57 15+1
40  12.3+057 11.6+0.57 11.3+0.57 1442 12.6+0.57 16+1 13.3+1.15
20 1140 11.3+0.57 11.3+1.15 1340 11.6+1.15 15+1 11.6+0.57
1 1040 9.6+57  10.620.57 12+1 9.33+0.57 10+1 10+1
Ethyl Stock  19+2.64 14+1 11+1 143+152 10.3t0.57 12.3+057 14.50.70
acetate 40  11.3x1.15 111 10.3+0.57 14+1 9.3+0.57 10.620.57 13.5+0.70
20 100 1140 10.3+0.57 12.3+0.57 9.62¢0.57  11#1.73  9.6x1.15
1 8.3+2.08 10.620.57 8.3+0.57 1141 7.62057 8.3+057  8.3x0.57

(-): No inhibition observed.

[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: Methicillin resistant S.

aureus; 8860: Susceptible V. streptococci]
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Diameters of inhibiton of T. comorensis fruit extracts at 40
mg/ml
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Fig 4.2: Diameters of inhibition of T. comorensis fruit extracts at 40 mg/ml.

[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: Methicillin resistant S.
aureus; 8860: Susceptible V. streptococci].

4.6  Diameters of inhibition of the controls

The negative controls (distilled water, ethanol and ethyl acetate) did not show any inhibition
against all microorganisms. The positive controls all had a great inhibitory effect against all the
isolates with diameters of inhibition varying from 9 mm to 25.33 mm (Table 4.5). Erythromycin
was more effective against the susceptible isolate of S. aureus (25.33 mm) compared to the
different plant extracts. However, for the resistant isolate, the extracts worked better compared to
the positive control (10.6 mm). For both isolates of E. coli, the extracts were more efficient than
ampicillin (12.33 mm for the susceptible isolate and 9 mm for the resistant isolate). Penicillin
which was used against V. streptococci exhibited a diameter of inhibition of 14.66 mm which
was slightly lower than the one of the extracts of the stock solution of T. comorensis (15 mm) but
higher compared to E. mayottensis (9 mm). Piperacillin which was used against P. aeruginosa
had a greater inhibition effect against both the susceptible and resistant isolates of P. aeruginosa

(18.66 mm and 15.66 mm respectively) compared to the extracts.
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Table 4.5: Diameter of inhibition of the controls (Positive and negative)

Diameters of inhibition (mm)

] ) Positive controls Negative Controls
Microorganis Ampicillin  Erythromy  Piperacilli  Penicillin  Distilled Ethan  Ethyl
ms cin n Water ol acetate
ATCC 25922 12.33+2.51 NA NA NA - - -
8403 9+1.73 NA NA NA - - -
ATCC 27853 NA NA 18.66+2.51 NA - - -
7106 NA NA 15.66+2.08 NA - - -
ATCC 25923 NA 25.33+6.50 NA NA - - -
8372 NA 10.66+2.51 NA NA - - -
8860 NA NA NA 14.66+1.15 - - -

NA: Not applicable; (-): no inhibition observed.
[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:

Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: MR S. aureus; 8860:
Susceptible V. streptococci].
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Diameters of inhibition of E. mayottensis root extracts at 40 mg/ml
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Fig 4.3: Diameters of inhibition of E. mayottensis extracts and the controls at 40 mg/ ml.

[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: Methicillin resistant S.
aureus; 8860: Susceptible V. streptococci].

47 Determination of MIC and MBC

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of the extracts against the tested microorganisms are presented in table 4.6 and 4.7. The MIC
values varied from 0.16 mg/ml to 16.40 mg/ml for E. mayottensis ethanol and 0.16 mg/ml to 11
mg/ml for T. comorensis ethanol (Table 4.6). For both plants, the ethanolic extracts indicated an
MIC value of 0.16 mg.ml against both susceptible and resistant isolates of P. aeruginosa. The
highest MIC value for the ethanolic extract was recorded for the resistant isolate of S. aureus
(16.40 mg/ml) for E. mayottensis and susceptible isolate of E. coli (11 mg/ml) for T. comorensis.
For the ethanolic extracts, the MBC value was only recorded for T.comorensis with the
susceptible isolate of E. coli (22 mg/ml). For the other isolates, no bactericidal effect was
recorded (Fig 4.8).
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Table 4.6: MIC and MBC of the ethanolic extracts of E. mayottensis and T. comorensis

Microorganisms E. mayottensis ethanol extract T. comorensis ethanol extract
MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)

ATCC 25922 5.46+0 - 11+0 22+0

8403 8.19+3.86 - 8.25+3.88 -
ATCC 27853 0.16x0 - 0.16x0 -

7106 0.16+0 - 0.16+0 -
ATCC 25923 4.09+1.93 - 2.06+0.97 -

8372 16.40+7.73 - 2.750 -

(-): No value recorded.

[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372: Methicillin resistant S.
aureus]

For the ethyl acetate extracts, the MIC values for E. mayottensis varied from 16.21 mg/ml to a
concentration of 86.5 mg/ml while for T. comorensis, they varied from 16.40 mg/ml to 43.75
mg/ml (Table 4.7). E. mayottensis extracts against the resistant isolates of P. aeruginosa and S.
aureus had the same MIC value of 64.87 mg/ml whereas against the resistant isolate of E. coli,
the MIC was 86.5 mg/ml. For T. comorensis, the smallest MIC value was recorded against the
susceptible isolate of P. aeruginosa (16.40 mg/ml) while the highest was against the resistant
isolates of E. coli and S. aureus. T. comorensis extract had a bactericidal effect only against the

susceptible isolate of S. aureus with a MBC value of 43.75 mg/ml.

Table 4.7: MIC and MBC of the ethyl acetate extracts of E. mayottensis and T. comorensis

Microorganisms E. mayottensis Ethyl acetate T. comorensis Ethyl acetate
MIC (mg/ml) MBC (mg/ml)  MIC (mg/ml)  MBC (mg/ml)
ATCC 25922 21.62+0 - 32.80+15.48 -
8403 86.5+0 - 43.75+0 -
ATCC 27853 16.21+7.64 - 16.40+7.73 -
7106 64.87+30.58 - 21.87+0 -
ATCC 25923 43.25+0 - 32.81+15.47 43.75+0
8305 64.87+30.58 - 43.75+0 -

(-): No value recorded.
[ATCC25922: Susceptible E. coli; 8403: EBL+ E. coli; ATCC27853: Susceptible P. aeruginosa; 7106:
Carbapenem resistant P. aeruginosa; ATCC25923: Susceptible S. aureus; 8372:
Methicillin resistant S. aureus]
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(a) (b)

Fig. 4.4: Zones of inhibition of T. comorensis and E. mayottensis and their MBC determination.

The inhibition of the bacterial strains by the plant extracts are as shown in figure 4.8. (a): T. comorensis
ethanolic extract against MRSA,; (b): E. mayottensis ethyl acetate extract against ESBL+ E. coli; (c):
MBC determination.
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Objective 3: To determine the antioxidant activity of E. mayottensis and T.
comorensis

48 DPPP radical scavenging assay

The DPPH radical scavenging assay is based on the ability of the antioxidants present in the
extract to scavenge the radical present in the DPPH molecule. The percentages of inhibition of
the radical by the extracts are presented in Table 4.8. The plant extracts exhibited a
concentration dependent scavenging effect on the radical of DPPH but lower than Gallic acid and
ascorbic acid which were used as standards. Among the plant extracts, the aqueous extracts for
both plants showed the highest values of inhibition: T. comorensis aqueous fruit extracts showed
an inhibition varying from 42.89% (0.2 mg/ml) to 51.42% (1 mg/ml), whereas for E. mayottensis
roots the inhibition varied from 21.71% (0.4 mg/ml) to 45.17%/. The aqueous extract of E.
mayottensis showed no inhibition on the radical of DPPH at a concentration of 0.2 mg/ml, while
the alcoholic and ethyl acetate extracts had no effect on the radical scavenging of DPPH at a

concentration of 0.2 mg/ml and 0.4 mg/ml.

Table 4.8: Radical scavenging activity of T. comorensis and E. mayottensis

Radical scavenging activity (%)

Concent  Ascorbic Gallic T.comoren T.comoren T.comoren E.mayotte E.mayotte E.mayotte
ration Acid Acid sis Water  sis sis Ethyl nsis Water  nsis nsis Ethyl
(mg/ml) Ethanol acetate Ethanol acetate
0.2 81.81+1.60 5454+1.60 42.89+0.40 31.25+0.40 34.09+x160 O 0 0
0.4 84.65+3.21 55.96+£3.61 47.15+2.41 31.53+6.02 34.37+5.22 24.71+281 O 0
0.6 86.93+4.01 56.53+1.20 48.01+0.40 34.37+x2.81 36.07+2.81 28.69+3.61 12.78+1.20 8.80+2.81
0.8 87.21+2 56.81+0.80 48.57+2 40.90+0.80 36.64+1.20 34.94+3.61 23.86+3.21 28.40+1.60
1 89.22+0.40 57.67£1.20 51424522 4517%2 46.30£1.20 44.60+3.61 42.04+0.80 38.63x2.41

Percent inhibition Values: Mean + SD

For T. comorensis the lowest inhibition was recorded with the alcoholic extract and for E.
mayottensis, the ethyl acetate extract had the least effect on DPPH radical (Fig 4.9). Moreover,

there was a significant difference on the radical scavenging activity of T. comorensis extracts at
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concentration 0.8 mg/ml, 0.6 mg/ml and 0.2 mg/ml with p value of 0.008, 0.018 and 0.003
respectively. At concentration 1 mg/ml and 0.4 mg/ml there was no significant difference
between T. comorensis extracts (p value=0.216 and 0.09 respectively). For E. mayottensis at low
concentration (0.6 mg/ml and 0.4 mg/ml) there was a significant difference between the extracts
(p value = 0.01 and 0.001 respectively) while at high concentration (0.8 mg/ml and 1 mg/ml), no
significant difference on the radical scavenging activity of E. mayottensis extracts was observed
(p value=0.07 and 0.193 respectively).

Free radical scavenging activity

0.2 mg/ml 0.4 mg/ml 0.6 mg/ml 0.8 mg/ml 1 mg/ml

100
90
80
7
6
5
4
3
2
1

Inhibition (%)

o

Concentration (mg/ml)
B E.may E.ac B E.may Eth B E.may wat B T.com E.ac

B T.com Eth H T.com wat HAA H GA

Fig 4.5: Free radical scavenging activity of T. comorensis and E. mayottensis extracts.

Among the extracts, the aqueous extracts of T. comorensis had the highest inhibition effect
on the radical of DPPH. Key: E. may E.ac: E. mayottensis Ethyl acetate; E. may Eth: E. mayottensis
Ethanol; E. may Wat: E. mayottensis Water; T. com E. ac: T. comorensis Ethyl acetate; T.com Eth: T.
comorensis Ethanol; T. com Wat: T. comorensis Water; AA: Ascorbic acid; GA: Gallic acid

42



4.9

Ferric reducing antioxidant power assay (FRAP)

The plant extracts exhibited a promising high reducing power but lower than that of ascorbic

acid (Fig 4.10). At concentration 1 mg/ml, the alcoholic extract of E. mayottensis showed the

highest reducing power (0.908) followed by the ethyl acetate extract (0.897). For T. comorensis,

the ethyl acetate extract showed the highest reducing power (0.773) followed by the ethanolic

extract (0.680). For both T. comorensis and E. mayottensis, the aqueous extracts showed the

lowest reducing power (0.666 and 0.449 respectively) (Table 4.9). Further still, at all

concentration, there was no significant difference between the extracts of T. comorensis (p value

ranging from 0.06 to 0.32). For E. mayottensis, there was a significant difference between the

extracts (p value ranging from 0.005 to 0.03).

Concentr
ation
(mg/ml)

0.2
0.4
0.6

0.8

Table 4.9: Reducing power activity of E. mayottensis and T. comorensis

Absorbance at 700 nm
Ascorbic  T.comorensi  T.comorens T.comorens E.mayottensi E.mayottensi E.mayottensi
acid s ethanol is ethyl is water s ethanol s ethyl S water
acetate acetate

0.267+0.01 0.357£0.007 0.329+0.02 0.264+0.03 0.543+0.05 0.368+0.01 0.278+0.002
0.49040.03 0.475%0.07 0.429+0.03 0.382+0.02 0.610+0.009 0.525+0.04 0.337+0.002
0.739+0.01 0.542+0.02 0.513+0.02 0.447+0.01 0.666+0.01 0.627+0.02 0.357+0.02
1.004+0.07  0.603+0.04  0.577+0.03 0.543+0.07 0.735+0.01  0.663+0.15  0.424+0.004
1.534+0.003  0.68+0.03 0.773+0.02 0.666+0.01 0.908+0.004 0.897+0.03 0.449+0.17

Absorbance values: Mean + SD
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Ferric reducing power

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

Absorbance at 700 nm

0.2 0.4 0.6 0.8 1

Concentration (mg/ml)

e=@=T.com Eth ==@=T.comE. ac T. com Wat ==@==E.may Eth

=@==E.may E.ac E. may Wat e=@==AA

Fig 4.6: Ferric reducing power of T. comorensis and E. mayottensis extracts

Among the extracts, the ethanolic extract of E. mayottensis and the ethyl acetate extracts of T. comorensis
showed the highest reducing power potential. Key: E. may E.ac: E. mayottensis Ethyl acetate; E. may
Eth: E. mayottensis Ethanol; E. may Wat: E. mayottensis Water; T. com E. ac: T. comorensis Ethyl
acetate; T.com Eth: T. comorensis Ethanol; T. com Wat: T. comorensis Water; AA: Ascorbic acid.
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Chapter Five: Discussion

The present study revealed a range of different phytochemicals in the extracts of the roots of E.
mayottensis and fruits of T. comorensis. The results further suggest that the identified
phytochemical compounds may be the bioactive constituents of the plants and thus making a

valuable reservoir of bioactive compounds of substantial medicinal merit.

;I'he current study is the first of kind that carried out co-current phytochemical screening and the
associated biological activities of E. mayottensis. The screening showed that E. mayottensis plant
has phyto-compounds that exhibit anti-microbial activities. Although polyphenols are believed to
be common phytochemicals found in medicinal plants, their presence was not qualitatively
detected when E. mayottensis aqueous extracts were screened, but these were quantitatively
identified in small amounts (0.538 mg GAE/g). This could be due to the fact that when
performing the qualitative screening, very small amounts of the extracts were pipetted. However,
for the quantitative assay, a substantial concentration of 0.6 mg/ml of the same extracts was
needed. The presence of various phytochemicals was shown in other species of the Ebenaceae
family that includes terpenes in E. natalensis (Maroyi, 2017), alkaloids, glycosides, saponins and
tannins in E. unduluta (Joshua et al., 2013). E. crispa and E. natalensis extracts also showed the

presence of flavonoids, polyphenols, saponins and terpenes (NKkala et al., 2022).

T. comorensis screening also revealed the presence of a range of phyto-components of medicinal
importance. The presence of tannins and flavonoids in T. comorensis in the current study agrees
with the study of Soule et al (2017) which also reported their presence in the methanolic and
ethyl acetate extract of the plant. Alkaloids and phenolic compounds (flavonoids and phenolic
acid) were reported in Peumeus boldus, a species from the Monimiaceae family (Oteru et al.,
2022; Da Cruz et al., 2019).

The total phenolic content of T. comorensis fruit extract was estimated to be between 0.538 -
0.896 mg GAE/g dry extracts for a concentration of 0.6 mg/ml of extracts (Table 4.2). And the
alcoholic extract had the highest value. This could mean that ethanol was more efficient in
extracting the polyphenolic compounds of the plant. In the study by Soule et al (2017), the
alcoholic extract of T. comorensis also had the highest content of polyphenols (0.63 g/L GAE)
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which agrees with our study. However, they did not mention precisely the concentration of the
extract they used in the total phenolic content assay. E. mayottensis root extracts showed a TPC
value ranging from 0.580 to 1.228 mg GAE/g of dry extracts (Table 4.3). The ethanolic extract
had the highest amount of phenolic content followed by ethyl acetate and aqueous extract. Study
in other species of Euclea genus showed a TPC value of 36.60 mg GAE/ g in the methanolic
extracts of E. crispa and 13.51 mg GAE/g for E. natalensis (Nkala et al., 2021).

The antimicrobial activity of T. comorensis and E. mayottensis showed that the extracts had a
promising antimicrobial effect on the different strains used. The zones of inhibition reported
varied from 6.6 to 20 mm (Table 4.3 & Table 4.4). These extracts had a high antimicrobial
activity against the resistant strains (extended beta lactamase (+) E. coli, methicillin resistant S.

aureus and carbapenem resistant P. aeruginosa) used.

T. comorensis extracts showed a high antibacterial activity against E. coli, P. aeruginosa and S.
aureus with diameter of inhibition observed for both the susceptible and resistant strains used.
The screening of T. comorensis showed the presence of different phytochemicals that are known
to act as antibacterial agents which includes alkaloids, saponins, polyphenols, tannins,
glycosides, flavonoids and terpenoids (Ferdes, 2018). Their presence in the plant would explain
the high antibacterial observed. Furthermore, aqueous extract of T. comorensis was not effective
against any of the microorganisms used where the diameters of inhibition were too low to be
recorded at concentration 40 mg/ml and below. This could be explained by the fact that the
aqueous extract only revealed the presence of few phytochemicals and thus high concentration of
the extract is needed to give better antibacterial activity. In contrast with the results obtained
from this study, Soule et al (2017) showed that T. comorensis methanolic extract had a very low
antibacterial effect on the same strains used (E. coli, P. aeruginosa and S. aureus). The diameters
of inhibition were only 8 mm and 9 mm against E. coli and S. aureus respectively while for P.
aeruginosa, no inhibition was recorded. However, in their study, Soule et al used Soxhlet
method to extract the phytochemicals. The high temperature used during the Soxhlet extraction
and the time of passage in the Soxhlet apparatus may have destroyed some of the phytochemicals
that would have exhibited an antibacterial effect. On the other hand, a study using another
species of the Monimiaceae family showed a very strong antibacterial activity against S. aureus
(29mm) and MRSA (23mm) (Wendakoon et al., 2012). The extracts of E. mayottensis showed a
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great antibacterial effect against the test organisms used (S. aureus, E. coli, P. aeruginosa and V.
streptococci) both the susceptible and resistant strains. This could be explained by the rich
presence of phytochemicals (saponins, alkaloids, terpenoids and tannins) that are reported to be
effective against bacteria (Ferdes, 2018). Additionally, the aqueous extract of the plant was only
effective against the methicillin resistant S. aureus while against other microorganisms, the
inhibition was too low. This could mean that when the strain of S. aureus gained its resistance
against methicillin, it might have lost a property that now make it susceptible to the compounds
(saponins, terpenoids, glycosides) present in the aqueous extract of E. mayottensis. Moreover, a
consequent amount of extract is also needed to give a better inhibition effect. These results are in
accordance with studies done in other species of Euclea where the methanolic extracts showed a
very strong antibacterial activity against Streptoccus mutans, S. aureus and E.coli (Mbanga et al.,
2013; Mbabazi et al., 2020).

The ethyl acetate extract of E mayottensis showed the highest antibacterial effect among the
different extracts and its phytochemical screening showed the presence of alkaloids, tannins,
terpenoids, polyphenols, glycosides and saponins. For T. comorensis, the ethanolic extract
showed the highest inhibition effect and the phytochemical screening showed the presence of
alkaloids, terpenoids, saponins, polyphenols, glycosides and flavonoids. The rich presence of
those phytochemicals in the extracts could explain the great antibacterial activity observed as

these compounds are known to exhibit antibacterial activities (Ferdes, 2018).

This study also investigated the antioxidant activity potential of T. comorensis and E.
mayottensis using two different methods: the DPPH radical scavenging activity and the ferric
reducing antioxidant power assay (FRAP). The DPPH radical scavenging activity showed that
both plant had a low to moderate radical scavenging effect on the DPPH molecule for the range
of extracts concentration used (0.2-1 mg/ml) as compared to the standards gallic acid and
ascorbic acid (Fig 4.5). The aqueous fruit extract of T. comorensis had the highest scavenging
effect with an inhibition varying from 42.89 to 51.42% while its ethanolic extract had the lowest
with only 31.25 to 45.17% of inhibition (Table 4.8). The ethyl acetate fruit extract of T.
comorensis had a scavenging effect varying from 34.09 to 46.30%. The aqueous extract of T.
comorensis which had the highest radical scavenging power revealed the presence of flavonoids,

saponins, terpenoids and glycosides that exhibit potent radical scavenging activity. This agrees
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with the study of Soule et al (2017), where the ethyl acetate extract of T. comorensis had a higher
scavenging power compared to the methanolic extract on the range of concentration used. A
study done in Peumus boldus, a species from the Monimiaceae family, showed that the plant had
a great DPPH radical scavenging effect for the ethyl acetate and water soluble fractions
(Schmeda-Hirschmann et al., 2003).

On the other hand, E. mayottensis had a low radical scavenging effect for the range of
concentration used with a percentage inhibition wavering from 8.80% to 44.6% (Table 4.8). The
aqueous extracts had an inhibition effect varying from 24.71% to 44.6% which was the highest
for the plant, followed by the ethanolic extract (12.78% to 42.04%) and ethyl acetate extract
(8.80% to 38.63%) (Table 4.9). Saponins, which were present in great amount in the aqueous
extract as well as glycosides and terpenoids are known to exhibit potent radical scavenging
activity against DPPH (Gao et al., 1999; Wang et al., 2019, Nwaehujor et al., 2017). These
results disagree with the study done using another Euclea species, where the methanolic extrat of
E. schimperi were able to scavenge the DPPH radical with a percentage scavenging activity

above 70% for a concentration of 1 mg/ml (Mekonnen et al., 2018).

Both plants (for the range of concentration of 0.2-1 mg/ml) using FRAP assay, had a great
reducing power although not as much as ascorbic acid, the standard used (Fig 4.10). For T.
comorensis, the highest reducing power was seen in the ethyl acetate fruit extract (0.777
absorbance at 700nm for 1mg/ml) while the aqueous extract showed the lowest reducing power
(0.666) (Table 4.9). Tannins, saponins, terpenoids, glycosides and alkaloids that were observed
in the ethyl acetate and ethanolic extracts are all known to possess antioxidant potential. These
results disagree with those of Soule et al., (2017) where the ethyl acetate T. comorensis extract
showed the highest reducing power for the range of concentration used. In the case of E.
mayottensis, the ethanolic roots extract demonstrated the highest reducing power (0.908) while
its aqueous extract showed the lowest (0.449) (Table 4.10). In the study of Mekonnen et al
(2018), the methanolic extract of E. schimperii demonstrated the highest reducing power (0.832
at 1 mg/ml).

Medicinal plants, generally, are known to possess various bioactivities, including the antioxidant

activity (Othman et al., 2017). These bioactivities are attributed to the presence of plant
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secondary metabolites or phytochemicals. In the incessant search for new bioactive natural
products against oxidative damage and inflammation, terpenes are emerging as a rich source of
such compounds (Baccouri & Rajhi, 2012). Monoterpenes and sesquiterpenes (major
components of essential oils) show strong antioxidant activities. Using different antioxidant
activity assays, essential oils have confirmed their hydrogen- donating capabilities (Grassman,
2005), with apparent effective counteraction of free radicals and reactive oxygen species. It is,
thus plausible to state that Euclea mayottensis and Tambourissa comorensis, the two medicinal
plants investigated, contain some essential oils in the form of terpenoids that may explain, at

least in part, the plants’ antioxidant properties observed in this study.
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Chapter 6

Conclusions, Limitations and Recommendations

6.1 Conclusions

1. This study has shown that fruits of Tambourissa comorensis and roots of Euclea mayottensis
have a wide range of phytochemicals of medicinal importance.

2. The roots of E. mayottensis and fruits of T. comorensis showed potential antibacterial
activities against susceptible and resistant strains of different bacteria. However, this

antibacterial activity varied tremendously, depending on the solvent used in extraction.

3. The DPPH radical scavenging activity and ferric reducing power assays of the crude plant
extracts showed moderate to high antioxidant activities, illustrating the fact that these plants

possess different antioxidant mechanisms of action.

4. Overall, the findings of this study validate the medicinal use of the fruits of T. comorensis and

roots of E. mayottensis by local people in the Comoros.

6.2 Limitations

1. Difficulty in accessing chemicals and reagents attributed to lack of sufficient funds. Certain
key reagents/standards could not be bought because they were too expensive.

2. Much of the precious time was lost due to Covid-19 lockdowns and counter-lockdowns.

Samples could not be shipped to Uganda in time from the Comoros.
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6.3

Recommendations

Different phytochemicals were detected in both E. mayottensis and T. comorensis crude
extracts. So isolation and identification is recommended to confirm the bioactive

compounds presents in the plants.

. This study only looked at the fruits of T. comorensis and roots of E. mayottensis. Thus

use of other parts of the plants such as leaves, stem would be better to identify which
phytochemicals are presents in each part of the plants and how active those parts are.

. The study determined the total phenolic content of the extracts and used a light

spectrophotometer to quantify them. Therefore use of other quantification methods such
mass spectroscopy, HPLC, etc. would yield better results. Quantifications of other
phytochemicals is also recommended.

During the MIC determination, the solvents used for preparation of the extract tended to
volatize along the way, which may have resulted in high values of MIC. So use of
different solvents initially that would be less volatile is recommended.

. There is need to study possible mechanisms of antibacterial action of the extracts.

Study on the toxicity of the plants is also highly recommended.
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APPENDIX

Approval letter request for the transportation from the Comoros of Euclea mayottensis and
Tambourissa comorensis

IDAROUSSI FAIDA KHADIDJA Mardi, le 9 Mars 2021
MAKERERE UNIVERSITY

COLLEGE OF NATURAL SCIENCES

DEPARTMENT OF BIOCHEMISTRY AND SPORTS SCIENCES

KAMPALA, UGANDA

Tel: +256 797326369

Email: fkidaroussi@cns.mak.ac.ug

Ministére de I’environnement
Comores, Moroni

Objet: Demande pour obtenir des échantillons de Tambourissa comorensis et Euclea mayottensis pour
mes recherches de fin de cycle

Mr/Mme,

Je me nomme Idaroussi Faida Khadidja, étudiante comorienne actuellement en Ouganda. Je suis en
2eme année de master en biochimie a I'Université Makerere.

Mon projet de fin de cycle consiste a un screening phyto-chimique, antimicrobienne et antioxydante
activités de deux plantes médicinales communément utilisées aux Comores: Euclea mayottensis et
Tambourissa comorensis.

L’étude consistera a apporter de nouvelles données concernant les composés phyto-chimiques de ces
deux endémiques plantes des Comores ainsi que de leur potentielle bioactivités.

De ce fait, pour mener a bien mon projet de fin d’étude, je sollicite la permission pour pouvoir obtenir

les échantillons de ces deux plantes
En attente d’une réponse favorable de votre part, veuillez accepter mes salutations les plus distinguées.

Cordiallement,

Idaroussi Faida Khadidja
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