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ABSTRACT

Oxidative stress-induced conditions and bacterial diseases constitute some of the major
causes of mortality worldwide. Their treatment is becoming a challenge due to
antimicrobial resistance, prohibitive costs, inaccessibility and side effects of the
conventional drugs. Thus, traditional medicine is becoming popular in the treatment of
these diseases in various parts of the world. The objectives of this study were to;(1)
identify the secondary metabolites in extracts of Albizia coriaria leaves (EOACL), (2)
determine the total phenolic and total flavonoid contents of EOACL, (3) establish the
antioxidant activity of EOACL, (4) evaluate the antibacterial activity of EOACL, and
(5) characterize the phytochemicals in the most active EOACL used in traditional
treatment of oxidative stress-induced conditions and bacterial diseases in Uganda. The
leaves were sampled from Jinja, Kole and Mbarara districts of Uganda, representing
the South East, Mid Northern and Southern drylands agroecological zones,
respectively. Shade-dried samples were ground into powder and successively extracted
with ethyl acetate, ethanol and distilled water. The extracts were chemically profiled
using classical phytochemical screening, ultraviolet-visible (UV-Vis) spectroscopy,
Fourier transform infrared (FTIR) spectroscopy and gas chromatography-mass
spectrometry (GC-MS). The total phenolic content, total flavonoid content, antioxidant
and antibacterial activities were determined using; Folin-Ciocalteu method, aluminum
chloride assay, 1,1-diphenyl-2-picrylhydrazyl assay and culture-based agar disc
diffusion method, respectively. The results obtained varied for the three agroecological
zones; Mbarara leaf extracts had many secondary metabolites and exhibited the highest
bioactivities, followed by Kole and Jinja extracts. Phytochemical screening results
indicated that phenols, alkaloids, saponins, flavonoids, cardiac glycosides and tannins
were the major secondary metabolites in EOACL. These results were confirmed by
UV-Vis spectra (with absorption maxima of 338 nm, 470 nm, 534 nm, 607 nm and 664
nm) and FTIR spectra which indicated the presence of O—H stretch (3370.27 cm™),
C=0 (1739.70 cm), N—H (3261.46 cm™) and aromatic—C=C (1454.48 cm™). Total
phenolic and flavonoid contents, and antioxidant activity were found to be highest for
ethanolic extracts, with the highest contents (101.72 + 0.22 mg GAE/ g DW and 13.23
+ 0.03 mg QE/ g DW) and antioxidant potential (ICso = 18.65 £ 0.06 mg/mL) being for
EOACL from Mbarara district. The high antioxidant potential of EOACL suggests their
potential role in the prevention of oxidative stress-induced conditions. Antibacterial
screening indicated that ethanolic extracts had the highest antibacterial activities with
mean zones of inhibition of 6.00 £ 1.73 to 10.00 £ 1.73 mm, 5.00 £ 1.00 to 12.30
1.53 mm, 17.00 + 0.00 to 25.00 + 2.65 mm and 9.00 £ 1.73 to 16.00 £ 1.73 mm for
Escherichia coli (E. coli), Staphylococcus aureus, Pseudomonas aeruginosa and
Salmonella typhi, respectively. Ethyl acetate EOACL from Kole and Mbarara were
active against E. coli with inhibition zones of 3.00 £ 0.00 mm and 4.00 £ 2.00 mm
respectively. Ethyl acetate EOACL from Jinja and all the aqueous extracts showed no
antibacterial activity. Characterization of fractions of the most active (ethanolic)
EOACL using GC-MS led to the identification of nine compounds: lupeol (7), lupenone
(8), betulinic acid (9), benzyl alcohol (12), betulin (13), oleanolic acid (14), oleanolic
acid acetate (15), undecanol (16) and pterin-6-carboxylic acid (17) of which compounds
13-17 are being reported for the first time in Albizia coriaria. In conclusion, EOACL
were established to have compounds with antioxidant and antibacterial activities,
giving credence to their use in traditional management of oxidative stress-induced
conditions and bacterial diseases. Clinical trials using the active EOACL and the
identified compounds should be done.
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CHAPTER ONE: INTRODUCTION

1.1 Background of the study

Oxidative stress-induced conditions and diseases caused by pathogenic bacteria are
some of the leading causes of preventable deaths in the world (Shrivastava et al., 2018;
Tincho et al., 2020; WHO, 2020a, 2020c). Oxidative stress plays a fundamental role in
the pathophysiology of various diseases and conditions including neurodegenerative
diseases, atherosclerosis, cardiovascular dysfunction, drug toxicity, inflammation,
carcinogenesis and ischemia-reperfusion injury (Garcia-Sanchez et al., 2020;
Plenkowska et al., 2020). Some of the oxidative stress-induced conditions such as
cancer, heart diseases and inflammatory disorders has been listed among the top killer

diseases worldwide (Sung et al., 2021).

On the other hand, a significant percentage of annual global deaths are still attributed
to bacterial infections which can be affordably prevented or cured (Holmes et al., 2017;
WHO, 2020b). Human immunodeficiency virus (HIV), bladder, stomach, cervical and
liver cancers have been reported to be aggravated in patients with bacterial diseases
(Abd-ElI-Raouf et al., 2020; de Martel et al., 2020; WHO, 2020d). At least 55% of the
550,000 new stomach and bladder cancer cases worldwide are attributed to infections
caused by bacteria such as Helicobacter pylori and E. coli. These bacteria play a part
in the etiology of non-ulcer dyspepsia, duodenal and gastric ulceration, gastritis,
bladder and gastric carcinoma by inducing inflammation, upregulating the generation
of reactive oxygen species (inducing oxidative stress) and producing carcinogenic
metabolites (Abd-El-Raouf et al., 2020; Holmes Jr et al., 2021; Parsonnet, 1995; WHO,

2020d).



Treatment of oxidative stress-induced conditions and bacterial diseases has become
challenging in the face of antimicrobial resistance, prohibitive costs, limited access and
side effects of the conventional drugs (Schultz et al., 2020a). Because of the foregoing
treatment challenges, some indigenous communities have folded back on the use of
medicinal plants for managing such ailments. The World Health Organization (WHO)
indicated that at least 50% of the world’s population subsist on medicinal plants for
their primary health care needs (WHO, 2019). Plants are preferred due to their
availability, affordability, cultural acceptability and the belief that herbal medicines are
more effective and safe than allopathic drugs (Schultz et al., 2020b). It is therefore not
surprising that oxidative stress-induced conditions and bacterial diseases are being
treated using medicinal plants in various parts of the world, including Uganda (Schultz

et al., 2020a).

Uganda lies in the East African botanical plate and has more than 260 species of plants
from over 160 genera being utilized in traditional medicine (Omara et al., 2020a).
Albizia coriaria Welw. ex Oliver (A. coriaria) is one of the treasured ethnomedicinal
plants in Uganda. The plant, leaves, stem and root barks, roots, seeds and flowers of A.
coriaria are used for treatment of diarrhoea, cough (tuberculosis), typhoid, cancers,
fevers (malaria), coronary diseases, allergy, nausea, headaches, mental illness, anaemia,
syphilis, constipation, post-partum haemorrhage, snakebites, sore throats, herpes zoster,
menorrhagia, threatened abortion, skin diseases, jaundice and sore eyes (Omara et al.,

2020Db; Schultz et al., 2020b).

Despite the widely reported therapeutic potential of A. coriaria by ethnobotanists, there
are few reports on its phytochemicals (Obakiro et al., 2020; Omara et al., 2020b;

Schultz et al., 2021a). This study aimed at characterizing the phytochemicals in A.



coriaria leaves and evaluating its antioxidant and antibacterial activities to verify its
claimed traditional use in the treatment of oxidative stress-induced conditions and

bacterial diseases in Uganda.

1.2 Statement of the problem

Oxidative stress-induced conditions and bacterial diseases are some of the leading
causes of mortality in the world (Shrivastava et al., 2018; Tincho et al., 2020; WHO,
2020a, 2020c). Treatment of these ailments using conventional drugs is expensive,
carries several side effects due to lack of specificity and the drugs are usually
inaccessible in rural settings. Further, pathogenic bacteria are developing resistance to
the previously effective antibiotics (Schultz et al., 2020a). Thus, there is need to search
for novel, effective and cheaper drugs with new modes of action and less side effects
(Dominguez et al., 2020; Shrivastava et al., 2018; WHO, 2017). Medicinal plants are
being used as one of the readily available options for treatment of oxidative stress-
induced conditions and bacterial diseases in various parts of the world (WHO, 2019).
Albizia coriaria leaves, roots, root and stem barks are widely used for treatment of
oxidative stress-induced conditions and bacterial diseases in Uganda (Asiimwe et al.,
2013; Musinguzi et al., 2017; Nambejja et al., 2019; Namukobe et al., 2011; Namukobe
et al., 2021; Schultz et al., 2020b). The compounds associated with the claimed
bioactivities have only been partly characterized in the stem bark and roots
(Byamukama et al., 2015; Note et al., 2010; Note et al., 2009). This makes its use
limited and has also led to over exploitation of the stem bark and roots (Tabuti and
Mugula, 2007). Hence, there was a need for the current study to investigate the

compounds in A. coriaria leaves.



1.3 Objectives of the study

1.3.1 General objective

The main objective of the study was to perform phytochemical screening, determine
the total polyphenolic content, antioxidant and antibacterial activities and characterize
the phytochemicals in the most active extracts of A. coriaria leaves from three

agroecological zones of Uganda.

1.3.2 Specific objectives

The specific objectives of the study were to:

1. Phytochemically screen the secondary metabolites in ethyl acetate, ethanolic
and aqueous extracts of A. coriaria leaves from Jinja, Kole and Mbarara districts
of Uganda.

2. Determine the total phenolic and total flavonoid contents of extracts of A.
coriaria leaves from Jinja, Kole and Mbarara districts of Uganda.

3. Establish the antioxidant activity of bioactive compounds in extracts of A.
coriaria leaves from Jinja, Kole and Mbarara districts of Uganda.

4. Evaluate the antibacterial activity of extracts of A. coriaria leaves from Jinja,
Kole and Mbarara districts of Uganda on Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Salmonella typhi.

5. Perform bioassay-guided isolation and characterization of compounds in

extracts of A. coriaria leaves from Jinja, Kole and Mbarara districts of Uganda.



1.4 Justification of the study

Bacterial infections and oxidative stress-mediated complications remain in the top list
of the major causes of mortality reported globally (Shrivastava et al., 2018; Tincho et
al., 2020; WHO, 2020a, 2020c). Further, they have been linked to cancer and increased
HIV progression in immunocompromised patients (Anywar et al., 2020a). Albizia
coriaria leaves could be an alternative source of novel antioxidant and antibacterial
drugs. However, these can only be developed and standardized if its phytochemical
constituents, antioxidant and antibacterial activities are established. Therefore, there
was need to investigate A. coriaria to determine the bioactive compounds in its leaves
and their efficacy as antioxidant and antibacterial compounds. Further, establishing
these efficacies could encourage the local communities to utilize the leaves instead of
harvesting the stem bark and roots which causes the plant to dry (Tabuti and Magadula,
2007). Other than conserving the species, potential antibacterial compounds from A.

coriaria leaves could be used in addressing the current antibiotic resistance crisis.

1.5 Research hypotheses (null hypotheses)

1. There are no significant differences in the secondary metabolites of A. coriaria
leaves from Jinja, Kole and Mbarara districts of Uganda.

2. There are no significant differences in the total phenolic and total flavonoid
contents of A. coriaria leaves from Jinja, Kole and Mbarara districts of Uganda.

3. The antioxidant potential of the A. coriaria leaves are the same.

4. Albizia coriaria leaves from Jinja, Kole and Mbarara districts of Uganda have
no antibacterial activity.

5. The compounds in A. coriaria leaves from Jinja, Kole and Mbarara districts of

Uganda are the same.



CHAPTER TWO: LITERATURE REVIEW

2.1 Taxonomy, morphology and geographical distribution of Albizia coriaria

2.1.1 Botanical classification

Albizia coriaria Welw. ex Oliver (A. coriaria) is a member of the genus Albizia, that is
recognized worldwide for its ecological, economic and medicinal values (Kokwaro,
2009; Louppe et al., 2008). The genus Albizia is traced to have first appeared in the
literature by Durazzini in 1772. The Italian nobleman and naturalist, Filippo degli
Albizzi was the first to introduce A. julibrissin Durazzin seeds from Constantinople to

Florence (Italy) in 1749 (Krige, 2007; Nielsen, 1979).

The genus Albizia encompasses more than 185 fast-growing subtropical and tropical
trees and shrubs in subfamily Mimosoideae of the family Fabaceae (Avoseh et al.,
2021; Lewis & Arce, 2005). Albizia is a pan tropical genus, with the species mostly
indigenous to Africa, Madagascar, Asia, Australia and Southern North America

(Abdel-Kader et al., 2001; Avoseh et al., 2021; Janani et al., 2014; Singab et al., 2015).

The species A. coriaria bear resemblance to Albizia ferruginea, a close member of the
Albizia genus which it is often confused with as they also share some medicinal uses.
The commonly encountered synonyms of A. coriaria are A. katangensis De Wild. and
A. poissonii A. Chev. (Tropical Plants Database, 2020). The taxonomic classification

of A. coriaria is as follows.



Kingdom: Plantae

Phylum :  Angiospermophyta

Class . Dicotyledonae
Order : Fabales
Family :  Fabaceae

Subfamily:  Mimosoideae

Genus : Albizia (Durazz. 1772)

Species : Albizia coriaria Welw. ex Oliver

2.1.2 Morphology, growth habit and geographical distribution

Albizia coriaria is a deciduous highly-branched slow growing tree, 6-36 m tall with an
often twisted trunk (Agroforestry Database, 2009; Omeli, 2011; The Plant List, 2019).
Young branchlets of A. coriaria usually appear hairy; the epithet ‘‘coriaria’’ describes
the leathery texture of its upper leaf surfaces (Ganza, 2014). The leaves are bipinnate,
oblong to elliptic 13-33 mm long, 5-17 mm wide and rounded. The flowers are
characteristically white, sweet smelling with half-spherical heads and hanging red
stamen filaments (Figure 2.1.1). The bark of A. coriaria is grey-black, rough and
raggedly scaling. The fruit is a brown or purplish-brown pod with a tapered apex
(Ganza, 2014). Albizia coriaria propagates vegetatively, using seedlings or wildings

(World Agroforestry, 2019).



(b)

Figure 2.1.1. Albizia coriaria (a) tree, (b) fresh leaves and flowers
(photos taken during sampling of A. coriaria leaves in Jinja district, Uganda).



Albizia coriaria thrives in various types of soils, typically at altitudes between 850 m
and 1680 m above sea level. Thus, the tree is commonly known as ‘‘Giant albizia’’. It
is found in Uganda, South Sudan, Kenya, Democratic Republic of Congo, Sudan,
Zambia, Benin, Cote D’Ivoire, Ghana, Nigeria, Togo, Cameroon, Southern Angola and
Tanzania where it is indigenous in transition zones between savannah and dry forests
of tropical Africa (Hyde et al., 2021; Kaba et al., 2020; Katende et al., 1995; USDA,
2021). In Uganda, it is a pioneer distinct tree usually found throughout the country on

forest edges and wooded grasslands (Schultz et al., 2021a).

2.2 Traditional medicinal uses of A. coriaria in Uganda

Albizia coriaria is one of the few plant species in Uganda that have been reported to
cure both human and veterinary ailments. It is a treasured medicinal plant as evidenced
by the existence of its name in various Ugandan local languages (Namukobe et al.,
2011; Schultz et al., 2021a; Shehu et al., 2018). It is called Itek, Bata in Lango (Opio
et al., 2017), Musita in Lusoga (Nampanzira et al., 2015), Mugavu (Luganda), Musiisa
in Lukiga (Lacroix et al., 2011; Mugisha et al., 2014), Etek, Etekwa (Ateso), Oyo
(Madi), Latoligo, Ayekayek in Acholi (Oryema et al., 2010), Chesovio, Kumoluko or
Kiluku in Lugishu (Olila et al., 2007), Musisa, Murongo (Lunyankore), Musisa,
Musisye, Yenuberi in Lunyoro (Kyazike, 2021), Muyenzayenze (Lukiga), Musisiya
(Kwamba), Mubere (Lugwe) and Ecailait in Ngakarimojong (Gradé et al., 2009;
Katende et al., 1995; Omara et al., 2020b; World Agroforestry, 2019). Different parts
of A. coriaria are used for treatment of various diseases and disorders in Uganda (Table
2.2.1). The bark (stem bark) is the most used part of A. coriaria, followed by roots,

leaves, flowers, whole plant and then seeds.
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Table 2.2.1. Ethnomedicinal uses of different parts of A. coriaria in Uganda

Ailment(s) treated

Part(s) used

Preparation/administration

Reference(s)

Skin  rash,  wounds,
syphilis, albino skin burns

Leaves, stem
bark

Leaf powder mixed with jelly
is applied for rashes.
Decoction used for bathing to
treat wounds and syphilis.
For skin burns, mix bark
powder with powder of
Albizia grandibracteata
leaves, add to jelly and smear

Asiimwe et al.
(2021); Namukobe et
al. (2021)

Cough, Otitis media (ear | Flowers, Bark chewed for cough; for
infection), poison leaves, stem | ear infection, decoction of
bark flowers and young leaves is
dropped into the ear. Bark .
decglztion with  that of Kyazike (2021)
Lannea schweinfurthii
(Engl.) is taken as an emetic
for poisoning
Malaria, general | Stem  bark, | Decoction taken or used for
infections, skin and soft | stem, leaves, | herbal bath for infections. For
tissue infections, | seeds toothache, the decoction is
toothache, inflammatory used to rinse the mouth
disorders (pain, redness, without swallowing. For
heat, swelling and inflammatory disorders,
wounds),  stomachache, powder is applied
gastrointestinal tract directly/topically or mixed
infections, tuberculosis, with petroleum jelly and ..
blood, abdominal, bone smeared on the body part Asiimwe et al
marrow, cervical. (2021); Schultz et al.
intestinal, prostate, skin (20200)
and throat cancers,
erectile dysfunction (as an
aphrodisiac), fibroids,
heart diseases, hernia,
HIV/AIDs, sexually
transmitted infections,
syphilis, typhoid fever,
vaginal dryness and ulcers
Stomach and skin lesions, | Bark Decoction taken

cancer, fatigue, heart
disease, allergy, nausea,
headaches, mental illness,
diarrhoea, cough,
tuberculosis, anaemia and
boosting immune system
of people with HIV/AIDs

Anywar et al. (2020g;
2020b)
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Ailment(s) treated

Part(s) used

Preparation/administration

Reference(s)

Headache, fever,
toothache. Applied as a
wash to kill head lice

Leaves

Decoctions used externally.
Used as a wash or steam
inhalation  against  fever
(including malaria)

Tropical Plants
Database (2020);
New Vision (2019)

Skin rashes and wounds

Leaves, bark

Leaves and bark pounded
separately and compressed on
the affected area

Nambejja et al.
(2019)

Cough, diabetes, pleurisy,
allergy, sore skin, chest
congestion, worms,
stomachache, colic pain,
toothache, dysentery

Bark, roots

Decoction with rock salt
taken or used for bathing in
the case of skin rash.
Pounded with rock salt and
rubbed on the teeth for
toothache. For hernia, the
bark with that of Erythrina
abyssinica are boiled while
covered to retain steam and
the cold decoction is taken.
The root barks are chewed,
and liquid swallowed for
toothache, dysentery and
stomachache

Gumisiriza et al.
(2019)

Used as toothbrush

Unspecified

Not reported

TROFACO (2019)

Diarrhoea, chronic cough

Stem bark

Infusion taken

Shehu et al. (2018)

Sore eyes, strong | Leaves, roots, | Decoction taken

cough/tuberculosis, skin | bark

diseases  (e.g.  ring Asiimwe et al.
worms), stomach ulcers, (2021); Musinguzi et
syphilis, constipation, al. (2017)
stomachache

Malaria Flowers Infusion drunk Opio et al. (2017)
HIV/AIDS and its | Leaves, roots, | Decoction (100 mL) drunk Asiimwe et al.
opportunistic  ailments | stem bark twice daily or use for bathing. | (2013); Lamorde et
(gastrointestinal, Boiled, honey is added and al. (2010);
bacterial, viral and fungal taken for respiratory Nyamukuru et al.
infections, diarrhoea, ailments. Dry bark powder (2017)
cough, tuberculosis, applied topically for viral

herpes zoster and infections

respiratory infections)

Influenza and its | Stem  bark, | Decoction taken for influenza | Katuura et al. (2016);
symptoms; diarrhoea, | roots Kigenyi (2016)
fatigue

Skin rash, cough in | Bark Decoction used to bathe for | Tugume et al. (2016)

children, swollen rectum

rash and taken for cough.
Boil and sit in the water for
swollen rectum
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Ailment(s) treated

Part(s) used

Preparation/administration

Reference(s)

Skin disorders, malaria

Bark

Decoction used to bathe for
skin disorders or taken 3
spoons thrice daily for a week
by children and adults, for
malaria

Adia et al. (2014)

Bacterial and

diseases, gastrointestinal

fungal

Leaves, stem

Boil, bathe with or drink 100
ml daily. Bark powder

Mugisha et al. (2014)

and viral infections bark, roots gpplie_d on affected part for
infections
Tuberculosis, respiratory | Stem bark, Boil, add honey and drink | Bunalema et al.
diseases roots 100 ml thrice daily (2014); Orodho et al.
(2011)
Cough, infertility in men, | Stem bark Decoction (500 ml thrice
diarrhea daily for adults and 250 mi
once for children taken until
recovery) for cough. For | Namukobe et al.
infertility, bark boiled with | (2011); Lacroix et al.
Cymbopogon nardus (L.) | (2011)
Rendle flowers in a local
brew is drunk. Infusion taken
for diarrhea
Poultry diseases Bark Prophylactic decoction given | Nalubega (2010)
Cough, epilepsy, syphilis, Not reported Oryema et al. (2010)
Roots
stomachache
Rinderpest/cattle plague Infusion/decoction given | Grade et al. (2009);
(Loleo) and barrenness twice daily® Tabuti et al. (2003)
(Atengina ekolupana) in | Bark, roots
cows, East Africa coast
fever
Syphilis, anaemia, Half cup of decoction drunk | Asiimwe et  al.
dermatological diseases, twice daily for syphilis and | (2021); Tabuti et al.
jaundice, eye diseases, anaemia (2007)
cough, sore throat. Used | Bark, roots

as a general tonic and to
concentrate human breast
milk

Cough in poultry

Leaves, stem
bark

Infusion given

Olila et al. (2007)

Meat allergy Bark Decoction drunk Ssegawa and
Kasenene (2007)
Diarrhoea, cough, Bark infusion/decoction | Tabuti et al. (2003)
snakebites, amoebiasis, taken for diarrhoea/syphilis;
L Bark, leaves, . .
syphilis, lameness f00ts bark/leaf infusion taken for
(Butenge) snakebites; root/bark infusion

used for bathing to treat
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Ailment(s) treated Part(s) used | Preparation/administration | Reference(s)

amoebiasis; root infusion
with tonto ° taken for
pyomyositis. For lameness,
Steganotaenia araliacea
leaves are added to warm
bark decoction & used to
massage the limb

Fever, constipation Unspecified | Not reported Nanyunja (2003)
Venereal diseases, sore Roots Used as steam for sore eyes | Kokwaro (1993)
eyes

Menorrhagia, threatened Not reported Kokwaro (1993)
abortion, post-partum Bark

haemorrhage

Note: # Decoction may also be prepared with milk, or an infusion is made with Oncoba spinosa roots, or
roots of Milicia excelsa and Securidaca longipedunculata and a calf is given 500 mL daily. Infusion with
Clerodendrum myricoides may also be prepared and given once daily in the morning.

® tonto is a traditional Basoga beer prepared from Musa x paradisiaca L. var. sapientum fruits.

In other countries, A. coriaria is used in the treatment of malaria, helminthiasis,
tuberculosis, diarrhoea, breast, skin and uterine cancers, menorrhagia, hypertension,
dermatological conditions, threatened abortion, venereal diseases, sore eyes,
lungworms/ascaris worms (in cattle, sheep, goats), gastrointestinal infections, as
toothbrush (Miswak) and mosquito repellent i.e. logs are burnt with cow dung (Araya,
2007; Bossard, 1993; Dharani et al., 2015; Geissler et al., 2002; ICRAF, 1992; Jeruto
etal., 2010; Johns et al., 1995; Johns et al., 1990; Leiderer, 1982; Obakiro et al., 2020;
Ochwang’i et al., 2014; Olala, 2014; Omara, 2020; Orwa et al., 2007; Shiracko et al.,

2016; Sirama, 2014; Tsabang et al., 2017).

2.3 Phytochemical studies done on A. coriaria

Phytochemical analyses of ether, ethanolic, methanolic and aqueous extracts of A.

coriaria stem bark by Mengesha et al. (1997), Akanga (2008) and Agroforestry
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Database team (2009) indicated that the active phytochemicals were tannins, saponins,
alkaloids, flavonoids, steroids, triterpenoids, reducing sugars, flavone aglycones,

volatile oils, polyuronides, glucides, sterols and coumarins.

Two new oleanane-type saponins: coriariosides A (1) and B (2), and a known saponin,
gummiferaoside C (3) were isolated, purified and characterized using high-resolution
electrospray ionization mass spectrometry (HR-ESI-MS) and extensive Nuclear
Magnetic Resonance spectroscopy (NMR) from n-butanol fraction (obtained from
methanolic extract) of A. coriaria roots by Note et al. (2009). Coriaroside A was
identified as  3-O-{B-D-fucopyranosyl-(1—6)-[B-D-glucopyranosyl-(1—2)]-B-D-
glucopyranosyl}-21-O-{(2E,6S)-6-O-{4-O-[(2E,6S)-2,6-dimethyl-6-O-(3-D-
quinovopyranosyl)octa-2,7-dienoyl]-4-O-[(2E,6S)-2,6-dimethyl-6-O-(3-D-
quinovopyranosyl)octa-2,7-dienoyl]-3-D-quinovopyranosyl}-2,6-dimethylocta-2,7-
dienoyl}acacic acid 28-O-a-L-arabinofuranosyl-(1—4)-[-D-glucopyranosyl-(1-3)]-
a-L-rhamnopyranosyl-(1—2)-B-D-glucopyranosyl ester. Coriarioside B was deduced
to be 3-O-{B-D-fucopyranosyl-(1-6)-[3-D-glucopyranosyl-(1—2)]--D-
glucopyranosyl}-21-O-{(2E,6S)-6-O-{4-O-[(2E,6S)-2,6-dimethyl-6-O-(3-D-
quinovopyranosyl)octa-2,7-dienoyl]-4-O-[(2E,6S)-2,6-dimethyl-6-O-(3-D-
quinovopyranosyl)octa-2,7-dienoyl]}-2,6-dimethyl-6-hydroxyocta-2,7-dienoyl}acacic
acid 28-0-a-D-xylopyranosyl-(1—4)-a-L-rhamnopyranosyl-(1—2)-3-D-
glucopyranosyl ester. Gummiferaoside C, previously isolated from Albizia gummifera
roots (Cao et al., 2007) was identified as 3-O-{B-D-fucopyranosyl-(1—6)-[B-D-
glucopyranosyl-(1-2)]-B-D-glucopyranosyl}-21-0-{(2E,6S)-6-O-{4-O-[(2E,6S)-2,6-
dimethyl-6-O-( B-D-quinovopyranosyl)octa-2,7-dienoyl]-4-O-[(2E,6S)-2,6-dimethyl-

6-0O-(B-D-quinovopyranosyl)octa-2,7-dienoyl]-B-D-quinovopyranosyl}-2, 6-



15

dimethylocta-2,7-dienoyl}  acacic  acid  28-O-B-D-xylopyranosyl-(1—-3)-a-L-

rhamnopyranosyl-(1—-2)-3-D-glucopyranosyl ester (Figure 2.3.1).

Further, HR-ESI-MS and NMR analysis of the chloroform-methanol-aqueous fractions
of methanolic extract of A. coriaria roots revealed the presence of acacic acid
glycosides which were previously reported in other Albizia species: A. julibrissin, A.
grandibracteata, A. procera, A. adianthifolia, A. gummifera and A. chinensis (Note et
al., 2010). The coriariosides (triterpenoid saponins) were characterized as 3-O-[p-D-
xylopyranosyl-(1-2)-B-D-fucopyranosy-I-(1-6)-2-(acetamido)-2-deoxy-f-D-
glucopyranosyl]-21-O-{(2E,6S)-6-0O-{4-O-[(2E,6S)-2,6-dimethyl-6-O-(p-D-
quinovopyranosyl) octa-2,7-dienoyl}acacicacid-28-O--D-xylopyranosyl-(1-4)-a-
rhamnopyranosyl-(1-2)-B-D-glucopyranosyl ester (4), 3-O-{p-D-fucopyranosyl-(1-6)-
[B-D-glucopyranosyl-(1-2)-p-D-dlucopyranosyl}-21-O-{(2E,6S)-6-O-{4-O-[(2E,6S)-
2,6-dimethyl-6-O-(B-D-quinovopyranosyl) octa-2,7-dienoyl]-p-D-quinovopyranosyl-
2,6-dimethylocta-2,7-dienoyl}acacic acid-28-0-a-L-rhamnopyranosyl-(1-2)-B-D-
glucopyranosyl ester (5) and 3-O-[B-D-fucopyranosyl-(1-6)-p-D-glucopyranosyl]-21-
0O-{(2E,6S)-6-0-{4-0O-[(2E,6S)-2,6-dimethyl-6-O-(B-D-quinovopyranosyl)octa-2,7-
dienoyl)-p-D-quinovopyranosyl]octa-2,7-dienoyl}acacic acid-28-O-B-D-
glucopyranosy! ester (6). These were named Coriariosides C, D and E, respectively

(Figure 2.3.2).
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Gummiferaoside C (3) Xyl H S

Key: Araf = a-arabinofuranosyl, Fuc = g-fucopyranosyl, Glc = 8-glucopyranosyl,
MT = monoterpenyl moiety (labelled 1 to 3), Rha = a-rhamnopyranosyl, Xyl = -
xylopyranosyl, Qui = Quinovose.

Figure 2.3.1. Structure of saponins isolated from A. coriaria roots.
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Coriarioside E (6) H OH H H

Key: Glc = f-glucopyranosyl, Rha = a-rhamnopyranosyl, Xyl = g-xylopyranosyl,
NHACc = 2-(acetamido)-

Figure 2.3.2. Structure of acacic acid saponins isolated from A. coriaria roots.
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Nalubega (2010), Owuor et al. (2012) and Langat (2013) reported the presence of
alkaloids, flavonoids, sesquiterpene lactones, cardiac glycosides, saponins and steroids
in dichloromethane, aqueous and ethanolic extracts of A. coriaria stem bark. From
petroleum ether extract of A. coriaria stem bark, Wanyama et al. (2011) detected the
presence of coumarins, tannins, alkaloids, steroids, triterpenoids and reducing sugars.
India (2015) reported similar results in Kenya in which methanol: dichloromethane
(1:1, viv) extract of A. coriaria bark extract contained tannins, alkaloids, flavonoids,

saponins, cardiac glycosides and terpenoids.

Employing HR-ESI-MS and NMR, Byamukama et al. (2015) reported the presence of
lupeol (7), lupenone (8), betulinic acid (9), acacic acid lactone (10), (+)-catechin (11)

and benzyl alcohol (12) in ethyl acetate extract of A. coriaria stem bark (Figure 2.3.3).

To date, there are no reports on the phytochemicals in A. coriaria leaves, flowers and
seeds. However, triterpenoidal saponins (usually containing aglycon parts as
echinocystic acid, oleanolic acid, acacic acid, lactone or machaerinic acid y-lactone)
are commonly described in the Albizia genus (He et al., 2020). The sugar residues are
usually glucose, 2-acetamido-2-deoxy glucose, xylose, rhamnose, fucose or arabinose
(Singab et al., 2015). In addition, some lignanoids, macrocyclic alkaloids, flavonoids

and phenolic glycosides have been reported in this genus (He et al., 2020).
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(7): Ry = OH, R, = CH,
(8) . Rl = O, R2 = CH3
(9): R, = OH, R, = COOH

OH
0 \\\\\O: OH

OH

OH

OH

(11) (12)

Figure 2.3.3. Structure of compounds isolated from A. coriaria stem bark.

2.4 Biological activities, toxicity and mutagenicity profile of A. coriaria

The genus Albizia is known for its various biological activities (He et al., 2020; Singab
et al., 2015). However, A. coriaria has not been fully investigated for its
pharmacological activities to verify the claimed use of its various parts in traditional
medicine (Byamukama et al., 2015; Omara et al., 2020b; Schultz et al., 2021a). Some
of the investigated bioactivities of its extracts and isolated compounds include
antigiardial, molluscicidal, antiplasmodial, antimicrobial, antioxidant, anti-

inflammatory and antiproliferative activities.
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2.4.1 Antigiardial, molluscicidal and antiplasmodial activities

It has been reported that methanol extracts of A. coriaria roots and bark caused 100%
death of Giardia lamblia trophozoites at 500 ppm and 1000 ppm (Johns et al., 1995).
A similar observation was made by Mengesha et al. (1997) in which methanol,
ethanolic and aqueous extracts of A. coriaria bark resulted in 100% mortality of snails

(Biomphalaria pfeifferi) at 50 ppm upon exposure to the extracts for six hours.

From another investigation, Owuor et al. (2012) reported that dichloromethane extract
of A. coriaria stem bark was effective against D6 (chloroquine sensitive) and W2
(chloroquine resistant) strains of Plasmodium falciparum with half inhibitory
concentration (ICso) values of 6.7987 + 3.04 pg/mL and 10.6797 + 1.939 ug/mL,
respectively. This was corroborated by another report in which methanolic extracts of
A. coriaria stem bark had antiplasmodial activity with ICso of 15.2 ug/mL and 16.8
ug/mL against D6 and W2 P. falciparum strains (Muthaura et al., 2015). Aqueous

extracts only elicited bioactivity against W2 strain with 1Cso>100 pg/mL.

2.4.2 Antimicrobial, antioxidant and anti-inflammatory activities

Pseudomonas aeruginosa (inhibition diameter = 16 mm), Bacillus subtilis (inhibition
diameter = 23 mm) and Escherichia coli (E. coli) with zone of inhibition diameter (ZOl)
of 10 mm were reported to be susceptible to methanolic stem bark extract of A. coriaria
indigenous to Uganda (Olila et al., 2007). Staphylococcus aureus (S. aureus) was
resistant to the methanol extract. All the bacteria screened were resistant to the
petroleum ether extract in the study. Contrastingly, methanolic extract of A. coriaria
stem bark harvested from Kenya elicited high bacteriostatic activity against S. aureus

with ZOI of 18 mm (Luvonga, 2007). In the study, agueous extracts recorded minimum
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inhibitory concentration (MIC) of 12.5 mg/mL for S. aureus, 25 mg/mL for
Streptococcus pneumoniae and 25 mg/mL for Pseudomonas aeruginosa (P.
aeruginosa). The methanolic extract had MIC of 3.13 mg/mL for S. aureus and 25
mg/mL against P. aeruginosa. The aqueous extracts had minimum bactericidal
concentration (MBC) of 12.5 mg/mL for S. aureus, 12.5 mg/mL for S. pneumoniae and

50 mg/mL for P. aeruginosa.

In another study conducted in Kenya, methanolic extract of A. coriaria stem bark had
MIC of 12.5 mg/mL against S. aureus isolate, 25 mg/mL against Shigella flexneri and
Proteus mirabilis and 50 mg/mL against E. coli isolate, clinical S. aureus and E. coli
(Akanga, 2008). The hexane and acetone extracts of the stem bark however were not
active on the tested microorganisms. Similarly, Nalubega et al. (2011) found that A.
coriaria stem bark (aqueous and ether extracts) had bacteriostatic potential with ZOI of
1.6 mm and 1.9 mm, and 1.5 mm and 1.7 mm against Streptococcus faecalis and S.
aureus but no activity was recorded against E. coli and Salmonella typhi (S. typhi).
Ethanolic extracts used comparatively in the study had ZOl of 1.7 mm, 2.0 mm and 1.6
mm against Streptococcus faecalis, S. aureus and E. coli but did not inhibit S. typhi.

The MIC was 0.5 g/mL for both S. faecalis and S. aureus.

Byamukama et al. (2015) indicated that the ethyl acetate extract of A. coriaria stem
bark had the highest ZOI of 18 mm and 17 mm against E. coli and P. aeruginosa. The
methanolic extract had a ZOIl of 8 mm against P. aeruginosa but did not inhibit the
growth of E. coli. The aqueous extract had no bioactivity against all the bacterial strains
tested. The authors argued that the bacterial species tested were only susceptible to ethyl
acetate extract as the inhibition diameters were within the range for standard antibiotics

such as ampicillin (ZOI = 16-22 mm), doxycycline (ZOI = 18-24 mm) and tetracycline
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(ZOI = 18-25 mm). The ethyl acetate extract had a MIC of 125 mg/mL on E. coli and
250 mg/mL on P. aeruginosa while the MBC was 125 mg/mL for E. coli. India (2015)
found that methanol: dichloromethane (1:1, v/v) stem bark extract of A. coriaria had
moderate antibacterial activity against Bacillus subtilis, S. aureus and Methicillin
resistant S. aureus with ZOI of 12 mm, 10 mm and 13 mm, respectively. The MIC and
MBC were in the range of 1.875 to 3.75 mg/mL. It however, showed very low

antibacterial activity (ZOI of 6 mm each) against E. coli and S. typhi.

Ethanolic, methanolic and dichloromethane: methanol (50:50, v/v) extracts of A.
coriaria stem bark exhibited anti-mycoplasmal activity against Mycoplasma mycoides
subspecies mycoides (Afadé, B 237, Gladysdale, PG1 and V5) with ICsg of 0.227 +
0.114 mg/mL, 0.137 £ 0.092 mg/ml and 0.327 + 0.110 mg/mL (Kama-Kama et al.,
2016). Mycoplasma mycoides subspecies capri (Y-Goat, 95010, G1313.94, M-18 and
G1255/94) had ICs of 0.237 £ 0.110 mg/mL, 0.417 + 0.090 mg/mL and 0.137 + 0.092
mg/mL while Mycoplasma capricolum subspecies capricolum (6443-90) with 1Csg of
0.05 mg/mL, 0.005 mg/mL and 0.05 mg/mL (Kama-Kama et al., 2016). Aqueous
extracts only exhibited bioactivity against B 237, Gladysdale, PG1 and V5 Mycoplasma
mycoides subspecies mycoides.

In another investigation, ethanolic extracts of A. coriaria stem bark had no inhibitory
effect on the growth of Enterococcus faecium EU-44, S. aureus UAMS-1, Klebsiella
pneumoniae CDC-004 and Enterobacter cloacae CDC-0032 when tested at 256 pg/mL
(Schultz et al., 2020a). The ethanolic extract had 1Cso and MIC values greater than 256
ug/mL for Acinetobacter baumannii CDC-0033, and 32 pg/mL and > 256 pg/mL for
P. aeruginosa AH-71. Further, ethyl acetate and ethanolic extracts did not exhibit

quorum sensing above 40% at 16 ug/mL in a quorum-sensing inhibition plant extract
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library screen on S. aureus accessory gene regulator | reporter strain (Schultz et al.,

2020a).

An extension of the foregoing study (Schultz et al., 2021b) determined the in vitro
selective cyclooxygenases (COX-1 and COX-2) inhibitor, 15-Lipoxygenase (15-LOX)
inhibition screening as well as the total phenolic content, antioxidant potential and
antibacterial assay against multidrug-resistant S. aureus, E. coli K12 and Listeria
innocua using 76 different plant extracts including ethyl acetate and ethanolic extracts
of A. coriaria stem bark. Initial COX-2 extract library screen of A. coriaria stem bark
extracts at 50 pg/mL indicated that only the ethanolic extract had 1-40% COX-2
inhibition. The extracts did not exhibit any 15-LOX inhibition at 10 ug/mL (Schultz et
al., 2021b). The total phenolic content of the ethyl acetate and ethanolic extracts were
28.36 £ 0.97 mg chlorogenic acid equivalent/g extract (mg CAE/ gE) and 28.37 £ 0.34
mg 1CAE/ gE while the antioxidant potential as half effective concentrations were
22.98 + 2.47 ug/mL and 18.39 = 2.23 pg/mL, respectively. In antibacterial activity
assay, the extracts had MIC between 250-500 mg/mL and greater than 500 mg/mL for

S. aureus, E. coli K12 and L. innocua, respectively (Schultz et al., 2021b).

2.4.3 Antitumor (antiproliferative) activity

Coriarioside A (1) and gummiferaoside C (3) isolated by Note et al. (2009) exhibited
good antitumor activity against two colorectal human cancer cells: HCT 116 (with ICso
of 4.2 uM for 1 and 2.7 uM for 3) and HT-29 (with ICso 6.7 uM for 1 and 7.9 uM for

3). Crude extracts of A. coriaria have not been evaluated for antiproliferative activity.
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2.4.4 Toxicity and mutagenicity profile of A. coriaria

Anywar et al. (2021) cited prolonged boiling of A. coriaria stem bark decoctions for
up to 6 hours prior to administration by herbalists in Uganda (Anywar et al., 2020a).
The authors argued that it is because the extracts have side effects (notably vomiting,
dizziness and weakness), which explains why it is contraindicated in pregnant women

and weak patients (Anywar, 2020; Anywar et al., 2020a; Anywar et al., 2020b).

Toxicity studies on aqueous extracts of A. coriaria stem bark revealed that it had a
median lethal dose (LDso) of 533.67 pug/mL, which is considered non-toxic (Akanga,
2008). Kigondu et al. (2009) also reported that the methanolic and aqueous extracts of
A. coriaria stem bark exhibited low cytotoxicity against human embryonic lung
fibroblast cells with median cytotoxic concentration greater than 500 pg/mL. These
reports indicated that utilization of A. coriaria stem bark in traditional management of

diseases may not have adverse health effects.

Interestingly, ethyl acetate and ethanolic extracts of A. coriaria stem bark were
indicated to be non-mutagenic with mutagenicity indices of 0.7 to 1.6 without and with
metabolic activation in a Salmonella reverse mutation assay at 500 pg/plate using S.
enterica subspecies enterica Typhimurium strains TA98 and TA100 (Schultz et al.,
2021c). Therefore, further studies are warranted to generate sufficient evidence on the
safety (toxicity) and other adverse effects of A. coriaria extracts from other parts of the

plant to guarantee their safety when utilized in traditional medicine.
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2.5 Oxidative stress and its role in pathophysiology of diseases: the role of plants

as natural antioxidants

Oxidative stress is a phenomenon triggered by an imbalance between production and
accumulation of reactive oxygen and nitrogen species (RONS) in cells and tissues, and
the ability of the biological antioxidant system to detoxify these reactive products
(Liguori et al., 2018; Pizzino et al., 2017). Reactive oxygen species (ROS) or reactive
oxygen intermediates are highly reactive chemical molecules that are formed due to the
electron receptivity of oxygen. They include hydroxyl radical ("OH), superoxide radical
(‘0y), singlet oxygen (102), alpha-oxygen (a-O) and hydrogen peroxide, H20, (Hayyan
et al., 2016). The reduction of molecular oxygen (O2) produces superoxide radical

which is the precursor of other ROS (Turrens, 2003).
O,+e —»'02 (Equation 2.5.1)
Dismutation of superoxide radical yields hydrogen peroxide (H20>).
2H " +'02- +'027 ——» H»02 + 02 (Equation 2.5.2)

The hydrogen peroxide may be partly reduced, yielding hydroxide ion (OH") and

hydroxyl radical ("OH) or may get completely reduced to water.

H0,+e — > HO™ + "OH (Equation 2.5.3)

2H"+2¢e +H,O, —— 2 H,0 (Equation 2.5.4)

Though ROS are formed as by-products of normal aerobic oxygen metabolism
(respiration and photosynthesis), environmental stressors such as ultraviolet, ionizing
radiations, pollutants, heavy metals and xenobiotics can enhance ROS production

resulting into an imbalance that causes cell and tissue damage/oxidative stress (Borges
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et al., 2022). At low and stationary levels in normal cells, ROS play important

physiological roles in cell signaling and homeostasis (Edreva, 2005).

Reactive nitrogen species (RNS) on the other hand is a diverse group of reactive
compounds which include the free radical nitric oxide and compounds originating from
the reaction of nitric oxide and oxygen or oxygen-derived compounds. They include

peroxynitrite and its reaction products such as nitric oxide (Ronzio, 2020).

Oxidative stress has been implicated in the etiology of various age-related conditions
such as chronic obstructive pulmonary disease, cardiovascular diseases, diabetes,
chronic kidney diseases, neurodegenerative diseases, cancers, ischemia-reperfusion (re-
oxygenation) injury, sarcopenia and frailty (de Araujo et al., 2016; Garcia-Sanchez et
al., 2020; Liguori et al., 2018; Plenkowska et al., 2020; Shiota, 2021). Antioxidants
such as polyphenols, vitamin E and vitamin C have been used for a long time for their
actual or supposed beneficial effect against oxidative stress. Plant materials such as
seeds, fruits, vegetables and medicinal herbs houses free radical scavenging
(antioxidant) molecules as phenolic and nitrogenous compounds, vitamins, terpenoids

and other endogenous secondary metabolites (Dziurka et al., 2021).

The in vitro antioxidant activity of plant extracts have been established using various
methods which involves either hydrogen-atom transfer reactions or single electron
transfer reactions i.e. compound reduction reactions through electron transfer from an
antioxidant (Chaves et al., 2020). The commonly used methods are based on single
electron transfer reactions. These include radical generating systems such as 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, nitric oxide, ferric reducing

power, trolox equivalent antioxidant capacity, copper reduction and reducing power



27

assays. The hydrogen atom transfer reaction assays include total peroxyl radical-
trapping antioxidant parameter, crocin bleaching, total oxyradical scavenging capacity

and the oxygen radical absorbance capacity assays (Chaves et al., 2020).

2.6 Pathogenic bacteria and bacterial diseases

Bacteria are ubiquitous prokaryotic organisms which carry their genetic information in
a double-stranded circular molecule of DNA (Rath et al., 2020). They play an important
role in maintaining the environment as well as normal human body functions. This
gives them a unique position among prokaryotes in that many of them are normal flora
that colonize the host without causing infections (Rath et al., 2020). However, some
known bacteria cause infections and diseases. Bacterial infections are becoming a
global health burden due to the emergence of antimicrobial-resistant bacterial strains
(Schultz et al., 2020a). Escherichia coli, S. aureus, P. aeruginosa and S. typhi are some
of the pathogenic bacteria that are responsible for the diseases treated using A. coriaria
leaves in Uganda (Table 2.2.1). They are therefore further discussed in the penultimate

subsections.

2.6.1 Escherichia coli

Escherichia coli belong to the large group of Gram-negative bacteria referred to as
enterobacteria. It is a rod-shaped facultative anaerobe that inhabits the lower intestine
of warm-blooded organisms where it symbiotically benefit the host by biosynthesizing
menaquinone or vitamin K2 (Bentley & Meganathan, 1982). It has many harmless
known strains but some serotypes such as enterotoxigenic E. coli and Shiga toxin-

producing E. coli are implicated as the causative microorganisms of urinary tract
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infections, hemolytic uremic syndrome, wound infections, Crohn’s disease, Sepsis,

meningitis and diarrheal diseases (CDC, 2020; Lim et al., 2010).

2.6.2 Staphylococcus aureus

Staphylococcus aureus is a round-shaped Gram-positive bacterium and a component of
human microbiota. It is a facultative anaerobe and a commensal that may become an
opportunistic pathogen, causing pleuropulmonary, osteoarticular, skin and soft tissue
infections, bacteremia and infective endocarditis (Leung, 2014; Tong et al., 2015).
Pathogenic strains of S. aureus promote infections through production of virulence
factors such as potent protein toxins and the expression of a cell-surface protein that
binds to and inactivates antibodies (Tong et al., 2015). The bacterium is known to
possess a remarkable genetic diversity and can acquire new exogenous genes that
allows it to adapt to various changing environmental conditions to modulate its
pathogenicity (Abdelbary et al., 2017). Antibiotic-resistant strains of S. aureus such as
methicillin-resistant S. aureus (MRSA) are known to escape the antimicrobial effect of
antibiotics such as B-lactam agents, aminoglycosides and fluoroquinolones
(Greenwood et al., 2002). The MRSA strains are reported to possess a mec gene on
their bacterial chromosomes (CDC, 2003). This is part of the larger Staphylococcal
chromosomal cassette mec (SCCmec) region which confer multi-antibiotic resistance
which is contingent on the type of SCCmec. The mec gene is responsible for encoding
penicillin-binding protein 2a (PBP-2a) which is an enzyme that catalyzes the
production of peptidoglycan layer in bacterial cell walls. The penicillin-binding protein
2a has a lower affinity to bind to beta-lactams (and other penicillin-derived antibiotics)
when compared to other penicillin-binding proteins, enabling it to catalyze the buildup

of the bacterial cell walls in the presence of various antibiotics. Subsequently, all
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MRSA strains are penicillin-binding protein 2a biosynthesizers (CDC, 2003; Rasigade

& Vandenesch, 2014).

2.6.3 Pseudomonas aeruginosa

Pseudomonas aeruginosa is an encapsulated rod-shaped Gram-negative bacterium.
Like S. aureus, it is a ubiquitous multidrug-resistant facultative anaerobe with complex
efflux-mediated antibiotic resistance mechanisms (Poole, 2004). It exploits weaknesses
in host defense to mount pneumonia, sepsis syndromes, gastrointestinal, urinary tract,
skin and soft tissue infections (Todar, 2014; Wu & Li, 2015). Pseudomonas aeruginosa
biosynthesizes fluorescent siderophores (pyoverdin and pyochelin) which are iron
scavengers. Redox-active phenazines such as pyocyanin pigment which confers the
characteristic blue color to the bacterium are known to play an important role in electron
transport especially under microaerophilic conditions, thereby enhancing the
bioavailability of iron and bacterial virulence through oxidative stress (Todar, 2014;

Wu & Li, 2015).

2.6.4 Salmonella typhi

Salmonella enterica serotype typhi (S. typhi) is a rod-shaped flagellated Gram-negative
bacterium whose only reservoir is the human body (Crump et al., 2015; Wain et al.,
2015). It causes enteric fever (typhoid) and bacteremia (Ashurst et al., 2020).
Salmonella typhi infects the intestinal tract and the blood. Other strains (S. paratyphi
A, B and C) cause a similar illness (paratyphoid fever) which is included under the
typhoid heading. However, paratyphoid fever is generally milder and shorter in
duration. Salmonella typhi and S. paratyphi are prevalent in developing nations in

which sewage and water treatment systems are compromised (Crump et al., 2015).
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2.7 Major plant secondary metabolites with antioxidant and antimicrobial
activities

Phytochemicals are structurally diverse natural bioactive compounds biosynthesized by
plants which need them for growth, pigmentation, reproduction and resistance to
pathogens, stressors, competitors and predators (Breslin, 2019; Juri¢ et al., 2020). They
work in synergy with nutrients and fibers to form an integrated defense system against
various diseases and stress conditions (Erba & Kliebenstein, 2020; Isah, 2019). Because
of their immobility and inability to escape predation, plants produce a range of
phytochemicals which are categorized according to their functions into primary
metabolites, secondary metabolites and plant hormones (Taiz & Zeiger, 2003). Primary
phytochemicals include sugars, chlorophyll, amino acids and proteins which are highly
conserved and directly essential for plant growth and development (Fernie & Pichersky,
2015). Secondary plant metabolites include alkaloids, terpenes, flavonoids, saponins,
tannins and phenolic compounds. They are solely responsible for defense of plants
against pests, predators and pathogenic microorganisms (Juri¢ et al., 2020). Plant
hormones on the other hand are small compounds that regulate organismal processes,
including the biosynthesis of primary and secondary metabolites (Juri¢ et al., 2020).
Some plant secondary metabolites with antioxidant and antimicrobial activity are

discussed below.

2.7.1 Alkaloids

Alkaloids is a diverse group of secondary metabolites (compounds) which possess at
least a nitrogen atom in their heterocycle which confer upon them alkalinity (Kurek,
2019). Other than carbon, hydrogen and nitrogen, alkaloids may also contain sulfur,

oxygen, amino or amido groups and less commonly bromine, chlorine and phosphorus.
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Alkaloids are classified based on their structures as indoles, quinolines, isoquinolines,
pyrrolidines, pyridines, pyrrolizidines, tropanes, terpenoids and steroids (Kurek, 2019).
Alkaloids from plants have been reported to possess antioxidant (Gan et al., 2017) and
antibacterial (Othman et al., 2019; Uzor, 2020) activities. Most alkaloids are
bactericidal compounds rather than being bacteriostatic agents (Thawabteh et al.,

2019).

2.7.2 Tannins

Tannins (also called tannoids) is a heterogeneous group of polyphenolic plant
biomolecules that are capable of binding to and precipitating proteins, polysaccharides
(such as cellulose, hemicelluloses, pectin), alkaloids and nucleic acids (Fraga-Corral et
al., 2020). They are widely distributed in most plant species but tend to be concentrated
in the leaves and flowers. Tannins are known for their physiological activities,
including antioxidant (Szczurek, 2021) and antimicrobial activities (Akiyama et al.,

2001; Kaczmarek, 2020).

2.7.3 Saponins

Saponins is a class of structurally similar amphiphilic molecules characterized by the
presence of polycyclic aglycones (triterpenoid aglycone called sapogenin) or a steroid
connected to one or more oligosaccharide (sugar) side chains (Mohan et al., 2016). The
aglycone part (sapogenin) is either a steroid (C27) or a triterpene (C30). Saponins
possess several pharmacological activities such as antioxidant, antibacterial, antifungal,
antiviral, anticancer, hepatoprotective, anti-inflammatory and antiulcer activities

(Anwar & Hussain, 2017).
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2.7.4 Flavonoids

Flavonoids are water-soluble polyphenolic molecules consisting of 15 carbon atoms.
They are further subcategorized as flavonols, flavan-3-ols, anthocyanidins, flavanones,
flavones and isoflavones (Linus Pauling Institute, 2020). Flavonoids have anti-allergic,
anti-inflammatory, antioxidant, antibacterial, antifungal, antiviral, anticancer and
antidiarrheal activities (Cushnie & Lamb, 2011; Manner et al., 2013; Shaheen et al.,

2020).

2.7.5 Terpenoids

Terpenoids (isoprenoids) are phytochemicals biosynthesized from the 5-carbon
compound isoprene and its polymers called terpenes (International Union of Pure and
Applied Chemistry, 2019). It is a diverse class of heterocyclic compounds with
oxygenated functional groups. Examples of common terpenoids are menthol and
camphor (monoterpenes), farnesol and artemisin (sesquiterpenoids). Terpenoids are
reported to possess antioxidant, antibacterial, antitumor, anti-inflammatory, antiviral

and antimalarial activities (Yang et al., 2020).

2.8 Some analytical methods used in natural products research

Plant extracts have been considered as a veritable source of biologically active
secondary metabolites (molecules) which can result in the discovery of new drug leads
(Ciesla & Moaddel, 2016). For qualitative and quantitative studies of bioactive
compounds in plant materials, selection of proper methods is important. In this section,
some commonly used analytical methods and techniques in natural products research

are discussed.
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2.8.1 Extraction

Extraction is the first step in natural products research and it determines the final
outcome of the study (Chemat et al., 2019). Extraction methods, usually referred to as
“sample preparation techniques’’, involves separating the bioactive compounds from
plant matrices. Though advancement in spectrometric and chromatographic techniques
have increased the accuracy and speed in the analysis of phytochemicals, analytical
success of such studies still relies on the appropriate choice of the extraction methods,
input parameters and the exact nature of natural product being investigated (Altemimi
et al., 2017). Some of the factors that affect extraction include the extracting solvent(s)
employed (their polarities), temperature, matrix properties of the plant part used and
the extraction time (Nawaz et al., 2020).

Various classical extraction techniques used in natural products research relies on the
extracting power of solvents and the application of heat and/or mixing. For instance,
multiple solvents mixed in different proportions have been employed to extract
biomolecules from dried powder of plants which overcomes possible interference of
water (Altemimi et al., 2017). The choice of the solvents is dictated by the polarity of
the solute of interest. Solvents with similar polarities to the solute of interest will
efficiently dissolve it. In some instances, multiple solvents are employed sequentially
in order to limit the number of analogous compounds in the desired yield. Some
common solvents arranged according to their polarity (from the least polar to the most
polar) are hexane < chloroform < ethyl acetate < acetone < methanol < ethanol < water
(Altemimi et al., 2017). The commonly used extraction techniques include Soxhlet
extraction, maceration and hydrodistillation which usually yield crude extracts that are

further concentrated on an evaporator. Other techniques in use include ultrasonic-
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assisted extraction, solid phase extraction, supercritical fluid extraction and solid-phase
microextraction. Microwave-assisted extraction is an emerging extraction technique

(Chemat et al., 2019).

2.8.2 Phytochemical screening

This is a quick, cheap and simple classical method used to analyze secondary
metabolites present in natural product extracts. The technique involves preparation of
aqueous and organic extracts from sample parts (for example whole plant, leaves,
stems, roots or bark) that are the reservoir of secondary metabolites. The extracts are
then analyzed for the presence of secondary metabolites such as flavonoids, alkaloids,
tannins, terpenes, glycosides, saponins, volatile oils and phenols. Standard tests are

available in literature for each secondary metabolite (Suleiman & Ateeg, 2020).

2.8.3 Common analytical techniques used in natural products research

Several analytical techniques have been employed in natural products research and
some have undergone further improvements or have been hyphenated with other
techniques (Kafkas et al., 2018). These are employed for both qualitative and
quantitative analyses. The most used techniques are often spectrophotometric (such as
mass spectrometry, ultraviolet spectroscopy, Fourier transform infrared spectroscopy,
Nuclear magnetic resonance spectroscopy) or chromatographic (such as gas

chromatography, thin layer chromatography and liquid column chromatography).

2.8.3.1 Column chromatography

Column chromatography is a solid-liquid biophysical technique that is used to separate,
identify and purify components of a mixture for qualitative and quantitative analyses

(Wilson & Walker, 2018). Here, a mobile phase (usually a liquid) carrying the mixture
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of compounds is caused to move in contact with a packed absorbent solid stationary
phase. There are two major types of column chromatography namely: liquid
chromatography and gas chromatography. The most widely used forms of column
chromatography are adsorption chromatography, partition chromatography, ion
exchange chromatography and gel chromatography (Aryal, 2020). For liquid
chromatography, advancements into high performance liquid chromatography and
ultra-high-performance liquid chromatography has been the latest developments in this
technique (Aryal, 2018). In these advanced techniques, the solvent is not allowed to
drip through a column under gravity but rather it is forced through under high pressures
of up to 400 atmospheres. Whereas a standard high performance liquid chromatography
typically have column particles with sizes from 3 um to 5 um, ultrahigh performance
liquid chromatography use specially designed columns with particles down to 1.7 um
in size, at pressures in excess of 1000 bars (Aryal, 2018).

In natural products research, the crude plant extract to be purified by column
chromatography is fed at the top of the column. The liquid solvent (the eluent) is then
passed through the column by gravity or with application of air pressure (Wilson &
Walker, 2018). An equilibrium is established between the solute adsorbed on the
adsorbent and the eluting solvent flowing down through the column. Due to the fact
that the different components in the extract have different interaction potential with the
stationary and mobile phases, they will be carried along with the mobile phase to
varying degrees and a separation will be perfected (Aryal, 2020). The individual

components (elutants) are obtained as solvent drips from the bottom of the column.
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2.8.3.2 Thin layer chromatography

Thin layer chromatography (TLC) is used to analyze plant extract fractions obtained
from column chromatography to determine if the fraction contains more than one
component and if the fractions can be combined without compromising their chemical
purity (Akash & Rehman, 2020; Kenkel, 2003). It is particularly useful for separation
of non-volatile mixtures, identifying compounds, determining their purity and
following the progress of a reaction. It also permits optimization of the solvent system
for a given separation problem (Chepkorir et al., 2018). Unlike in column
chromatography, TLC only requires small quantities of the compound (about 1
nanogram), is much faster, cost-effective and easy to dispose its waste (Saldafa et al.,

2020).

The separation is performed on a sheet of glass, plastic or aluminium foil which is
coated with a thin layer of an adsorbent material, usually silica gel, aluminium oxide
(alumina) or cellulose as the stationary phase. Separation by TLC relies on the relative
affinity of compounds towards the stationary and mobile phases (Tocher, 2003). The
compounds under the influence of a mobile phase (driven by capillary action) travel
over the surface of the stationary phase. During this movement, compounds having
higher affinity to the stationary phase travels slowly while those with less affinity to the
stationary phase travel faster, thereby separating the different components. The
individual components are seen as spots on the plate following staining with iodine

vapor (Akash & Rehman, 2020).
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2.8.3.3 Fourier transform infrared and ultraviolet-visible spectroscopy

Fourier Transform Infrared (FTIR) spectroscopy is one of the most powerful tools used
to obtain infrared spectrum of absorption, emission and photoconductivity of solids,
liquids and gases. It uses the mathematical process (Fourier transform) to translate raw
data (interferogram) into the actual spectrum. It is primarily used for identification of
chemical bonds and/or functional groups in compounds (Deena et al., 2019). Different
functional groups absorb at different wavelengths of light and this can be seen in a
spectrum. The chemical bonds in a molecule can be determined by interpreting the
resultant signal (the samples’ molecular fingerprint) recorded at the detector which is a

spectrum from 4000 to 400 cm™ ! (Deena et al., 2019).

On the other hand, ultraviolet-visible (UV-Vis) spectroscopy is a technique that has
found application in characterization of plant extracts both qualitatively and
quantitatively. The technique uses absorption spectroscopy in the ultraviolet and visible
wavelength ranges (i.e. 180 nm to 380 nm and 380 nm to 750 nm, respectively) to
characterize molecules. It is one of the most basic and preliminary techniques that need
to be used in natural products research, especially for major classes of biomolecules
that contain certain light absorbing functional groups (chromophores). Upon absorbing
UV-Vis light, the chromophores are excited from ground state to a higher energy levels
and gives out characteristic spectra which are used in the identification of specific
biomolecules (Kalaichelvi & Dhivya, 2017). For quantitative analysis, the scan is done
at a fixed wavelength and the absorbances obtained are used in quantification of the

compound or group of compounds under study.
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2.8.3.4 Mass spectrometry

Mass spectrometry (MS) is a high-throughput analytical technique that is based on the
measurement of mass-to-charge ratio (m/z) of ions from ionization and fragmentation
of sample molecules in the gas or liquid phases. Because molecules fragment in a
unique manner, the resulting ion fragmentation pattern can be used to identify and
quantify known or unknown compounds within a sample as well as elucidate the
structures and chemical properties of such molecules (Baghel et al., 2017). In most
cases, the mass spectrometer is coupled with either a gas chromatograph or liquid
chromatograph system where it is used as a detector. The gas or liquid chromatograph
is utilized to achieve separation of compounds in the sample which are then channeled
to the mass spectrometer sequentially for ionization, separation and detection of

generated ions.

Mass spectrometry is one of the rapidly evolving analytical techniques in natural
products research. For example, there has been increasing evolution in the types of
acquisition and ionization such as electrospray ionization (ESI), matrix-assisted laser
desorption/ionization and mass selection (time-of-flight, quadrupole and orbitrap)
(Cotter et al., 2020). Further, the emergence of tandem mass spectrometry (MS/MS)
which affords multiple stages of MS with fragmentation of precursor ions (MS1) to
highly specific fragment ions (MS2) have enhanced its sensitivity and precision in

identification of compounds.

2.8.3.5 Nuclear magnetic resonance spectroscopy
Nuclear magnetic resonance (NMR) spectroscopy is an advanced elucidative technique
which relies on the absorption of energy when the nucleus of an atom is excited from

its lowest energy spin state to the next higher one. Two common elements in organic
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molecules (carbon and hydrogen) have isotopes (*H and **C) capable of giving NMR
spectra that are rich in structural information. A proton NMR (*H NMR) spectrum gives
information about the chemical environments of the hydrogen atoms in an organic
molecule whereas a carbon-13 NMR (**C NMR) spectrum does the same for carbon
atoms. Used together, *H and **C NMR can determine the exact molecular structure of
a compound. It is however usually employed after spectrometric techniques such as
FTIR, UV-Vis and mass spectrometry. The emergence of NMR complimentary
techniques such as Heteronuclear Multiple Bond Correlation (HMBC) spectroscopy,
Heteronuclear Multiple Quantum Coherence (HMQC) spectroscopy, Nuclear
Overhauser Effect Spectroscopy (NOESY) and Circular dichroism (CD) spectroscopy
have made it more successful in elucidation of chemical structures of unknown

compounds (Altemimi et al., 2017).

2.8.3.6 Hyphenated techniques

To achieve efficiency, instrumental sensitivity and lower detection limits,
chromatographic and spectroscopic techniques are being used in tandem for
phytochemical analyses (Rambo et al., 2019; Trubetskaya et al., 2021). The common
ones used include liquid chromatography-mass spectrometry, liquid chromatography-
tandem mass spectrometry, gas chromatography-mass spectrometry, ultra-high-
performance liquid chromatography-mass spectrometry, high performance thin layer
chromatography-ultraviolet-visible ~ spectrometry,  high  performance liquid
chromatography-photodiode array detection, liquid chromatography nuclear magnetic
resonance-mass spectrometry, gas chromatography nuclear magnetic resonance-mass
spectrometry and high-resolution electron spray ionization-mass spectrometry

(Altemimi et al., 2017).
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CHAPTER THREE: MATERIALS AND METHODS

3.1 Research design

This research employed experimental (both qualitative and quantitative) research
designs. Qualitative techniques included phytochemical screening, ultraviolet visible
spectroscopy, Fourier transform infrared spectroscopy scanning and gas
chromatography-mass spectrometry. Quantitative experiments included determination

of total phenolic and total flavonoid contents, antioxidant and antibacterial activities.

3.2 Chemicals and reagents

Analytical grade ethyl acetate, ethanol, hexane, methanol and dimethyl sulfoxide were
from Merck, Darmstadt, Germany. Extra pure (99.5%) gallic acid (Loba Chemie Pvt
Ltd, India), quercetin hydrate (> 99.5%, Sigma Aldrich), Folin-Ciocalteu reagent,
ascorbic acid, 1,1-diphenyl-2-picrylhydrazyl reagent, aluminium chloride, sodium
hydroxide, concentrated sulphuric acid, iron (I11) chloride, glacial acetic acid,
concentrated hydrochloric acid, iodine and potassium iodide (for Wagner’s reagent),
acetic anhydride and chloroform were of analytical grade supplied by Centrihex
Limited, Nairobi, Kenya. Muller Hinton agar (Oxoid, UK), Luria-Bertani agar, Miller
(Sigma Aldrich, St. Louis, USA), Nutrient agar (HiMedia Laboratories Pvt. Ltd,
Mumbai, India) and the positive control drug (ciprofloxacin, 5 pg disc) were supplied
by Kobian Kenya Limited, Nairobi, Kenya. The bacterial strains: Escherichia coli
ATCC 25922 (Gram negative), Staphylococcus aureus ATCC 25923 (Gram positive),
Pseudomonas aeruginosa ATCC 27853 (Gram negative) and Salmonella typhi 14028
(Gram negative) were obtained from Kenya Medical Research Institute, Nairobi,

Kenya.
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3.3 Description of the study area, sample collection and preparation

3.3.1 Study area

The samples used in this study were obtained from Jinja, Kole and Mbarara districts of

Uganda as indicated in Figure 3.3.1.1.
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Figure 3.3.1.1. Map of Uganda showing location of sampling districts (Jinja, Kole
and Mbarara). Inset is the location of Uganda in Africa (Adapted from Google Earth).

The prevalent climate in Uganda is equatorial, moderated by relatively high altitudes
with a mean annual temperature of 20.5 °C. Two distinct wet and dry seasons are
experienced in many parts of the country, with the dry season occurring between
December and March. Uganda is divided into 10 agro-ecological zones (Appendix 1)

primarily based on agro-climatic factors (rainfall totals and distribution) and soils i.e.
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productivity and fertility (Kajobe et al., 2016). Topography, temperature, moisture and
vegetation cover are the secondary factors characterizing a zone but differs significantly
between the different zones. Hence, the climate, geological formation, topography, soil
types, rainfall and farming systems or practices are fairly homogeneous within zones
(Okello et al., 2018). Jinja, Kole and Mbarara districts which were chosen in this study
represented the South East (moderately hot), Mid Northern (hot) and Southern drylands

(cold) agroecological zones, respectively.

3.3.2 Collection, authentication and preparation of samples

Leaves (5 kg each) were sampled from A. coriaria trees in Jinja, Kole and Mbarara
districts of Uganda (Figure 3.3.1.1; Appendix 1). In Jinja, the samples were obtained
from a tree in the periphery of Agroways Uganda Limited, along Kyabazinga Way
(0°26°34.3°°N 33°12°27.3°’E) on Monday 8" February 2021. In Kole, the samples were
taken from Otangula village, llera Parish, Kole Subcounty (2°17°35.0”’N
32°46°31.2”°E) on Wednesday 20" January 2021. Samples from Mbarara were obtained
from a tree in Ruharo ward, Ruhizi cell, Kamukuzi division, Mbarara municipality

(0.6164°S 30.6186° E) on Thursday, 28" January 2021.

The samples were identified and authenticated by a taxonomist at the Department of
Botany, Natural Chemotherapeutics Research Institute, Wandegeya, Kampala, Uganda.
Samples from Jinja, Kole and Mbarara with voucher numbers 50994, 50995 and 50996
respectively were deposited at Makerere University Herbarium, Department of Botany,
Makerere University, Kampala, Uganda. Because of hot weather in January 2021 and
February 2021, the laboratory samples were washed under running tap water to remove

dusts and shade-dried for two days in nearby laboratories (AgroWays Uganda Limited
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Jinja and Mbarara branches for Jinja and Mbarara samples, and Otino Waa Secondary
School Biology Laboratory for Kole samples). This was done to avoid their
deterioration prior to transportation for further drying. Thereafter, they were packaged
in sterilized polyethylene bags and transported to Moi University Chemistry
Laboratory, Eldoret, Kenya where they were separately air-dried under shade at room

temperature for 3 weeks.

The dry leaves were separately ground into fine powder using a NutriBullet® 600
Series electric grinder (Capbran Holdings, LLC Los Angeles, CA 90025, USA). The
method of extraction was sequential. The powders (500 g) were separately weighed
using a Mettler Toledo digital analytical balance (XS204 Delta Range, Switzerland).
The weighed samples were transferred into 2000 mL conical flasks and then macerated
at room temperature for 48 hours in 1000 mL of 99.5% ethyl| acetate with occasional
shaking. The extracts were filtered through cotton wool and subsequently Whatman
No.1 filter paper while the residues (labelled R1) were used in the subsequent

extraction.

Residues (R1) were air-dried for 48 hours at room temperature and macerated with
1000 mL of ethanol in 2000 mL conical flasks at room temperature for 48 hours with
intermittent shaking. After 48 hours, the solutions were filtered through cotton wool
and then Whatman No.1 filter paper. The second set of residues (labelled R2) were kept
for further extraction. Residues (R2) were air-dried for 48 hours and thereafter
macerated in 1000 mL of distilled water at room temperature in 2000 mL conical flasks

for 48 hours. The solutions were filtered through cotton wool and then filter paper.

The organic solvent extracts were concentrated to dryness on a Hahnvapour HS-2005S

vacuum rotary evaporator (Hahnshin S&T Limited, Korea) at 40 °C under reduced
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pressure. The concentrated extracts were collected in pre-weighed labelled 10 mL
sample vials (Appendix I1) and kept in a desiccator containing anhydrous sodium
sulphate to remove traces of water in them. The aqueous extracts were lyophilized at
Kenya Industrial Research and Development Institute (KIRDI), Nairobi (Kenya) using
an FD5-series freeze dryer (MRC Scientific Instruments, UK). The extraction process
was replicated once, and the results obtained were used to compute the total extractable

components (percentage yield) of each extract using Equation 3.3.2.

Percentage yield = (:40) x 100 (Equation 3.3.2)

Where A = mass of dry crude extract, and Ao = mass of the leaf powder macerated.

3.4 Phytochemical screening of A. coriaria leaf extracts

Dry extracts (1.0 g) were dissolved in their respective solvents of extraction (1:10, w/v).
Standard phytochemical screening procedures (Trease & Evans, 1989) were followed
to test for the presence of alkaloids, flavonoids, cardiac glycosides, phenols, saponins,
quinones, steroids, tannins and terpenes in all the extracts. The results were reported in
terms of relative abundance of the secondary metabolites i.e. quantifications as
abundant, moderate and traces were based on colour/foam intensities observed (Gul et

al., 2017; Suleiman & Ateeg, 2020).

3.4.1 Test for alkaloids (Wagner’s test)
To 2 mL of the extract, 2 mL of 1% hydrochloric acid was added and steamed. Three
(3) drops of Wagner’s reagent was added to the resultant solution. Formation of a brown

or reddish brown precipitate indicates presence of alkaloids.
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3.4.2 Test for cardiac glycosides
Glacial acetic acid (1 mL) was added to 2 mL of the extract in a test tube followed by
3 drops of ferric chloride solution and finally 1 mL of concentrated sulphuric acid.

Presence of a brown ring at the interface indicates presence of cardiac glycosides.

3.4.3 Test for flavonoids (Alkaline reagent test)
To measured 2 mL of the extract in a test tube was added 2 drops of sodium hydroxide
solution. Appearance of a yellow colour which disappeared or became colorless after

addition of two drops of dilute sulphuric acid indicates presence of flavonoids.

3.4.4 Test for phenols (Ferric chloride test)
Measured 1 mL of 5% Iron (111) chloride solution was added to 2 mL of the extract in

a test tube. A blue, green or dark green colour formation indicates presence of phenols.

3.4.5 Test for quinones
Concentrated sulphuric acid (1 mL) was added to 1 mL of the extract in a test tube.

Formation of a red colour indicates presence of quinones.

3.4.6 Test for saponins/saponin glycosides (Froth formation test)
Distilled water (5 mL) was added to 1 mL of the extract in a test tube. The mixture was
shaken vigorously for 2 minutes. Appearance of a stable foam lasting for 5 minutes

indicates presence of saponins.

3.4.7 Test for steroids (Salkowski’s test)
Acetic anhydride (2 mL) was added to the extract (1 mL) in a test tube followed by 2
mL of concentrated sulphuric acid. A blue or green reddish black coloration formed

indicates presence of steroids.
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3.4.8 Test for tannins (ferric chloride test)
In a test tube containing 2 mL of the extract, 2 mL of distilled water was added followed
by three drops of ferric chloride solution. A blue or green precipitate formed indicates

the presence of hydrolysable and condensed tannins, respectively.

3.4.9 Test for terpenes/terpenoids
To 5 mL of the extract, 2 mL of chloroform and 3 mL of concentrated hydrochloric
acid were added. A reddish brown colour formed at the interface indicates presence of

terpenes/terpenoids.

3.5 Ultraviolet-visible spectrometry and Fourier transform infrared spectroscopy

scanning of A. coriaria leaf extracts

3.5.1 Ultraviolet visible spectrometry

The crude extracts were dissolved in a ratio of 1:10 with their solvents of extraction.
They were separately filtered through cotton wool and then Whatman No. 1 (11 pm)
filter paper. The extracts were centrifuged at 12,000 rpm for 10 minutes and again
filtered through Whatman No.1 filter paper. The samples were further diluted in a ratio
of 1:10 (v/v) with their solvents of extraction (Donkor et al., 2019) and then scanned
from 200 nm to 800 nm on a general-purpose (single beam) UV-Vis spectrophotometer
(Beckham Coulter DU 720, Beckham Coulter Inc., USA) using the respective solvents

of extraction as the blank.

3.5.2 Fourier transform infrared spectroscopy

Attenuated total reflection-Fourier transform infrared (ATR-FTIR) scanning of the

extracts was performed at room temperature on a Nicolet 6700 FTIR spectrometer
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(Thermo Scientific, USA). The spectral resolution was set at 4 cm™ and the scanning

was done from 500 cm*to 4000 cm™.

3.6 Quantification of total phenolic and total flavonoid contents of A. coriaria leaf

extracts

3.6.1 Quantification of phenolics

Total phenolic content (TPC) of A. coriaria leaf extracts was determined
spectrophotometrically using Folin-Ciocalteau method reported by Velioglu et al.
(1998) with some modifications. The dry crude extracts (0.01 g) were dissolved in 10
mL of distilled water. From this, 0.01 mg/mL solutions were prepared by dissolving 0.1
mL of the resultant solutions in 10 mL of distilled water. A 0.5 mL volume of the
resultant solutions were transferred into vials and mixed with 2.5 mL of Folin-
Ciocalteau reagent. After 7 minutes, 2.5 mL of 6% sodium carbonate solution was
added. The solutions were incubated in the dark at room temperature (25.0 + 2.0 °C) for
30 minutes after which their absorbances were measured at 725 nm using a UV-Vis

spectrophotometer.

A calibration curve was prepared for quantitative analysis of TPC in the extracts using
gallic acid as the standard. A 0.5 mL volume of prepared gallic acid solutions (10, 20,
40, 60 and 80 ppm) were transferred into vials and given the same treatment as the
extracts. The TPC were determined as milligrams gallic acid equivalent per gram of dry

weight (mg GAE / g DW) of extract from the calibration curve.
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3.6.2 Quantification of flavonoids

Total flavonoid content (TFC) of the extracts were determined using the aluminium
chloride colorimetric assay reported by P¢kal and Pyrzynska (2014) with some specific
modifications (Chandra et al., 2014). A mass of 0.01 g of the extracts were separately

weighed and dissolved in 5 mL of methanol and used for TFC determination.

Standard quercetin solutions (5, 10, 25, 50, 75 and 100 ppm) were prepared in methanol.
Micropipetted 0.6 mL of the extracts and quercetin solutions were mixed with 0.6 mL
of 2% aluminum chloride solution in test tubes. After, the solutions were incubated for
1 hour at room temperature. The absorbance of the reaction mixtures was measured
against methanol blank at 420 nm on a UV-Vis spectrometer. The TFC was determined
as milligrams quercetin equivalent per gram of dry weight of the extracts (mg QE / g

DW) from the quercetin calibration curve.

3.7 Determination of antioxidant activity of A. coriaria leaf extracts

The antioxidant potential of the extracts was evaluated using the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay as described by Khiya et al. (2021) with modifications.
A stock solution of DPPH (1.3 mg/mL in methanol) was prepared, while crude extracts
were dissolved in methanol to produce solutions of 10, 15, 25, 50 and 60 pg/mL.
Measured 75 uL of freshly prepared DPPH solution was added in each of the test tubes
containing 200 pL of the extracts and incubated in the dark for 30 minutes. Ascorbic
acid was used as the reference standard but was dissolved in distilled water to make the
sample solutions with the same concentrations as that of the extracts.

The absorbances of DPPH alone and the assay mixtures were read at 517 nm on a

spectrophotometer using methanol and distilled water as the blank for DPPH alone,
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extracts and ascorbic acid, respectively. The DPPH radical inhibition was calculated
(Equation 3.7.1). The half-inhibitory concentration (ICso) was determined from the

percentage inhibition curve as a function of the concentrations (Khiya et al., 2021).

Percent inhibition = % x 100 (Equation 3.7.1)

o

Where A, = the absorbance of the solution containing only DPPH and Ag = absorbance

of the sample solution in the presence of DPPH.
3.8 Assessment of antibacterial activity of A. coriaria leaf extracts

The extracts were tested for their ability to inhibit growth of selected human pathogenic
bacteria (E. coli, S. aureus, P. aeruginosa and S. typhi) in the Biological Sciences
Laboratory, Department of Biological Sciences, Moi University, Kenya. Selection of
the bacteria was based on the diseases for which the leaves are traditionally used for,

the WHO priority list and availability (Makoye et al., 2020; WHO, 2017).

Materials used in the assay were autoclaved at 121 °C and 15 pascals square inch
pressure for 30 minutes in an All-American® Steam Sterilizer (Model No. 25X,
Wisconsin Aluminium Foundry Co. Inc., USA). Bacterial inoculation was performed
under a laminar flow cabinet disinfected with 70% ethanol (v/v). Ultraviolet radiation

from the cabinet was used for sterilization prior to the bioassay.

3.8.1 Preparation of bacterial media and working culture

Exactly 7.5 g of nutrient agar was weighed and suspended in 250 mL of sterile distilled
water in a sterilized 500 mL conical flask and swirled to dissolve the media. The media

was then autoclaved before being used for resuscitation of the working bacterial culture.
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Luria-Bertani and Muller Hinton broth were prepared by separately dissolving 14.0 g
of Luria-Bertani and Muller Hinton agar in 500 mL of sterile distilled water in 1000
mL flask as per manufacturer’s instructions. The broths were swirled to completely
dissolve and then sterilized. After sterilization, they were transferred to the laminar flow

cabinet to cool.

Nutrient broth was poured into six (6) sterilized 90 mm petri dishes so that the dishes
were filled three-quarter way with the liquid media. Escherichia coli, P. aeruginosa
and S. typhi were sub-cultured on nutrient broth in petri dishes in duplicate.
Staphylococcus aureus was subcultured onto Luria-Bertani broth in two 90 mm petri
dishes (Yang et al., 2018). The plates were sealed using parafilm, inverted and

maintained in a bacteriological incubator at 37 °C for 48 hours.

3.8.2 Agar disc diffusion assay for antibacterial activity screening

Determination of antibacterial activity of the A. coriaria leaf extracts was achieved
using the agar disc diffusion method. The test extracts (500 pug/mL) were prepared by
separately dissolving the crude extracts in 1% sterile dimethyl sulfoxide (Schultz et al.,
2020b). Four sterile paper discs (6.0 mm diameter) were saturated with each prepared

test extract and dried (Suleiman & Ateeg, 2020).

A total of forty-two (42) plates (14 per bioassay) were used. The test bacteria (1 x 108
colony forming units/mL) were aseptically inoculated onto sterile Muller Hinton broth
using sterile swabs. Using sterile forceps, extract-impregnated discs were gently placed
on each test plate in a triangular formation. Separate agar plates were used to test the

positive control (ciprofloxacin) and negative control (1% dimethyl sulfoxide). The
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plates were sealed using parafilm, inverted and incubated at 37 °C for 24 hours. Using

a metric ruler, the zone of inhibition diameter was measured to the nearest millimeter.

3.8.3 Determination of minimum inhibitory and minimum bactericidal

concentrations of A. coriaria leaf extracts

Minimum inhibitory concentration (MIC) was determined using the broth dilution
method for bacteria that exhibited the highest sensitivity to the extracts with inhibition
diameter above 12 mm upon screening (Ganza, 2014). Pipetted 500 puL of bacteria were
serially diluted from 2-fold to 4-fold dilution in sterile Muller Hinton broth. Five
hundred microliters of the test bacteria was aseptically inoculated in each of the four
tubes containing the extract in order of increasing dilution (500, 250, 125 and 62.5
png/mL). Thereafter, the tubes were incubated at 37 °C for 24 hours. After incubation,
the tube next to the one showing no microorganism turbidity was considered as

containing the MIC of the extract.

Following MIC determination, 4 mL of the test extracts in order of increasing dilution
(500, 250, 125 and 62.5 pg/mL) were placed on Muller Hinton broth and incubated at
37 °C for 24 hours. The highest dilution (lowest concentration) which showed growth

of the bacteria was considered as the minimum bactericidal concentration.

3.9 Isolation and characterization of compounds in A. coriaria leaf extracts

Isolation and characterization was done for the most bioactive (ethanolic) extracts.

3.9.1 Thin layer chromatography

Thin layer chromatography (TLC) is fast and its elution patterns usually carry over to

column chromatography. Thus, the ethanolic extracts were subjected to one-
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dimensional TLC to establish the best solvent system to be used for column elution
(Chepkorir et al., 2018). The extracts were dissolved in ethanol in a ratio of 1: 20 (w/v).
A spot of each solution was carefully applied onto TLC plates (TLC sheets
ALUGRAM® Xtra SIL G/UV2s4, Macherey-Nagel GmbH & Co. KG, Germany) and
left to dry. The plates were developed in solvent systems of varying ratios of hexane:
ethyl acetate and ethyl acetate: ethanol (10:0, 9:1, 8:2, 7:3, 6:4, 5.5, 4.6, 3.7, 2:8, 1:9,
0: 10). The positions of the compounds were observed under ultraviolet light at 254 nm
and 365 nm. Solvent ratios giving the best separation of compounds were used for

column chromatography.

3.9.2 Column chromatography

Using the established solvent ratios i.e. hexane: ethyl acetate (9:1) for Mbarara leaves
extracts, hexane: ethyl acetate (4:6) for Kole and Jinja leaves extracts and ethyl acetate:
ethanol (3:7) for all the extracts, the crude extracts were subjected to silica gel (60-120
mesh, Griffchem™ Fine Chemicals) column chromatography. Silica gel (100 g) was
mixed with hexane: ethyl acetate solvent system to form a homogenous suspension
(slurry) and stirred using a glass rod to remove bubbles. The silica gel slurry was then
poured into the column. The sample was prepared by mixing and grinding 5 g of the
extract with 5 g of silica gel into fine green powder. It was then introduced into the
column and eluted with the solvent systems established (Chepkorir et al., 2018). For
each eluent system, fractions were collected and those with similar TLC profiles were

pooled together and concentrated to dryness by rotary evaporation (Appendix I1).
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3.9.3 Gas chromatography-mass spectrometry analysis

The fractions obtained were reconstituted in dichloromethane: methanol (1:1, v/v)
mixture, filtered through 0.45 um filters and transferred to 2 mL vials one at a time for
gas chromatography-mass spectrometry (GC-MS) analysis.

A gas chromatograph interfaced with mass spectrometer triple-quad system (Agilent
8890A GC and Agilent 5977 GC/MSD) with an Agilent 7693A automatic liquid
sampler, a National Institute of Standards and Technology (NIST) library and installed
with Mass Hunter Workstation software was used. An HP-5MS ultra-inert column (30
m % 0.25 mm x 0.25 pm) was used with an electron ionization system of 70 eV. Helium
(99.999%) carrier gas flow rate was 1 mL/minute, with a splitless injection volume of
1 uL. Injector temperature was 250 °C while the ion source temperature was 280 °C.
Oven temperature was programmed from 110 °C with an increase of 10 °C to 200 °C,
and then 5 °C to 280 °C. The compounds were identified from gas chromatograms based
on their elution times. The mass spectra of the compounds were matched with those of

the NIST 11 spectral library and/or compared with published literature.

3.10 Statistical Analysis

All experiments were done in triplicate except extraction which was replicated once.
Quantitative data were expressed as means = standard deviations of replicates. The
means were separated by One-Way Analysis of Variance (ANOVA) with Tukey post
hoc test. Correlations among TPC, TFC and antioxidant activity (ICso) of the extracts
were assessed using Pearson’s bivariate correlation (Suleiman & Ateeg, 2020). All
analyses were done using GraphPad Prism for Windows (v9.1.0, GraphPad Software

Inc., San Diego) with statistical significance set at p < 0.05.
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The bacteriostatic efficacy of the extracts against the selected bacteria were determined
by comparing their zone of inhibition diameters with that of the standard drug
(ciprofloxacin). The zones of inhibition measured were categorized as ‘susceptible’,
‘intermediate’ and ‘resistant’ according to Clinical and Laboratory Standards Institute

Interpretive Criteria (CLSI, 2017).
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.1 Extraction yields of Albizia coriaria leaves

In natural products research, extraction yield measures a solvent’s efficiency to extract
compounds from matrices. The yields obtained in this study were expressed as
percentages of the initial mass of the macerated dry leaf powders (Figure 4.1.1).
Extraction using ethanol gave the highest yields in comparison to ethyl acetate and
distilled water with A. coriaria leaves from Mbarara having the highest yield of 10.88
+ 0.12%. However, ANOVA results (Appendix V) indicated that the yields were not
significantly influenced by the extraction solvent used (p > 0.05). Thus, the null

hypothesis was accepted.
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Figure 4.1.1. Percentage yield of the different solvent extracts of A. coriaria leaves.
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The yields recorded for A. coriaria leaves in this study are comparable to yields of 8.3%
and 12.7% for ethyl acetate and methanolic extracts of A. coriaria stem bark from
Uganda reported by Ganza (2014). Owuor et al. (2012) also reported a comparable

yield of 11.9% for dichloromethane extract of A. coriaria stem bark from Kenya.

From the obtained results, it can be inferred that ethanol was a good solvent for
extraction of phytochemicals in A. coriaria leaves as compared to ethyl acetate
probably because most compounds in A. coriaria leaves are polar. Thus, the
phytochemicals were able to dissolve in ethanol than ethyl acetate used initially in the
sequential extraction. Aqueous extracts had the lowest yields because most of the polar
phytochemicals had already been extracted by the moderately polar ethanol before the
leaf residues (R2) were macerated in distilled water. Differences in polarities of
solvents employed in serial extraction of phytochemicals is known to play a key role in
increasing the solubility of phytochemicals in plant matrices (Abd Aziz et al., 2021,
Altemimi et al., 2017). Further, differences in the structure (functional groups) of
phytochemicals, time, temperature and polarity also influence the solubility of
phytochemicals in either organic and polar solvents or solvents of different polarities
(Aissani et al., 2021; Nawaz et al., 2020). The three solvents used for serial extraction
in this study had different polarity indices, arranged as ethyl acetate (4.4) < ethanol
(5.2) < water (9.0) (Abarca-Vargas et al., 2016; Nawaz et al., 2020). Therefore, the
results of this study confirmed the richness of A. coriaria leaves in polar
phytochemicals as previously indicated for its stem bark (Ganza, 2014; Schultz et al.,

2021D).

Among the three districts, the yield for ethanolic extract of A. coriaria leaves from

Mbarara was nearly two times higher than that of leaves from Jinja and Kole despite
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using the same extraction solvent and method (Figure 4.1.1). A similar pattern was
noted for yield of ethyl acetate extract of leaves from Mbarara being almost twice that

of leaves from Kole.

The intraspecific variation in yields of A. coriaria leaf extracts in the three different
agroecological zones could be due to extrinsic factors such as differences in soil
chemistry, season, topography and climate which are known to affect the
phytochemical yields of plant organs (Chepkwony et al., 2020; Ghavam, 2021; Muraina

et al., 2008; Zargoosh et al., 2019).

Mbarara receives an average rainfall of 1,200 mm per annum with two distinct rainy
seasons with the first rainy season starting from February to May and the second rainy
season from September to December. The temperature ranges from 17 °C-30 °C,
corresponding to a humidity range of 80-90% (Mbarara District Local Government,
2021). The topography is a mixture of fairly rolling and sharp hills and mountains,
shallow valleys and flat land lying at about 1483 mm above sea level. The soils are

sandy, clay and slightly laterite loams (Mbarara District Local Government, 2021).

The sampling area in Jinja on the other hand is on the shores of Lake Victoria (near the
source of River Nile). The area has warm temperatures ranging between 23 °C to 32 °C
and a bi-modal rainfall pattern averaging 1260 mm annually (Namuhani & Kimumwe,
2015). The soils in this area are primarily made of granites and granitoid gneisses, with
patches of shales, phillites and schists (Namuhani & Kimumwe, 2015). It is located

about 1,187 m above sea level, with valleys in some parts of the district.

Kole district is located in the Northern part of Uganda at an elevation of 1,073 m

(Weather atlas, 2021). It was formed out of Apac district in 2010 (The New Vision,
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2010). This area has a unimodal season with a total annual rainfall of 1,330 mm from
April to November (Atube et al., 2021). The dry season is from December to March,

with average minimum and maximum temperatures are 17 °C and 29 °C.

Thus, samples from Mbarara recorded the highest yields possibly because of the good
soils in this district than in the other two districts (Minai, 2015). The district is also the
coldest of the three studied districts. Previous studies have indicated that plant materials
sampled from plants growing in cooler areas (at higher altitudes) tend to give higher
extraction yields compared to those in warm climatic conditions and lowland areas
(Muraina et al., 2008; Zargoosh et al., 2019). In addition, the sampling season could
have contributed to the disparities in the yields obtained (Machumi et al., 2021). For
example, Kole and Jinja districts were in a dry season when the leaves were sampled
while Mbarara district was at the beginning of the rainy season when the samples were

taken despite the same time of sampling.

4.2 Phytochemical screening results

Screening of A. coriaria leaf extracts revealed the presence of several secondary
metabolites including alkaloids, flavonoids, cardiac glycosides, phenols, saponins,
tannins and terpenes in different quantities (Table 4.2.1). Quinones and steroids were
however not detected. Alkaloids were absent in the ethyl extract of A. coriaria leaves
from Mbarara, and in ethanolic extracts from Jinja. Flavonoids were absent in the ethyl
acetate extract from Jinja while tannins were also not detected in ethanolic extract of
leaves from Jinja. The results of this study agreed with previous studies on A. coriaria
stem bark which reported tannins, saponins, alkaloids, flavonoids, terpenes and cardiac

glycosides as the major secondary metabolites (Agroforestry Database, 2009; Akanga,
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2008; India, 2015; Langat, 2013; Mengesha et al., 1997; Owuor et al., 2012; Wanyama

etal., 2011).

Table 4.2.1. Secondary metabolites identified in A. coriaria leaves from Jinja, Kole
and Mbarara districts of Uganda.

Phytochemicals Extract Jinja Kole Mbarara
i Ethyl acetate ++ ++ -
Alkaloids Ethanolic . —— "
Adqueous + + +
Ethyl acetate ++ + ++
Cardiac glycosides Ethanolic + + +
Aqueous + + +
Ethyl acetate - + ++
Flavonoids Ethanolic + ++ ++
Aqueous ++ ++ ++
Ethyl acetate ++ ++ ++
Phenols Ethanolic ++ ++ +++
Aqueous + + +
Ethyl acetate - - -
Quinones Ethanolic - - -
Aqueous - - -
Ethyl acetate + + +
Saponins Ethanolic ++ ++ +++
Adqueous + + +
Ethyl acetate - - -
Steroids Ethanolic - - -
Adqueous - - -
Ethyl acetate + + +
Tannins Ethanolic - + +++
Aqueous ++ ++ ++
Terpenes/terpenoids Ethyl acetate ++ ++ +
Ethanolic ++ ++ +++
Adqueous + + +

Note: *** means abundant, ** means moderate, * means traces, and -~ means absent. These

quantifications were based on colour/foam intensities observed (Gul et al., 2017; Suleiman & Ateeg,

2020).

The identified secondary metabolites were also reported in the leaf extracts of other
Albizia species such as Albizia lebbeck (Lawan et al., 2017), Albizia multiflora (Maria

et al., 2018), Albizia harveyi (Makoye et al., 2020) and Albizia tulearensis (Aurélie et
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al., 2020). The absence of alkaloids was previously reported in leaf extracts of Albizia
lebbeck (Lawan et al., 2017; Rahul et al., 2010), Albizia zygia (Uwaya et al., 2017),
Albizia tulearensis (Aurélie et al., 2020) and Albizia harveyi (Makoye et al., 2020). The
absence of steroids in A. coriaria leaves corroborates a previous observation in which

steroids were absent in extracts of Albizia lebbeck leaves (Rahul et al., 2010).

The observed variation of secondary metabolites in the leaf extracts could be due to
differences in soil chemistry, rainfall, topography and climate that affects the
interaction between plants and the environment, and ultimately the depot of bioactive

compounds in plant leaves (Holopainen et al., 2018; Sandeep et al., 2017).

4.3 Confirmation of the presence of secondary metabolites identified by

phytochemical screening

4.3.1 Ultraviolet-visible spectra of A. coriaria extracts

The secondary metabolites identified by phytochemical screening were confirmed by
spectroscopic scanning for characteristic absorptions in the ultraviolet and visible
regions of the electromagnetic spectrum. All the extracts were scanned from 210 nm to
800 nm to establish if compounds containing c-bonds, w-bonds, lone pair of electrons,
chromophores and aromatic rings are present in them (Bashyam et al., 2015;

Karpagasundari & Kulothungan, 2014). The spectra for the ethyl acetate, ethanolic and
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aqueous extracts of A. coriaria leaves are shown in Figure 4.3.1.1, Figure 4.3.1.2 and

Figure 4.3.1.3 respectively (Table 4.3.1.1).
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Figure 4.3.1.1. UV-Vis spectra of ethyl acetate extracts of A. coriaria leaves
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Figure 4.3.1.2. UV-Vis spectra of ethanolic extracts of A. coriaria leaves
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Figure 4.3.1.3. UV-Vis spectra of aqueous extracts of A. coriaria leaves
Table 4.3.1.1. UV-Vis absorption peaks for A. coriaria leaf extracts
District Extract Wavelength max (nm) Absorbance of the sample
Ethyl acetate 493, 535, 607, 660 0.977, 0.384, 0.290, 0.669
Jinja Ethanolic 338, 415, 446, 663 0.825, 0.561, 0.543, 0.150
Aqueous 363, 376, 384 0.980, 0.909, 0.986
Ethyl acetate 499, 534, 607, 651 0.989, 0.573, 0.447,0.724
Kole Ethanolic 360, 367, 372, 664 0.998, 0.972,0.947, 0.177
Aqueous 348, 361, 386 0.982, 0.992, 0.987
Ethyl acetate 451, 534, 612, 663 0.991, 0.083, 0.133, 0.605
Mbarara Ethanolic | 338, 414, 443, 470, 663 0.867,0.973, 0.950, 0.912, 0.234
Aqueous | 360, 365, 378,429,434 | 4 902 0.9208, 0.9325, 0.9405, 0.888
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The absorption peaks at 338 nm, 363 nm and 338 nm are due to the presence of alkaloids
(Sangster & Stuart, 1965; Zahari et al., 2016). Absorptions at 660, 663, 651, 665, 664,
663 and 664 nm indicate the presence of flavonoids (Dhivya & Kalaichelvi, 2017;
Donkor et al., 2019; Rani et al., 2016) while 372 nm and 376 nm indicated the presence

of terpenoids (Malik et al., 2018).

4.3.2 Fourier transform infrared spectra of A. coriaria leaf extracts

The Fourier transform infrared spectra of crude leaf extracts of A. coriaria indicated
the presence of O—H, C=0, N—H and aromatic—C=C which confirmed the presence of
alkaloids, alcohols, phenolics, carboxylic acids, amines and aromatics in the extracts
(Table 4.3.2.1; Appendix I11). These agreed with the groups of secondary metabolites

identified by phytochemical screening and UV-Vis spectroscopy.

Table 4.3.2.1. Functional groups identified in A. coriaria leaf extracts

Extract | Wave numbers (cm™) Functional group Reference(s)
3370.27 O—H stretch Santiago et al. (2014)
2954.90, 2926.42 C—H stretch Bautista-Hernandez et al.
bl (2021)
Ethy 2852.88 C-H stretch
acetate 1739.70 C=0 (aromatic, conjugated), | Santiago etal. (2014)
(Jinja) cyclic C=0, saturated C=0
1454.48 Ar—C (aromatic ring) Abbas et al. (2017)
1370.00 —CHjs (for isopropyl group) Bacher (2002)
Ethyl 3295.75 O—H stretch .
acetate 2030.66 C—H Santiago et al. (2014)
(Kole) 1750.80 C=0 (for esters) Nandiyanto et al. (2019)
1636.81 C=C (olefinic band) -
- - I tal. (2018);
1454.48 C—H bending /aromatic —C=C nve_rn|ZZ| etal. ( )
. N Santiago et al. (2014)
stretching vibrations
1030.14 Aliphatic C—O stretching Md Salim et al. (2021)
Ethv] 3261.46 N—H Balan et al. (2019)
acet:te 2775.09 C—H stretching vibrations | D’Souza et al. (2008)

(Mbarara) 2420.15 Aliphatic C-H stretch Reddy et al. (2018)
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Extract | Wave numbers (cm?) Functional group Reference(s)
1615.30 Aromatic (C=C) stretching | Khobragade et al. (2017)
3273.66 O—H stretching of carboxylic | Kiran et al. (2017); Oliveira
acids & phenolics et al. (2016)
Ethanolic 2919.94 C—H stretching Jain et al. (2016)
(Jinja) 2341.57 C—H stretching Ashokkumar et al. (2014)
1632.74, 1541.19 C=C stretching Jain et al. (2016); Oliveira et
1219.24, 1037.98 C—O stretching al. (2016)
3362.30 O—H stretching (phenolics) | Das et al. (2016)
2358.93 O =C=0 stretching Ferreira et al. (2020)
Ethanolic 1660.08 C=0 (conjugated, aromatic) | Gomez (2021)
(Kole) 1369.46, 1319.00 C—O stretching Netala et al. (2015)
1072.44 C—N stretch Janakiraman and Johnson
824.91 C—Cl stretch (alkyl halides) | (2919)
3365.73 O—H Das et al. (2016)
2912.89 C—H stretching Ashokkumar et al. (2014)
Ethanolic 1659.42 C=0 Nandiyanto et al. (2019)
(Mbarara) 1631.91 Cc=C Oliveira et al. (2016)
1370.12 C—O0 stretching Netala et al. (2015)
1319.88 C—H, N=0 Kavitha et al. (2019)
1065.87 C—N stretch Janakiraman and Johnson
825.40 C—Cl stretch (2015)
3574.60 O—H Santiago et al. (2014)
3468.38 C=0 (ester) Nandiyanto et al. (2019)
Aqueous i
Ginic) 2840.00 C—H stretching Ashokkumar et al. (2014)
inja
2210.90 C—N vibration Pongpiachan (2014)
1552.42 Ar—N=0 Lindblom (2014)
3362.85 O—H Das et al. (2016)
Aqueous 2859.40, 2297.16 C—H stretching Ashokkumar et al. (2014);
(Kole) 1783.92 C=0 Fei et al. (2017)
1140.06 Cc-0 Nandiyanto et al. (2019)
3364.09 O—H Das et al. (2016)
A 2796.00 C=0
queous 1998.26 C-H (aromatic) Santiago et al. (2014)
(Mbarara) 1730.97 Cc=0
1606.11 C=C (aromatic) stretching Khobragade et al. (2017);

Santiago et al. (2014)
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4.4. Total phenolic and total flavonoid contents of A. coriaria leaf extracts
4.4.1 Total phenolic content

In this study, a calibration curve (Figure 4.4.1.1) for TPC quantification was prepared
and the linearity for gallic acid standard was established from 10 ppm to 80 ppm which

was fitted on the line y = 0.0126x — 0.0107 with R? = 0.9992.

1.2
y = 0.0126x - 0.0107
1 R2 = 0.9992
0.8

Absorbance
o o
ES D

o
N

0 20 40 60 80 100
Concentration (ppm)

Figure 4.4.1.1. Calibration curve for total phenolic content quantification.

As shown in Table 4.4.1.1, TPC was highest for ethanolic extracts compared to the
ethyl acetate and aqueous extracts. Ethanolic extracts from Mbarara showed the highest
TPC of 101.72 £ 0.22 mg GAE /g DW. In comparison to extracts from Jinja and Kole,
all extracts of A. coriaria leaves from Mbarara had the highest TPC (Table 4.4.1.1).
One-Way ANOVA results showed that there were significant differences (p =
0.002208) between the mean TPC of the different solvent extracts of A. coriaria leaves

(Appendix V). Hence, the null hypothesis of no difference in the TPC of the extracts
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of A. coriaria leaves from the different districts was rejected. This could be because
Mbarara has the most fertile soils than the other two studied districts (Minai, 2015).
Mbarara is also the coldest of the three districts chosen for this study, which could
explain the higher accumulation of phenolics in samples taken from this district. As
reported by Cansev et al. (2012) and Krol et al. (2015), cooler climates are associated
with increased phenolics production, probably for plants’ response to environmental

stress and self-defense.

Table 4.4.1.1. Total phenolic content of A. coriaria leaf extracts from selected
districts of Uganda.

District | Ethyl acetate extract | Ethanolic extract | Aqueous extract
(mg GAE/gDW) | (mg GAE/gDW) | (mgGAE/gDW)

Jinja 16.88 £ 0.11 67.04 £0.19 5.29+0.13
Kole 10.93+0.13 77.99 £0.17 20.69 £ 0.27
Mbarara 60.69 + 0.23 101.72 £ 0.22 61.25+0.13

Note: Results are presented as means + standard deviations of triplicates.

Schultz et al. (2021b) reported that the TPC of ethanolic extracts of A. coriaria stem
bark (28.37 + 0.34 milligram chlorogenic acid equivalent per gram of extract, mg CAE
/ gE) was only slightly higher than that of its ethyl acetate extract (28.36 + 0.97 mg
CAE / gE). A plausible explanation for this is that ethanol is a polar protic solvent.
Thus, it extracted more polyphenols which are inherently polar through hydrogen bond
formation (Felhi et al., 2017; Sripad et al., 1982). This also explains why aqueous
extracts had lower TPC, because most of the phenolics were already extracted by

ethanol. Further, water is known to extract even non-active compounds (such as



67

proteins and sugars) from matrices which do not contribute to the TPC of extracts

(Altemimi et al., 2017).

4.4.2 Total flavonoid content

In this study, a calibration curve prepared using quercetin as a standard was used to
quantify TFC of the extracts (Figure 4.4.2.1). Linearity of the standard was established
from 5 ppm to 100 ppm which was fitted on a straight line that gave the equation y =

0.0109x + 0.0851 with R?=0.9987.

y =0.0109x + 0.0851
1 R2 = 0.9987 °
[ ]
0.8
8
506
S
3
<04
0.2
0
0 20 40 60 80 100 120

Quercetin concentration (ug/mL)

Figure 4.4.2.1. Calibration curve for total flavonoid content quantification.

It was found that TFC were highest for ethanolic extracts when compared with ethyl
acetate and aqueous extracts (Table 4.4.2.1). Ethanolic extract of leaves from Mbarara
district had the highest mean TFC of 13.23 £ 0.03 mg QE / g DW. This could have been
because ethanol with a higher polarity than ethyl acetate was able to extract much of

the flavonoids which are relatively polar (Nawaz et al., 2020). This indicates that the
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A. coriaria leaves contain more flavonoid heterosides than aglicones (Felhi et al.,
2017). In addition, all extracts from Mbarara district had the highest TFC when
compared to the extracts of leaves from Jinja and Kole districts (Table 4.4.2.1). As
explained earlier for the yields and TPC, this could be because Mbarara is the coldest
of the studied districts and also variations in the sampling seasons (Bouderias et al.,
2020). One-Way ANOVA performed (Appendix V) indicated that there were
significant differences (p = 0.023560) between mean TFC of the different solvent
extracts. Since the p-value was less than 0.05, the null hypothesis was rejected. Further,
the mean TFC obtained for the different extracts were lower than their corresponding
mean TPC values. High TPC of plant extracts than TFC supports the chemistry that

most flavonoids are also phenolics (Ahmed et al., 2015).

Table 4.4.2.1. Total flavonoid content of A. coriaria leaves from the selected districts
of Uganda

District | Ethyl acetate extract | Ethanolic extract Aqueous extract
(mg QE /g DW) (mgQE/gDW) | (mgQE/gDW)

Jinja 0.55+0.01 8.63 +0.02 2.74 +0.02
Kole 2.50 £ 0.04 11.58 + 0.04 2.35+0.05
Mbarara 9.66 +0.01 13.23 +0.03 3.36 £ 0.04

Note: Results are presented as means + standard deviations of triplicates.

4.5 Antioxidant activity of A. coriaria leaf extracts

The results of in vitro antioxidant activity assay (Table 4.5.1) indicated ethanolic
extracts of A. coriaria leaves had the lowest minimum inhibitory concentration (I1Csp)
values. However, these were higher than that of ascorbic acid (0.17 + 0.01 mg/mL).
There were significant differences (p = 0.007548) between the antioxidant activity of

ethyl acetate, ethanolic and aqueous extracts (Appendix V). With a p-value less than
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0.05, the null hypothesis was rejected. These differences could be explained by the
differences in the phytochemical composition of the different extracts, possibly due to
geographical, soil, climate and genetic variations experienced in the different agro-

ecological zones (Holopainen et al., 2018; Sandeep et al., 2017; Zargoosh et al., 2019).

Table 4.5.1. Minimum inhibitory concentration (ICso) of A. coriaria leaf extracts

District | Ethyl acetate extract | Ethanolic extract | Aqueous extract
(mg/mL) (mg/mL) (mg/mL)
Jinja 23.99 + 0.05 23.41+£0.13 29.80 £ 0.26
Kole 26.34 +0.09 23.18 £ 0.09 29.66 + 0.21
Mbarara 23.73x0.16 18.65 £ 0.06 25.51+0.14

Note: Results are presented as means + standard deviations of triplicates.

Further, it was noted that ethanolic extracts had the highest antioxidant activity (lower
ICso values). This could be because most phenolic compounds which accounts for the
antioxidant activity of plant extracts possess polar functional groups and are therefore
easily dissolved in polar protic solvents like ethanol (Widyawati et al., 2014). The
results of antioxidant activity in this study were higher than those reported for ethyl
acetate and ethanolic extracts of A. coriaria stem bark harvested from Mpigi district of
Uganda. The extracts were reported to have half-effective concentration (ECso) of
0.02298 + 0.00247 mg/mL and 0.01839 £ 0.00223 mg/mL, respectively (Schultz et al.,

2021D).

4.6 Correlation between total phenolics, total flavonoids and antioxidant activity

A strong positive correlation (R = 0.898, p = 0.001) between TPC and TFC was
observed (Appendix V). This is usually expected because total phenolic compounds

comprise of both flavonoids and non-flavonoid polyphenols (Suleiman & Ateeg, 2020).
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Thus, a strong positive correlation indicates that TFC of the extracts contributes
significantly to the TPC of the extracts (Kim & Lee, 2020).

Pearson’s bivariate correlation coefficient between TPC and antioxidant activity of the
extracts revealed that TPC exhibited high negative correlation with the ICso values
obtained in DPPH assay (R =—0.831, p =0.006). In the same way, TFC negatively and
highly correlated (R = — 0.755, p = 0.019) with ICsg values obtained in DPPH assay.
Schultz et al. (2021b) observed a poor correlation between TPC and antioxidant activity
(ECso values) of ethyl acetate and ethanolic extracts of A. coriaria stem bark. The
negative correlation between DPPH radical quenching activity, TPC and TFC is
because the radical content decreases as the activity of the extract increases. This
therefore implies that the phenolics played a significant role in increasing DPPH
scavenging activity of the extracts (Kim & Lee, 2020; Suleiman & Ateeg, 2020; Zengin

etal., 2019).

4.7 Antibacterial activity of A. coriaria leaf extracts

4.7.1 Antibacterial screening results

Antibacterial screening indicated that all ethanolic extracts and ethyl acetate extracts of
leaves from Kole and Mbarara had inhibitory effect on the growth of E. coli, S. aureus,
P. aeruginosa and S. typhi while the aqueous extracts were inactive (Table 4.7.1.1;
Appendix 1V). The antibacterial activity was higher for ethanolic extracts. The
negative control had no inhibitory activity on the tested bacteria. Ethanolic extracts had
comparable antibacterial activity to that of ciprofloxacin which was used as positive
control. For example, ethanolic extract of leaves from Kole had a marked antibacterial
activity against S. typhi with inhibition diameter of 16.00 = 1.73 mm which was

comparable to that of ciprofloxacin (20.00 £ 1.53 mm).



Table 4.7.1.1. Zone of inhibition (mm) of A. coriaria extracts

71

District Extract E. coli S. aureus P. aeruginosa S. typhi
Ethyl acetate | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00<0.00
Jinja | Ethanolic | 6.00+1.73 | 500+1.00 | 18.00%265 | 9.00+1.73
Aqueous | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00<0.00
Ethyl acetate | 3.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00<0.00
Kole | Ethanolic | 7.00+1.00 | 6.00+0.00 | 17.00£0.00 | 16.00*1.73
Aqueous | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00%0.00
Ethyl acetate | 4.00+2.00 | 0.00£0.00 | 0.00+0.00 | 0.00<0.00
Mbarara Ethanolic 10.00£1.73 | 1230£1.53 | 25.00+2.65 | 10.00£0.00
Aqueous | 0.00+0.00 | 0.00£0.00 | 0.00+0.00 | 0.00%0.00
(P(;'S‘:trf\’;:ocﬁ'rgl) 14.00+2.10 | 12.0040.01 | 31.00+0.11 | 20.00+1.53
Dimethyl sulfoxide | ), 600 | 0.00£0.00 | 000000 | 0.00%0.00

(Negative control)

Note: Results are expressed as means + standard deviations of triplicates. Zones in bold are for bacteria

that were susceptible to ethanolic extracts as per Clinical and Laboratory Standards Institute Interpretive
Criteria (CLSI, 2017).

Only ethanolic extracts had inhibition zones greater than 12 mm after screening. These

were Jinja extract against P. aeruginosa, Kole extract against P. aeruginosa and S.

typhi, and Mbarara extract against S. aureus and P. aeruginosa. Thus, P. aeruginosa

was regarded as susceptible to the ethanolic extracts as the respective zones of

inhibition were within the zone diameter breakpoints for standard antibiotics such as

ampicillin (inhibition diameter > 17 mm), doxycycline (inhibition diameter 18-24 mm)

and tetracycline (inhibition diameter 18-25 mm), as reported by the Clinical and

Laboratory Standards Institute (CLSI, 2017).




72

Gram-negative bacteria (E. coli, S. typhi and P. aeruginosa) were more inhibited than
Gram-positive bacterium (S. aureus). One-Way ANOVA (Appendix V) indicated that
there were no significant differences between the mean zones of inhibition of the

extracts against the tested bacteria (p = 0.5881). Thus, the null hypothesis was accepted.

The antibacterial activity results indicated that more bioactive compounds were
extracted by ethanol than ethyl acetate and distilled water. This observation is
comparable to the report by Schultz et al. (2021b) who found that ethanolic extracts of
A. coriaria stem bark harvested from Mpigi district of Uganda were more active against
pathogenic bacteria than the ethyl acetate extract. A plausible explanation for this could
be that the phytochemicals in A. coriaria leaves are more soluble in ethanol than ethyl
acetate and were extracted before they were macerated in distilled water. Byamukama
et al. (2015) reported that ethyl acetate extracts of A. coriaria stem bark from Mukono
district of Uganda had the highest antibacterial activity compared to methanolic and
aqueous extracts. It was previously reported that aqueous extracts of A. coriaria stem
bark obtained by serial extraction using ethyl acetate, methanol and distilled water did
not elicit any antibacterial activity (Byamukama et al., 2015) which is similar to the

results obtained for aqueous leaf extracts in this study.

The inactivity of non-polar solvent extracts of this species was previously observed
where hexane extracts of A. coriaria stem bark did not inhibit bacterial growth when
tested against S. aureus, E. coli isolate, clinical S. aureus and E. coli ATCC 25922
(Akanga, 2008). Similarly, aqueous and ether extracts of A. coriaria stem bark were
inactive when tested against E. coli and S. typhi (Nalubega et al., 2011). Ethanolic

extracts of A. coriaria stem bark at 256 pg/mL was recently reported to have no
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inhibitory effect on S. aureus UAMS-1 among other multi-drug resistant bacteria

(Schultz et al., 2020a).

The identified secondary metabolites in the ethanolic and ethyl acetate extracts could
be responsible for the observed antibacterial activities of the A. coriaria leaves. For
example, alkaloids, saponins, tannins and polyphenols (flavonoids and phenols) have
been reported to have antibacterial activities (Adeeyo et al., 2021) which are attributed
to both their direct action against microorganisms or suppression of microbial virulence
factors (Daglia, 2012). Alkaloids function by penetrating cells, intercalating microbial
DNA and targeting several nucleic acid enzymes, resulting into irreversible damages to
microbial cells (Yi et al., 2007). Tannins and saponins inhibit microbial growth through
precipitation of microbial proteins, rendering such nutritional proteins unavailable to
the microorganisms (Panda & Tripathy, 2009). Tannins may also disrupt bacterial
enzymes, cell envelope, adhesins and transport proteins. Their high affinity for iron in
microbial cell membranes inactivates membrane-bound proteins, making extracts of

gallotannin-rich plants to exhibit antibacterial activities (Engels et al., 2011).

The observed antibacterial activities agreed with the abundances of the secondary
metabolites identified in the extracts as well as the TPC and TFC of the extracts. For
example, ethanolic extracts had higher quantities of phenols and saponins compared to
ethyl acetate and aqueous extracts (Table 4.2.1). Ethanolic extract of leaves from
Mbarara which had the highest bioactivity had the highest concentration of phenols,
saponins and tannins. There was a slight correlation between the yield of the extracts
and their antibacterial activities i.e. Mbarara ethanolic extracts which had the highest

yield also gave the highest inhibition diameters.
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4.7.2 Minimum inhibitory and bactericidal concentrations of the extracts

Ethanolic extracts were the most active and were thus considered for further tests for
minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) against S. aureus, P. aeruginosa and S. typhi (Table 4.7.2.1). Extract of leaves
from Mbarara had the lowest MIC of 62.5 pug/mL against P. aeruginosa followed by S.
aureus with MIC of 125 pg/mL. This showed that the extract was more effective against

P. aeruginosa compared to S. typhi and S. aureus.

Table 4.7.2.1. Minimum inhibitory and bactericidal concentrations of A. coriaria

extracts
Minimum inhibitory concentration Minimum bactericidal
District (ng/mL) concentration (ug/mL)
S.aureus | P.aeruginosa | S.typhi | S.aureus | P.aeruginosa | S. typhi
Jinja ND 125.0 ND ND 250.0 ND
Kole ND 250.0 250.0 ND 250.0 250.0
Mbarara | 125.0 62.5 ND 250.0 125.0 ND

*Note: ND = Not determined, as the bacteria had inhibition diameter less than 12
mm. All values reported are from assays performed in triplicate.

A previous study utilizing ethyl acetate extract of A. coriaria stem bark indicated a
higher MIC of 125 mg/mL (125,000 pug/mL) for E. coli and 250 mg/mL (250,000
pg/mL) for P. aeruginosa (Byamukama et al., 2015). In another investigation, ethanolic
extracts of A. coriaria stem bark had MIC greater than 256 pg/mL for P. aeruginosa
AH-71 (Schultz et al., 2020a). The authors further reported that ethanolic and ethyl
acetate extracts of A. coriaria stem bark had MIC of 250, 500 and > 500 pg/mL against
S. aureus ATCC 25923, E. coli K12 ATCC 23716 and Listeria innocua ATCC 33090
(Schultz et al., 2021b) which are comparable to MIC values obtained for ethanolic

extracts of A. coriaria leaves from Kole against P. aeruginosa and S. typhi in this study.
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The MBC of 125 pg/mL of the extracts against P. aeruginosa showed that the extract
had a stronger activity towards P. aeruginosa than the rest of the bacteria (Table
4.7.2.1). A contrastingly higher MBC of 125 mg/mL (125,000 pug/mL) against E. coli
was reported for ethyl acetate extract of A. coriaria stem bark while P. aeruginosa was
not affected at the tested concentrations of 62.5, 125, 250 and 500 mg/mL (Byamukama

et al., 2015).

Overall, previous studies using single-solvent extraction systems reported higher MIC
and MBC values than those obtained in this study. For example, Luvonga (2007)
reported MIC of 12.5 mg/mL (1,250 ug/mL) for S. aureus and 25 mg/mL (25,000
ug/mL) for P. aeruginosa when they were treated with aqueous extracts of A. coriaria
stem bark. The corresponding MBC values were 12.5 mg/mL (12,500 pg/mL) and 50
mg/mL (50,000 ug/mL). In another study (Nalubega et al., 2011), the authors reported
MIC of 0.5 g/mL (500,000 ug/mL) for aqueous A. coriaria stem bark extracts on S.
aureus. The strikingly high MBC of aqueous extracts observed by previous studies on
this species could be explained by the fact that water usually extracts even inactive
compounds (such as carbohydrates and proteins) which do not contribute to the
antibacterial activity of plant extracts but may act as matrix interferences (Altemimi et
al., 2017). It should be emphasized that high MIC and MBC values is indicative that
higher doses of the plant extracts are required for effective treatment. These results
could explain why the posology of 3-4 cups (500 mL three times) and three spoons per
day of A. coriaria extracts are recommended by Ugandan traditional healers for adults

and children, respectively (Asiimwe et al., 2013; Ganza, 2014; Namukobe et al., 2011).
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4.8 Compounds identified in fractions of ethanolic extracts of A. coriaria leaves

Nine known compounds were isolated and characterized in the different fractions of A.

coriaria ethanolic leaf extracts (Table 4.8.1). These included lupeol (7), lupenone (8),

betulinic acid (9), benzyl alcohol (12), betulin (13), oleanolic acid (14), oleanolic acid

acetate (15), undecanol (16) and pterin-6-carboxylic acid (17) (Figure 4.8.1). The

compounds were tentatively identified basing on their mass spectra analysis and

matching with those in NIST 11 spectral library, and comparison with published

spectroscopic data. Among the identified compounds, five compounds (13-17) are

being reported for the first time in this species.

Table 4.8.1. Best solvent ratios used for elution of ethanolic extracts of A. coriaria
leaves and compounds identified

Extract

Solvent system

Compounds identified

Jinja

Hexane : Ethyl acetate (4:6)

Oleanolic acid (Rf = 0.570), Oleanolic acid
acetate (Rf = 0.533), Undecanol (Rf = 0.440)

Kole

Hexane : Ethyl acetate (4:6)

Oleanolic acid (Rf = 0.570), Oleanolic acid
acetate (Rf = 0.533), Pterin-6-carboxylic acid
(Rf =0.490), Undecanol (Rf = 0.440)

Mbarara

Hexane : Ethyl acetate (9:1)

Lupeol (R = 0.745), Lupenone (R = 0.620)

Jinja, Kole,

Mbarara

Ethyl acetate: Ethanol (3:7)

Betulinic acid (Rf = 0.596), Betulin (Rf =
0.500), Benzyl alcohol (Rf = 0.480)

Note: R = retention factor on thin layer chromatography (TLC) plates. The TLC plates were

visualized under ultraviolet lamp at 254 nm.
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Figure 4.8.1. Structure of compounds identified in fractions of ethanolic extracts of A.

coriaria leaves.

The molecular ion of the compounds were identified using Nitrogen rule (Yetayih &
Ravichandran, 2020). This rule indicates that if a molecular ion has an odd mass, it
must have an odd number of nitrogen atoms and that a molecular ion with an even mass
must either lack nitrogen atoms or contain an even number of them. As most fragments
(excluding rearrangements) results from breaking a single bond, the nitrogen rule
indicates that when a molecule with an even mass produces a fragment by breaking a
single bond, the fragment will have an odd mass. When the sample’s mass is odd,

fragmentation via a similar pathway will give an even fragment as long as the nitrogen
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is still contained in the observed fragment. Since this is the observed trend, analyzing
the major fragments can help determine if the molecular ion should be even or odd
(YYetayih & Ravichandran, 2020). Practically, if the major fragments are mostly odd,
the molecular ion is likely even and contains no nitrogen. If the major fragments are

even, the molecular ion is likely odd and contains one nitrogen atom.

For compound 7, most peaks observed were odd numbers which implied that the
molecular ion should be even. The molecular ion could not be assigned to be m/z 442
because the next fragment (m/z 426) is even. Thus, m/z 426 was identified to be the
molecular ion peak as the next fragment (m/z 411) is odd. The ion m/z 426 was also
analyzed to be capable of yielding important ions in the high mass region by logical
neutral losses (Miller & Volmer, 2017). This procedure was used to identify the
molecular ions of compounds 7-9 and 12-14. For compounds 15-17, the molecular ions

were identified by comparison with published spectroscopic data.

As investigation of the bioactivities of the isolates were beyond the scope of this study,
previous reports on antioxidant and antibacterial activities are discussed to establish if
the compounds identified in the fractions of ethanolic extracts could have been the

phytochemicals responsible for the observed bioactivities.

4.8.1 Compound 7

Compound 7 was obtained as colorless crystals which were soluble in hexane. It was
eluted as the first fraction of ethanolic extracts of A. coriaria leaves from Mbarara using
hexane: ethyl acetate (9:1) solvent system. The compound had a GC retention time of
36.943 minutes. The mass spectrum of compound 7 (Figure 4.8.1.1) had a molecular

ion at m/z 426 which suggested a molecular formula C3oHsoO.
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Fragmentation of the molecular ion by removal of a methyl group gave the fragment
peak at m/z 411 (Figure 4.8.1.2). This peak is characteristic of a pentacyclic triterpene
with an isopropenyl group (Pereira et al., 1996). When it fragments by losing CH.=CH>
group, the fragment at m/z 383 is produced (Carvalho et al., 2010). Fragment m/z 383
further loses -C13H22 and -H20 (or -C13H240), which gives fragments m/z 207 (allocates
the hydroxyl group at C-3 position) and m/z 189 (El Sayed, 2016). These fragments
may also arise from the cleavage between C-8/C-14 and C-12/C-13 bonds (with proton
transfer), and are confirmatory that such a compound possess a lupane or hopane

skeleton (Budzikiewicz et al., 1963; Ogunkoya, 1981).
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Figure 4.8.1.1. Mass spectrum of compound 7 (Lupeol)

The fragments at m/z 189 and m/z 218 indicates that compound 7 is a pentacyclic
triterpene (Ahmad et al., 2015; Cinta-Pinzaru et al., 2012; Cordeiro et al., 1999;
Galbraith et al., 1965; Pereira et al., 1996; Schmidt & Huneck, 1979). The other
fragments at m/z 43, 55, 59, 81, 85, 91, 95, 107, 121, 135, 147, 161, 175, 218, 234, 257
and 315 are often associated with lupeol (Baek et al., 2010; Byamukama et al., 2015;

Cinta-Pinzaru et al.,, 2012; Doshi et al., 2015; Kiria, 2018; Leite et al., 2020;
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Wahyuono, 1985). By comparison with the foregoing literature and following NIST 11

library matching, compound 7 was concluded to be lup-20(29)-en-3p-ol (lupeol).

shift

m/z7 426

H @
QO ==
HO 9y
HO
m/z 207 m/z 383
-H,O
HO \\. ﬁ
\\\
m/z 189 m/z 189

Figure 4.8.1.2. Fragmentation pattern of compound 7 (Lupeol).

Byamukama et al. (2015) previously reported the presence of lupeol in ethyl acetate
extract of A. coriaria stem bark. Abd EI-Ghany et al. (2015) and Tamokou et al. (2012)
identified lupeol in the stem bark extract of other Albizia species (A. lebbeck and A.
adianthifolia) using GC-MS. Lupeol was also reported in the root bark extract of A.
glaberrima (Fotso et al., 2017), wood extract of A. myriophylla (Thammavong, 2012)

and stem bark extracts of A. zygia (Oloyede et al., 2019), A. julibrissin (Baek et al.,
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2010), A. gummifera (Rukunga & Waterman, 2001a), A. versicolor, A. schimperana

(Rukunga & Waterman, 2001b) and A. lebeckioides (Arifnuryadin & Affandi, 1998).

The triterpene lupeol has excellent antioxidant and antibacterial activities (Amoussa et
al., 2016; Beserra et al., 2019; Siddique & Saleem, 2011; Tchimene et al., 2016). Its
antioxidant properties is mediated through scavenging of free radicals, decreasing lipid
peroxidation and increasing endogenous blood antioxidant enzymes levels (Tchimene
et al., 2016). As an antibacterial agent, it is effective against E. coli, S. aureus, P.
aeruginosa, S. typhi, Bacillus cereus, Bacillus subtilis, Klebsiella pneumoniae,
Staphylococcus lutea, Shigella boydi, Shigella dysentriae and Vibrio mimicus (Siddique
& Saleem, 2011). These reports support the use of A. coriaria leaves in Uganda for

treating cough, diarrhoea and typhoid.

4.8.2 Compound 8

Compound 8 was obtained as colourless needle-shaped crystals (soluble in hexane),
having been eluted with hexane: ethyl acetate (9:1) solvent system as the second
fraction of ethanolic extracts of A. coriaria leaves from Mbarara. Its GC retention time
was 36.550 minutes. The mass spectrum of compound 8 (Figure 4.8.2.1) had a
molecular ion peak at m/z 424, which suggested a molecular formula CzoHasgO.
Compound 8 was closely related to compound 7 as its spectrum gave a molecular ion
at m/z 424, corresponding to two fewer hydrogen atoms than the latter (Arifnuryadin &

Affandi, 1998).

Fragmentation of the molecular ion (m/z 424) by removal of a methyl (CH3) and CsH1o
group respectively yields the fragment ions at m/z 409 and m/z 342. The fragment at
m/z 409 further loses CH,=CH, to yield fragment m/z 381 (Suttiarporn et al.,

2015)(Figure 4.8.2.2). The fragment m/z 342 loses -CsH10, forming fragment m/z 271.
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This fragmentation pattern agrees with the one suggested for lupenone in literature

(Ahmad et al., 2015; Branco et al., 2004; Budzikiewicz et al., 1963; Cordeiro et al.,

1999; Heinzen et al., 1996; Suttiarporn et al., 2015).
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Figure 4.8.2.1. Mass spectrum of compound 8 (Lupenone)
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Figure 4.8.2.2. Fragmentation pattern for major ions of compound 8 (Lupenone).
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Other fragments occurred at m/z 203, m/z 205 and m/z 218, which indicated that
compound 8 possess a lupane-triterpene skeleton (Pereira et al., 1996; Prashant &
Krupadanam, 1993; Yam-Puc et al., 2019). The mass spectral data also suggested the
presence of a carboxylic acid group (at m/z 205), with the fragment at m/z 409 indicating
that it is either attached to ring A or B of the pentacyclic ring (Pereira et al., 1996). The
other fragments (m/z 43, 81, 95, 105, 120 and 149) are usually observed in the mass
spectrum of lupenone (Byamukama et al., 2015; Kiria, 2018; Ogukwe et al., 2018).
These literature confirmed the NIST 11 spectral library matching that compound 8 is

lup-20(29)-en-3-one (lupenone).

Lupenone was earlier identified in ethyl acetate extract of A. coriaria stem bark
(Byamukama et al., 2015). It was also isolated from petroleum ether leaf extract of a
sister species: Albizia inundata (Andrade et al., 2020) as well as stem bark extracts of
A. julibrissin (Baek et al., 2010), A. gummifera (Rukunga & Waterman, 2001a), A.
versicolor and A. schimperana (Rukunga & Waterman, 2001b), and A. falcataria

(Arifnuryadin & Affandi, 1998).

Lupenone is a lupane-type triterpenoid with reported antioxidant activity (Culhaoglu et
al., 2015; Jeong et al., 2013) and antibacterial activity against E. coli, S. aureus, P.
aeruginosa and Bacillus subtilis (Prachayasittikul et al., 2010). The identification of
compounds 7 and 8 in the same extract in this study aligns well with previous reports
which indicated that lupeol and lupenone often co-occur in plants (Gutierrez-Lugo et
al., 2004; Rukunga & Waterman, 2001a; 2001b; Xu et al., 2018), including A. coriaria

(Byamukama et al., 2015).
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4.8.3 Compound 9

Compound 9 was obtained as a yellowish-white powder, soluble in ethyl acetate. It was
eluted with ethyl acetate: ethanol (3:7) as the first fraction of ethanolic extracts of leaves
from Jinja, Kole and Mbarara. The GC retention time of compound 9 was 31.259
minutes. It showed a molecular ion at m/z 456, suggesting a molecular formula
CaoH4g03 (Figure 4.8.3.1). The other prominent fragments were at m/z 455 (base peak)
and m/z 457, which corresponded to the deprotonated (pseudo-molecular negative) ion
[M-H] and protonated ion [M+H]* for betulinic acid (Cichewicz & Kouzi, 2004; Koma
& Sani, 2014; Réasanen et al., 2019; Shin et al., 1999). Fragments m/z 437 [M*-H.0]
and m/z 411 [M*-COOH] were also observed, indicating the presence of a carboxylic

acid group (Ayatollahia et al., 2011).
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Figure 4.8.3.1. Mass spectrum of compound 9 (Betulinic acid)

The spectrum showed other peaks at m/z 254 and m/z 283, which are associated with
pentacyclic triterpenoids with lupane skeleton (Joshi et al., 2013; Koma & Sani, 2014;

Nambooze, 2019). Another small but informative fragment was m/z 248, which usually
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appears following ring C cleavage with charge retention either on ring A/B or D/E
moiety (Wahyuono, 1985). Other fragments occurred at m/z 207 and 220, which are
characteristic for betulinic acid (Baek et al., 2010; Choi et al., 2006; Lee et al., 2009;
Ogunmoye et al., 2018). The other prominent fragment peaks were at m/z 437
[M—CH2]" and 471 [M—O]" which are characteristic of a pentacyclic triterpene with an
isopropenyl group (Nambooze, 2019). The other fragments (m/z 254, 269 and 283) are
due to loss of H20, -CHz or -CH30H from the enhanced ions, and are usually observed
in the mass spectrum of betulinic acid (Peng et al., 2017; Srivastava & Chaturvedi,
2010). These spectral characteristics supported that compound 9 is 3p-hydroxy-lup-
20(29)-en-28-oic acid (betulinic acid).

Moreover, betulinic acid was previously isolated from A. coriaria stem bark extract
(Byamukama et al., 2015). It was also identified in ethanolic extract of A. julibrissin
stem bark (Baek et al., 2010) as well as stem bark extract of A. lebbeck (Thube et al.,
2014). Betulinic acid is a widely distributed phenolic compound (pentacyclic lupane-
type triterpene) in kingdom plantae and has been indicated to elicit intriguing
pharmacological activities, including antioxidant and antibacterial activities (Karan et
al., 2019; Sulaiman et al., 2020). Specifically, it exhibited antibacterial activity against
E. coli, S. aureus, P. aeruginosa, S. typhi, Shigella dysenteriae and Bacillus subtilis

(Koma & Sani, 2014; Nambooze, 2019; Sallau et al., 2016; Shai et al., 2008).

4.8.4 Compound 12

Compound 12 was obtained as a brown powder, soluble in ethanol. It was eluted with
ethyl acetate: ethanol (3:7) from the column as the third fraction of Jinja, Kole and
Mbarara ethanolic leaf extracts. The compound had a GC retention time of 9.686

minutes, suggesting a molecular formula C7HgO. Its mass spectrum (Figure 4.8.4.1)
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showed distinct peaks at m/z 108, 91 and 77, characteristic of benzylic alcohols
(Dasgupta & Steinagel, 1997; Tedankara, 2021). In fact, the molecular ion of benzylic
alcohols occur at m/z 108 (Figure 4.8.4.2). Loss of a proton from the molecular ion
(m/z 108) gives the fragment at m/z 107. Rearrangement and loss of carbon monoxide
(CO) from the latter peak gives the peak at m/z 79, which may lose two protons to yield
the fragment ion at m/z 77 (Yetayih & Ravichandran, 2020). The fragment ion m/z 77
(phenyl cation, CsHs") may also be formed through alpha cleavage i.e. direct loss of -
CH.OH (Tedankara, 2021). Loss of acetylene (C2H2) from m/z 77 leads to the formation

of m/z 51 (cyclobutenyl cation)(Nicolescu, 2017).
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Figure 4.8.4.1. Mass spectrum of compound 12 (Benzyl alcohol)

Fragmentation (inductive cleavage) of the molecular ion through loss of a hydroxyl
(mass = 17) yields the common benzyl cation fragment (intense ion) for alkylbenzenes
at m/z 91 due to benzylic cleavage of the highly stable aromatic ring (Muller & VVolmer,
2017; Yetayih & Ravichandran, 2020). This ion, called the tropylium ion or
cycloheptatrienyl cation (CsH7;"), may undergo further fragmentation through
successive loss of acetylene molecule to give the peak of cyclopentadienyl cation

observed at m/z 65 (Muller & Volmer, 2017; Nicolescu, 2017; Yetayih &
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Ravichandran, 2020). The other small fragments (m/z 57 and m/z 80) are usually
observed in the mass spectrum of benzyl alcohol (Yetayih & Ravichandran, 2020) due
to the presence of small amounts of carbon-13 in the sample (Tedankara, 2021). Thus,
compound 12 was deduced to be benzyl alcohol as suggested by NIST 11 spectral

library matching.
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Figure 4.8.4.2. Fragmentation pattern for compound 12 (Benzyl alcohol)

Benzyl alcohol was previously identified in ethyl acetate extract of A. coriaria stem
bark (Byamukama et al., 2015). It has been indicated to possess in vitro antioxidant
activity (Seung-Joo et al., 2005), bacteriostatic and bactericidal activity against E. coli,

S. aureus, P. aeruginosa and Enterococcus faecium (Lucchini et al., 1990).

4.8.5 Compound 13
Compound 13 was obtained as colourless crystals, soluble in ethyl acetate. It was eluted
with ethyl acetate: ethanol (3:7) from the column as the second fraction of Jinja, Kole

and Mbarara ethanolic leaf extracts. Its GC retention time was 24.690 minutes,
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corresponding to the molecular formula C3oHsoO2. The mass spectrum of compound 13
(Figure 4.8.5.1) revealed the presence of a prominent fragment at m/z 442, suggesting
that it is a lupeol-type triterpene (Cinta-Pinzaru et al., 2012; Tijjani et al., 2012). The
molecular ion peak at m/z 442 is characteristic of the molecular ion [M]* for the
triterpenoid betulin, which matched the suggested molecular formula CzoHs002

(Heinzen et al., 1996; Rasanen et al., 2019).
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Figure 4.8.5.1. Mass spectrum of compound 13 (Betulin)

Another fragment occurred at m/z 428, formed following loss of -CHz from the
protonated molecular ion, m/z 443 (Zhang et al., 2019). Other fragments (m/z 411, 407,
395 and 393) are due to loss of H20, -CHs or -CH3OH from m/z 425 or m/z 410 (Figure
4.8.5.2). The peaks observed at m/z 217 and m/z 189 are due to ring opening of the
protonated molecular ion, followed by loss of water (Zhang et al., 2019). These
spectroscopic data supported that compound 13 is the known compound (lup-20(29)-
ene-3$,28-diol), commonly called betulin (Heinzen et al., 1996).

Though being reported for the first time in A. coriaria, betulin was identified by GC-

MS in the pericarp extract of a sister species (A. lebbeck) in Egypt (EI-Hawary et al.,
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2011). Oloyede et al. (2019) also identified betulin in the stem bark extract of A. zygia.
Betulin possess a range of biological activities, including antioxidant and antibacterial
activities (Siman et al., 2016). It was shown to have antibacterial activity against

Streptococcus pyogenes with MIC of 85 ug/mL (Prachayasittikul et al., 2010).
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Figure 4.8.5.2. Major peaks from fragmentation of compound 13 (Betulin)
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4.8.6 Compound 14

Compound 14 was obtained as a white solid, soluble in ethanol. It was eluted with ethyl
acetate: ethanol (3:7) from the column as the first fraction of ethanolic extracts of A.
coriaria leaves from Jinja and Kole. Its GC retention time was 31.875 minutes. The
molecular ion at m/z 456 suggested a molecular formula C3oH4gO3. The mass spectrum
of compound 14 (Figure 4.8.6.1) was very similar to that of compound 9 (Figure
4.8.3.1). In compound 14, the peak at m/z 455 suggested a deprotonated oleanolic acid
molecule (Eunyoung et al., 2016; Song et al., 2006; Sut et al., 2018). The spectral data
also showed presence of a carboxylic acid at m/z 407, that strongly suggested a C-12
unsaturated pentacyclic triterpene containing a carboxylic acid group in either ring D
or E (Wahyuono, 1985). Another peak was observed at m/z 391 due to loss of -CH>
group from the m/z 407 fragment (Figure 4.8.6.2)(Chen et al., 2011; Hu et al., 2018).
The other peaks observed at m/z 255, 269, 283 and 297 are fragments of the enhanced
products from the molecular ion (Bugeja, 2012). Thus, compound 14 was suggested to

be oleanic acid/oleanolic acid.

Free oleanolic acid is being reported for the first time in A. coriaria. However, it was
previously identified in the ethanolic extracts of A. julibrissin stem bark (Baek et al.,
2010). Oleanolic acid is one of the best known bioactive pentacyclic triterpenoids with
widespread occurrence throughout the plant kingdom in the form of free acid or

aglycones for triterpenoid saponins (Jesus et al., 2015; Song et al., 2006).
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Oleanolic acid possesses several pharmacological activities, including antioxidant and
antibacterial activities (Ayeleso et al., 2017). For example, oleanolic acid isolated from
the plant Ligustrum lucidum was indicated to decrease malonaldehyde level and
increase superoxide dismutase and gluthatione peroxidase activities in alloxan-induced
diabetic rats (Gao et al., 2009). It has also been reported to inhibit the growth of Gram-
positive and Gram-negative bacteria such as E. coli, S. aureus, P. aeruginosa, S. typhi,
Bacillus cereus, Bacillus megaterium, Bacillus subtilis, Klebsiella pneumoniae,
Mycobacterium tuberculosis, Staphylococcus lutea, Salmonella paratyphi, Shigella
boydi, Shigella dysentriae, Streptococcus mutans, Streptococcus sobrinus and Vibrio

mimicus (Horiuchi et al., 2007; Jesus et al., 2015; Nambooze, 2019).

4.8.7 Compound 15

Compound 15 was eluted with ethyl acetate: ethanol (3:7) from the column as the
second fraction of ethanolic extracts of A. coriaria leaves from Jinja and Kole. Its GC
retention time was 30.992 minutes. The mass spectrum of compound 15 (Figure
4.8.7.1) had a molecular ion at m/z 497, suggesting a molecular formula Cz2Hs00Oa4.
Fragments at m/z 269 and 423, characteristic of pentacyclic triterpenes possessing
carboxylic acid groups were present (Joshi et al., 2013; Nambooze, 2019). The
spectrum further suggested the presence of a carboxylic acid group at m/z 301, [M-
COOH]" (Joshi et al., 2013; Nambooze, 2019). The ion peak observed at m/z 469 could
have been due to loss of HCHO from the molecular ion (Figure 4.8.7.2). Further loss
of HCHO and H>O molecules as in oleanolic acid could have given the peak observed
at m/z 423 (Nambooze, 2019). These spectral characteristics supported the NIST library
suggestion that compound 15 is 3-O-acetyloleanolic acid (oleanolic acid acetate) (Oh

etal., 2014).
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Figure 4.8.7.1. Mass spectrum of compound 15 (Oleanolic acid acetate)
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Figure 4.8.7.2. Proposed fragmentation pattern for major ions of compound 15

(Oleanolic acid acetate).

Oleanolic acid acetate was reported to elicit antibacterial activity against S. aureus and
P. aeruginosa with inhibition zones of 6.5 mm and 8.1 mm respectively (Nambooze,
2019). No report was retrieved on the antioxidant potential of oleanolic acid acetate.
However, most derivatives of oleanolic acid are known to have antioxidant activity

(Ayeleso et al., 2017).
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4.8.8 Compound 16

Compound 16 was obtained as a pale greenish liquid with mild odor, soluble in ethanol.
It was isolated as the third and fourth fractions of ethanolic extract of A. coriaria leaves
from Jinja and Kole, respectively after elution of the column with hexane: ethyl acetate
(4:6) solvent system. Its retention time was 15.307 minutes. The mass spectrum of
compound 16 (Figure 4.8.8.1) had a base peak at m/z 55 and a molecular ion at m/z 172
which suggested a molecular formula C11H240. The fragment observed at m/z 154 is
due to loss of water from the molecular ion (Hashem, 2008; Nicolescu, 2017). The
fragment at m/z 125 is due to loss of water and vinyl (CH2> = CH) group from the
molecular ion (Dunnivant & Ginsbach, 2008; Hashem, 2008). Loss of ethene

(CH2=CH?3) molecule from m/z 125 gave the fragment at m/z 97 (Figure 4.8.8.2).
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Figure 4.8.8.2. Proposed fragmentation pattern of compound 16 (Undecanol)

The other fragments observed at m/z at 83, 69, 55, 41 and 27 are due to loss of -CH>
from the preceding fragments (97, 83, 69, 55 and 41, respectively)(Habib et al., 2017).
These spectral patterns confirmed that compound 16 is undecan-1-ol (undecanol), also

known as 1-undacanol.

Though it has never been reported before in A. coriaria, undecanol was earlier reported
in A. zygia stem bark fixed oil analyzed by GC-MS (Oloyede et al., 2019). Previous
reports indicate that undecanol (a long-chain fatty acid) had antibacterial activity
against S. aureus with MIC and MBC of 32 pg/mL and 40 pg/mL, respectively
(Togashi et al., 2007). However, there is no report on the antioxidant activity of

undecanol or other such polysaturated fatty alcohols.
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4.8.9 Compound 17

Compound 17 was eluted with hexane: ethyl acetate (4:6) from the column as the third
fraction of ethanolic extracts of A. coriaria leaves from Kole. It had a GC retention time
of 21.579 minutes. The molecular ion of compound 17 occurred at m/z 207, suggesting

a molecular formula C7HsNsO3 (Figure 4.8.9.1).
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Figure 4.8.9.1. Mass spectrum of compound 17 (pterin-6-carboxylic acid)

The fragment observed at m/z 163 is due to loss of carbon dioxide (CO2, mass = 44)
from the molecular ion (Kuse et al., 2010). Loss of N.HCHO (mass = 58) from m/z 163
(Figure 4.8.9.2) could have yielded the fragment at m/z 105 as observed in the
fragmentation of pterins (Allegri et al., 2012). The fragment at m/z 149 is due to loss of
glycolaldehyde gas (HOCH>CHO, mass = 59) from the molecular ion (Allegri et al.,
2012). Loss of H20 from m/z 149 gives the fragment at m/z 131. The other peaks at m/z
57, 69, 105 and 122 are usually observed in the spectrum of pterin-6-carbozylic acid
(Hussein et al. 2016a; Hussein et al., 2016b; Mohammed et al., 2021; Shenta & Al-

Maliki, 2013). Thus, compound 17 was suggested to be 2-amino-4-hydroxy-6-
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pteridinecarboxylic acid (pterin-6-carboxylic acid) as initially indicated by NIST 11

library matching.
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Figure 4.8.9.2. Proposed fragmentation pattern of compound 17 (pterin-6-carboxylic

acid).

Pterin-6-carboxylic acid (an alkaloid) was previously characterized in A. lebbeck leaf
extracts by column chromatography and GC-MS analysis (Shenta & Al-Maliki, 2013).
Though there is no report on its antioxidant activity, a fraction containing it elicited
antibacterial activity against E. coli, S. aureus, P. aeruginosa, Klebsiella and Proteus

species at 150 mg/mL (Shenta & Al-Maliki, 2013).

Overall, the compounds identified agreed with results of classical phytochemical
screening (Table 4.2.1) which indicated the presence of alkaloids and terpenes
(triterpenoids) in ethanolic extracts of A. coriaria leaves. Compounds 7-9 and 13-15

are terpenoids, 12 and 16 are alcohols while 17 is an alkaloid.
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Most compounds identified in the ethanolic extracts of A. coriaria leaves have reported
antioxidant and antibacterial activities, which supports the use of the leaves in treatment
of oxidative stress-induced conditions and bacterial diseases in Uganda. The null
hypothesis was rejected because the compounds identified were not the same for all the
extracts. Two compounds: lupeol (7) and lupenone (8) were only identified in ethanolic
extracts of A. coriaria leaves from Mbarara. These compounds have reported
significant bioactivities, which could explain the higher antioxidant and antibacterial
activities of this extract. On the other hand, oleanolic acid (14), oleanolic acid acetate
(15) and undecanol (16) were not present in ethanolic extract of A. coriaria leaves from
Mbarara. Pterin-6-carboxylic acid (17) was only reported in ethanolic extract of leaves
from Kole. Because it is known to elicit antibacterial activity (Shenta & Al-Maliki,
2013), it could be responsible for the high antibacterial activity of the ethanolic extract
of leaves from Kole against S. typhi (with inhibition diameter of 16.00 £ 1.73 mm)

which was comparable to 20.00 + 1.53 mm for ciprofloxacin (Table 4.7.1.1).
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The following conclusions have been drawn from the results obtained.

1. Phenols, alkaloids, saponins, flavonoids, cardiac glycosides and tannins are the
major secondary metabolites in extracts of Albizia coriaria (A. coriaria) leaves
from Jinja, Kole and Mbarara districts of Uganda.

2. Extracts of A. coriaria leaves from Jinja, Kole and Mbarara districts have
significant intraspecific variation of total phenolic and total flavonoid contents.

3. A. coriaria leaves extracts from the studied districts exhibited significant but
varying free radical scavenging potentials. This result lends credence to the
traditional use of A. coriaria leaves in the treatment of oxidative stress-induced
conditions in Uganda.

4. All ethanolic extracts, and ethyl acetate extracts of A. coriaria leaves from Kole
and Mbarara districts of Uganda exhibited antibacterial activity against
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and
Salmonella typhi. This result justifies the traditional use of A. coriaria leaves
extracts in Uganda for treatment of some diseases caused by these pathogenic
bacteria.

5. lsolation and characterization of the most bioactive (ethanolic) extracts of A.
coriaria leaves led to the identification of nine known compounds namely:
lupeol (7), lupenone (8), betulinic acid (9), benzyl alcohol (12), betulin (13),
oleanolic acid (14), oleanolic acid acetate (15), undecanol (16) and pterin-6-
carboxylic acid (17). Among these compounds, five compounds (13-17) are

being reported for the first time in this species.



101

5.2 Recommendations

From this study, the following are recommended.

1. Toxicity studies of the crude leaf extracts and compounds 15-17 are
recommended, so as to establish their safety when utilized in traditional
medicine.

2. Invivo studies and clinical trials using the active extracts of A. coriaria leaves
and the identified compounds should be done.

3. Ethyl acetate extract of A. coriaria leaves from Kole and Mbarara should be
subjected to structural elucidation to establish the compounds responsible for
their antibacterial activity against Escherichia coli.

4. Extracting the leaves using water only should be performed to assess whether
traditional maceration of the leaves could give higher total phenolic and total
flavonoid contents, antioxidant and antibacterial activities.

5. Phytochemical analysis of A. coriaria flowers and seeds should be done to

identify the if the compounds identified in this study are also present in them.
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Appendix I: Agroecological zones of Uganda

No. | Agro-ecological zone | General vegetation Major districts
1 Lake Victoria Forest/savanna mosaic | Kampala, Mukono, Wakiso,
Crescent characterized by patches of | Mpigi, Masaka, Luwero,
dense forest in the south and | Kayunga, Kiboga,
scattered trees in shrubs and | Nakasongola, Kalangala
grassland of the North
2 Mid Northern Flat terrain covered by thick | Lira, Apac, Kole, Kitgum,
savannah grassland Gulu, Pader, Oyam, Amolatar,
Alebtong, Otuke, Dokolo,
Kwania
3 South East Vegetation predominantly Jinja, Iganga, Kamuli, Bugiri,
forest /savanna mosaics Buyende, Kaliro, Mayuge,
Luuka, Namutumba,
Namayingo
4 Karamoja Drylands Vegetation is characterized | Moroto, Kotido, Nakapiripirit
by thorny bushes,
woodlands, occasional small
trees and patches of grassland
5 West Nile Savanna vegetation with Arua, Moyo, Adjumani,
open mixtures of trees and Yumbe
shrubs standing within tall
grass
6 Lake Albert Crescent | Vegetation ranges from | Masindi, Hoima, Kibale,
rainforest to savanna grasses | Kiboga
7 Southern Highlands High altitude | Kisoro, Kabale, Rukungiri,
forest/Savannah mosaic at | Kanungu
high altitudes and swamp
Forest
8 Southern Dry lands Vegetation contains forests, | Rakai, Sembabule, Mbarara,
savanna mosaic and grass Ntungamo, Rukungiri
savanna
9 Eastern Vegetation ranges from Pallisa, Tororo, Kumi,
montane forest to high open | Kaberamaido, Katakwi, Soroti,
moorland Mbale, Sironko, Kapchorwa
10 | Western Highlands Natural equatorial forest Bushenyi, Kasese,

vegetation and rich natural
savannah grasslands in the
relatively drier areas

Bundibugyo, Kamwenge,
Kyenjojo, Kabarole

Adapted from Kajobe et al. (2016). Districts in bold are those where A. coriaria leaves were sampled.
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Appendix I1: Fresh leaves, leaf extracts, column chromatography elution and

fractions of A. coriaria extracts

Portions of organic solvent extracts of A. coriaria leaves.
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Chromatographic isolation of compounds in ethanolic extracts of A. coriaria leaves

from Mbarara using hexane: ethyl acetate (9:1) solvent system.



135

(b)

(©)

Fractions of ethanolic extracts of A. coriaria leaves from (a) Jinja, (b) Kole, and (c)
Mbarara districts.
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Appendix I11: FTIR spectra of A. coriaria leaf extracts
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Appendix IV: Inhibition zones of A. coriaria leaf extracts

Legend: E. coli = Escherichia coli, S. aureus = Staphylococcus aureus, P. aeru = Pseudomonas
aeruginosa, S. typhi = Salmonella typhi, CIPRO = Ciprofloxacin, EAJ, EAK and EAM = ethyl acetate
extract of leaves from Jinja, Kole, and Mbarara respectively; EtJ, EtK and EtM = Ethanolic extract of A.

coriaria leaves from Jinja, Kole and Mbarara districts, respectively.
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Appendix V: Statistical summaries (ANOVA and Pearson’s correlation)

1. One-Way ANOVA summary for the different solvent extract yields

Extract yield

Source DF Adj SS Adj MS F-value P
Factor 2 433.1 216.5 1.89 0.230907
Error 6 686.6 114.4

Total 8 1119.7

2. One-Way ANOVA summary for total phenolic content of the extracts

Total phenolic content

Source DF SS MS F-value P
Factor 2 1360.5 680.2 40.55 0.002208
Error 6 915.5 152.6

Total 8 2276.0

3. One-Way ANOVA summary for total flavonoid content of the extracts

Total flavonoid content

Source DF Adj SS Adj MS F-value P

Factor 2 119.1534 | 59.5767 6.23 0.023560
Error 6 21.6093 5.4023

Total 8 176.554

4. One-Way ANOVA summary for antioxidant activity (ICso) of the extracts

Antioxidant activity

Source SS DF MS F-value P
Factor 65.1215 2 32.5607 21.02 0.007548
Error 30.4266 4 1.5494

Ss/B1 24.229 2

Total 95.5481 8
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5. Pearson’s correlation coefficients for TPC, TFC and antioxidant activity (ICso)

Parameter Total flavonoid content

Antioxidant activity

Total phenolic content

0.898 (p = 0.001)™

-0.831 (p = 0.006)™

Total flavonoid content

1.000

-0.755 (p = 0.019)"

“Correlation is significant at p < 0.05, ““Correlation is also significant at p < 0.01.

6. One-Way ANOVA summary for antibacterial activity (zone of inhibition

diameter) of the extracts
Antibacterial activity (zone of inhibition)
Source SS DF MS F-value P
Treatment (between columns) 85.52 3 28.51 0.6512 0.5881
Residual (within columns) 1401 32 43.78
Total 1486 35
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